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1-BP	 1-bromopropane

ACGIH®	 American Conference of Governmental Industrial Hygienists

cc/min	 Cubic centimeters per minute

CDC	 Centers for Disease Control and Prevention

cfm	 Cubic feet per minute

CFR	 Code of Federal Regulations

CT	 Computed tomography

ED	 Emergency department

ft2	 square feet

IARC	 International Agency for Research on Cancer

LEV	 Local exhaust ventilation

LOD	 Limit of detection

LOQ 	 Limit of quantification

mcg/mL	 Micrograms per milliliter

meq/L	 Milliequivalents per liter

mg/L	 Milligrams per liter

µg/sample	 Micrograms per sample

MMWR	 Morbidity and Mortality Weekly Report

NAICS	 North American Industry Classification System

NIOSH	 National Institute for Occupational Safety and Health

NJ DEP	 New Jersey Department of Environmental Protection

NJ DHSS	 New Jersey Department of Health and Senior Services

OEL	 Occupational exposure limit

OSHA	 Occupational Safety and Health Administration

PBZ	 Personal breathing zone

PEL	 Permissible exposure limit

perc	 Perchloroethylene

PPE	 Personal protective equipment

ppm	 Parts per million

REL	 Recommended exposure limit

STEL	 Short term exposure limit

TLV®	 Threshold limit value

TWA	 Time-weighted average

U.S. EPA	 United States Environmental Protection Agency

WEEL	 Workplace environmental exposure limit

Abbreviations
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Highlights of the 
NIOSH Health 
Hazard Evaluation

The National Institute 
for Occupational Safety 
and Health (NIOSH) 
received a technical 
assistance request 
from the New Jersey 
Department of Health 
and Senior Services. 
The request concerned 
a report of health effects 
in an operator using 
1-bromopropane (1-BP) at 
a dry cleaning facility.

What NIOSH Did
In August 2008, we visited four dry cleaning facilities that ●●
had converted their systems from perchloroethylene (perc) to 
1-BP.

We interviewed owners, operators, and an employee about ●●
their work and any symptoms they thought were work 
related. We later reviewed medical records.

We collected air samples for 1-BP at the same facilities in ●●
November 2008.

What NIOSH Found
An operator reported lightheadedness when cooking 1-BP. ●●
This is a symptom that can occur with general solvent use.

No cases of peripheral neuropathy were found among ●●
owners, operators, or employees.

Work practices, how conversions were done, and the amount ●●
of 1-BP used varied widely.

Operators who converted machines on their own or who ●●
cooked 1-BP were exposed to high concentrations of 1-BP in 
the air.

Respirators, gloves, and eye protection were not being used. ●●
Respirators were not equipped with the correct cartridges for 
1-BP.

What Owners Can Do
Use a qualified technician to convert the machines from perc ●●
to 1-BP.

Follow the manufacturer’s guidelines for safe product use. ●●
This includes the use of ventilation, specific temperatures, 
and appropriate system settings.

Use general building ventilation to reduce 1-BP ●●
concentrations in the air.

Use local exhaust ventilation or open the doors to outside ●●
when loading or unloading machines, pouring solvent, and 
maintaining equipment.

What Operators Can Do
Do not cook 1-BP or cut the drying periods short as this may ●●
increase 1-BP exposures to operators.
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Highlights of the 
NIOSH Health 
Hazard Evaluation 
(continued)

Wear eye protection, gloves, and a respirator when handling ●●
1-BP.

If personal air monitoring indicates the above steps are not ●●
effective at reducing exposures below applicable occupational 
exposure limits, then respiratory protection should be used. 
Employees should be fit tested and trained how to use and 
store respirators properly.

What Owners, Operators, and Employees     
Can Do

If you become lightheaded, short of breath, or nauseated, or ●●
develop a headache when handling 1-BP, stop immediately 
and go outside. If symptoms do not resolve within minutes 
or if you develop muscle weakness or sensory problems, seek 
care at the nearest emergency department. Tell the healthcare 
provider about your workplace exposure to 1-BP.



Page vHealth Hazard Evaluation Report 2008-0175-3111

Summary

 We found no cases of 
peripheral neuropathy 
among dry cleaners who 
had switched from perc 
to 1-BP. 1-BP levels that 
exceeded the ACGIH 
TLV-TWA of 10 ppm were 
found. We recommend 
that dry cleaning facilities 
using 1-BP as a perc 
alternative use a qualified 
technician to convert the 
machines.

On May 2, 2008, NIOSH received a technical assistance request 
from the NJ DHSS regarding potential health effects of 1-BP 
in drycleaners. This solvent can be used in the same machine 
as perc after a conversion process. One New Jersey dry cleaner 
owner required medical evaluation after becoming symptomatic 
while doing the 1-BP conversion himself. Initial reports indicated 
the possibility of peripheral neuropathy. Because 1-BP has 
been documented in the medical literature to cause peripheral 
neuropathy, NIOSH was asked to evaluate possible exposures and 
health effects among dry cleaner operators who used 1-BP.

In August 2008, we visited four of eight facilities in New Jersey 
that had been approved to use 1-BP in dry cleaning operations. 
We interviewed owners, operators, and an employee about the 
conversion process, work practices, and adverse health effects they 
associated with 1-BP use. PBZ and area air sampling was performed 
during normal operation of the 1-BP system during our second site 
visit in November 2008.

