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OSHA   Occupational Safety and Health Administration  

OTVD  Open-Top Vapor Degreaser 

PAPR  Power Air-Purifying Respirator 

Perc  Perchloroethylene 

PBZ  Personal Breathing Zone 

PEL  Permissible Exposure Limit 

PESS  Potentially Exposed Susceptible Subpopulation 

PPE  Personal Protective Equipment 

ppm  Part(s) per Million  
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QC  Quality Control 

RCRA  Resource Conservation and Recovery Act 

SAR  Supplied-Air Respirator 

SCBA  Self-Contained Breathing Apparatus 

SNAP  Significant New Alternatives Policy 

SUSB  Statistics of US Businesses 

TCE  Trichloroethylene 

TLV  Threshold Limit Value 

TSCA   Toxic Substances Control Act  

TWA  Time-Weighted Average 

U.S.   United States  

VOC  Volatile Organic Compound 
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1 INTRODUC TION  

This engineering report presents the occupational exposures to 1-Bromopropane (1-BP), and 

supplements the final risk evaluation of 1-BP under the Frank R. Lautenberg Chemical Safety for 

the 21st Century Act. The Frank R. Lautenberg Chemical Safety for the 21st Century Act 

amended the Toxic Substances Control Act (TSCA), the Nationôs primary chemicals 

management law, on June 22, 2016. The new law includes statutory requirements and deadlines 

for actions related to conducting risk evaluations of existing chemicals. 

 

In December of 2016, EPA published a list of 10 chemical substances that are the subject of the 

Agencyôs initial chemical risk evaluations (81 FR 91927), as required by TSCA Ä 6(b)(2)(A). 

EPAôs designation of the first 10 chemical substances constituted the initiation of the risk 

evaluation process for each of these chemical substances, pursuant to the requirements of TSCA 

§ 6(b)(4). The scope documents for all first 10 chemical substances were issued on June 22, 

2017, and the problem formulation documents were issued on May 31, 2018. The risk evaluation 

for each chemical will be completed on or before December 2019. This engineering report is 

being issued separately from the risk evaluation report for 1-BP. 

1.1 Background and Scope 
This report addresses all conditions of use and pathways associated with industrial and 

commercial activities, as described in EPAôs May 2018 Problem Formulation Document for 1-

BP. TSCA Ä 3(4) defines the conditions of use as óóthe circumstances, as determined by the 

Administrator, under which a chemical substance is intended, known, or reasonably foreseen to 

be manufactured, processed, distributed in commerce, used, or disposed of.ôô This report assesses 

dermal and inhalation exposure in occupational settings.  
 

1.2 General Approach and Methodology for Number of Sites and 

Workers 
Where possible, EPA determined the number of sites and workers using data reported under the 

Chemical Data Reporting (CDR) Rule. The CDR Rule, issued under the TSCA, requires 

manufacturers and importers to report certain information on the chemicals they produce 

domestically or import into the United States. For the 2016 CDR cycle, manufacturers and 

importers of chemicals listed on the TSCA inventory were required to report if their production 

volume exceeded 25,000 pounds at a single site during any of the calendar years 2012, 2013, 

2014 or 2015. 

 

For conditions of use where CDR data are insufficient, EPA determined the number of sites that 

manufacture, process, and use 1-BP using reasonably available market data and data from 

Section 3 of the Toxics Release Inventory (TRI), ñActivities and Uses of the Toxic Chemical at 

the Facility.ò In addition, EPA determined the number of workers by analyzing Bureau of Labor 

Statistics (BLS) and U.S. Census data using the methodology described in Appendix A. This 

methodology was previously described in the 2016 draft Risk Assessment of 1-BP.  
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1.3 General Approach and Methodology for Occupational Exposures 
EPA assessed occupational exposures following the analysis plan published in the May 2018 

Problem Formulation Document. Specific assessment methodology is described in further detail 

below for each type of assessment.  

 Inhalation Exposure Assessment Approach and Methodology 

To assess inhalation exposure, EPA reviewed reasonably available exposure monitoring data and 

mapped them to specific conditions of use. The monitoring data used in the assessment include 

data collected by government agencies such as OSHA and NIOSH, and data found in published 

literature. For each exposure scenario and worker job category (ñworkerò or ñoccupational non-

userò), where available, EPA calculated the 95th and 50th percentile exposure levels from the 

observed data set. The 95th percentile exposure concentration represents high-end exposure to 1-

BP across the distribution of available exposure data. The 50th percentile exposure concentration 

represents a typical exposure level. For this assessment, only personal breathing zone (PBZ) 

monitoring data were used to determine the time-weighted average (TWA) exposure 

concentration. TWA exposure concentrations are then used to calculate the Acute Concentration 

(AC), Average Daily Concentrations (ADC) and Lifetime Average Daily Concentration (LADC) 

using the approach and equations described in Appendix B. 

For several conditions of use, EPA modeled exposure in occupational settings. The models were 

used to either supplement existing exposure monitoring data or to provide exposure estimates 

where data are insufficient. For example, EPA used the Tank Truck and Railcar Loading and 

Unloading Release and Inhalation Exposure Model to estimate worker exposure during 

container and truck unloading activities that occur at industrial facilities. EPA also refined its 

exposure models from the 2016 draft Risk Assessment to address peer review comments.  

 Dermal Exposure Assessment Approach and Methodology 

Although inhalation pathway is expected to be the most important route for 1-BP, dermal 

exposure may be important in contributing to the overall exposure. During the 2016 peer review 

of the draft 1-BP Risk Assessment, peer reviewers recommended that quantitative estimates of 

dermal exposure be included to address this pathway. Peer reviewers also noted the possible 

occupational exposure scenarios where dermal contact is occluded.  

 

EPA assessed dermal exposure to workers by modifying the EPA/OPPT 2-Hand Dermal 

Exposure to Liquids Model. The report presents several occupational dermal exposure scenarios, 

accounting for the potential for evaporation, glove use, and occlusion. Dermal exposure 

assessment is described in more detail in Section 2.18.  

 Respiratory Protection 

OSHAôs Respiratory Protection Standard (29 CFR 1910.134) provides a summary of respirator 

types by their assigned protection factor (APF). APF means the workplace level of respiratory 

protection that a respirator or class of respirators is expected to provide to employees when the 

employer implements a continuing, effective respiratory protection program according to the 

requirements of OSHAôs Respiratory Protection Standard. Respirators, and any personal 

protective equipment, is the last mean of worker protection, and should only be considered when 

process design and engineering control cannot reduce workplace exposure to an acceptable level.  
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Exposure to 1-BP can cause irritation and can damage the nervous system. If respirators are 

necessary in atmospheres that are not immediately dangerous to life or health, workers must use 

NIOSH-certified air-purifying respirators or NIOSH-approved supplied-air respirators which 

have the appropriate APF. Respirators that meet these criteria include air-purifying respirators 

with organic vapor cartridges. Respirators must meet or exceed the required level of protection 

listed in Table 1-1. Based on the protection standards, inhalation exposures may be reduced by a 

factor of 5 to 10,000, assuming workers and occupational non-users are complying with the 

standard.  

 

Table 1-1. Assigned Protection Factors for Respirators in OSHA Standard 29 CFR 

1910.134 

Type of Respirator 
Quarter 

Mask 
Half Mask 

Full 

Facepiece 

Helmet/ 

Hood 

Loose-

fitting 

Facepiece 

1. Air -Purifying Respirator 5 10 50   

2. Power Air-Purifying Respirator (PAPR)  50 1,000 25/1,000 25 

3. Supplied-Air Respirator (SAR) or 

Airline Respirator 
     

¶ Demand mode  10 50   

¶ Continuous flow mode  50 1,000 25/1,000 25 

¶ Pressure-demand or other positive-

pressure mode 
 50 1,000   

4. Self-Contained Breathing Apparatus 

(SCBA) 
     

¶ Demand mode  10 50 50  

¶ Pressure-demand or other positive-

pressure mode (e.g., open/closed 

circuit) 

  10,000 10,000  

Source: 1910.134(d)(3)(i)(A) 

1.4 Peer Review Comments 
Prior to the Lautenberg Act, EPA completed a draft risk assessment for 1-BP, addressing 

occupational and consumer uses in spray adhesives, dry cleaning (including spot cleaning), vapor 

degreasing, aerosol degreasing, and cold cleaning. The draft assessment was published in 

February 2016 and peer reviewed in May 2016.  

 

EPA has reviewed and evaluated public and peer review comments provided on the 2016 draft 

risk assessment as well as the 2019 draft Risk Evaluation. Where appropriate, EPA made 

editorial changes to improve the clarity and flow of the assessment. EPA also reviewed 

additional data and information provided by the commenters and considered changes to enhance 

the assessment approach. As part of this process, EPA updated the dry cleaning (including spot 

cleaning), vapor degreasing, aerosol degreasing, and cold cleaning models to address peer review 

comments and to incorporate latest available data. Example model updates include truncating the 
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upper-bound of certain model input parameters (e.g., air speed) to a reasonable high-end value 

and changing the exposure averaging period from 8-hr TWA to 12-hr TWA in the dry cleaning 

model.  

