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Introduction: 

One workplace risk assessment strategy that has emerged in recent years is control banding.  

This strategy has gained momentum within the safety and health community, especially in 

Europe, but many questions surrounding the various control banding models remain.  This 

research focused on one of those tools, the Advanced REACH Tool.   Specifically, this research 

examined agreement of the mechanistic model and its results with a professional’s approach to 

exposure and risk assessment. 

 

Chapter I: Background and Significance: 

History of Exposure Limits: 

Traditional worker protection began in the late 19th century with the first set occupational 

exposure limit (OEL) values established in Germany (NIOSH 2009).  The method for analyzing 

airborne contaminants involved air sampling and comparing the resulting concentrations with 

OELs.  In the 1940s the American Conference of Governmental Industrial Hygiene released 

their first set of Maximum Allowable Concentrations, later named Threshold Limit Value (TLV), 

which covered 148 chemicals.  An increasing number of industrialized nations adopted this 

method of quantitative analysis for risk management in an effort to reduce work related 

illnesses.  These efforts were likely integral in the improvement of working conditions that has 

lead to an increase in the quality of life for workers, and decrease in workers’ compensation 

costs (NIOSH 2009).  With the promulgation of the Occupational Health and Safety Act, the 

incidence of injuries and illnesses has decreased over the past 30 years, according to the U.S. 

Department of Labor, Bureau of Labor Statistics.  However, the proportion of injuries and 

illnesses associated with chemical exposures is unknown.  Despite past success, strict reliance 

on sampling and quantitative data for air contaminants has become a daunting task with the 

ever increasing number of newly developed chemicals used in the workplace and cost of 

exposure assessment and analysis.   

 

Limitations of Conventional Chemical Exposure Assessment: 

With the number of potentially hazardous chemicals increasing far more rapidly than OELs 

could be established, many nations promulgated regulations to shift the burden of proof of 

safety from the employeer to the manufacturer (NIOSH 2009).  However, this shift didn’t solve 

the inherent difficulties caused by the rapidly increasing number of hazardous chemicals, and 
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furthermore, it introduced new difficulties associated with the limited resources of individual, 

particularly small companies.  One such difficulty in protecting workers solely using quantitative 

data was the inherent variability in representative sampling of workers.  The day to day 

variability in a task performed by a single worker and among workers performing similar tasks 

was propagated into the sampling results.  Engineering controls, personal protective equipment, 

training, medical exams, and housekeeping requirements are based on sampling results with 

unknown, and potentially significant, variability.  Furthermore, traditional airborne contaminate 

monitoring is done by safety and health professionals and required quantitative laboratory 

analysis.  Many companies lack the resources, such as on-site safety and health professionals, 

to perform traditional monitoring, or lack the funds to hire consultants.     

 

Companies without the ability to quantify exposures were unable to compare exposures to 

regulatory limits and ensure compliance and workplace safety.   Additionally, some industries, 

such as the pharmaceutical industry, had to provide protection for new chemicals, which lacked 

any regulatory limits or epidemiological data for health effects on workers.  Faced with the 

challenge of providing adequate protection for workers with limited resources and exposure 

data, many companies, industries, and agencies in Europe are pioneering new methods for 

assessing worker protection (NIOSH 2009; Zalk, Nelson 2008).  One strategy at the forefront of 

this effort is control banding.  

 

Origins of Control Banding Strategy: 

The United Kingdom developed the Control of Substances Hazardous to Health (COSHH) 

regulation which was intended to increase emphasis on risk assessment.  However, 

implementation led to many struggles.  Shortly after promulgation, a survey of companies 

revealed “widespread ignorance of the regulations and their implications” (Zalk, Nelson 2008).  

In an attempt to understand the challenges of complying with COSHH, Health and Safety 

Executives (HSE) conducted market research to understand companies’ perception of OELs, 

and the extent to which OELs affect decisions on control measures.  The research indicated 

larger companies with safety and health professionals understood COSHH requirements, but 

smaller companies were not aware of COSHH, did not understand OELs, and “wanted to be told 

exactly what they need and do not need to do” (Topping 2001).  Furthermore, the research 

indicated small companies could not afford occupational safety and health specialists, and 

measurements of workers’ exposure to chemicals typically was not possible due to cost, lack of 

resources, and difficulty interpreting exposure measurements.  With the challenges indicated, 
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there may be little practical use for OELs in small companies (Oldershaw 2003).  Given the 

prevalent lack of understanding of the meaning and application of OELs, promulgating new 

OELs for chemicals would not prove cost effective (Topping MD et al. 1998) or improve 

workplace safety in small companies.  As a result, the researchers concluded new OELs should 

be limited to ubiquitous chemicals of concern, and furthermore, recognized the traditional OEL 

system could be renovated to couple chemical information with OELs to provide control 

measure guidance.  This concept was the origin of control banding. 

 

Control banding is a simplified approach derived from the pharmaceutical industry and adapted 

for use by non-safety and health professionals for addressing worker exposures (NIOSH 2009).  

In the late 1990s this general concept was developed: 

 

Health Hazard + Exposure Potential  Qualitative Risk Assessment  Control Strategy 

 

Data surrounding the health hazard and exposure potential of the chemical are combined to 

give a generic risk assessment, which guides the control strategy (NIOSH 2009).  This strategy 

creates a process to group workplace exposures into control strategies (control bands) based 

on the health hazard and exposure potential of the chemical and the process.  The earliest 

strategies evolved under the assumption that although workers may be exposed to a plethora of 

chemicals, only a few categorical approaches exist to protect workers.  Originally, the control 

banding strategy was not intended to be a predictive exposure model (NIOSH 2009), but rather 

a way to sort work processes into bands, or buckets.  Simply stated, it was a way to link hazards 

to  general control plans. 
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Figure 1: “Generic Control Banding Strategy,” adapted from AIHA TeleWeb Virtual Seminar “Update on 
Control Banding: Fundamentals, Issues, Applications and Strategies for Implementation.”  March 26. 
2009.  Copyright Exposure Assessment Solutions, Inc 

 
                     Input                Output 

 

 

Early Models of the Control Banding Strategy: 

The cornerstone of any control banding model was accuracy and consistency in results.  Other 

pillars included: 

 Clear communication of the concept so workers understood and assisted in the risk 

evaluations 

  User-friendly strategy which can be used by non-safety and health professionals 

 Readily available process and chemical information required for the model 

 Practical, easily understood guidance  

 Training for the use and application of the tool 

 Clear, consistent, and transparent presentation of advice 

 User confidence in the model’s output (NIOSH 2009) 

A variety of control banding models were constructed by various countries to assist in risk 

assessment and worker protection.  Many models were built on their predecessors and each 

has strengths and limitations.  Those models are reviewed as follows. 