Six interviews were conducted with owners, operators, and 
employees. One person reported transient lightheadedness, which 
is consistent with general solvent exposure. The owner who sought 
prior medical care for symptoms that occurred while handling 
1-BP had no residual neurological deficits at the time of our 
visit. Review of this individual’s medical records did not reveal 
neurological abnormalities at an ED visit when symptoms first 
developed, and serum bromide levels obtained during that ED visit 
were well under levels associated with adverse health effects.

Full-shift sampling for 1-BP conducted at one of the facilities 
resulted in PBZ air concentrations of 40 ppm for the operator and 
17 ppm for the cashier. PBZ concentrations ranging from 1.5 to 
160 ppm were found in partial shift samples taken at the other 
three facilities. These results confirmed the release of 1-BP into the 
environment at all four locations, indicating a potential hazard to 
employees.
 
We recommend that dry cleaner operators using 1-BP as a perc 
alternative use a qualified technician to convert the machines. 
Operators should not cook the solvent nor cut drying periods 
short, as doing so may increase exposure to 1-BP. Until 1-BP 
exposures can be consistently documented to be below the OEL, 
respirators are recommended. Use of respirators should occur 
within the setting of a comprehensive respiratory protection 
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Summary (continued)
program. General ventilation should always be used to dilute 1-BP 
concentrations in the air.

Symptoms such as lightheadedness, headache, and nausea are 
consistent with solvent exposure. If employees notice these 
symptoms they should leave the area. Employees should not 
resume work until the source of the exposure has been indentified 
and corrected. If symptoms do not resolve shortly after leaving the 
work area, employees should seek immediate medical attention 
and inform their healthcare provider of their potential exposure to 
1-BP.

Keywords: NAICS 812320 (Dry Cleaning and Laundry Services 
(except Coin-Operated)), dry cleaning, 1-bromopropane, n-propyl 
bromide, solvent, neuropathy
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Introduction
On May 2, 2008, NIOSH received a request for technical assistance 
from the NJ DHSS regarding potential health effects from exposure 
to 1-BP (1-bromopropane), also known as n-propyl bromide,  and 
marketed under the trade names of Dry-Solv™ and Fabri-Solv™. The 
request was prompted by a suspected case of peripheral neuropathy 
in an owner of a dry cleaning establishment who had handled a large 
amount of 1-BP while converting a machine to 1-BP operations. 
The dry cleaning businesses we visited are small establishments. The 
owner is the individual responsible for making business decisions. 
Operators are those personnel who refill the machines with 1-BP and 
who load and unload clothes from the machine. Often the owner 
is also an operator. Employees, such as cashiers and press machine 
operators work in the facility but do not work with the dry-cleaning 
machine containing 1-BP.

Background 

Perc has been the solvent of choice in commercial dry cleaning for 
more than 50 years. In December 2007, the administrator of New 
Jersey’s Bureau of Air Compliance and Enforcement in the NJ DEP 
estimated that 1500 of the 1700 dry cleaning facilities in the state 
utilized perc systems [McAneny 2007].

Although the IARC recognizes perc as a probable human 
carcinogen, its use has only recently been restricted in the United 
States because of its ozone depletion properties and environmental 
pollution contributions. Perc was noted to be one of the top ten air 
contaminants in New Jersey and has also been identified as a source 
of soil and water pollution [NJ DEP 2010a]. The U.S. EPA will ban 
the use of perc in coresidential dry cleaning facilities as of December 
20, 2020 [40 CFR 63.323(5) (i)]. In 2007, California became the first 
state to ban perc use in dry cleaning ahead of the federal ban, and 
other states, such as North Carolina, New York, and Massachusetts, 
are contemplating similar actions. More recently, the NJ DEP has 
encouraged owners to replace their perc machines with hydrocarbon 
dry cleaning systems or professional wet cleaning systems [NJ DEP 
2010b].

Several perc alternatives are available to dry cleaning owners, 
including 1-BP, aliphatic hydrocarbons (DF-2000), silicone-based 
cleaner (GreenEarth®), carbon dioxide, and wet cleaning methods. 
However, 1-BP is the only perc alternative that can be used in the 
original perc machines with alterations. The cost of converting an 
existing perc machine to use 1-BP is approximately $4,000, compared 
to approximately $50,000 to buy a new machine that uses aliphatic 
hydrocarbon or silicone-based cleaners. A 2007 nationwide industry 
survey revealed that of those owners who were considering replacing 
their perc systems, 24% would choose to convert to 1-BP [American 
Drycleaner 2007]. The NJ DEP has instituted a reimbursement 
program offering grants to owners to help offset the costs of switching 
to nonperc systems [NJ DEP 2010b].