 

This report also includes a quantitative assessment of dermal exposure, including assessment of 

potential for occlusion in select conditions of use, in response to the 2016 peer review comments 

as well as peer review and public comments on the 2019 draft Risk Evaluation.   
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2 Engineering Assessment 
The following sections will contain process descriptions and the specific details (worker 

activities, analysis for determining number of workers, exposure assessment approach and 

results) from the assessment for each exposure scenario. 

2.1 Manufactur e 

 Process Description 

1-BP is produced by reacting n-propyl alcohol with hydrogen bromide and then removing the 

excess water that forms in the process (NTP, 2013). The reaction product may then be distilled, 

neutralized with sodium hydrogen carbonate, stored, and packaged (Ichihara et al., 2004). The 

purity of the final product may range from 96 percent (Li et al., 2010) to over 99.9 percent 

(OSHA, 2013a). 

 

The manufacturing process may be either batch or continuous. Based on a site visit in 2013 

conducted by PEC, Icarus Environmental, and OSHA representatives, one major U.S. 

manufacturer of 1-BP operates a continuous, closed production process for 24 hours per day and 

7 days per week (OSHA, 2013a). 

 Number of Sites and Potentially Exposed Workers 

The CDR Rule requires manufacturers and importers to provide EPA information on the 

chemicals they produce domestically or import into the United States. Based on CDR data, EPA 

identified two domestic 1-BP manufacturers, Albemarle Corporation and Chemtura Corporation, 

for calendar year 2015. Table 2-1 below summarizes the number of workers reasonably likely to 

be exposed to 1-BP at the two manufacturing facilities, as reported in the 2016 CDR (U.S. EPA, 

2017a)1. The term ñreasonably likely to be exposed,ò for the purpose of CDR, means ñan 

exposure to a chemical substance which, under foreseeable conditions of manufacture, 

processing, distribution in commerce, or use of the chemical substance, is more likely to occur 

than not to occur.ò These exposures would include activities such as charging reactor vessels, 

drumming, bulk loading, cleaning equipment, maintenance operations, materials handling and 

transfer, and analytical operations. The estimate also includes persons whose employment 

requires them to pass through areas where chemical substances are manufactured, processed, or 

used, i.e., those who may be considered ñoccupational non-users,ò such as production workers, 

foremen, process engineers, and plant managers. There are at least 35 to less than 75 potentially 

exposed workers and ONUs at the two manufacturing sites. 

 

 
1 No further information regarding these facilities were provided during the comment period; therefore, EPA is 

relying on CDR data.  

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3860563
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1717475
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1519103
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5018532
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5018532
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3860454
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3860454
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Table 2-1. Number of Potentially Exposed Workers at Manufacturing Facilities (2016 

CDR) 

Company Facility  
Facility  Location 

Number of 

Workers a 

Likely to be 

Exposed 

Basis for 

Manufacturing 

Determination 
City  State 

Albemarle 

Corporation 

Albemarle Corp South 

Plant 
Magnolia AR 25 ï <50 

2016 CDR (Sec. 

2.B.4) 

Chemtura 

Corporation 

Great Lakes Chemical - 

Central 

El 

Dorado 
AR 10 ï <25 

2016 CDR (Sec. 

2.B.4) 

Total    35 ï 73  

Source: (U.S. EPA, 2017a)  
a May include both workers and ONUs 

 Exposure Assessment 

2.1.3.1 Worker Activities  

Typical worker activities at a manufacturing facility include: 1) collecting and analyzing quality 

control (QC) samples; 2) routine monitoring of the process, making process changes, or 

responding to process upsets; and 3) loading finished products containing 1-BP into containers 

and tank trucks. The specific activity and the potential exposure level may differ substantially 

depending on the facilityôs operation, process enclosure, level of automation, engineering 

control, and personal protective equipment (PPE). For example, at a U.S. manufacturing facility, 

workers were observed to spend most of their time in a control room monitoring the production 

process via a computerized system. QC samples are taken and analyzed inside a laboratory fume 

hood, and in some cases, in a nitrogen purge dry box. Product loading is controlled using a 

computerized system; smart-hoses and a vent line are used to minimize leaks and to capture 

vapors generated during loading. At this facility, employees wear safety glasses, nitrile gloves, 

and steel toe shoes when performing product sampling and laboratory analysis. In addition, 

operators wear a full chemical suit2 during truck loading, including a full-face respirator 

equipped with organic vapor cartridges (OSHA, 2013a). The company has an industrial hygiene 

program where all employees are trained on PPE and work practices according to their job 

duties.   

 

In contrast, a recent study among three 1-BP manufacturing facilities in China indicate that none 

of the workers were observed to wear PPE. These workers manually add chemicals into reaction 

pots, pour final product into drums, and adjust the final drum volume with hand scoops (Li et al., 

2010). 

2.1.3.2 Occupational Exposure Assessment Methodology 

1-BP exposure monitoring data were identified for one manufacturing facility in the U.S. 

(OSHA, 2013a) and a facility in China. Although the Chinese study may not be representative of 

work practices and exposure levels at U.S. facilities, data from this study are presented for 

comparison purposes, and may be indicative of potential exposure levels in the absence of 

adequate engineering controls and workplace protection.  

 
2 Chemical resistant pants and jacket with hood, steel-toed rubber boots, chemical resistant gloves, and full-face 

respirator equipped with organic vapor cartridges. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3860454
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5018532
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1519103
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1519103
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5018532
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2.1.3.3 Occupational Exposure Results 

Table 2-2 presents the exposure levels from an OSHA site visit to a U.S. manufacturing facility. 

The purpose of the site visit was to collect information on 1-BP production process, engineering 

controls, and potential exposures. OSHA performed personal sampling on two operators during 

two consecutive shifts and on one laboratory technician; the company also collected 

simultaneous samples for result comparison and verification. In the table, the high-end exposure 

value represents the maximum TWA exposure among the three workers sampled, and the central 

tendency value represents the median exposure. EPA assumed the TWA exposures approximate 

8-hr TWA because actual sampling time ranged from 429 to 449 minutes (7.2 to 7.5 hour). 

Exposure was highest during truck loading, which occurs once every 24 hours, with the night 

shift operator having an exposure of 2.61 ppm during a 78-minute personal breathing zone 

sample. The operator wore a full-face respirator during this activity (OSHA, 2013a).  

 

Table 2-3 presents the 95th and 50th percentile exposures surveyed by Ichihara et al. (2004) at a 

factory located in Jiangsu province, China. As most employees at this facility also worked 12-

hour shifts, the data are assumed to represent 12-hr TWA. In comparison to the U.S. facility, 

exposure levels in China are more than two orders of magnitude higher, and the 

authors/investigators themselves complained of nasal and conjunctival irritation following visits 

to the facility. Exposure concentration was highest when workers transferred produced solvents 

into containers.  

 

Table 2-2. Statistical Summary of 8-hr 1-BP TWA Exposures (AC, ADC and LADC) for 

Manufacturing  Based on Monitoring Data (U.S. Facility, Closed System) 

   

Acute and Chronic, Non-Cancer 

Exposures (8-Hour TWAs in 

ppm) 

Chronic, Cancer Exposures 

(ppm) 

 

   

AC1-BP, 8-hr TWA  and ADC1-BP, 8-hr 

TWA   LADC 1-BP, 8-hr TWA  

Data 

Points 

Category 

High-end 

(Maximum) 

Central 

tendency 

High-end 

(Maximum) 

Central 

tendency 

Worker a 0.27 0.09 0.14 0.04 3 

Source: (OSHA, 2013a) (U.S. facility)  
AC = Acute Concentration; ADC = Average Daily Concentration and LADC = Lifetime Average Daily Concentration. 
a ï Because OSHA and the company took simultaneous samples, two sets of exposure monitoring data are available 

for each worker. For the same worker, EPA used the higher of the two TWA exposure results. For the lab technician 

and the day shift operator, EPA used company results (OSHA experienced a pump malfunction while performing 

sampling on the lab technician, and OSHA results for the day shift operator were below the reporting limit of 0.007 

ppm of OSHAôs sampling and analytical method PV2061). For the night shift operator, EPA used OSHA results. 

The workers worked 12-hour shifts but were not exposed to 1-BP for the entire shift; exposure data are available as 

8-hr TWA exposures.  