 

COSHH Essentials 

The pioneering control banding tool was COSHH Essentials which was developed in the United 

Kingdom by the HSE to guide compliance with the COSHH regulation (Zalk, Nelson 2008).  At 

the time of its release, COSHH Essentials was the most developed strategy for chemical risk 

assessment.  It selected the appropriate control band based on four elements: 
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 type of task 

 chemical hazard band 

 volatility or potential of the chemical to become airborne  

 quantity of chemical used 

 

The resulting risk management level (control band) was presented in a one page format, and 

had one of the following control approaches (NIOSH 2009). 

 
 

Figure 2: “COSHH Essentials Control Approaches” chart, HSE, COSHH Essentials, 5 May 
2012. http://www.coshh-essentials.org.uk/help/introduction2.htm 
 

 

 

The primary limitation of COSHH Essentials was it lacked applicability to pesticides, 

pharmaceuticals, and process generated hazards (dust generation or welding fumes).  This tool 

did not address dermal exposures.   
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Risk Potential Hierarchy 

The French-derived strategy used information from Material Safety Data Sheets (MSDSs) and 

chemical labels to assign a hazard class to the chemical based on three criteria: 1) hazard 

classification, 2) frequency of use, and 3) quantity used.  The frequency and quantity of use are 

combined to give an exposure potential, which is then combined with the hazard classification, 

which results in a numerical score for the process.  That score corresponded to one of three 

priority bands: elevated, middle or weak.  Although this strategy is a simple and clear triage 

method, internal validation studies indicated it overestimated in 19% of cases and 

underestimated in 1% (NIOSH 2009).  It was determined this strategy should be used in 

conjunction with another method. 

 

Chemical Management Guide  

The Chemical Management Guide tool was developed by Germany with the intent of assisting 

third world countries in risk assessment.  The early version of this control banding tool was 

called the GTZ Chemical Management Guide which had three steps.  The first step identified 

portions of the process where inefficient storage, handling, use, and disposal were observed.  

These portions were “hot spots.”  The next step was a detailed chemical inventory and the final 

step used one of the following control strategies: basic risk assessment, description of control 

strategies, MSDSs, safety phrases for hazardous substance, or symbols for labeling hazardous 

materials.  This tool seemed to be too sophisticated for many small companies, but could be 

beneficial for larger enterprises with more MSDSs on site.  This strategy expanded to an easy-

to-use workplace control scheme for hazardous substances called EMKG as a means to 

provide practical guidance for workplace risk assessment in small and medium companies.  

After the information from the MSDSs was applied to the workplace, EMKG could derive control 

strategies to minimize inhalation and dermal exposures.  EMKG was similar to COSHH 

Essentials, but EMKG assessed dermal exposure.  Like COSHH Essentials, EMKG provided 

non-regulatory guidance for controlling exposure, but was well supported by regulations.  An 

enhanced version of EMKG (EMKG 2.0), connects substances with legal OELs.  The user 

began the risk assessment with the OEL which aligned to a hazard band and then two possible 

control schemes.  For hazard groups above the OEL, the employer must perform workplace 

measurements, but for hazard groups below the OEL, the employer could waive workplace 

measurements (NIOSH 2009).   
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Stoffenmanager: 

The Stoffenmanager tool developed in The Netherlands was a compilation of the preceding 

control banding tools.  The tool calculated a risk score using a similar chemical classification as 

COSHH.  Stoffenmanager “supports the requirements for maintaining inventory of hazardous 

substances, assessing and controlling risk in a risk inventory, obtaining a plan for control 

measures, making instruction sheets for the workplace, and helping to store chemicals 

according to guidelines” (NIOSH 2009).  This tool was generic, but the Dutch plan to modify the 

tool to be industry specific. 

 

KjemiRisk: 

Norwegian oil industry was integral in the development of KjemiRisk which used chemical and 

process information such as: 

 physical properties 

 handling methods 

 personal barriers 

 duration of exposure 

 frequency of task 

Chemicals were grouped into one of five health hazard categories, and processes fall into one 

of fifteen predefined common tasks.  All the information listed above was used in the risk 

assessment which was divided into two phases: potential risk and final risk.  The risk was 

influenced by the reliability and effectiveness of the control measures in place, and the task’s 

potential for illness to the lungs, internal organs, and skin.  When used by production managers 

or safety and health generalists, KjemiRisk was a rough risk assessment tool, but when used by 

an industrial hygienist it becomes an expert tool (NIOSH 2009).  

 

Regetox and SOBANE: 

The Belgium tool Regetox was a two-stage assessment strategy which was developed in 

response to the European Chemical Agents Directive and combines COSHH Essentials and the 

Estimation and Assessment of Substances Exposure (EASE) model.  This directive required 

companies to assess and manage chemical risks in the workplace.  To reduce the number of 

chemicals requiring assessments, and thereby reduce cost, the first phase was used to rate 

chemicals based on the risk and the quantity used.  Only those products with a rating of medium 

or high move forward to the second phase which used COSHH Essentials or EASE.  Regetox 

attempts to address the challenge of evaluating mixtures, and exposure where the process 
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generates the contaminants.  A feasibility study of the tool which was done at two facilities 

revealed lacking or inadequate MSDSs (NIOSH 2009).  In one case, the model failed to identify 

a need for improvement.  Overall, Regetox was believed to be helpful for companies not 

prepared to comply with the European Chemical Agents Directive.  However, it did require 

training, planning, and involvement from employers. 

 

A second tool developed out of Belgium is the Screening, Observation, Analysis, Expertise 

(SOBANE) method.  This strategy consists of four phases, the first of which was the screening 

phase.  The purpose of the screening stage was to identify the major problems on the worksite, 

and solve the simple problems immediately.  The more complex problems identified in the 

screening phase are examined in greater detail, with the help of a nine page tool, during the 

observation phase.  Those problems remaining after the previous two stages are analyzed by a 

safety and health practitioner.  Finally, in the Expertise phase, an expert designs more complex 

solutions, as needed.    

 

Semi-Quantitative Risk Assessment: 

The foundation of the Semi-Quantitative Risk Assessment (SQRA) tool is a three stage method 

for exposure evaluation: monitoring personal exposure, selecting exposure factors, and 

estimating exposure.   SQRA was developed in Singapore; however, it has been compared to 

COSHH Essentials.  SQRA consisted of five control levels that paralleled COSHH Essentials 

control strategies.   

 

The first control level in SQRA was classified as negligible risk and level two was low risk with 

suggested periodic reassessment and personal air monitoring.  These first two levels in SQRA 

were comparable to the general ventilation control strategy in COSHH Essentials.  Level 3 

(medium risk) parallels the engineering control strategy of COSSH Essentials.  This third level 

suggested controls and reevaluation of the process every three years.  Training and personal air 

monitoring may be necessary.  The fourth level of SQRA was high risk and indicates a need 

engineering controls, personal air monitoring, training, personal protective equipment and 

reassessment after all controls are in place.  The guidance of this fourth level aligns with the 

containment control strategy of COSHH Essentials.  The final level of SQRA was very high risk 

and directs the user to seek guidance from a specialist, which paralleled the “special” control 

strategy of COSHH Essentials.  
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Korean Control Toolkit: 

Korea Occupational Safety and Health (KOSH) Agency developed a web-based tool for small 

and medium companies called the Korean Control Toolkit (KCT).  The tool was a semi-

quantitative assessment strategy which produced guidance on controlling hazards associated 

with 12 specific chemicals.  Like SQRA, KCT was a modification of the COSHH Essential.  