Page 2 Health Hazard Evaluation Report 2008-0175-3111

Introduction  
(continued)

Assessment

Anticipated increased use of 1-BP as a perc alternative suggests the 
need for a better understanding of the exposures of dry cleaner 
operators and potential adverse health effects. High 1-BP exposures in 
electronics degreasing and foam cushion manufacturing have resulted 
in cases of peripheral neuropathy in employees [NIOSH 2001; 
NIOSH 2002; NIOSH 2003]. In some cases, these neurologic deficits 
were permanent. In February 2008, the NJ DHSS was made aware 
of one dry cleaning owner believed to have developed symptoms 
consistent with peripheral neuropathy during an exposure to 1-BP, 
which prompted its request to NIOSH for technical assistance. At 
the time of the request, eight dry cleaning facilities in the state were 
licensed to use 1-BP; four of these facilities consented to participate 
in the NIOSH evaluation.

On August 26–28, 2008, we made initial site visits to the four dry 
cleaning facilities, and interviewed the owners, operators, and an 
employee about the conversion process from perc to 1-BP, work 
practices involving 1-BP, and health effects related to 1-BP. Medical 
records release forms were completed by the owner who was evaluated 
for possible 1-BP related symptoms, and these records were reviewed.

On November 18–20, 2008, we returned to the facilities to collect 
PBZ and area air samples for 1-BP. We collected PBZ air samples on 
the operators who ran the machines and the cashiers at the front of 
the store who received and distributed items. The employees wore 
sampling devices with the sample media placed in their breathing 
zones. Area samples were collected in various places around the 
shops, including behind the machines to quantify exposures from 
any leaks. Air samples were only collected during times when the dry 
cleaning equipment was operating because the owners requested we 
stop monitoring when they stopped using the 1-BP machines. We 
collected air samples using NIOSH Method 1025 for 1-BP [NIOSH 
2009]. In this method, air is drawn through a standard charcoal tube 
(SKC Anasorb® CSC Lot 4936) using a calibrated personal sampling 
pump at a nominal flow rate of 50 cc/min. After sampling, the 
charcoal tubes were capped and shipped refrigerated to the analytical 
laboratory. Samples were analyzed for 1-BP using gas chromatography 
with flame ionization detection. The 1-BP LOD was 1 µg/sample, 
and the LOQ was 4 µg/sample. The OELs and potential health 
effects for 1-BP are discussed in Appendix A.

Health Concerns 

A published report of the owner exposed to 1-BP stated that he 
experienced symptoms of headaches, fatigue, visual disturbances, 
tremors, and “muscle twitching” [CDC 2008]. During our interview 

Results
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Results                      
(continued) with this owner regarding the incident, he recalled a slightly different 

set of symptoms including headache, shortness of breath, fatigue, and 
chest tightness while converting his machine to 1-BP from perc. He 
contacted the local poison control center and was advised to report 
to the nearest ED for evaluation. Review of his ED medical records 
showed that the physical examination, chest x-ray, and head CT were 
normal. The only abnormality on the standard blood tests was an 
elevated serum chloride level of 110 meq/L (reference range: 96–106 
meq/L). A serum bromide level was ordered during his ED visit, 
but the laboratory that analyzed the sample did not have this result 
available until 4 days after the visit. As per the reporting laboratory, 
bromide toxicity is expected with serum levels greater than or equal 
to 1250 mcg/mL, which is much higher than the 144 mcg/mL level 
reported for this owner [Quest Diagnostics Incorporated, Chantilly, 
Virginia]. This owner reported no persistent neurological deficits and 
developed no signs or symptoms that would indicate a need for an 
evaluation by a neurologist.

Another owner reported often feeling lightheaded and “buzzed” 
while handling 1-BP particularly when “cooking” the solvent (boiling 
the solvent to remove impunties). These symptoms resolved minutes 
after he went outside. None of those interviewed reported persistent 
weakness, sensation deficits, or balance disturbances.

Environmental Sampling 

PBZ air sampling results for 1-BP are included in Table 1.

Table 1. Personal breathing zone air concentrations of 1-BP at four dry cleaning facilities

        Job Title
#
of 

Loads
Cooking Sampling Time (minutes) Concentration 

(ppm)

Full 
Shift 
TWA 
(ppm)

Operator – Facility 1

10 Yes

07:43 – 11:43 (241) 56
40

11:45 – 15:44 (240) 23

Cashier – Facility 1 07:44 – 11:47 (243) 24
17

11:47 – 15:52 (245) 10
Operator – Facility 2

3 No
08:35 – 12:04 (209) 7.2 N/A*

Cashier – Facility 2 08:37 – 12:09 (212) 1.5 N/A
Operator – Facility 3 1 No 07:10 – 09:52 (163) 11 N/A
Operator – Facility 4

1 Yes
11:43 – 15:43 (241) 160 N/A

Cashier – Facility 4 11:41 – 15:45 (246) 2.4 N/A

*N/A = not applicable
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Results           
(continued) Facility 1 was using a Multimatic 35-pound machine (Multimatic, 

Northvale, New Jersey). The machine had been converted from perc 
to 1-BP by the owner. During sampling, 10 loads of dry cleaning 
were run. No solvent was added to the machine during the sampling 
period. Although most modern machines can run multiple loads 
through an automated software program, the operator at this facility 
manually ran each load and cooked after every load. Full-shift TWA 
exposures were calculated for the owner/operator (40 ppm) and 
cashier (17 ppm). Other employees were using press machines next to 
the dry cleaning machine while the cashier moved around the shop 
retrieving finished items and handling customer transactions. Area 
air samples were collected behind (103 ppm in the morning and 48 
ppm in the afternoon) and in front (66 ppm in the morning and 36 
ppm in the afternoon) of the dry cleaning machine for approximately 
8 hours. In the morning, at the beginning of the sampling period, the 
building’s ventilation system was off, the doors were closed, and the 
front windows were open. In the afternoon, the back door was open, 
and the ventilation system was on to improve dilution and air mixing.