 

 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5018532
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1717475
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5018532
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Table 2-3. Statistical Summary of 12-hr 1-BP TWA Exposures (AC, ADC and LADC) for 

Manufacturing  Based on Monitoring Data (Chinese Facility, Open System) 

   

Acute, Non-Cancer 

Exposures (12-Hour 

TWAs in ppm) 

Chronic, Non-Cancer 

Exposures (24-Hour 

TWAs in ppm) 

Chronic, Cancer 

Exposures (ppm)   

   AC1-BP, 12-hr TWA   ADC1-BP, 24-hr TWA  LADC 1-BP, 24-hr TWA    

Category 

95th 

Percentile 

50th 

Percentile 

95th 

Percentile 

50th 

Percentile 

95th 

Percentile 

50th 

Percentile 

Data 

Points 

Worker 167.9 45.2 59.8 16.1 30.7 6.39 26 

Source: (Ichihara et al., 2004)  

 

2.2 Import   

 Process Description 

Commodity chemicals such as 1-BP may be imported into the United States in bulk via water, 

air, land, and intermodal shipments (Tomer and Kane, 2015). These shipments take the form of 

oceangoing chemical tankers, railcars, tank trucks, and intermodal tank containers. Chemicals 

shipped in bulk containers may be repackaged into smaller containers for resale, such as drums 

or bottles. The type and size of container will vary depending on customer requirement. In some 

cases, QC samples may be taken at import sites for analyses. Some import facilities may only 

serve as storage and distribution locations, and repackaging/sampling may not occur at all import 

facilities. 
 

1-BP may be imported neat or as a component in a formulation. In the 2016 CDR, most 

companies reported importing 1-BP at concentrations greater than 90 percent; one company 

reported importing a formulation containing 1 to 30 percent 1-BP. 

 

The total 1-BP import volume is claimed CBI in the 2016 CDR. However, recent data from other 

sources estimate an import volume of 10.3 million pounds of brominated derivatives of acrylic 

hydrocarbons, which includes 1-BP and other chemicals. (ATSDR, 2016) 

 Number of Sites and Potentially Exposed Workers 

In the 2016 CDR, seven companies reported importing 1-BP into the United States during 

calendar year 2015. In addition, Superior Oil Company, Inc. reported to the CDR but withheld its 

activity information in Section 2.B.4 of CDR Form U (U.S. EPA, 2017a). Based on its facility 

address, it is likely an import office, rather than industrial manufacturing facility. 

 

Table 2-4 below summarizes the number of persons (including workers and ONUs) reasonably 

likely to be exposed to 1-BP at the import facilities, as reported in the 2016 CDR (where 

available). Of these import facilities, six facilities estimated that fewer than 10 employees per 

site are likely to be exposed, and one facility estimated 25 to up to 50 employees are likely to be 

exposed.  

 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1717475
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5018559
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827325
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3860454
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Table 2-4. Number of Potentially Exposed Workers at Import Facilities 

Company Facility  
Facility  Location 

Number of 

Workers a 

Likely to be 

Exposed 

Basis for Import 

Determination 
City  State 

PHT International 
PHT International, 

Inc. 
Charlotte NC <10 

2016 CDR (Sec. 

2.B.4) 

Custom Synthesis, 

LLC 

Custom Synthesis 

LLC 
Anderson SC 25 - <50 

2016 CDR (Sec. 

2.B.4) 

Enviro Tech 

International Inc 

Enviro Tech 

International Inc 

Melrose 

Park 
IL  <10 

2016 CDR (Sec. 

2.B.4) 

ICL North America ICL-IP America Inc. St. Louis MO <10 
2016 CDR (Sec. 

2.B.4) 

MC International, LLC 
MC International, 

LLC 
Miami FL <10 

2016 CDR (Sec. 

2.B.4) 

Phoenix Chemical Co 

Inc 
Phoenix Chemical Co Calhoun GA <10 

2016 CDR (Sec. 

2.B.4) 

Superior Oil Company, 

Inc. 

Superior Oil 

Company, Inc. 
Indianapolis IN Withheld 2016 CDR (Address) 

WEGO Chemical 

Group 

WEGO Chemical & 

Mineral Corp 
Great Neck NY <10 

2016 CDR (Sec. 

2.B.4) 

Total    31 - 103  

Source: (U.S. EPA, 2017a) 

a - May include both workers and ONUs 

 Exposure Assessment 

2.2.3.1 Worker Activities  

Workers are potentially exposed during repackaging and sampling, if these activities occur at 

import sites. Workers near loading racks and container filling stations are potentially exposed to 

fugitive emissions as containers are filled. They are also potentially exposed via dermal contact 

with liquid. 

 

ONUs are employees who work at the facility where 1-BP is handled, but who do not directly 

perform the repackaging and sampling activity. ONUs are expected to have lower inhalation 

exposures and are not expected to have dermal exposures. ONUs include supervisors, managers, 

and tradesmen. 

2.2.3.2 Occupational Exposure Assessment Methodology 

EPA has not identified exposure monitoring data for import. Therefore, EPA assessed exposure 

using the Tank Truck and Railcar Loading and Unloading Release and Inhalation Exposure 

Model. Based on data reported in the 2016 CDR, the model assumes 1-BP is present at 30 and 

100 percent concentration in the import formulation for the central tendency and high-end 

exposure scenario, respectively. The model provides inhalation exposure estimates to volatile 

liquid chemicals during outdoor loading and unloading activities at an industrial facility. The 

model accounts for the emissions of saturated air containing the chemical of interest that remains 

in the loading arm, transfer hose, and related equipment, and emissions from equipment leaks 

from processing units such as pumps, seals, and valves. The model assumes industrial facilities 

use a vapor recovery system to minimize air emissions, such that vapor losses from displacement 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3860454
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of saturated air inside the container is mitigated using such systems. See Appendix D for detailed 

description of this model.  

 

For the high-end scenario, the model assumes the use of an engineered loading system, such as a 

loading arm, and that the operation occurs outdoor with a wind speed of 5 miles per hour (mph). 

For the central tendency scenario, the model assumes the use of a 12-foot transfer hose with two-

inch diameter, with an average outdoor wind speed of 9 mph. For the purpose of this assessment, 

loading/unloading event is assumed to occur once per work shift. Combining published EPA 

emission factors and engineering calculations with the EPA/OPPT Mass Balance Inhalation 

Model (peer reviewed), this model estimates central tendency and high-end exposure 

concentrations for chemical unloading scenarios at industrial facilities. 

2.2.3.3 Occupational Exposure Results 

As shown in Table 2-5, the Tank Truck and Railcar Loading and Unloading Release and 

Inhalation Exposure Model estimates a high-end and central tendency exposure level of 0.06 

ppm and 0.004 ppm as 8-hr TWA, respectively, during container unloading activities. The ñhigh-

endò exposure represents a railcar loading scenario, and the ñcentral tendencyò exposure 

represents a tank truck loading scenario. Note the model does not estimate separate exposure 

levels for workers and ONUs for this activity. 

 

Table 2-5. Summary of 1-BP 8-hr TWA Exposures (AC, ADC and LADC) for Import and 

Repackaging Based on Modeling 

   

Acute and Chronic, Non-Cancer 

Exposures (8-Hour TWAs in 

ppm) Chronic, Cancer Exposures (ppm) 

   

AC1-BP, 8-hr TWA  and ADC1-BP, 8-hr 

TWA   LADC 1-BP, 8-hr TWA  

Category High-end Central tendency High-end Central tendency 

Worker 5.67E-2 3.83E-3 2.91E-2 1.52E-3 

 

2.3 Processing as a Reactant 

 Process Description 

Processing as a reactant or intermediate is the use of 1-BP as a raw material in the production of 

another chemical, in which 1-BP is reacted and consumed. In the early to mid-1990s, 1-BP was 

used as an intermediate in the production of pesticides, quaternary ammonium compounds, 

flavors and fragrances, pharmaceuticals, and other chemicals (HSIA, 2010). In the present day, 

1-BP is used as an intermediate in the production of other organic chemicals, inorganic 

chemicals, pharmaceuticals, pesticides, fertilizers, and other agricultural chemicals (Enviro Tech 

International, 2017a). The extent of these uses is not known, as the volumes are claimed CBI in 

the 2016 CDR (HSIA, 2010). 

 Number of Sites and Potentially Exposed Workers 

EPA identified the number of sites and workers using downstream industrial processing and use 

information reported by manufacturers and importers in Part III, Section A of the CDR Form U. 

As shown in Table 2-6, 1-BP is potentially used as a chemical intermediate at between three and 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3045668
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5018560
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5018560
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3045668
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27 sites, where 30 to 72 workers and ONUs are potentially exposed. CDR does not differentiate 

between workers and ONUs. CDR also does not provide the identity of these downstream sites. 

Information reported under the TRI program indicates Dow Chemicalôs Midland, MI facility is a 

processing site (U.S. EPA, 2016b).  