 

Users selected one of the twelve chemicals from a menu online and then entered information 

related to the chemical use and workplace conditions (quantity used, duration and frequency of 

use, and physiochemical properties).  The KCT then used the COSHH Essential algorithm to 

give a risk grade, band class, and process-specific control guidance.  The user then selected 

the specific control tool and the tool provided process-specific control guidance. 

 

KOSH has plans to expand coverage to include a total of thirty chemicals in KCT.  An additional 

element of the KCT project is modifying MSDS to better communicate health hazards using less 

technical terminology (NIOSH 2009). 

 

Advance REACH Tool (ART): 

A new chemical management policy, Regulated Evaluation and Authorization of Chemicals 

(REACH), requires a chemical risk and exposure assessment.  Exposure scenarios describe the 

conditions in which a substance is used.  These scenarios form an essential basis for the 

chemical risk assessment reports required by REACH to show a chemical can be used safely 

(Fransman et al. 2009).  Although some exposure scenarios may be easily ruled out as not 

posing a risk to human health, others require more data.  This additional data can take the form 

of either specific quantitative exposure data or a generic exposure assessment tool that is 

capable of predicting exposures in a large variety of scenarios (Fransman et al. 2009).  With no 

scientifically accepted generic risk assessment tool available, those cases for which specific 

quantitative exposure data did not already exist required exposure measurements on a case-by-

case basis.  Exposure monitoring on such a scale would be impractical, expensive, slow, and 

would greatly decrease the cost-effectiveness of REACH.  The need for a robust, scientifically 

accepted, and generic risk assessment tool was clear, and a collaborative effort was made to 

develop a mechanistic model to assess risk (Fransman et al. 2009).  This effort was called the 

Advanced REACH Tool (ART) project. 
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Many groups collaborated on the ART project and the resulting tool is structured as both a 

mechanistic and an empirical model (Fransman et al. 2009).  The empirical portion allows a 

user, if he or she desires, to upload analogous data to calibrate the mechanistic model and give 

a more accurate estimate for the specific exposure scenario (Fransman et al. 2009).  ART 2.0, 

which is under development, will include an exposure database to make the empirical portion as 

robust as possible.  The current model combines the different sources of information using 

Bayesian statistics and provides a “separate estimate of the central tendency and variability of 

the exposure distribution” (Fransman et al. 2009) for the specific exposure scenario.  The 

prediction of exposure variability is based on the among- and within-worker variability in similar 

exposure groups.  This analysis and research will focus on the mechanistic model which is 

explored in more detail in the following section.   

 

Conceptual Model of Inhalation Exposure  

The mechanistic portion of ART uses the concept outlined in Figure 3 to describe the transfer of 

a contaminant from the source to the receptor.   
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Figure 3: “Conceptual model for inhalation exposure including sources, compartments and receptor and 
transport between these components.”  Flow chart  (Fransman et al. 2009)   

  

 

The transport of contaminants between the compartments is indicated through the arrows.  

Those arrows leaving one compartment without leading to another signify a loss of contaminant 

in the system.  For example, the arrow leaving the local control influence region (LCIR) 

compartment without leading to another compartment indicates a loss of contaminant mass due 

to the local control measures.  The model components of Figure 4 are described in greater 

detail as follows.  

 Source: 

The “source” component of the figure above represents the activity, or task, during which 

the contaminant is released into the air.  Although the source may be stationary or 

mobile, ART imposes virtual boundaries around the source.  By defining the limits for the 

source, a LCIR can be established. 

 LCIR 
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The LCIR is the region affected by local controls such as local exhaust ventilation 

systems, or physical barriers. 

 Near and far field: 

The near-field (NF) zone is defined as the volume of air within 1 meter, in any direction, 

centered on the worker’s head.  Centering the NF zone on the worker, rather than the 

source places the emphasis on the personal exposure which differentiates ART from 

other mechanistic models.  Far-field (FF) zone is the remainder of the space in the room 

where the worker is located.  ART assumes the concentration of airborne contaminants 

decreases as the distance from the source increases, and then simplifies the 

concentration gradient into two regions, NF and FF.  Additionally, ART assumes perfect 

mixing within, the two regions and contaminant transfer between the two regions 

(Fransman et al. 2009).  Airflow in workrooms is usually turbulent with eddies resulting 

from obstacles, room shape, room size, general room ventilation, and movement of 

equipment and workers.  The assumption of “perfect mixing may lead to substantial error 

in exposure assessment where workers are positioned very close to the source.  

Moreover, the perfect mixing assumption does not consider local disturbance in the flow 

field very close to the worker” (Fransman et al. 2009).  Factors influencing the 

concentration of airborne exposure in the NF are convections resulting from body 

temperature, arm movements and current formation surrounding the body.  Although 

fluid dynamic computations can be developed for the aforementioned factors, such 

calculations cannot be integrated into a generic mechanistic model such as ART.  

Modifying factors (discussed below) are used to characterize factors influencing the NF 

and FF zones.   

 Source Enclosure Personal Enclosure: 

A source enclosure is anything which isolates the source from the work environment.  

 Personal Enclosure: 

A personal enclosure isolates the worker from the work environment.   

 Surfaces: 

Surfaces such as workbenches, machinery, and clothing may become contaminated.  

The deposition may become resuspended or evaporated into the NF or FF of the worker.  

In contrast, deposition of the contaminant onto a surface may result in a permanent 

removal of contaminants due to housekeeping practices.  

 Receptor: 
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The receptor component is the respiratory tract.  Respiratory protection can create a 

barrier reducing or preventing uptake of the airborne contaminants by the receptor.  ART 

1.0 exposure estimates do not take respirator protection into consideration.  However, 

ART 2.0 will account for it.   

 

Modifying Factors for the Model Components 

To capture the specific exposure scenario, modifying factors are applied to the model 

components in Figure 4.  The modifying factors used by ART are listed in the Figure 5 

(Fransman et al. 2009). 

 

Figure 4: “Components of the conceptual model and related principal Modifying Factors.” Table. 
(Fransman et al. 2009) 

  *Discussion of the activity emission potential can be found in Marquart H, Heussen H, le Feber 
M et al. (2008)  
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The modifying factor assigns a numerical value to the corresponding model component, which 

in turn determines the weight each model component carries in the overall exposure calculation.  

For example, an exposure scenario in which local exhaust ventilation is used will result in a 

different modifying factor value for the localized controls (LC) than a scenario in which only 

general room ventilation is used.  The different values for the LC modifying factors will cause 

different weightings of the LCIR model component in the overall calculation of exposure.    