Facility 2 was using a VIC 35-pound machine (Dalex, Concord, 
Ontario). The machine had been converted by Enviro Tech 
International, the company that provided this dry cleaner with the 
1-BP material. During sampling, three loads of dry cleaning were run. 
No solvent was added to the machine during the sampling period, 
and no cooking was performed. An oscillating fan next to the door 
of the dry cleaning machine was on during the sampling period. The 
fan blew air towards the operator as he loaded and unloaded the 
machine. Other employees were using press machines next to the 
dry cleaning machine; after the operator had loaded and started the 
machine, he also used a press machine. The cashier in this facility 
mainly stayed in the front of the building taking clothing from 
customers, writing receipts, and handling payment transactions. Area 
air samples were collected behind (1.5 ppm) and in front (6.4 ppm) of 
the dry cleaning machine for the 3.5-hour sampling period while PBZ 
air sampling was performed.

Facility 3 used a Frimair 20–25-pound machine (Frimair, Turnersville, 
New Jersey). The machine had been converted to 1-BP use by Enviro 
Tech International. On the day of sampling, only one load of dry 
cleaning was run, and the operator had just started the load before we 
began sampling. The operator was the only employee on the premises, 
and he did the dry cleaning while also handling front counter duties, 
which included clothing intake, writing receipts for customers, and 
payment transactions. We collected an area air sample at the front 
counter that measured 8.6 ppm, similar to the operator’s PBZ air 
concentration of 11 ppm. After the single run was completed, the 
operator explained that he would only perform counter duties for the 
remainder of the work day. Because he planned to do no more runs 
that day, the operator asked that we discontinue sampling at the end 
of the cycle. No solvent was added to the machine, and no cooking 
was performed during the sampling period.
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Results                      
(continued) Facility 4 was using a Frimair 30–35-pound machine (Frimair, 

Turnersville, New Jersey). The owner of the facility had converted 
the machine. During sampling, most of the operator’s time was 
spent behind the machine, monitoring it while cooking the solvent. 
One load of dry cleaning was run at the end of the sampling period. 
Another employee performed the cashier duties in this facility; he 
also used a press machine next to the dry cleaning machine. Area air 
samples were collected behind (170 ppm) and in front (33 ppm) of 
the dry cleaning machine for the approximate 4-hour period that PBZ 
air sampling was performed. The front door of the facility was open, 
and a large building exhaust fan was on during the sampling period. 
The operator explained that he always ran the exhaust fan while he 
was cooking. Although he did cook solvent, none was added to the 
machine during the sampling period.

General Observations

None of the operators at the four locations used gloves or eye 
protection when handling or pouring the solvent. Two of the four 
operators had elastomeric half mask respirators; however, they did 
not have the correct organic vapor cartridges.

At the time of the request, eight dry cleaning facilities in the state of 
New Jersey were licensed by the NJ DEP to use 1-BP. We collected 
PBZ and area air samples at four of the eight locations that elected 
to participate in our evaluation. No two locations were performing 
the same amount or type of work, and work practices varied greatly, 
making comparisons difficult. The work volume at the facilities 
ranged from one to ten loads of dry cleaning over a workday, and 
some operators cooked the solvent, while others did not.

Because of initial reports that one owner had developed symptoms 
while using 1-BP, including some that were consistent with peripheral 
neuropathy, we were asked to focus on this health effect in our 
evaluation. Previous investigations have linked peripheral neuropathy 
to high-level 1-BP exposure in electronics degreasing [NIOSH 2001] 
and foam cushion manufacturing [NIOSH 2002; NIOSH 2003]. 
Case reports in the medical literature describe debilitating, sometime 
permanent, motor weakness and chronic neuropathic pain in young 
workers exposed to 1-BP as part of the spray adhesive used in foam 
cushion manufacturing. In one series of case reports of peripheral 
neuropathy associated with high level 1-BP use, affected employees 
had a 7-hour TWA exposure to 1-BP of 108 ppm [Majersik et al. 
2007]. In a study of employees working in a 1-BP production facility, 
investigators found decreased vibration sense, decreased conduction 
velocity in sensory nerves, difficulty in digit recall, and decreased 
visual tracking ability [Ichihara et al. 2004]. This study found no 
motor deficits. Inhalational exposure studies on rats exposed to 200–

Discussion
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Discussion      
(continued) 800 ppm 1-BP over several weeks revealed both motor and sensory 

neuropathies [Ichihara et al. 2000]. 1-BP has also been associated with 
adverse effects on the reproductive system [NIH 2003].