 

Table 2-6. Estimated Number of Sites and Workers for Industrial Intermediate Uses (2016 

CDR) 

Reporting 

Company 

Type of 

Process 

NAICS 

code 
Industrial Sector 

Industrial  

Function 

Category 

Number 

of Sites 

Number 

of 

Workers 

Basis for 

Processing 

Determination 

Albemarle 

Corporation 

Processing 

as a 

reactant 

32518 

All Other Basic 

Inorganic Chemical 

Manufacturing 

Intermediates <10 10 - <25 2016 CDR 

Chemtura 

Corporation 

Processing 

as a 

reactant 

32519 

All Other Basic 

Organic Chemical 

Manufacturing 

Intermediates <10 10 - <25 2016 CDR 

Chemtura 

Corporation 

Processing 

as a 

reactant 

3253 

Pesticide, Fertilizer, 

and Other 

Agricultural 

Chemical 

Manufacturing 

Intermediates <10 10 - <25 2016 CDR 

Total     3 - 27 30 - 72  

Source: (U.S. EPA, 2017a) 

 Exposure Assessment 

2.3.3.1 Worker Activities  

At industrial facilities, workers are potentially exposed when unloading 1-BP from transport 

containers into intermediate storage tanks and process vessels. Workers may be exposed via 

inhalation of vapor or via dermal contact with liquids while connecting and disconnecting hoses 

and transfer lines. Once 1-BP is unloaded into process vessels, it is consumed as a chemical 

intermediate. 

 

ONUs are employees who work at the facilities that process 1-BP, but who do not directly 

handle the material. ONUs may also be exposed to 1-BP but are expected to have lower 

inhalation exposures and are not expected to have dermal exposures. ONUs for this condition of 

use may include supervisors, managers, engineers, and other personnel in nearby production 

areas. 

2.3.3.2 Occupational Exposure Assessment Methodology 

See Section 2.2.3.2 for the assessment of worker exposure from chemical unloading activities. 

EPA assumes the exposure sources, routes, and exposure levels are similar to those at an 

import/repackaging facility. The exposure results are presented in Table 2-7.  

 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5018549
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Table 2-7. Summary of 1-BP 8-hr TWA Exposures (AC, ADC and LADC) for Processing 

as a Reactant Based on Modeling 

   

Acute and Chronic, Non-Cancer Exposures (8-Hour TWAs 

in ppm) 

Chronic, Cancer Exposures 

(ppm) 

   AC1-BP, 8-hr TWA  and ADC1-BP, 8-hr TWA   LADC 1-BP, 8-hr TWA  

Category High-end Central tendency High-end Central tendency 

Worker 5.67E-2 3.83E-3 2.91E-2 1.52E-3 

 

2.4 Processing ï Incorporation into Formulation, Mixture, or 

Reaction Product 

 Process Description 

After manufacture, 1-BP may be supplied directly to end-users, or may be incorporated into 

various products and formulations at varying concentrations for further distribution. 

Incorporation into a formulation, mixture, or reaction product refers to the process of mixing or 

blending several raw materials to obtain a single product or preparation. For example, 

formulators may add stabilizing packages to 1-BP for specialized vapor degreasing uses (Enviro 

Tech International, 2017a) or mix 1-BP with other additives to formulate adhesives, sealants, and 

other products. 

 

In a 2010 study, Hanley et al. describes the process of formulating adhesive products containing 

1-BP at one facility: 

 

ñéa large variety of glues, sealants, and coatings were manufactured for a 

multitude of commercial and industrial applications using water-, epoxy-, and 

organic solvent-based formulas. When charging the batch mixers, large volume 

solvents (e.g., 1-BP) were dispensed through an enclosed piping manifold system. 

Solid chemicals were added manually through hatch openings, which otherwise 

remained closed during mixing. After blending, the finished product was pumped 

into buckets, drums, or bulk tanks using semi-enclosed methods. Local exhaust 

ventilation was not provided for the mixing vessels or packaging locations. 

Instead, each bay on the charging and packing floors were serviced with high 

volume dilution ventilation consisting of air supply and exhaust system located on 

opposite walls to produce directional air flow. A solvent blend containing over 96 

percent 1-BP was used as the principal solvent in one product line. This adhesive 

was made approximately once every 45 days.ò (Hanley et al., 2010) 

 

It is not known whether the specific equipment and engineering controls cited by Hanley et al. 

(Hanley et al., 2010) is representative of other facilities. However, the general process activities 

(e.g., unloading of raw materials into mixing vessels) are likely similar across different 

formulation facilities. 

 Number of Sites and Potentially Exposed Workers 

EPA identified the number of sites and workers using downstream industrial processing and use 

information reported by manufacturers and importers in Part III, Section A of the CDR Form U. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5018560
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5018560
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https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1689090
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As shown in Table 2-8, the number of 1-BP formulation sites ranges from 33 to 993. This range 

is consistent with the estimate provided in the Analysis of Economic Impacts of Final nPB [1-

bromopropane] rulemaking for Cleaning Solvent Sector of the SNAP program, which estimated 

that in 2007, there were seven companies that formulated solvent-based products containing 1-

BP, three companies that formulated adhesive products containing 1-BP, an additional 60 small 

providers of specialty products4 that contained 1-BP, and approximately 20 or 25 companies that 

prepared aerosol formulations with 1-BP (U.S. EPA, 2007a). The number of workers and ONUs 

likely exposed ranges from 220 to 1,046. CDR does not differentiate between workers and 

ONUs.  

 

Table 2-8. Estimated Number of Sites and Workers for Processing ï Incorporation into 

Formulation, Mixture or Reaction Product (2016 CDR)  

Reporting 

Company 
Type of Process 

NAICS 

code 
Industrial Sector 

Industrial  

Function 

Category 

Number 

of Sites 

Number 

of 

Workers a 

Albemarle 

Corporation 

Processing - 

incorporation into 

formulation, mixture, 

or reaction product 

325998 All Other 

Chemical Product 

and Preparation 

Manufacturing 

Solvents (for 

cleaning or 

degreasing) 

<10  10 - <25 

Chemtura 

Corporation 

Processing - 

incorporation into 

formulation, mixture, 

or reaction product 

3256 Soap, Cleaning 

Compound, and 

Toilet Preparation 

Manufacturing 

Solvents (for 

cleaning or 

degreasing) 

 10 - <25  100 - 

<500 

Custom 

Synthesis, 

LLC 

Processing - 

incorporation into 

formulation, mixture, 

or reaction product 

335 Electrical 

Equipment, 

Appliance, and 

Component 

Manufacturing 

Solvents (for 

cleaning or 

degreasing) 

 10 - <25  100 - 

<500 

ICL Processing - 

incorporation into 

formulation, mixture, 

or reaction product 

334 Computer and 

Electronic Product 

Manufacturing 

Solvents (for 

cleaning or 

degreasing) 

 10 - <25 NKRA 

MC 

International, 

LLC 

Processing - 

incorporation into 

formulation, mixture, 

or reaction product 

32552 Adhesive 

Manufacturing 

Solvents (which 

become part of 

product 

formulation or 

mixture) 

<10 NKRA 

PHT 

International 

Processing - 

incorporation into 

formulation, mixture, 

or reaction product 

11 Agriculture, 

Forestry, Fishing 

and Hunting 

Agricultural 

chemicals (non 

pesticidal) 

NKRA NKRA 

 
3 CDR does not provide the identity of these formulation sites.  
4 In a 2017 public comment, Enviro Tech stated that most of these additional companies merely market the same 

products produced by one of the seven major solvent manufacturers, sometimes under a private label. Enviro Tech 

International is a major supplier of 1-BP and fluorinated solvents. (Enviro Tech International, 2017a) 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5018561
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Reporting 

Company 
Type of Process 

NAICS 

code 
Industrial Sector 

Industrial  

Function 

Category 

Number 

of Sites 

Number 

of 

Workers a 

Wego 

Chemical and 

Mineral Corp. 

Processing - 

incorporation into 

formulation, mixture, 

or reaction product 

51, 52, 

53, 54, 

55, 56, 

61, 62, 

71, 72, 

81, 92 

Services Solvents (for 

cleaning or 

degreasing) 

<10  10 - <25 

Total     33 - 99 220 ï 

1,046 

a May include both workers and ONUs 

Source: (U.S. EPA, 2017a) 

 Exposure Assessment 

2.4.3.1 Worker Activities  

At formulation facilities, workers are potentially exposed when unloading 1-BP into mixing 

vessels, taking QC samples, and packaging formulated products into containers and tank trucks. 

The exact activities and associated level of exposure will differ depending on the degree of 

automation, presence of engineering controls, and use of PPE at each facility. 

2.4.3.2 Occupational Exposure Assessment Methodology 

For formulation of 1-BP into products, EPA assessed exposure using personal air monitoring 

data from a formulation facility submitted by Enviro Tech. The facility is dedicated to the 

production of 1-BP based products; a batch of product containing 80 to 96 percent 1-BP is 

produced during a single eight-hour shift per year, and production takes place twice per weeks 

for 50 weeks per year in a closed system with mechanized filling operations. 

2.4.3.3 Occupational Exposure Results 

Table 2-9 presents the central tendency and high-end exposure levels for employees at this 

facility. The worker exposure level represents employee exposure when working as the mixing 

room operator; the mixing room is where all mixing, decanting, and filling operations occur. 