 

Quantifying Exposure: 

The total personal exposure level (Ct) is the sum of exposure levels from the near field (CNF) and 

far field (CFF). 

 Ct = CNF + CFF      Equation 1 (Fransman et al 2009) 

The personal exposure from CNF and CFF are both multiplicative functions.   

 CNF = (ENF * HNF * LCNF * PNF + SuNF) * DNF  Equation 2 (Fransman et al 2009) 

 CFF = (EFF * HFF * LCFF * SegFF * SuNF) * DFF * SepFF Equation 3 (Fransman et al 2009) 

 

The personal exposure for the near and far fields both involved the substance emission 

potential (E), activity emission potential (H), localized control (LC), surface contamination (Su), 

and dilution (D).  The near and far field functions differed in three terms: segregation (Seg), 

separation (Sep), and personal behavior (P).  The separation and segregation terms were only 

relevant in the far field and the personal behavior term only applies to near field.  Equations 1-3 

can simply be applied once for stable exposure conditions.  However, for multiple sources in 

both the NF and FF with varying strength, the contributions of each source should be calculated 

separately. In the case of a person performing distinct consecutive tasks during a period of time, 

the personal exposure for each task should be assessed separately and then used to calculate 

a time-weighted average.  The final exposure range produced by ART is in units of 

concentration (e.g. mg/m3).  The substance emission potential is assigned a unit of emission 

rate (mass per time unit), and the dilution term has a unit of the reciprocal of a ventilation rate 

(time unit per volume) (Fransman et al. 2009).  The remaining MFs are dimensionless.  

Exposure data is continually being collected from a variety of industries and companies to 

validate the ART model and the weighting calculated by the modifying factors.  

 

A major limitation of ART is it cannot be used to assess fibrous material, solid objects (excluding 

wood and stone), gases, fume producing hot process such as welding, and low-volatile liquids 

with high viscosity.  ART is a compliant exposure assessment method under the REACH 
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requirements, but its usefulness is greatly hindered by its lack of applicability to so many 

common processes.    

 

General Limitations of Control Banding Tools   

The most significant challenge in the development and implementation of control banding tools 

is the accuracy of the decision log (NIOSH 2009).  Under prescription of controls can lead to 

hazards resulting in serious injuries, illnesses, or deaths.  In contrast, over prescription of 

controls can result in unnecessary expense.  The variables that must be considered in validation 

studies of control banding strategies are: 

1. Prediction of Exposure:  The exposure data used to validate the decision log 

methodology needs to characterize the entire range of exposure for the work 

process under consideration.  The measurements must account for interworker, 

intraworker, and interworkplace variation.  Repeat measurements on each worker 

are required.  For processes with engineering controls, the use of those controls 

needs to be discontinued, assuming acceptable risk, for testing purposes.   

2. Hazard Prediction:  The toxicological endpoint of a chemical is typically used to 

define the specific risk level of that chemical.  However, risk levels do not capture 

the relative severity of different chemicals in the same risk level.  Where 

toxicological data, such as with OELs and TLVs, exist, they can be used to further 

assess the hazard. 

3. Control Recommendations:  The recommendations from control banding strategies 

can be compared to those of experts, preferably for scenarios where the exposure 

and hazard predictions of experts have already been tested and determined to be 

accurate.   

4. Training:  Control banding tools are intended for non-experts in the field of 

industrial hygiene.  Therefore, an understanding of the tool and the methodology of 

the strategy is vital to proper implementation.  The training on how to use the tool 

should be evaluated to ensure that it is appropriate for the target audience, offered 

frequently by a credible source, and effective.  Because most control banding tools 

are accessible online, delivering and measuring effectiveness of training remains a 

challenge.   

5. Control Implementations:  Follow up is needed to validate proper implementation of 

controls, and periodic evaluation of controls is required to maintain effectiveness. 
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Research Proposal 

Validation of all the proposed control banding tools with respect to the five factors above is 

crucial to determining the credibility of the control banding methodologies.   

Although some have embraced the control band strategy, many believe reliability and accuracy 

(safety) have been compromised for simplicity (Bracker, 2009).  To address these concerns, 

workplace scenarios with known quantitative exposure data are continually being used to 

validate ART’s exposure predictions.  However, little effort has been made towards validating 

ART’s approach to exposure estimation with the decision-making process of a safety and health 

professional.  Validating ART’s approach is important because the quantitative data used to 

validate ART’s predictions would come from a skewed sample.  ART is intended to cover a wide 

range of industries and companies, but only large companies would have the amount of 

quantitative data needed to validate ART’s predictions.  These larger companies would likely 

have safety and health professionals on site who validate effectiveness of controls.  Therefore, 

the quantitative data these companies would provide to use for ART validation would not cover 

the range of exposure situations for which ART is intended.  Understanding the agreement of 

the model’s approach to estimating exposure with a professional’s approach to estimating 

exposure will assist in validating the ART model.   Research on professional judgment has 

shown an association between professional certifications and an increase in accuracy of 

judgment of exposure (Vadali 2011).   Additional factors, such as education and years 

experience in the field have also shown a similar association.  Finally, this research will 

contribute to the growing research evaluating control banding tools.   

 

This research will examine ART exposure estimates and professional judgments through the 

following hypotheses: 

 

1. There is no difference between the subjects’ exposure banding and Advanced REACH 

Tool’s (ART’s) exposure banding. 

2. There is no difference in agreement of exposure banding between subjects who are 

Certified Industrial Hygienists, and subjects who are not Certified Industrial Hygienists. 

3. There is no difference in how ART uses process information to determine exposure 

bands and how the research subjects use process information to determine bands. 
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Chapter II: Study Design and Data Analysis Methods  

 

Overview of Data Collection Method: 

The overall aim of this study was to compare ART’s and professionals’ estimates of personal 

airborne exposure in a hypothetical process.  Subjects watched a thirty second video of a spray 

painting operation, and then opened an online questionnaire, which provided elementary 

information on ART along with all the information used by ART to estimate the exposure of the 

scenario.  Subjects used the provided information and their professional judgment to estimate 

the airborne exposure relative to regulatory limits.  Subjects indicated on the questionnaire what 

of the provided information they found the most beneficial in their assessment and any 

additional information they wanted.  Finally, subjects were asked a series of questions related to 

their work experience, academic credentials, and uses of ART.  

 

Exposure Scenario Development: 

Each of the four questionnaires corresponded to an exposure scenario.  All four scenarios were 

regarding exposure to Methyl Ethyl Ketone (MEK) during a spray painting process.  The four 

exposure scenarios varied in conditions that were consistent with those expected among 

workplaces and industries (i.e. exposure time, ventilation controls, and housekeeping practices).  