Human exposure to 1-BP can be assessed using a serum bromide 
level. This test is not usually available as a routine laboratory test. 
The results of a serum bromide level may not be available for several 
days, so this test is used to confirm an exposure, rather than to 
help establish an initial diagnosis. As per Goldfrank’s Toxicological 
Emergencies, “Normal serum bromide concentrations are less 
than 500 mg/L” (this converts to 500 mcg/mL). Background levels 
of bromide result from intake of trace bromide in water due to 
absorption from surrounding rocks/soil containing bromide, produce 
treated with bromide-containing fumigants (methyl bromide and 
ethylene dibromide) and not washed thoroughly before eating, 
taking over-the-counter medications that contain bromide (e.g., 
dextromethorphan bromide used as a cough suppressant in cold 
medicine, brompheniramine maleate used as an antihistamine, 
bromo-seltzer, etc.), or after general anesthesia with halothane 
[Flomenbaum et al. 2006]. Toxicity from bromide had been reported 
with acute exposure to methyl bromide fumigant, overdose of 
medications containing bromide, or ingestion of bromide-containing 
neutralizers used in permanent wave hair products [Perez and McKay 
2007]. Because the owner involved in the initial exposure incident 
did not have a serum bromide level done prior to this incident, we 
have no baseline for comparison to determine if the serum bromide 
level increased as a result of his exposure. However, the serum 
bromide level of 144 mcg/mL at the time of the exposure is well 
under the 1250 mcg/mL level associated with adverse health effects.

A laboratory finding of immediate use in determining exposure to 
1-BP and other bromides is the chloride level on a routine standard 
metabolic assay. Depending on the equipment used to run the 
test, the chloride level may be elevated because of the bromide ion 
being counted as a chloride ion [Burkhart 2006]. Bromide can also 
be measured in the urine. This test was developed and evaluated 
against inhalational 1-BP exposure in workers exposed via use of 
spray adhesives; however, this test is not widely available [Hanley et al. 
2006].

Full-shift sampling for 1-BP conducted at Facility 1 resulted in PBZ 
air concentrations of 40 ppm for the operator and 17 ppm for the 
cashier. This operator’s exposure to 1-BP was well in excess of the 
current ACGIH TLV of 10 ppm. This operator ran a high number 
of loads on the day of sampling and cooked the solvent after each 
load, a practice that is not recommended by the manufacturer. 
Even the cashier, who did not operate the machine, had a PBZ air 
concentration that exceeded the recommended level, indicating 
that 1-BP poses a potential hazard to other employees in this facility 
(e.g., press operators who work next to the machines). Area air 
samples confirmed the release of high concentrations of 1-BP into 
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Discussion              
(continued) the environment surrounding the machine. At this facility, air 

concentrations of 1-BP were higher in the morning, possibly because 
the general ventilation system was turned off during that time.

Partial shift sampling was conducted at the other three facilities 
because the owners requested that we remove the sampling 
equipment once they had finished running the dry cleaning 
machines. However, employees can have continued exposure to 1-BP 
after the last load is finished because of existing contamination in 
the environment. This exposure can be significant for facilities that 
do not have good general dilution ventilation or whose ventilation 
systems are not always in operation. PBZ concentrations ranging from 
1.5 to 160 ppm were found in these 3.5- to 4-hour PBZ air samples 
collected at facilities 2, 3, and 4. The highest concentration (160 
ppm) was measured at Facility 4. Although only one load was run by 
this operator, most of his time was spent cooking the solvent. Even 
if the operator had no further exposure to 1-BP during this work 
day, his full-shift PBZ concentration would be well in excess of the 
ACGIH TLV. An area air sample collected behind the machine at this 
facility confirmed the release of a high concentration of 1-BP into 
the work environment (170 ppm), again indicating a potential hazard 
to others in this work area. Machine leaks may have contributed to 
the high exposures; the owner had converted the machine himself 
and indicated that he had difficulty finding the correct materials for 
the conversion. Opening the front door of this facility and using an 
exhaust fan near the dry cleaning machine may have helped to keep 
this cashier’s exposure low (2.4 ppm) on the day of sampling. This 
improvement was evident from the marked decrease in solvent odor 
after the fan was turned on and the front door was opened.

The NIOSH evaluation revealed that exposures to 1-BP can exceed 
the ACGIH TLV for 1-BP even for employees who do not operate 
the machines. It is expected that 1-BP exposures on a given day can 
be higher or lower at a given facility depending on work volume and 
work practices. Although we cannot make definitive conclusions 
based on our limited sampling, the highest concentrations of 1-BP 
were found at the two facilities that had converted the machines 
themselves and were cooking the solvent, a practice that had been 
performed widely for perc but is no longer recommended by the 
manufacturers for 1-BP operation. Further evaluation is needed to 
understand the relative contributions to the overall 1-BP exposures 
from possible machine leaks and practices such as cooking the 
solvent. This evaluation has shown that operators often rely on 
natural ventilation (opening doors and windows) for controlling 
exposures to 1-BP. This is not a good practice because weather 
conditions may preclude it. Although one owner reported transient 
symptoms consistent with general solvent exposure, we found no 
evidence of symptoms suggesting peripheral neuropathy in dry 
cleaners using 1-BP.