Employees at this facility work once during the work week as the mixing room operator, and 

performs other work for the remainder of the week. Exposure levels for occupational non-user 

represent employee exposure when performing other job duties, primarily in the warehouse, 

storage, office, areas of the facility where they do not directly handle 1-BP (Enviro Tech 

International, 2020).  

 

In a separate study, Hanley et al. (2010) measured exposure at an adhesive manufacturing 

facility. The study did not provide detailed data to allow determination of 50th and 95th percentile 

exposures, but stated that the geometric mean full-shift (8 to 10 hour) TWA measurement was 

3.79 ppm for those who handled 1-BP products (workers), and 0.33 ppm for those who did not 

use 1-BP (i.e., ONUs). The maximum exposure value was 18.9 ppm TWA for those who directly 

used 1-BP, and 1.59 ppm TWA for those who did not use 1-BP. This facility does not have local 

exhaust ventilation, but uses high volume general dilution ventilation to provide directional air 

flow in the production area (Hanley et al., 2010). 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3860454
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6465296
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6465296
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1689090
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1689090
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Table 2-9. Statistical Summary of 1-BP 8-hr TWA Exposures (AC, ADC and LADC) for 

Processing/Formulation Based on Monitoring Data  

 Acute and Chronic, Non-Cancer 

Exposures (8-Hour TWAs in ppm)  
Chronic, Cancer Exposures (ppm)  

 AC1-BP, 8-hr TWA  and ADC1-BP, 8-hr TWA  LADC 1-BP, 8-hr TWA  Data 

Points Category Central tendency  High-end  Central tendency  High-end  

Worker 7.20 2.86 1 

ONU 0.16 0.28 0.06 0.14 10 

Source: (Enviro Tech International, 2020) 

2.5 Processing ï Incorporation into Articles 

 Process Description 

According to EPAôs Use Dossier, 1-BP is present at less than 5 percent concentration in the 

THERMAXTM brand insulation manufactured by Dow Chemical (EPA-HQ-OPPT-2016-0741-

0003). THERMAXTM is a polyisocyanurate rigid board insulation for interior and exterior 

applications, and can be used on walls, ceilings, roofs, and crawl spaces in commercial and 

residential buildings. The product is marketed to have superior durability and fire performance 

over generic polyisocyanurate insulations.5 EPA does not have information on the exact process 

for producing THERMAXTM and the function of 1-BP in the insulation material (Dow, 2018). 

 Number of Sites and Potentially Exposed Workers 

Dowôs website indicates insulation products containing 1-BP are produced at its Pennsauken, NJ 

facility (Dow, 2018). The number of potentially exposed workers at this specific facility is not 

known; however, EPA estimated the number of workers at facilities characterized under NAICS 

3261506, ñUrethane and Other Foam Product (except Polystyrene) Manufacturingò using Bureau 

of Labor Statisticsô OES data (2015) and U.S. Census SUSB (2012). The method for estimating 

number of workers is detailed in Appendix A. The analysis indicates an average of 15 potentially 

exposed workers and 4 ONUs per site.  

 

Table 2-10. Estimated Number of Workers Potentially Exposed during Incorporation of 1-

BP into Articles for NAICS 326150 

Exposed 

Workers 

Exposed 

Occupational 

Non-Users 

Total 

Exposed 

Estimated 

Number of 

Establishments 

Workers per Site 

Occupational 

Non-Users per 

Site 

15 4 19 1 15 4 

 Exposure Assessment 

2.5.3.1 Worker Activities  

The exact process and worker activity at the Dow facility is not known; however, workers at this 

site may be potentially exposed when unloading 1-BP from transport containers into mixing 

vessels and taking QC samples. Actual levels of exposure will depend on the degree of 

automation, presence of engineering controls, and use of PPE. 

 
5 https://www.dow.com/en-us/products/thermaxbrandinsulation#sort=%40gtitle%20ascending  
6 The Dow facility reports a primary NAICS of 326150 in the 2016 and 2017 TRI 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6465296
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0741-0003
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0741-0003
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5018562
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https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3045684
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3045686
https://www.dow.com/en-us/products/thermaxbrandinsulation#sort=%40gtitle%20ascending


 

 

 

Page 29 of 191 

2.5.3.2 Occupational Exposure Assessment Methodology 

EPA did not find monitoring data for this condition of use. EPA modeled exposure using the 

Tank Truck and Railcar Loading and Unloading Release and Inhalation Exposure Model, which 

estimates high-end and central tendency exposure concentrations for chemical unloading 

scenarios at industrial setting. See Section 2.2.3.2 for the assessment of worker exposure from 

chemical unloading activities. The exposure results are presented in Table 2-11.  

 

Table 2-11. Summary of 1-BP 8-hr TWA Exposures (AC, ADC and LADC) for Processing 

ï Incorporat ion into Articles Based on Modeling 

   

Acute and Chronic, Non-Cancer 

Exposures (8-Hour TWAs in 

ppm) Chronic, Cancer Exposures (ppm) 

   

AC1-BP, 8-hr T WA and ADC1-BP, 8-hr 

TWA   LADC 1-BP, 8-hr TWA  

Category High-end Central tendency High-end Central tendency 

Worker 5.67E-2 3.83E-3 2.91E-2 1.52E-3 

   

2.6 Repackaging  

 Process Description 

Chemicals shipped in bulk containers may be repackaged into smaller containers for resale, such 

as drums or bottles. The type and size of container will vary depending on customer requirement. 

In some cases, QC samples may be taken at repackaging sites for analyses. Repackaging could 

occur for both domestic and imported shipments of 1-BP; repackaging activities that occur at 

import facilities are addressed in Section 2.2.   

 Number of Sites and Potentially Exposed Workers 

EPA identified the number of sites and workers using downstream industrial processing and use 

information reported by manufacturers and importers in Part III, Section A of the CDR Form U. 

As shown in Table 2-12, one company reported up to 10 downstream repackaging sites with 10 

to up to 25 workers. Another company reported downstream repackaging activities but indicated 

the number of sites and workers were not known or reasonably ascertainable (U.S. EPA, 2017a). 

EPA does not know the identity of these sites. In addition, EPA does not know whether these 

sites are exclusive repackaging sites or whether they also fall under other 1-BP conditions of use.  

 

Table 2-12. Number of Sites and Potentially Exposed Workers for Repackaging (2016 

CDR) 

Reporting 

Company 
Type of Process 

NAICS 

code 
Industrial Sector 

Industrial  

Function 

Category 

Number 

of Sites 

Number 

of 

Workers a 

Albemarle 

Corporation 

Processing ï 

repackaging  

325998 All other chemical 

product and 

preparation 

manufacturing 

Solvents (for 

cleaning and 

degreasing) 

<10  10 - <25 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3860454
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Reporting 

Company 
Type of Process 

NAICS 

code 
Industrial Sector 

Industrial  

Function 

Category 

Number 

of Sites 

Number 

of 

Workers a 

Phoenix 

Chemical Co 

Inc 

Processing ï 

repackaging 

NKRA NKRA NKRA NKRA NKRA 

Total     <10 10 - <25 

Source: (U.S. EPA, 2017a) 

a - May include both workers and ONUs 

NKRA ï Not known or reasonably ascertainable 

 Exposure Assessment 

2.6.3.1 Worker Activities  

During repackaging, workers are potentially exposed while connecting and disconnecting hoses 

and transfer lines to import bulk containers (e.g., railcars, tank trucks, totes), intermediate storage 

vessels (e.g., storage tanks, pressure vessels), and final packaging containers (e.g., drums, 

bottles). Workers near loading racks and container filling stations are potentially exposed to 

fugitive emissions as containers are filled. They are also potentially exposed via dermal contact 

with liquid. 

 

ONUs are employees who work at the facility where 1-BP is repackaged, but who do not directly 

perform the repackaging activity. ONUs are expected to have lower inhalation exposures and are 

not expected to have dermal exposures. ONUs for repackaging include supervisors, managers, 

and tradesmen that may be in the repackaging area but do not perform tasks that result in the 

same level of exposures as repackaging workers. 

2.6.3.2 Occupational Exposure Assessment Methodology 

EPA has not identified exposure monitoring data for repackaging. Therefore, EPA assessed 

exposure using the Tank Truck and Railcar Loading and Unloading Release and Inhalation 

Exposure Model. See Section 2.2.3.2 for the assessment of worker exposure from chemical 

unloading activities.  

2.6.3.3 Occupational Exposure Results 

As shown in Table 2-13, the Tank Truck and Railcar Loading and Unloading Release and 

Inhalation Exposure Model estimates a high-end and central tendency exposure level of 0.06 

ppm and 0.004 ppm as 8-hr TWA, respectively, during container unloading activities. The ñhigh-

endò exposure represents a railcar loading scenario, and the ñcentral tendencyò exposure 

represents a tank truck loading scenario. The model does not estimate separate exposure levels 

for workers and ONUs for this activity. 