The scenarios were assessed through ART and the exposure estimates that resulted were 16 

ppm (<<16 ppm), 94 ppm (<PEL), 217 ppm (~PEL) and 949 ppm (>> PEL).  The researcher 

identified the most significant modifying factors driving the overall exposure calculation for each 

scenario.  The identified modifying factors were not reported to subjects, but were used in the 

data analysis.  The information inputted into ART for each scenario was the information in the 

questionnaire for that scenario. 

 

Subject Recruitment: 

To examine the agreement between ART’s estimates and the safety and health community’s 

estimates, two pools of subjects were used.  The pool of professional or practitioner subjects 

were certified industrial hygienists (CIH) recruited through the Pacific Northwest Section of the 

American Industrial Hygiene Association (PNS-AIHA).  The PNS-AIHA administrator sent an 

email to members soliciting participants in a graduate student’s research on control banding 

tools.  Those members interested in participating responded to the email.  The email addresses 
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of those members who indicated they were willing to be approached were sent by the PNS-

AIHA administrator to the researcher.   

 

The pool of non-practitioners consisted of people who had completed the University of 

Washington OSHA Education Center “521- OSHA Guide to Industrial Hygiene” course (OSHA-

EC).  These subjects were students who had completed the OSHA 521 course and also 

indicated they were interested in future information from OSHA-EC.   

 

The randomized list of emails from PNS-AIHA and OSHA-EC were divided into quartiles and 

each quartile was assigned one of the four scenarios questionnaires.   

 

Survey Development and Details: 

The information provided in the questionnaire that described the exposure scenario included the 

information used by ART.  The second portion of the survey focused on the subjects’ work 

experience and academic credentials which are variables research associated with accuracy in 

professional judgment (Valdali et al., 2011).  The survey instrument was developed by the 

researcher and committee members and then piloted with a small group of practitioners.  The 

pilot group provided feedback on the information in the introduction and instruction section, the 

format of the questionnaire, the video used, and the wording of the questions.  Feedback from 

the pilot group was incorporate into the questionnaire and then retest with the same group.  The 

final four questionnaires can be found in appendices A-D. 

 

All the information used by ART for the specific scenario was provided to the subjects along with 

a video of a spray painting operation.  All the subjects saw the same video.  The following 

information was provided for the conditions of the exposure scenario. 

The chemical information: 

 The chemical name 

 The CAS number 

 The physical state of the chemical 
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 The temperature of the process 

 The vapor pressure of the chemical 

 The weight fraction of the chemical (MEK) in the overall composition of the solution 

(paint) 

 Activity coefficient--Activity coefficient is the deviation from Raoult Law as a result of the 

chemicals within a mixture having different interactions when compared to an ideal 

mixture where all chemical species interact equally  

The operational/process conditions: 

 Process application type (e.g. spray application of liquid) 

 Emission source in relation to breathing zone (NF or FF) 

 Application rate  

 Direction of the paint being sprayed  

 Whether compressed air is used 

The risk management measures: 

 The use of localized ventilation 

 Whether the process is fully enclosed 

 Whether housekeeping practices are in place 

 The ventilation in the workroom 

 Whether a secondary emission source is present 

 Process exposure time 

 

Survey Implementation: 

An introductory email was sent to potential subjects, which included how their emails were 

acquired and the scope of the research.  Background information on control banding tools and 

ART was also provided.  Within the email was a link to the questionnaire in SurveyMonkey Tool.  

Each link was unique to each subject and each research subject only asked to estimated the 

exposure for one exposure scenario.  The questionnaire opened by stating the subjects would 

23 
 



be asked to view a video and consider information provided to estimate airborne exposure to 

MEK.  The video was password protected and the password was on the introductory screen of 

the survey tool.  The video showed a painter using a spray gun to spray small parts on a table 

top.  After watching the video, subjects were prompted to return to the questionnaire and were 

presented with all the information related to the scenario.  The information was divided into 

three sections: chemical information, operations/process information, and risk management 

measures.  The subjects were asked to indicate the two pieces of information within each 

sections they found the most beneficial in their estimation of exposure.  Subjects used the 

aforementioned information, along with the video, to qualitatively assess the personal airborne 

exposure relative to the Permissible Exposure Limit (PEL) for MEK. 

 

After viewing the video, reviewing the work conditions and controls, and indicating which 

information was the most beneficial to their decision-making, subjects estimated whether the 

worker’s airborne exposure was above or below the PEL for MEK of 200 ppm.  After indicating 

their exposure “band” (above or below the PEL), ART’s exposure estimate for the specific 

scenario was revealed to the subject.  Finally, subjects were asked to respond to questions 

about academic credentials, work experience, and likelihood of using ART.    

 

The questionnaire, questionnaire implementation, and subject recruitment methods were 

reviewed and approved by the University of Washington Institutional Review Board.   

 

Data Analysis: 

Subjects’ survey results were stratified based on reported certification status (CIH or non-CIH).  

Certification status was self-reported by subjects based on their responses to the question in the 

survey.  Survey responses were used to address the focus of this research: agreement with 

ART estimations among practitioners.  More specifically, agreement was explored through the 

following three hypotheses. 
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Hypothesis 1: 

There is no difference between the subjects’ exposure banding and Advanced REACH 

Tool’s (ART’s) exposure banding. 

 

Data analysis for the first hypothesis was done by pooling all the subjects’ responses to the 

question regarding estimation of exposure relative to the PEL for MEK.  ART’s quantitative 

estimate was categorized as either above the PEL, or below the PEL.  A kappa statistic of 

agreement was calculated for all the pooled data.     

 

Hypothesis 2: 

There is no difference in exposure banding between subjects who are Certified Industrial 

Hygienists, and subjects who are not Certified Industrial Hygienists.  Education and 

experience in the field do not affect agreement. 

 

The second hypothesis was tested by assessing the agreement between the subjects’ 

estimates and ART’s estimates.  The kappa calculations were repeated, but this time after 

stratifying on certification status (CIHs and non-CIHs).  Subject response were compared to 

corresponding ART assessment and coded as “agree” with each other or “disagree” with each 

other.  An odds ratio (OR) was calculated comparing the agreement according to certification 

status.  Additionally, odds ratios were adjusted for education and work experience.  To account 

for the different scenarios, Scenario 3 was used as the baseline for the other scenarios in the 

logistic analysis.  Scenario 3 was selected as the reference because it was banded by ART as 

the closest to the PEL.   