Conclusions
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Based on our findings, we have several recommendations to create 
more healthful work places. We encourage owners of dry cleaning 
establishments to use these recommendations to develop an action 
plan based, if possible, on the hierarchy of controls approach 
(Appendix A: Occupational Exposure Limits and Health Effects). 
This approach groups actions by their likely effectiveness in reducing 
or removing hazards. In most cases, the preferred approach is to 
eliminate hazardous materials or processes and install engineering 
controls to reduce exposure or shield employees. Until such controls 
are in place, or if they are not effective or feasible, administrative 
measures and/or personal protective equipment may be needed. 
If operators or employees develop symptoms consistent with 1-BP 
exposure (such as lightheadedness, headache, or nausea), they should 
leave the area until the source of the exposure has been indentified 
and remediated. If symptoms do not resolve shortly after leaving the 
work area, or if the individuals develop extremity muscle weakness or 
sensory problems, they should seek immediate medical attention and 
notify their healthcare provider of the potential exposure to 1-BP.

Elimination and Substitution

Elimination or substitution of a toxic/hazardous process material 
is a highly effective means for reducing hazards. Incorporating this 
strategy into the design or development phase of a project, commonly 
referred to as “prevention through design,” is most effective because it 
reduces the need for additional controls in the future.

Consider switching to wet cleaning methods. A wide variety 1.	
of garments that are currently dry cleaned can be wet 
cleaned satisfactorily while controlling fabric deterioration 
and shrinkage [Gottlieb et al. 1997]. Wet cleaning has fewer 
health and safety concerns, as well as a reduced burden of 
environmental regulations [NIOSH 1997a]. Other alternatives 
include selecting a dry cleaning machine that uses petroleum-
based solvents; these solvents are generally considered less 
toxic, although they are flammable and present a fire hazard 
[NIOSH 1997a].

Engineering Controls 

Engineering controls reduce employee exposures by removing the 
hazard from the process or placing a barrier between the hazard and 
the employee. Engineering controls are very effective at protecting 
employees without placing primary responsibility of implementation 
on the employee. 

Isolate machines from other work areas to reduce the exposure 1.	
of employees who do not run the machine, such as press 
operators and cashiers.

Recommendations
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Recommendations 
(continued) Use LEV at or near the machine door to reduce worker 2.	

exposure during machine loading and unloading and while 
performing maintenance. Airflow capacity through a retrofit 
hood should not be less than 100 times the door opening area 
in square feet (i.e., a 4 ft2 door opening would need a flow rate 
of at least 400 cfm). The exhaust hood should be isolated from 
crossdrafts caused by general ventilation, floor or other shop 
fans, and high personnel traffic areas [NIOSH 1997b].

Use general ventilation to dilute background 1-BP 3.	
concentrations. Generally accepted guidelines recommend 12 
air changes per hour with a minimum of 30 cfm of outside 
air per person for dry cleaning establishments. The direction 
of airflow should move from a clean area (customer counters) 
to one that is less clean (dry cleaning machine area). A 
qualified ventilation system contractor should be contacted for 
assistance [NIOSH 1997b].

Administrative Controls 

Administrative controls are management-dictated work practices 
and policies to reduce or prevent exposures to workplace hazards. 
The effectiveness of administrative changes in work practices 
for controlling workplace hazards is dependent on management 
commitment and employee acceptance. Regular monitoring and 
reinforcement are necessary to ensure that control policies and 
procedures are not circumvented in the name of convenience or 
production.

Use a qualified technician to convert the machines from perc 1.	
to 1-BP to ensure the use of proper materials for replacement 
parts (e.g., gaskets), correct machine settings, and proper safety 
measures during the process.

Follow manufacturer guidelines on the use of ventilation, 2.	
temperature, and system settings when using 1-BP.

Conduct air sampling periodically for 1-BP and whenever 3.	
changes in work practices, procedures, or ventilation may affect 
employee exposures.

Do not cook the solvent. The manufacturer of Dry-Solv states 4.	
that, unlike perc, the solvent does not require cooking.

Keep the machine door closed except when loading and 5.	
unloading.

Advise the operator to keep his or her head out of the machine 6.	
and stay as far away as possible from the door when loading 
and unloading. A tool with a long handle could be used to 
retrieve clothes from the back of the drum.
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Recommendations 
(continued) Use the full drying period, as cutting drying periods short may 7.	

cause solvent to remain on the items and increase operator 
exposure.

Consider limiting the number of loads per day to reduce 8.	
exposures below the OELs.

Personal Protective Equipment 
PPE is the least effective means for controlling employee exposures. 
Proper use of PPE requires a comprehensive program, and calls for a 
high level of employee involvement and commitment to be effective. 
The use of PPE requires the choice of the appropriate equipment to 
reduce the hazard and the development of supporting programs such 
as training, change-out schedules, and medical assessment if needed. 
PPE should not be relied upon as the sole method for limiting 
employee exposures. Rather, PPE should be used until engineering 
and administrative controls can be demonstrated to be effective in 
limiting exposures to acceptable levels.

Wear safety glasses/goggles and gloves appropriate for 1-BP 1.	
when handling the solvent as the Dry-Solv Material Safety 
Data Sheet suggests. Viton® or SilverShield® gloves offer the 
best protection.

Ensure that employees whose exposures can exceed 2.	
the ACGIH TLV wear respirators until ventilation and 
administrative controls can be demonstrated to reduce 
employee exposures below applicable guidelines.

