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NIOSH VisionNIOSH Mission
Safer, Healthier WorkersTo develop new knowledge in the field of 

occupational safety and health, and to 
transfer that knowledge into practice

What is NIOSH? 



What is an HHE?

▪ Worksite investigation in response to a request from employees, 
employers, or unions
– Medical / epidemiologic: health effects
– Industrial hygiene: exposure 

▪ Determine whether harmful exposures, processes, or conditions exist 
OR cause injuries or illnesses

▪ Involve employees and employers at every step

▪ No cost to the employer or employees

▪ Public final report



Who can request an HHE?

▪ 3 current employees (can be confidential) 

▪ Union

▪ Employer

▪ Requests for technical assistance 

– Other government agencies
– State and local health departments

*HHE = Health Hazard Evaluation
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The Health Hazard Evaluation (HHE) Program



HHE Website

▪ www.cdc.gov/niosh/hhe



Evaluation of Exposure to Radon and Radon 
Progeny in an Underground Tourist Cavern 
and Its Connected Buildings



Health hazard evaluation request

▪ HHE request received from the National Park 
Service

▪ Concerns focused on potential employee 
exposures to radon and radon decay products 
(RDPs)

– Within the main cavern and another tourist cave

– In the visitor’s center, which is directly above and 
connected to the cave

– In other buildings near the cave, but not directly 
connected to the cave Photos by NIOSH



What is radon?

▪ Radon is a ubiquitous radioactive gas

▪ Radon is formed from the natural decay of 
uranium in soils and rocks

▪ Radon gas (Rn-222) decays into atomic sized 
particles called radon decay products (RDPs)

▪ These RDPs are the “bad actors” for health 
effects

– Can deposit in lungs

– Are associated with increased risk of lung 
cancer

https://en.wikipedia.org/wiki/Radon-222

https://upload.wikimedia.org/wikipedia/commons/a/a1/Decay_chain%284n%2B2%2C_Uranium_series%29.PNG


Description of cavern

▪ Main cavern

– Total length of cavern is unknown

• Approximately 3 miles are open to visitors

• Depth = 1,027 ft

– Two ways to enter cavern

• Hike in via a natural entrance

• Elevator from visitor center

– Many employees work in cave (concessions, rangers, law 
enforcement) 

– Previous studies have shown ACH of 1 per 18 days [Cheng et al. 1997]



Visitor center

▪ Employees working at various locations inside

– Gift shops and bookstores

– Restaurants

– Exhibits

– Employee offices and workspaces

▪ Located above the cavern

– Directly connected to cavern by a long elevator shaft



NIOSH HHE goals

▪ Characterize exposure to radon gas and RDPs in:

– Main cavern area

• Characterize tour paths

– Visitor Center building

• Connected to cavern by elevator shaft

– Other areas

• Buildings and caves not directly connected to cavern

▪ Evaluate the Visitor Center HVAC system

▪ Conduct radon dose modeling to determine the allowable time in the 
caverns



Radon gas sampling
Alpha-track radon gas detectors were:

▪ Deployed in  buildings

– 28 detectors at 14 locations within the visitor center

– 2 detectors in the outdoor parking lot

– 2 detectors in the passenger elevator shaft

– 4 detectors at 2 locations in superintendent’s building

– 4 detectors at 2 locations in maintenance building

▪ Deployed in the caves

– 31 detectors in 16 locations at the main cavern

– 2 detectors in another cave Photos by NIOSH



Occupational exposure limits relevant to radon

▪ OSHA PEL – radon gas

– 100 pCi/L averaged over 40 hours, over 7 days

▪ OSHA PEL – ionizing radiation

– 1.25 rem per quarter

– This effectively caps dose at 5 rem/year, which is what NCRP recommends

▪ Other published limits

– GSA – radon gas

• 25 pCi/L, applicable to non-childcare and non-residential buildings

– EPA – radon gas

• 4 pCi/L, homes and schools

– NIOSH – radon progeny

• 1 WLM/yr



Measured radon gas concentrations

Location Number
Mean Concentration (pCi/L)

Summer Winter

Visitor center 28 12.9 11.8

Maint. bldg 2 Not sampled 2.65

Super. bldg 2 Not sampled 0.60

Elevator shaft 2 66.7 21.7

Outdoors 2 0.40 0.40

Main cavern 28 69.7 25.0

Spider Cave 2 161 147

OSHA PEL 100 100



Where is the radon in the VC coming from?