 

The variables and coding used in the analysis for hypothesis one and two are described in 

Table 1. 
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Table 1: Description of Variables 
Variable          Description    Type           Coding 

Band 
(independent) 

Estimation of exposure, 
above or below PEL 

Nominal 
0=below 
1=above 

Agreement  
(dependent) 

Agreement between the band 
variable for ART and the 
Subject 

Nominal 
0=no 
1=yes 

Certification 
(independent) 

Certified Industrial Hygienist Nominal 
0=no 
1=yes 

Experience (Exp) 
(independent) 

Years of experience working 
in the safety and health field 

Continuous None 

Education (Edu) 
(independent) 

Years of education Nominal 
0=less than 18 yrs 
1= 18 yrs or more 

Continuing Education 
(CE) 
(independent) 

Frequency of attendance at 
continuing education courses 

Ordinal 
1=once a yr 
2=once every 1-3 years 
3=once every 3 yrs 

Control Banding (CB) 
(independent) 

Attendance at a course on 
control banding 

Ordinal 
0=no 
1=yes 

Scenario  (independent) 
Estimate of exposure by ART 
for the conditions of the 
scenario   

Categorical 

1=16 ppm 
2= 94 ppm 
3= 217 ppm 
4= 949 ppm 

 

Hypothesis 3: 

There is no difference in the information ART uses to estimate exposure and the 

information practitioners use to estimate exposure.  There is no difference how that 

information is weighted by ART and by subjects 

 

The third hypothesis addressed what information used by ART is used by subjects to estimate 

exposure.  As noted previously ART, uses modifying factors to determine the influences each 

model component has on the calculation of exposure.  The information indicated by the subjects 

as being the most beneficial in estimating exposure was compared to the modifying factors in 

ART.  Those were determined for each scenario prior to implementation of the survey.  The final 

portion of the questionnaire aimed at identifying how likely, in practice, a subject would be to 
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use ART to estimate exposures.  The analysis of this portion of the questionnaire was 

qualitative in nature.  
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Chapter III: Results 

Questionnaire responses were summarized (Table 2) for all subjects and for each certification 

strata (Table 3).  Responses were grouped by scenario.  For each scenario, the sum of subjects 

who banded (or categorized) exposure above the PEL or below the PEL totaled the number of 

responses for that scenario.  Similarly, the sum of the total number of subjects who agreed with 

ART and the total number who disagreed with ART totaled the number of responses for the 

scenario.  The percentages calculated are based on the total number of responses for the 

scenario.  The percentages in the “Total” column are based on the total number of responses.   

 

The responses indicate, in general subjects agree with ART and as often as they disagree 

(Table 2), and they band above the PEL as often as they band below the PEL.  However, CIHs 

tend to band below the PEL more often than above, and non-CIHs tend to agree with ART more 

than CIHs (Table 3).   

   

 

     

 



 

 

Table 2: Summary of Responses for All Subjects 

  
Scenario 1 

<<PEL 
Scenario 2 

<PEL 
Scenario 3 

~PEL 
Scenario 4 

>>PEL 
Total 

A
R

T
 

Exposure Estimate 16 ppm 94 ppm 217 ppm 949 ppm N/A 

Total Responses (% based on total responses for all 
subjects) 

9 (17.3%) 11 (21.2%) 18 (34.6%) 14 (26.9%) 52 

Banded above PEL 
(% based on all subjects responses for the scenario) 

0 (0%) 6 (54.5%) 10 (55.6%) 6 (42.9%) 22 (42%) 

Banded below PEL 
(% based on all subjects responses for the scenario) 9 (100%) 5 (45.5%) 8 (44.4%) 8 (57.1%) 30 (58%) 

Agree with ART 
(% based on all subjects responses for the scenario) 9 (100%) 5 (45.5%) 10 (55.6%) 6 (42.9%) 30 (58%) 

Disagree with ART 
(% based on all subjects responses for the scenario) 0 (0%) 6 (54.5) 8 (44.4%) 8 (57.1%) 22 (42%) 

Mean Yrs of Education 17.1 15.8 16.75 16.7 16.8 

Mean Yrs of Experience 20.4 16.1 15.3 19.9 17.6 

Attend Continuing Education courses once per year 
(% based on total number of respondent for the scenario)  89% 73% 83% 86% 83% 

A
ll 

S
u

b
je

ct
s 

Completion of a Control Banding course 
(% based on total number of respondents for the scenario ) 66% 18% 11% 14% 17% 
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Table 3:  Summary of Responses Stratified by Certification Variable 

  
Scenario 1 

<<PEL 
Scenario 2 

<PEL 
Scenario 3 

~PEL 
Scenario 4 

>>PEL 
Total 

A
R

T
 

Exposure Estimate 16 ppm 94 ppm 217 ppm 949 ppm N/A 

Total Responses  
(% based on total responses for CIHs) 6 (25%) 4 (16.6%) 6 (25%) 8 (33.3%) 24 

Banded above PEL  
(% based on total CIH responses for scenario) 0 (0%) 2 (50%) 1 (17%) 2 (25%) 5 (21%) 

Banded below PEL  
(% based on total CIH responses for  the scenario) 6 (100%) 2 (50%) 5 (83%) 6 (75%) 19 (79%) 

Agree with ART  
(% based on total CIH responses for the scenario) 6 (100%) 2 (50%) 1 (17%) 2 (25%) 11 (46%) 

Disagree with ART  
(% based on total CIH responses for the scenario) 0 (0%) 2 (50%) 5 (83%) 6 (75%) 13 (54%)  

Mean Yrs of Education 18 16.5 18.3 18 17.83 

Mean Yrs of Experience 24.5 28.75 21.6 25.9 24.96 

Attend Continuing Education courses once per year 
(% based on total number of respondent for the scenario)  83% 100% 83% 100%  92% 

C
IH

 

Completion of a Control Banding course 
(% based on total number of respondents for the scenario ) 50% 50% 17% 25%         33% 

Total Responses  
(% based on total responses for non-CIH) 

3 (10.7%) 7 (25%) 12 (43%) 6 (21.3) 28 

Banded above PEL  
(% based on total non-CIH responses for the scenario) 

0 (0%) 4 (57.1%) 9 (75%) 4 (66.7%) 17 (61%) 

Banded below PEL  
(% based on total non-CIH responses for the scenario) 3 (100%) 3 (42.9%) 3 (25%) 2 (33.3%) 11 (39%) 

Agree with ART  
(% based on total non-CIH responses for the scenario) 3 (100%) 3 (42.9%) 9 (75%) 4 (66.7%) 19 (68%) 

Disagree with ART  
(% based on total non-CIH responses for the scenario) 0 (0%) 4 (57.1%) 3 (25%) 2 (33.3%) 9 (32%) 

Mean Yrs of Education 19.3 15.4 15.9 14.7 15.54 

Mean Yrs of Experience 12.3 8 12.1 11.8 11.25 

Attend Continuing Education courses once per year 
(% based on total number of respondent for the scenario)  100% 67% 83% 57% 75% 

N
o

n
-C

IH
 

Completion of a Control Banding course 
(% based on total number of respondents for the scenario ) 0% 0% 8% 0% 4% 



Agreement between ART and Subjects (Hypothesis 1 & 2): 

The first two hypotheses focused on examining agreement between ART and subjects’ banding.  