Instruct employees at Facility 1 to wear a minimum of an 3.	
elastomeric half-mask air-purifying respirator with organic 
vapor cartridges, because air sample results indicate that the 
operator and cashier were exposed to 1-BP above the ACGIH 
TLV of 10 ppm. This respirator has an assigned protection 
factor of 10, meaning that exposures would be expected to be 
reduced by a factor of 10 if the respirator is properly fitted and 
worn in full accordance with the OSHA respirator standard. 
At Facility 4, the operator’s exposure was much higher, 
indicating the need for a respirator with a higher assigned 
protection factor if cooking solvent is continued. This would 
include a minimum of a full facepiece air-purifying respirator 
or a powered air purifying respirator equipped with organic 
vapor cartridges. Although full-shift air sampling was not 
conducted at Facilities 2 or 3, it is possible that operators’ 
full-shift exposures could exceed the 10 ppm guideline 
depending on the workload and other factors. We recommend 
conducting additional full-shift sampling at these facilities 
over multiple days to determine if respiratory protection is 
needed as an interim measure until additional ventilation and 
administrative controls are implemented.
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Recommendations 
(continued) Ensure that all applicable requirements of the OSHA 4.	

Respiratory Protection Standard (29 CFR 1910.134) are met 
where respirators are used. This includes medical screening, 
annual fit testing, training on the proper use and limitations 
of the respirator, and instruction on how to properly clean 
and store the respirator. A Small Entity Compliance Guide 
for the OSHA Respiratory Protection Standard is available 
at http://www.osha.gov/Publications/SECG_RPS/secg_rps.
html. Additional information regarding respirator cartridge 
changeout is also available online at http://www.osha.gov/
SLTC/etools/respiratory/change_schedule.html.

Other Recommendations

OSHA has a consultation service that is free to businesses that may 
prove helpful in conducting air sampling and establishing a respirator 
program. This service is separate from the OSHA compliance office, 
and use of its services cannot result in citations. Please see the OSHA 
website for further information at http://www.osha.gov/dcsp/
smallbusiness/consult.html.
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In evaluating the hazards posed by workplace exposures, NIOSH investigators use both mandatory (legally 
enforceable) and recommended OELs for chemical, physical, and biological agents as a guide for making 
recommendations. OELs have been developed by Federal agencies and safety and health organizations to 
prevent the occurrence of adverse health effects from workplace exposures. Generally, OELs suggest levels 
of exposure that most employees may be exposed up to 10 hours per day, 40 hours per week for a working 
lifetime without experiencing adverse health effects. However, not all employees will be protected from 
adverse health effects even if their exposures are maintained below these levels. A small percentage may 
experience adverse health effects because of individual susceptibility, a preexisting medical condition, and/
or  hypersensitivity (allergy). In addition, some hazardous substances may act in combination with other 
workplace exposures, the general environment, or with medications or personal habits of the employee 
to produce health effects even if the occupational exposures are controlled at the level set by the exposure 
limit. Also, some substances can be absorbed by direct contact with the skin and mucous membranes in 
addition to being inhaled, which contributes to the individual’s overall exposure.

Most OELs are expressed as a TWA exposure. A TWA refers to the average exposure during a normal 8- 
to 10-hour workday. Some chemical substances and physical agents have recommended STEL or ceiling 
values where health effects are caused by exposures over a short period. Unless otherwise noted, the STEL 
is a 15-minute TWA exposure that should not be exceeded at any time during a workday, and the ceiling 
limit is an exposure that should not be exceeded at any time.

In the United States, OELs have been established by federal agencies, professional organizations, state 
and local governments, and other entities. Some OELs are legally enforceable limits, while others are 
recommendations. The U.S. Department of Labor OSHA PELs (29 CFR 1910 [general industry]; 29 
CFR 1926 [construction industry]; and 29 CFR 1917 [maritime industry]) are legal limits enforceable in 
workplaces covered under the Occupational Safety and Health Act. NIOSH RELs are recommendations 
based on a critical review of the scientific and technical information available on a given hazard and the 
adequacy of methods to identify and control the hazard. NIOSH RELs can be found in the NIOSH Pocket 
Guide to Chemical Hazards [NIOSH 2005]. NIOSH also recommends different types of risk management 
practices (e.g., engineering controls, safe work practices, employee education/training, personal protective 
equipment, and exposure and medical monitoring) to minimize the risk of exposure and adverse health 
effects from these hazards. Other OELs that are commonly used and cited in the United States include 
the TLVs recommended by ACGIH, a professional organization, and the WEELs recommended by the 
American Industrial Hygiene Association, another professional organization. The TLVs and WEELs are 
developed by committee members of these associations from a review of the published, peer-reviewed 
literature. They are not consensus standards. ACGIH TLVs are considered voluntary exposure guidelines 
for use by industrial hygienists and others trained in this discipline “to assist in the control of health 
hazards” [ACGIH 2009]. WEELs have been established for some chemicals “when no other legal or 
authoritative limits exist” [AIHA 2009].

Outside the United States, OELs have been established by various agencies and organizations and include 
both legal and recommended limits. Since 2006, the Berufsgenossenschaftliches Institut für Arbeitsschutz 
(German Institute for Occupational Safety and Health) has maintained a database of international 
OELs from European Union member states, Canada (Québec), Japan, Switzerland, and the United 
States available at http://www.dguv.de/bgia/en/gestis/limit_values/index.jsp. The database contains 
international limits for over 1250 hazardous substances and is updated annually.