▪ Tracer gas testing 

– Released SF6 in two locations

• Elevator shaft (755 ft)

• Crawl space below building

– Measured for SF6 in various 
locations throughout the 
Visitor Center

– Elevator shaft was source and 
pathway for radon gas from 
the cave to the Visitor Center

– Minimal tracer gas infiltration 
from the crawl space

Photos by NIOSH



Why conduct dose modeling?

▪ Radon is not stable, it decays (half-life = 3.8 days)

▪ Decay products are the primary contributors to ionizing radiation dose

▪ Decay products are very small particles (0.5–2.0 nanometers in diameter)

– Can either be “attached” to other larger particles (like dust particles)

– Can be “unattached”

▪ Unattached radon decay products can play an important role in 
determining dose and estimating the health effects of radon exposure

– Unattached decay products more effectively deposit in the respiratory 
tract than attached ones

▪ A previous study have shown that the main cavern has a higher 
unattached fraction than is normally assumed (Cheng et al. 1997)



How did we model dose?
▪ Modeled dose using:

– Data provided to us about the 
average time that employees in 
different job titles worked in the 
cave 

– Our measured radon gas and radon 
progeny (unattached fraction) 
measurements

• We measured unattached 
fraction in 3 locations over 2 
days

– Used multiple dose models

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwj-g_vV9OHiAhWqVN8KHa6aD-IQjRx6BAgBEAU&url=https%3A%2F%2Fwww.sarad.de%2Fproduct-detail.php%3Flang%3Den_US%26cat_ID%3D2%26p_ID%3D27&psig=AOvVaw1UUNQ23v_TV9GM0l-jkP4A&ust=1560359075211664


Dose modeling results



Dose modeling results – quarterly dose limits

▪ We determined the amount of time an employee could spend in the main 
cavern before reaching the OSHA quarterly dose limits

▪ Lower radon concentration months

– Dose limits will not be reached before 500 hours

– No employee time limitations are required

▪ Higher radon concentration months

– Dose limits reached after approximately 225 hours in a quarter (3 months)

– About 75 hours per month



Conclusions

▪ Radon gas concentrations in the VC and main cavern were below the 
OSHA PEL

▪ Tracer gas measurements show that radon enters the VC through the 
elevator shafts that attach it to the main cavern below

▪ Employees working in the main cavern have the potential to exceed the 
OSHA whole body ionizing radiation dose limits, depending upon how 
much time they spend in the cave



Primary recommendations

▪ Engineering controls

– Install airlocks at elevator entrance and exit areas

• Service this area with a separate ventilation system

▪ Administrative controls

– Limit employees’ time in the cavern to no more than 225 hours 
per quarter (about 75 hours per month) during the higher radon 
concentration months in the summer. Time limits are not needed 
during lower radon concentration months in the winter. 



Primary recommendations (continued)
▪ Administrative controls (continued)

– Consult with a health physicist to create and implement a written 
radon management program. 

• The program should include additional measurements of radon 
gas and unattached fraction of radon progeny in the cavern

• May lead to refinement of radiation dose estimates and monthly 
time limitations for employees in the cavern

▪ Implement a tracking system to monitor the number of hours employees 
work inside the cavern

▪ Move all nonessential work, such as concessions, outside of the cavern 

▪ Schedule cavern work that is not time-sensitive to the winter months, 
when radon concentrations are lower



Evaluation of Chemical Exposures at Three 
Vape Shops Throughout the United States



What is vaping?

▪ The process in which e-liquid is heated by an atomizer housed in an electronic nicotine 
delivery system (e-cigarette)

▪ The process involves heat, a metal coil, and a cotton wick

▪ The liquid becomes an aerosol (vaporized), and is inhaled by the user



Why are we concerned about vaping?

▪ E-liquid is largely unstudied

▪ Many chemicals associated with vaping

– Flavorings

• Diacetyl

• 2,3-pentanedione

– Nicotine

– Glycols

– Formaldehyde

– Other VOCs

– Metals

– Ultrafine particles

▪ Not really any studies on real-world exposures









What did we do?