To examine agreement, a kappa statistic and odds ratio were calculated.  The first hypothesis 

examined overall agreement between ART and the subjects, while the second hypothesis 

looked at agreement for CIHs and non-CIHs.  A kappa greater than 0.75 represented excellent 

agreement beyond chance and a kappa below 0.40 represented poor agreement.  A kappa 

between 0.4 and 0.75 was considered intermediate to good agreement (Gordis 2009).  

Agreement between subjects and ART is poor.  The results of the kappa statistic were as 

follows. 

 

Table 4: Kappa Statistic of Agreement between Subjects and ART 

 Kappa 
Level of 

agreement
All subjects 0.21 Poor 
CIH 0.08 Poor 
Non-CIH 0.32 Poor 
 

 

Agreement and Certification Status (Hypothesis 2): 

To further examine agreement, a logistic regression was done to calculated an OR comparing 

likelihood of agreement between ART and CIHs compared to ART and non-CIHs.  The ORs 

reported (Table 5) represent the likelihood of agreement between ART and CIHs compared to 

ART and non-CIHS.  The OR calculation is adjusting for years of experience in the field (Exp), 

highest level of education (Edu), and exposure scenario (Scen).  Due to sample size, education 

was categorized as less than eighteen years or more than eighteen years.  As noted previously, 

Scenario 3 (approximately at the PEL) was used as the baseline for the Scenario variable.  Due 

to sample size, Scenarios 1 and 2 (both below the PEL) were pooled as one category.  

  

Table 5:  Agreement between subjects and ART comparing CIHs to non-CIHs--accounting for 
Independent Variables  

Variable 
Adjusted for 

Odds Ratio of 
Agreement and 

Cert 

Standard 
error 

95th Confidence 
Interval 

p-value 

-- 0.40 0.23 0.13-1.24 0.11 
Exp 0.15 0.13 0.02-0.89 0.04 
Edu 0.77 0.56 0.18-3.21 0.72 
Scen 0.38 0.15 0.11-1.24 0.11 

 

 

31 
 



Based on the odds ratios calculated (Table 5) for this study, when adjusting for other variables 

the odds ratios change dramatically indicated both the ORs and the model are highly unstable.  

 

Information Used to Assess Exposure (Hypothesis 3): 

The final hypothesis addressed what chemical information, process conditions, and risk 

management measures are used by subjects to estimate exposure.  Subjects were asked to 

indicate the information they found most significant in determination of exposure.  The most 

commonly selected items (chemical information, process conditions, and risk management 

measures) are indicated (Table 6).  ART’s modifying factors identified for each scenario are 

tabulated (Table 6).  To determine the most significant modifying factors, the coefficients for 

each modifying factor were identified using literature on ART (Fransman 2009).  Those which 

drove the most significant change in ART’s estimate of exposure were identified (Table 6).  ART 

does not use chemical information when estimating exposure.     

     

Table 6: Most Influential Data in Estimating Exposure 

 CIH Non-CIH ART  
(Modifying Factors) 

Chemical 
Information 

Weight fraction in 
overall paint 
composition  

Weight fraction in 
overall paint 
composition 

N/A 

Operational/Process 
Conditions 

Process application 
Emission source in 
relation to breathing 
zone 

Application rate 

Risk Management 
Measure 

Use of localized 
ventilation 

Use of localized 
ventilation 

Air exchange rate and 
housekeeping practices 

 

 

CIHs and ART were in agreement that information on application method (process and rate) 

was the most influential in the estimation of exposure.  Subjects and ART both indicated 

information related to ventilation to be the most influential risk management measures. 

However, ART weighted housekeeping practices equal with ventilation.    

 

This study considered the possibility that some information influential in the professionals’ 

estimates may not be included in the ART model.  The survey instrument only presented the 

information that is used by ART.  So, to capture additional information used in exposures 
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estimations, subjects were queried for any additional information they would have liked to have 

had to estimate exposure.  The responses were aggregated (Table 7).   

 

Table 7: Number of Requests for Additional Information to Use in Exposure Estimation 

Additional Information Category CIH Non-CIH Total 

Chemical Information 4 1 5 

Operational/Process Conditions 4 2 6 

Risk Management Measure 6 4 10 

Quantitative Data 3 1 4 

Worker Information 3 0 3 

Exposure Time 2 4 6 

None 6 9 15 

 

The type of additional chemical information requested included the complete composition of the 

paint, or more specifics on MEK (molecular weight, specific gravity etc.).  The most commonly 

requested addition for the operational/process conditions was related to the application method 

of the paint.  Additional ventilation information was the most requested risk management 

measure.  Some subjects indicated they would want exposure data (labeled “quantitative data” 

in Table 7), and others requested information on the worker’s training and experience (“worker 

information”).  Some subjects requested additional information on worker “exposure time,” 

including length of time the worker remains in the area after the end of the process.  Most 

subjects did feel additional information was needed. 

 

Finally, subjects were asked about how they might use ART in the future.  Subjects rated 

likelihood out of five possible choices: very likely, likely, somewhat likely, unlikely or highly 

unlikely. 

 

Table 8: Likelihood of Using ART  
 ART Use Scenario CIH Non-CIH 

As a screening tool Somewhat Somewhat/Likely 
For compliance with 
REACH 

Likely Likely 

In remote locations Somewhat/Likely Likely 

When quantitative data 
is not available 

Likely Likely 

 

 

 

 

Subjects were only marginally likely to use ART when assessing workplace exposures. 
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Chapter IV: Discussions 

Summary of Research and Conclusions 

The aim of this study was to examine agreement between ART and subject’s estimation of 

exposure and how certification status affects likelihood of agreement.  This study also examined 

what information was used by subjects when estimating exposure.   

 

First, agreement was determined by calculating a kappa statistic.  Based on the kappa results 

for all subjects (Table 4), we conclude for this study there is poor agreement between all 

subjects and ART on banding exposure into broad categories under the conditions presented. 

 

Second, the question of agreement between ART and certification status was further examined 

by calculating odds ratios and adjusting for education, work experience and exposure scenario.  

Based on the odds ratios calculated (Table 5) for this study, CIHs are 40% as likely as non-CIHs 

to agree with ART.  When adjusting for work experience, CIHs are 15% as likely as non-CIH 

and agree with are and when adjusting for education, CIHs are 77% as likely as non-CIHs to 

agree with ART. 

 

Third, the information subjects use in estimating exposure was examined.  Subjects were in 

agreement on the need for additional information beyond what ART used (Table 7).  Though 

ART does not use chemical information in its estimation of exposure, subjects were in 

agreement on the need for chemical information (Table 7).  Of the information used by ART, 

CIHs and ART were in agreement that information on application method was the most 

influential process information in the estimation of exposure. Subjects and ART both indicated 

information related to ventilation to be the most influential risk management measures. 

However, ART weighted housekeeping practices equal with ventilation (Table 6).    

 

Finally, this study qualitatively examined ART uses.  Based on responses (Table 8), subjects 

are marginally likely to use ART in scenarios that are not conducive to quantitative exposure 

monitoring.   