Employers should understand that not all hazardous chemicals have specific OSHA PELs, and for some 
agents the legally enforceable and recommended limits may not reflect current health-based information. 

Appendix A:  Occupational Exposure Limits and Health Effects
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Appendix A: Occupational Exposure Limits and Health Effects                                              
(continued)

However, an employer is still required by OSHA to protect its employees from hazards even in the absence 
of a specific OSHA PEL. OSHA requires an employer to furnish employees a place of employment free 
from recognized hazards that cause or are likely to cause death or serious physical harm [Occupational 
Safety and Health Act of 1970 (Public Law 91–596, sec. 5(a)(1))]. Thus, NIOSH investigators encourage 
employers to make use of other OELs when making risk assessment and risk management decisions to 
best protect the health of their employees. NIOSH investigators also encourage the use of the traditional 
hierarchy of controls approach to eliminate or minimize identified workplace hazards. This includes, in 
order of preference, the use of: (1) substitution or elimination of the hazardous agent, (2) engineering 
controls (e.g., local exhaust ventilation, process enclosure, dilution ventilation), (3) administrative controls 
(e.g., limiting time of exposure, employee training, work practice changes, medical surveillance), and (4) 
personal protective equipment (e.g., respiratory protection, gloves, eye protection, hearing protection). 
Control banding, a qualitative risk assessment and risk management tool, is a complementary approach 
to protecting employee health that focuses resources on exposure controls by describing how a risk 
needs to be managed. Information on control banding is available at http://www.cdc.gov/niosh/topics/
ctrlbanding/. This approach can be applied in situations where OELs have not been established or can be 
used to supplement the OELs, when available.

1-Bromopropane 

As with other solvents, occupational exposure to 1-BP may occur via both inhalation and skin absorption. 
Health effects related to overexposure to 1-BP (and many other solvents) may include irritation of the eyes, 
mucous membranes, upper respiratory tract, and skin. At higher levels of exposure, central nervous system 
depression (characterized by headache and dizziness, and possibly loss of consciousness) may occur.

Neither NIOSH nor OSHA has OELs for 1-BP. However, NIOSH is developing an REL. The ACGIH has 
set a TLV of 10 ppm for 1-BP as an 8-hour TWA exposure [ACGIH 2009]. The primary basis for the TLV 
is liver damage, embryo/fetal damage, and neurotoxicity.

The U.S. EPA determined that 1-BP is acceptable for use as a substitute for ozone-depleting substances in 
metal cleaning, electronics cleaning, and precision cleaning applications. This determination was based 
upon the conclusion that 1-BP exposures in the range of 17–30 ppm in such applications would not likely 
cause adverse human reproductive effects. However, the U.S. EPA also proposed that the use of 1-BP in 
aerosol or adhesive applications is not acceptable based on higher than anticipated workplace exposures. 
U.S. EPA does not regulate the use of solvents in dry cleaning under the Significant New Alternatives 
Policy Program [72 Fed. Reg. 30142(2007)].

Previous investigations have linked peripheral neuropathy to high level 1-BP exposure in electronics 
degreasing [NIOSH 2001] and foam cushion manufacturing [NIOSH 2002; NIOSH 2003]. Case reports 
in the medical literature describe debilitating, sometimes permanent, motor weakness and chronic 
neuropathic pain in young workers exposed to 1-BP as part of the spray adhesive used in foam cushion 
manufacturing. In one series of case reports of peripheral neuropathy associated with high level 1-BP use, 
affected employees had 7-hour TWA exposure to 1-BP of 108 ppm [Majersik et al. 2007]. In a study of 
employees working in a 1-BP production facility, investigators found decreased vibration sense, decreased 
conduction velocity in sensory nerves, difficulty in digit recall, and decreased visual tracking ability 
[Ichihara et al. 2004]. This study found no motor deficits. Inhalational exposure studies done on rats 
exposed to 200–800 ppm 1-BP over several weeks revealed both motor and sensory neuropathies [Ichihara 
et al. 2000].
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Appendix A: Occupational Exposure Limits and Health Effects                                             
(continued)

Human exposure to 1-BP can be assessed using a serum bromide level. This test is not usually available as 
a routine laboratory test. The results of a serum bromide level may not be available for several days, so this 
test is used to confirm an exposure, rather than to help establish an initial diagnosis. However, a laboratory 
finding of immediate use in determining exposure to 1-BP and other bromides is the chloride level on a 
routine standard metabolic assay. Depending on the equipment used to run the test, the chloride level 
may be elevated because of the bromide ion being counted as a chloride ion [Burkhart 2006]. Bromide can 
also be measured in the urine. This test was developed and evaluated against inhalational 1-BP exposure in 
workers exposed via use of spray adhesives; however, this test is not widely available [Hanley et al. 2006].



Page 17Health Hazard Evaluation Report 2008-0175-3111

Appendix A: Occupational Exposure Limits and Health Effects                                              
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in the place of employment has potentially toxic effects in such 
concentrations as used or found. HETAB also provides, upon 
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local agencies; labor; industry; and other groups or individuals to 
control occupational health hazards and to prevent related trauma 
and disease.
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