 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3860454
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Table 2-13. Summary of 1-BP 8-hr TWA Exposures (AC, ADC and LADC) for 

Repackaging Based on Modeling 

   

Acute and Chronic, Non-Cancer 

Exposures (8-Hour TWAs in 

ppm) Chronic, Cancer Exposures (ppm) 

   

AC1-BP, 8-hr TWA  and ADC1-BP, 8-hr 

TWA   LADC 1-BP, 8-hr TWA  

Category High-end Central tendency High-end Central tendency 

Worker 5.67E-2 3.83E-3 2.91E-2 1.52E-3 

 

2.7 Batch Vapor Degreaser (Open-Top) 

 Process Description 

Vapor degreasing is a process used to remove dirt, grease, and surface contaminants in a variety 

of industries, including but not limited to (Enviro Tech International, 2017a): 

 

¶ Electronic and electrical product and equipment manufacturing; 

¶ Metal, plastic, and other product manufacturing, including plating; 

¶ Aerospace manufacturing and maintenance cleaning; 

¶ Cleaning skeletal remains; and 

¶ Medical device manufacturing. 

Figure 2-1 is an illustration of vapor degreasing operations, which can occur in a variety of 

industries. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5018560
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Figure 2-1. Use of Vapor Degreasing in a Variety of Industries 

1-BP is often used to replace chlorinated solvents, especially in applications where flammability 

is a concern (CRC Industries Inc., 2017). 1-BP is also desirable because of its low corrosivity, 

compatibility with many metals, and suitability for use in most modern vapor degreasing 

equipment. Vapor degreasing may take place in batches or as part of an in-line (i.e., continuous) 

system. In batch machines, each load (parts or baskets of parts) is loaded into the machine after 

the previous load is completed. With in-line systems, parts are continuously loaded into and 

through the vapor degreasing equipment as well as the subsequent drying steps. Vapor 

degreasing equipment can generally be categorized into one of the three categories: (1) batch 

vapor degreasers, (2) conveyorized vapor degreasers and (3) web vapor degreasers. 

 

In batch open-top vapor degreasers (OTVDs), a vapor cleaning zone is created by heating and 

volatilizing the liquid solvent in the OTVD. Workers manually load or unload fabricated parts 

directly into or out of the vapor cleaning zone. The tank usually has chillers along the side of the 

tank to prevent losses of the solvent to the air. However, these chillers are not able to eliminate 

emissions, and throughout the degreasing process air emissions of the solvent can occur. 

Additionally, the cost of replacing solvent lost to emissions can be expensive (NEWMOA, 

2001). Figure 2-2 illustrates a standard OTVD. The use of 1-BP in OTVD has been previously 

described in EPAôs 2016 Draft Risk Assessment (U.S. EPA, 2016c). 
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Figure 2-2. Batch Open-Top Vapor Degreaser 

 

OTVDs with enclosures operate the same as standard OTVDs except that the OTVD is enclosed 

on all sides during degreasing. The enclosure is opened and closed to add or remove parts 

to/from the machine, and solvent is exposed to the air when the cover is open. Enclosed OTVDs 

may be vented directly to the atmosphere or first vented to an external carbon filter and then to 

the atmosphere (U.S. EPA; ICF Consulting, 2004). Figure 2-3 illustrates an OTVD with an 

enclosure. The dotted lines in Figure 2-3 represent the optional carbon filter that may or may not 

be used with an enclosed OTVD. 

 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3982140
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Figure 2-3. Open-Top Vapor Degreaser with Enclosure 

 

 Number of Sites and Potentially Exposed Workers 

EPA estimated the number of workers potentially exposed to 1-BP in vapor degreasing using 

Bureau of Labor Statisticsô OES data (2015) and U.S. Census SUSB (2012). The method for 

estimating number of workers is detailed in Appendix A and the 2016 Draft Risk Assessment 

(U.S. EPA, 2016c). Table 2-14 presents the estimated number of workers and occupational non-

users based on industry- and occupational-specific employment data.  

 

The number of businesses that use 1-BP for vapor degreasing is estimated at 500 to 2,500 

businesses (CDC, 2016). EPA assumes each business equates to one site and that each site has 

one degreasing unit. The total number of potentially exposed workers and occupational non-

users is estimated at 4,712 to 23,558. Because EPA was unable to determine which industry 

sectors and occupations perform specific degreasing types (e.g., OTVD, conveyorized vapor 

degreasing, cold cleaning), these estimates likely cover a range of degreasing operations and are 

not specific to OTVD.  

 

Table 2-14. Estimated Number of Workers Potentially Exposed to 1-BP in Degreasing Uses 

Exposed 

Workers 

Exposed 

Occupational 

non-users 

Total Exposed 

Estimated 

Number of 

Establishments 

Workers per 

Site 

Occupational 

non-users per 

Site 

Low-end 

3,245 1,466 4,712 500 6 3 

High-end 

16,226 7,332 23,558 2,500 6 3 

Note: Number of workers and occupational non-users per site are calculated by dividing the exposed number of 

workers or occupational non-users by the number of establishments. Values are rounded to the nearest integer. 
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 Exposure Assessment 

2.7.3.1 Worker Activities  

When operating a batch vapor degreaser, workers manually load or unload fabricated parts directly 

into or out of the vapor cleaning zone. Worker exposure can occur from solvent dragout or vapor 

displacement when the substrates enter or exit the equipment, respectively (Kanegsberg and 

Kanegsberg, 2011). Worker exposure is also possible while charging new solvent or disposing spent 

solvent. 

2.7.3.2 Occupational Exposure Assessment Methodology 

For vapor degreasing, EPA assessed exposure using available monitoring data and model results. 

2.7.3.3 Occupational Exposure Results 

Monitoring Data 

 

Table 2-15 summarizes the 1-BP exposure data for vapor degreasing operations. EPA obtained 

exposure monitoring data from several sources, including journal articles (e.g., (Hanley et al., 

2010)), public comments, NIOSH Health Hazard Evaluations (HHEs), the OSHA Chemical 

Exposure Health Data (CEHD) database, and data submitted to EPAôs SNAP program. NIOSH 

HHEs are conducted at the request of employees, employers, or union officials, and provide 

information on existing and potential hazards present in the workplaces evaluated. OSHA CEHD 

are workplace monitoring data from OSHA inspections; EPA SNAP program data are collected 

as part of the EPAôs effort to identify substitutes for ozone-depleting substances. Some of these 

data, such as monitoring data conducted during OSHA inspections, are not intended to be 

representative of typical exposure levels.  

 

Data from these sources cover exposure at a variety of industries that conduct vapor degreasing, 

including telecommunication device manufacturing, aerospace parts manufacturing, electronics 

parts manufacturing, helicopter transmission manufacturing, hydraulic power control component 

manufacturing, metal product fabrication, optical prism and assembly, and printed circuit board 

manufacturing. It should be noted that sources that only contain a statistical summary of worker 

exposure monitoring, but exclude the detailed monitoring results, are not included in EPAôs 

analysis below. 

 

Most of the gathered data were for batch open-top vapor degreasers, except for data from OSHA 

and EPAôs SNAP program, where the type of degreaser is typically not specified. EPA included 

these data in the analysis despite uncertainty in the degreaser type.  

 

Monitoring data show exposure levels can vary widely depending on several factors, including 

facility ventilation, degreaser design (e.g., freeboard ratio), or the presence of an enclosure. The 

2016 draft Risk Assessment previously categorized data as either pre- or post-Engineering 

Control. After further evaluation, EPA removed these categories because we determined there is 

insufficient information on engineering control at all facilities to accurately characterize the 

dataset.  

 

EPA defined a vapor degreasing ñworkerò as an employee who operates or performs 

maintenance tasks on the degreaser, such as draining, cleaning, and charging the degreaser bath 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3045069
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tank. EPA defined ñoccupational non-userò as an employee who does not handle 1-BP but 

performs work in the surrounding area. Some data sources do not describe their work activities in 

detail, and the exact proximity of these occupational non-users to the degreaser is unknown. As 

shown in the table, workers are exposed to 1-BP, with 95th and 50th percentile exposures of 49.4 

and 6.70 ppm as 8-hr TWA, respectively. For occupational non-users, the 95th and 50th percentile 

exposure levels are below 3 ppm as 8-hr TWA.  

 

Table 2-15. Statistical Summary of 1-BP 8-hr TWA Exposures (AC, ADC and LADC) for 

Vapor Degreasing Based on Monitoring Data  

   

Acute and Chronic, Non-Cancer 

Exposures (8-Hour TWAs in 

ppm) Chronic, Cancer Exposures (ppm)   

   

AC1-BP, 8-hr TWA  and ADC1-BP, 8-hr 

TWA   LADC 1-BP, 8-hr TWA    

Category 95th Percentile 50th Percentile 95th Percentile 50th Percentile 

Data 

Points 

Worker  49.3 6.70 25.3 2.66 155 

ONU 0.46 0.10 0.24 0.04 75 

Source: (OSHA, 2013b; NIOSH, 2001) (OSHA, 2019) (U.S. EPA, 2006b) (Miller, 2019).  