 

Discussion of Results 

The kappa statistics (Table 4) revealed poor agreement overall between subjects and ART.  

One cause for the observed disagreement may be due to the video misleading subjects.  The 

video was intended to be a visual aid, but was not tailored to the exposure conditions of the 
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described scenarios.   It is possible some subjects primarily relied on the visual in their decision-

making process.  If subjects disregarded the scenario information and relied on the video, they 

would have estimated the exposure of a scenario that was not estimated by ART or part of this 

study.  Subjects were instructed to use the video only to understand the process, but, 

nonetheless, it is possible the visual representation influenced subjects in aspects of the 

exposure situation in which video was not meant to be instructive.   

 

The odds ratios calculated (Table 5) indicated CIHs are less likely to agree with ART than non-

CIHs.  It is worth highlighting that CIHs estimated exposures above the PEL 20% of the time 

where ART’s estimates of exposure were above the PEL 58% of the time for the same 

distribution of scenario responses.  This difference was noteworthy because one of the primary 

design requirements of all control banding tools is to guide employers in worker protection 

decisions, but without overestimating exposure.  Estimating an exposure above a PEL triggers 

many other requirements such as the implementation of medical health exams, periodic 

exposure monitoring, training, use of personal protective equipment and engineering controls.  

In addition to being costly, these requirements can be difficult to properly and effectively 

implement.  Because these four scenarios were hypothetical exposures, there was no 

quantitative data to validate if the personal exposure was above, or below the PEL.  However, 

this lack of agreement between CIHs and ART, and the tendency of CIHs to band below the 

PEL, merits further study. 

 

Comparison to Literature on Professional Decision-Making 

A recently published study examined accuracy in professional judgment and factors affecting 

the decision-making process (Vadali 2011). The study hypothesized a need for cognitive 

thinking (enjoying complex problem-solving) was related to accuracy in professional judgment of 

exposure.  Among the variables tested as indicators of a need for cognitive thinking were years 

of experience and professional certifications.  Vadali et. al. found both those variables were 

associated with increased accuracy in judgment.  In contrast, our study found experience and a 

CIH were associated with decreased agreement with ART.  Though both studies considered 

experience and certification variables, those variables were defined differently.  Vadali et. al. 

included more professional certifications than just a CIH and years of experience was more 

specifically defined as years of experience in assessing exposure.  Though testing different 

hypothesis, Vadali et al’s conclusions highlight a need for further validation of ART’s 

mechanistic model with professional decision-making and quantitative data   
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 Direction of Future Research 

This study should be done with a much larger sample to ensure adequate power, and to 

validate kappa and OR values.  The study design should ensure even distribution of response 

for all scenarios.  In addition, subjects should be recruited from more diverse sources.  

 

The questionnaire asked subjects to identify what information was the most beneficial in their 

exposure estimates, and what additional information they would have wanted, but the 

questionnaire did not capture how the information was used.  How the information was used 

would identify if the disagreement between ART and subjects was because the two groups used 

different information or because they weighted the same information differently.  Research is 

currently underway to verify the accuracy of the ART estimates with quantitative exposure data.  

Quantitative data coupled with a better understanding of the factors practitioners use to estimate 

exposure and what weight they place on exposure factors, would guide further revisions of ART.     

 

European companies and agencies have been utilizing control banding models for many years 

and are integrating ART into exposure estimation methodology.  Additional research exploring 

agreement between ART and European practitioners and U.S. practitioners would be interesting 

as it would examine how academic credentials and work experience affect agreement 

particularly given European practitioners familiarity with control banding in general.   

 

Limitations of Study 

When considering the results presented in this research some limitations must be 

acknowledged.  Power calculations for this study indicated a minimum of seventy two subjects, 

thirty six CIHs and thirty six non-CIHs were needed.  Fifty-two subjects participated in this study, 

twenty four CIHs and twenty eight non-CIHs.  This shortage of subjects hindered the power of 

this study to find significant differences.  The limitations of the sample size became even more 

magnified when we attempted to stratify the data into smaller subsets. 

 

ART is capable of estimating exposure for a variety of operations.  This study only examined 

agreement for a spray painting process.  Agreement between subjects and ART may depend on 

the type of operation being assessed.  As previously noted, the video was not accurate for any 

of the scenarios.  As a result, some subjects may have estimated exposure for the conditions in 

the video, rather than the conditions described in the questionnaire.  Though instructed to 

disregard the use of any personal protective equipment, the individual in the video was wearing 
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an air-supplying respirator which may have misled many subjects.  The use of the respirator 

could cause practitioners to assume high contaminant levels in the work area, but lower 

exposure levels to the worker due to the respirator.   

 

To address the issues surrounding the video and to align with professional practice, the 

exposure scenario could be presented to subjects as a walkthrough of a facility.  By seeing the 

actually facility, process, and work conditions, subjects would have a better understanding of the 

exposure scenario and this would likely provide an exposure estimate that truly represents their 

professional judgment. 

      

A final limitation of the study design was the source of subjects.  All the non-CIHs had 

completed the University of Washington OSHA Education Center “521-OSHA Guide to 

Industrial Hygiene”.  Consequently, this may have contributed to a lack of variability in the non-

practitioner subjects.  The CIH subjects were all members of the PNS-AIHA which could 

indicate similar interest in current research, attendance to continuing education courses, and 

approach to exposure assessments.  All of these similarities indicated a lack of variability within 

the pool of practitioners.   

 

Conclusions and Contributions of Research: 

In conclusion, this research indicated a lack of agreement between our research subjects and 

ART in estimating exposure to a hypothetical scenario.  CIHs were more likely than non-CIHs to 

disagree with ART’s exposure estimates.  Due to sample size, this disagreement was not 

significant at the five percent level.  However, when adjusting for education and years of 

experience, the odds ratios do change significantly and indicate CIHs are not as likely as non-

CIHs to agree with ART.   

 

 The major contribution of this study was actually testing agreement between ART and 

professionals.  Although other studies have had professionals review control banding 

mechanistic models, few have had professionals and ART estimate exposure of the same 

process and then quantified the level of agreement (NIOSH 2009).  Moreover, few other studies 

have attempted to concurrently capture the factors, such as education, training and work 

experience, which may influence the subjects’ estimates.  However, this study exposes 

questions about agreement between professionals and ART, which in itself is a significant 

contribution.    This study indicates certification status is associated with a decrease in the 
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likelihood of agreeing with ART.  Vadali et al. has found certification status is associated with an 

increase in accuracy of professional judgment.  The findings in the study contribute to the 

growing body of research surrounding control banding tools, but also shed light on the need for 

further research comparing ART and professional’s estimates of exposure to improve control 

banding tools.                    
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Appendix 1: Scenario 1 Questionnaire 
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Appendix 2: Scenario 2 Questionnaire 
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Appendix 3: Scenario 3 Questionnaire 
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Appendix 4: Scenario 4 Questionnaire 
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