▪ Evaluate employees’ potential exposures to chemicals associated with 
vaping

– Assessed two shops in TX and one in NJ

– Air sampling

• Personal and area samples

– Surface sampling

• Commonly touched surfaces and objects

▪ Confidential medical interviews

– Interviewed 15 employees about their work and health in TX



Industrial Hygiene Sampling

▪ Air sampling

– Flavorings

• Silica gel tubes using OSHA 1012/013

• Evacuated canisters using NIOSH 3900

– Formaldehyde 

– Nicotine

– VOCs

▪ Surface sampling

– Metals

– Nicotine



Relevant Occupational Exposure Limits
▪ NIOSH REL

– Diacetyl = 5 ppb

– 2,3-Pentanedione = 9.2 ppb

– Formaldehye = 16 ppb

– Nicotine = 500 µg/m3

▪ Occupational Exposure Limits (OELs) are only intended for occupational settings and use 
different calculations and policy decisions than risk assessments for the general public (Hubbs
et al. 2015)

– Differences in the exposed populations

– Technical feasibility considerations

– Differences in the number of hours exposed per day

– Differences in the total duration of exposure

▪ An OEL does not mean that an exposure at that limit is considered sufficiently safe for the 
general population



Workplace Observations

▪ Employees vaped in the shop all day

▪ Customers vaped while trying flavors

– Not many people used the lounge areas

▪ Ventilation was provided by HVAC systems that provided ducted supply air

▪ Employees cleaned surfaces throughout the day

▪ In two shops, employees always wore nitrile gloves when working with 
nicotine

– Employees at one shop didn’t always wear gloves

▪ Leaking bottles of flavorings and nicotine were observed

▪ At one shop, the stock (100 mg/L) nicotine solution was stored in the 
employee food fridge



Nicotine Storage



Personal Sampling Results for Flavorings 
(ppb)

New 
Jersey
Texas



Personal Sampling Results for Formaldehyde (ppb)

New
Jersey
Texas



Area Sampling Results for Nicotine (µg/m3)

New Jersey
Texas   



Surface Sampling Results
▪ Nicotine

– Nicotine was detected on commonly touched 
surfaces in two shops

– At a third shop, we found it on the outside of 
transfer bottle, but not on any other surfaces

▪ Elements

– Found detectable concentrations of metals 
such as lead, chromium, copper, and nickel 
on surfaces in all 3 shops



Medical Interview Results

▪ Some employees reported liquid nicotine coming into contact with their 
skin or eyes while handling liquid nicotine or vaporizers. 

▪ None of the employees reported symptoms consistent with either nicotine 
toxicity or exposures to flavorings in the past 4 weeks. 



Conclusions

▪ Employees were exposed to low levels of flavoring chemicals in the air 
while working in the vape shops.

– All were below applicable exposure limits 

▪ Some employees reported liquid nicotine or e-liquid coming into contact 
with their skin and eyes. 

– Analyze which work tasks are associated with nicotine exposure to 
identify PPE needs and ensure consistent use of chemical protective 
nitrile gloves

▪ Employees need to be trained on proper chemical handling procedures 
and PPE use.



Selected Recommendations
▪ Implement a policy prohibiting vaping in the shop with e-liquids that 

contain diacetyl and 2,3-pentanedione

– These chemicals are often found in dairy flavorings, brown flavorings 
such as butterscotch and caramel, and some fruit flavorings

▪ Prevent liquid nicotine from spilling onto the counter

– Use a disposable funnel to help transfer nicotine from the stock to the 
transfer bottles

▪ Inspect and replace broken caps and droppers on the bottles containing 
the liquid flavorings and nicotine

▪ Do not store nicotine in a refrigerator where food is stored
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Links to reports

https://www.cdc.gov/niosh/hhe/reports/
pdfs/2014-0158-3345.pdf

https://www.cdc.gov/niosh/hhe/report
s/pdfs/2016-0120-3307.pdf

https://www.cdc.gov/niosh/hhe/report
s/pdfs/2015-0107-3279.pdf

https://www.cdc.gov/niosh/hhe/reports/pdfs/2014-0158-3345.pdf


Questions?

Contact Information

▪ Leonard Zwack, ScD

▪ lzwack@gmail.com