 

Model Data 

 

The Vapor Degreasing model, including all model input parameters, was previously peer 

reviewed as part of the 2016 draft 1-BP Risk Assessment. A more detailed description of the 

modeling approach is provided Appendix E.  

 

Figure 2-4 illustrates the near-field / far-field model that can be applied to vapor degreasing 

(Keil, 2009). As the figure shows, volatile 1-BP vapors evaporate into the near-field, resulting in 

worker exposures at a concentration CNF. The concentration is directly proportional to the 

evaporation rate of 1-BP, G, into the near-field, whose volume is denoted by VNF. The 

ventilation rate for the near-field zone (QNF) determines how quickly 1-BP dissipates into the far-

field, resulting in occupational non-user exposures to 1-BP at a concentration CFF. VFF denotes 

the volume of the far-field space into which the 1-BP dissipates out of the near-field. The 

ventilation rate for the surroundings, denoted by QFF, determines how quickly 1-BP dissipates 

out of the surrounding space and into the outside air.  

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5018566
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3044962
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5018565
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2991016
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5915210
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3045067
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Figure 2-4. Schematic of the Near-Field/Far-Field Model for Vapor Degreasing  

Appendix E presents the equations, model parameters, parameter distributions, and assumptions 

for the 1-BP vapor degreasing model. To estimate the 1-BP vapor generation rate, the model 

references an emission factor developed by the California Air Resources Board (CARB) for the 

California Solvent Cleaning Emissions Inventories (CARB, 2011). CARB surveyed facilities that 

conduct solvent cleaning operations and gathered site-specific information for 213 facilities. 

CARB estimated a 1-BP emission factor averaging 10.43 lb/employee-yr, with a standard 

deviation of 17.24 lb/employee-yr, where the basis is the total number of employees at a facility. 

The majority of 1-BP emissions were attributed to the vapor degreasing category. 

 

The ñvapor degreasingò category in CARBôs study includes the batch-loaded vapor degreaser, 

aerosol surface preparation process, and aerosol cleaning process. It is not known what 

percentage, if any, of the 1-BP emission factor is derived from aerosol applications. This 

modeling approach assumes the 1-BP emission factor is entirely attributed to vapor degreasing 

applications. The emission factor is expected to represent emissions from batch-loaded 

degreasers used in California at the time of study. It is not known whether these are specifically 

open-top batch degreasers, although open-top is expected to be the most common design. The 

CARB survey data did not include emissions for conveyorized vapor degreasers. 

 

The CARB emission factor is then combined with U.S. employment data for vapor degreasing 

industry sectors from the Economic Census7. The 1-BP RA identified 78 NAICS industry codes 

that are applicable to vapor degreasing. For these industry codes, the Census data set indicates a 

minimum industry average of 8 employees per site, with a 50th percentile and 90th percentile of 

 
7 For the purpose of modeling, EPA/OPPT used data from the 2007 Economic Census for the vapor degreasing 

NAICS codes as identified in the TCE RA (U.S. EPA, 2014b). The 2012 Economic Census did not have 

employment data (average number of employees per establishment) for all vapor degreasing NAICS codes of 

interest. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2991110
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3036194
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25 and 61 employees per site, respectively. A lognormal distribution is applied to the Census 

data set to model the distribution of the industry-average number of employees per site for the 

NAICS codes applicable to vapor degreasing. 

 

These nationwide Census employment data are comparable to the 2008 California employment 

data cited in CARBôs study. According to the CARB study, approximately 90 percent of solvent 

cleaning facilities in California had less than 50 employees (whereas the national Census data 

estimate 90 percent of facilities have less than or equal to 61 employees). Census data report an 

average number of employees per site for each NAICS code. The number of employees for each 

individual site within each NAICS code is not reported. Therefore, the distribution EPA 

calculated represents a population of average facility size for each NAICS code, and not the 

population of individual facility sizes over all NAICS codes. 

 

The vapor generation rate, G (kg/unit-hr), is calculated in-situ within the model, as follows: 

 

Equation 2-1 for Calculating Vapor Degreasing Vapor Generation Rate  

 
G = EF x EMP / (2.20462 x OH x OD x U) 

 

 Where  EF = emission factor (lb/employee-yr)  

EMP = Number of employees (employee/site) 

  OH = Operating hours per day (hr/day) 

  OD = Operating days per year (day/yr) 

  U = Number of degreasing units (unit/site) 

  2.20462 = Unit conversion from lb to kg (lb/kg) 

 
Batch degreasers are assumed to operate between two and 24 hours per day, based on NEI data 

on the reported operating hours for OTVD using TCE. EPA performed a Monte Carlo simulation 

with 100,000 iterations and the Latin Hypercube sampling method in @Risk8 to calculate 8-hour 

TWA near-field and far-field exposure concentrations. Near-field exposure represents exposure 

concentrations for workers who directly operate the vapor degreasing equipment, whereas far-

field exposure represents exposure concentrations for occupational non-users (i.e., workers in the 

surrounding area who do not handle the degreasing equipment). The modeled 8-hr TWA results 

and the values in Appendix B are used to calculate 8-hr acute exposure, ADC, and LADC. 
 

Table 2-16 presents a statistical summary of the exposure modeling results. These exposure 

estimates represent modeled exposures for the workers and occupational non-users. For workers, 

the baseline (pre-engineering control) 50th percentile exposure is 1.89 ppm 8-hr TWA, with a 

95th percentile of 23.9 ppm 8-hr TWA. Compared to literature studies: 

 

¶ Hanley et al. (2010) reported a geometric mean of 2.63 ppm 8-hr TWA exposure with a 

range of 0.078 to 21.4 ppm 8-hr TWA among 44 samples; 

¶ NIOSH (2001) reported a range of 0.01 to 0.63 ppm 8-hr TWA among 20 samples; and 

 
8 A risk analysis software tool (Microsoft Excel add-in) using Monte Carlo simulation. 

http://www.palisade.com/risk/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1689090
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3044962
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¶ A 2003 EPA analysis suggested that 87 percent of the samples were less than 25 ppm 8-

hr TWA among 500 samples at vapor degreasing facilities (U.S. EPA, 2003). 

 

The modeled mean near-field exposure is found to be generally comparable to the exposures 

reported in literature. For occupational non-users, the modeled far-field exposure has a 50th 

percentile value of 0.99 ppm and a 95th percentile of 13.5 ppm 8-hr TWA. These modeled far-

field results are somewhat higher than reported literature values. (Hanley et al., 2010) reported 

workers away from the degreasers are exposed at concentrations of 0.077 to 1.69 ppm 8-hr 

TWA, with a geometric mean of 0.308 ppm 8-hr TWA. The modeled exposures represent the 

potential exposure associated with batch-loaded degreasers, which could include both OTVD and 

batch-loaded, closed-loop vapor degreasers.  

 

The model also presents a ñpost-Engineering Controlò (post-EC) scenario by applying a 90 

percent emission reduction factor to the baseline, pre-EC scenario. The estimate is based on a 

Wadden et al. (1989) study, which indicates a LEV system for an open-top vapor degreaser 

(lateral exhaust hoods installed on two sides of the tank) can be 90 percent effective (Wadden et 

al., 1989). This assumption is likely an overestimate because the study covered only reductions 

in degreaser machine emissions due to LEV and did not address other sources of emissions such 

as dragout, fresh and waste solvent storage and handling. Furthermore, a caveat in the study is 

that most LEV likely do not achieve ACGIH design exhaust flow rates, indicating that the 

emission reductions in many units may not be optimized. Actual exposure reductions from added 

engineering controls can be highly variable. 

  

Table 2-16. Statistical Summary of 1-BP 8-hr TWA Exposures (AC, ADC and LADC) for 

Vapor Degreasing Based on Modeling 

   

Acute and Chronic, Non-Cancer Exposures 

(8-Hour TWAs in ppm) Chronic, Cancer Exposures (ppm)  

   AC1-BP, 8-hr TWA  and ADC1-BP, 8-hr TWA   LADC 1-BP, 8-hr TWA   

Category 95th Percentile 50th Percentile 95th Percentile 50th Percentile 

Worker, Pre EC  23.9 1.89 9.19 0.70 

Worker, Post EC 90% 2.39 0.19 0.92 0.07 

ONU, Pre EC  13.5 0.99 5.23 0.37 

ONU, Post EC 90% 1.35 0.10 0.52 0.04 

Pre-EC: refers to modeling where no reduction due to engineering controls was assumed 

Post-EC: refers to modeling where engineering controls with 90% efficiency were implemented 

 

2.8 Batch Vapor Degreaser (Closed-Loop) 

 Process Description 

In closed-loop degreasers, parts are placed into a basket, which is then placed into an airtight 

work chamber. The door is closed, and solvent vapors are sprayed onto the parts. Solvent can 

also be introduced to the parts as a liquid spray or liquid immersion. When cleaning is complete, 

vapors are exhausted from the chamber and circulated over a cooling coil where the vapors are 

condensed and recovered. The parts are dried by forced hot air. Air is circulated through the 

chamber and residual solvent vapors are captured by carbon adsorption. The door is opened 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2991017
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1689090
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3051984
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3051984
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3051984
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when the residual solvent vapor concentration has reached a specified level (Kanegsberg and 

Kanegsberg, 2011). Figure 2-5 illustrates a standard closed-loop vapor degreasing system. 

 

 
Figure 2-5. Closed-loop/Vacuum vapor Degreaser 

 

 

Airless degreasing systems are also sealed, closed-loop systems, but remove air at some point of 

the degreasing process. Removing air typically takes the form of drawing vacuum but could also 

include purging air with nitrogen at some point of the process (in contrast to drawing vacuum, a 

nitrogen purge operates at a slightly positive pressure). In airless degreasing systems with 

vacuum drying only, the cleaning stage works similarly as with the airtight closed-loop 

degreaser. However, a vacuum is generated during the drying stage, typically below 5 torr (5 

mmHg). The vacuum dries the parts and a vapor recovery system captures the vapors 

(Kanegsberg and Kanegsberg, 2011) (NEWMOA, 2001) (U.S. EPA, 2001a). 

 

Airless vacuum-to-vacuum degreasers are true ñairlessò systems because the entire cycle is 

operated under vacuum. Typically, parts are placed into the chamber, the chamber sealed, and 

then vacuum drawn within the chamber. The typical solvent cleaning process is a hot solvent 

vapor spray. The introduction of vapors in the vacuum chamber raises the pressure in the 

chamber. The parts are dried by again drawing vacuum in the chamber. Solvent vapors are 

recovered through compression and cooling. An air purge then purges residual vapors over an 

optional carbon adsorber and through a vent. Air is then introduced in the chamber to return the 

chamber to atmospheric pressure before the chamber is opened (Durkee, 2014) (NEWMOA, 

2001). The general design of vacuum vapor degreasers and airless vacuum degreasers is similar 

as illustrated in Figure 2-5 for closed-loop systems except that the work chamber is under 

vacuum during various stages of the cleaning process. 

 

 

 

 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3045069
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3045069
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3045069
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3044986
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827322
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827324
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3044986
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3044986
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 Number of Sites and Potentially Exposed Workers 

According to IRTA, there may be as many as 2,000 vacuum degreasers in the U.S., of which 

approximately 100 systems use 1-BP (IRTA, 2016)9. Table 2-17 presents the estimated number 

of workers and ONUs at 100 facilities, assuming one unit per facility. It is unclear whether these 

approximately 100 facilities are a subset of those facilities presented in Section 2.7.2. 

 
Table 2-17. Estimated Number of Workers Potentially Exposed to 1-BP in Batch Closed-

Loop Degreasing  

Exposed 

Workers 

Exposed 

Occupational 

non-users 

Total Exposed 

Estimated 

Number of 

Establishments 

Workers per 

Site 

Occupational 

non-users per 

Site 

649 293 942 100 6 3 

Note: Number of workers and occupational non-users per site are calculated by dividing the exposed number of 

workers or occupational non-users by the number of establishments. Values are rounded to the nearest integer. 

 Exposure Assessment 

2.8.3.1 Worker Activities  

For closed-loop vapor degreasing, worker activities can include placing or removing parts from 

the basket, as well as general equipment maintenance. Workers can be exposed to residual vapor 

as the door to the degreaser chamber opens after the cleaning cycle is completed. 

2.8.3.2 Occupational Exposure Assessment Methodology 

There are no 1-BP monitoring data specific to closed-loop degreasers. A NEWMOA study states 

air emissions can be reduced by 98 percent or more when a closed-loop degreaser is used instead 

of an open-top vapor degreaser (NEWMOA, 2001). This reduction factor is applied to the vapor 

degreasing model results presented in Section 2.7.3.3 to estimate exposure to batch closed-loop 

vapor degreasers. The approach assumes the CARB emission factor primarily represents 

emissions from OTVDs, rather than other types of batch-loaded degreasers.  

2.8.3.1 Occupational Exposure Results 

Table 2-18 presents the exposure model results for batch closed-loop vapor degreasers. For 

workers, the 95th and 50th percentile exposure levels are 0.48 and 0.04 ppm as 8-hr TWA. For 

occupational non-users, the 95th and 50th percentile exposure levels are 0.27 and 0.02 ppm as 8-

hr TWA, respectively. 

 

Table 2-18. Statistical Summary of 1-BP 8-hr  TWA Exposures (AC, ADC and LADC) for 

Batch Closed-Loop Vapor Degreasing Based on Modeling 

   

Acute and Chronic, Non-Cancer Exposures 

(8-Hour TWAs in ppm)  Chronic, Cancer Exposures (ppm)  

   AC1-BP, 8-hr TWA  and ADC1-BP, 8-hr TWA   LADC 1-BP, 8-hr TWA   

Category 95th Percentile 50th Percentile 95th Percentile 50th Percentile 

Worker 0.48 0.04 0.18 0.01 

ONU 0.27 0.02 0.10 0.01 

 

 

 
9 It is unclear whether the IRTA estimate includes other types of closed-loop degreasers. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5018567
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2.9 In -line Vapor Degreaser (Conveyorized) 

 Process Description 

In conveyorized systems, an automated parts handling system, typically a conveyor, 

continuously loads parts into and through the vapor degreasing equipment and the subsequent 

drying steps. Conveyorized degreasing systems are usually fully enclosed except for the 

conveyor inlet and outlet portals. Conveyorized degreasers are likely used in shops where large 

number of parts need to be cleaned. There are seven major types of conveyorized degreasers: 

monorail degreasers; cross-rod degreasers; vibra degreasers; ferris wheel degreasers; belt 

degreasers; strip degreasers; and circuit board degreasers (U.S. EPA, 1977). 

 

¶ Monorail Degreasers ï Monorail degreasing systems are typically used when parts are 

already being transported throughout the manufacturing areas by a conveyor (U.S. EPA). 

They use a straight-line conveyor to transport parts into and out of the cleaning zone. The 

parts may enter one side and exit and the other or may make a 180° turn and exit through 

a tunnel parallel to the entrance (U.S. EPA, 1977). Figure 2-6 illustrates a typical 

monorail degreaser. 

 

 
Figure 2-6. Monorail Conveyorized Vapor Degreasing System (U.S. EPA, 1977) 

 

¶ Cross-rod Degreasers ï Cross-rod degreasing systems utilize two parallel chains 

connected by a rod that support the parts throughout the cleaning process. The parts are 

usually loaded into perforated baskets or cylinders and then transported through the 

machine by the chain support system. The baskets and cylinders are typically manually 

loaded and unloaded (U.S. EPA, 1977). Cylinders are used for small parts or parts that 

need enhanced solvent drainage because of crevices and cavities. The cylinders allow the 

parts to be tumbled during cleaning and drying and thus increase cleaning and drying 

efficiency. Figure 2-7 illustrates a typical cross-rod degreaser. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827321
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827321
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Figure 2-7. Cross-Rod Conveyorized Vapor Degreasing System (U.S. EPA, 1977) 

 

¶ Vibra Degreasers ï In vibra degreasing systems, parts are fed by conveyor through a 

chute that leads to a pan flooded with solvent in the cleaning zone. The pan and the 

connected spiral elevator are continuously vibrated throughout the process causing the 

parts to move from the pan and up a spiral elevator to the exit chute. As the parts travel 

up the elevator, the solvent condenses, and the parts are dried before exiting the machine 

(U.S. EPA, 1977). Figure 2-8 illustrates a typical vibra degreaser. 

 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827321
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827321
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Figure 2-8. Vibra Conveyorized Vapor Degreasing System (U.S. EPA, 1977) 

 

¶ Ferris wheel degreasers ï Ferris wheel degreasing systems are generally the smallest of 

all the conveyorized degreasers. In these systems, parts are manually loaded into 

perforated baskets or cylinders and then rotated vertically through the cleaning zone and 

back out (U.S. EPA, 1977). Figure 2-9 illustrates a typical ferris wheel degreaser. 

 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827321
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827321
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Figure 2-9. Ferris Wheel Conveyorized Vapor Degreasing System (U.S. EPA, 1977) 

 

¶ Belt degreasing systems (similar to strip degreasers; see next bullet) are used when 

simple and rapid loading and unloading of parts is desired. Parts are loaded onto a mesh 

conveyor belt that transports them through the cleaning zone and out the other side (U.S. 

EPA, 1977). Figure 2-10 illustrates a typical belt or strip degreaser. 

 

 
Figure 2-10. Belt/Strip Conveyorized Vapor Degreasing System (U.S. EPA, 1977) 

 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827321
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827321
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827321
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827321





































































































































































































































































































