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Note: Fatality counts from BLS Census of Fatal Occupational Injuries. Worker Estimates from BLS Quarterly 
Census of Employment and Wages. Rate per 100,000 workers per year. Includes NAICS 211, 213111, 213112..

N=1,485

Number and Rate of Fatal Work Injuries
U.S. Oil & Gas Extraction Industry, 2003–2016

Upstream Oil and Gas Research: Epidemiology



Fatalities in Oil and Gas (FOG) Database



Fatalities in FOG by Event Type, 2014–2016



Upstream Oil and Gas Research: Industrial Hygiene 

NIOSH Field Effort to Assess 
Chemical Exposure Risks to 
Gas and Oil Workers

www.cdc.gov/niosh/docs/2010-130/

http://www.cdc.gov/niosh/docs/2010-130/


• Systematically evaluated 
occupational exposures at 
hydraulic fracturing sites 1
– 11 sites in 2010–2011
– Sand mover operators/T-belt 

operators
• Exposures can be 10–50 times 

greater than occupational exposure 
limits

1  Esswein, Breitenstein, Snawder, et.al,.  Occupational Exposures to Respirable Crystalline Silica in Hydraulic Fracturing Jour. Occ. Env. Hyg. 
Vol. 10, Issue 7,  May, 2013.  

Health Hazard: Respirable Crystalline Silica (RCS) 
during Hydraulic Fracturing

RCS Exposures



Study Results, by location



Exposure Comparisons, by Job Title



On-Site Dust Control
• Changes in proppant 

storage/handling/delivery
• Ceramic proppant
• Coated/treated sand proppant
• Portable baghouse
• Dust collectors with filters
• Personal decontamination 

booth

Examples of controls being developed by Industry 

Elimination, Substitution, Engineering Controls

National STEPS Network: Emerging Issues Focus Group

http://www.nationalstepsnetwork.org/silica-focus-meeting05112016.htm


Administrative Controls & Effective Training Programs



Opening Thief Hatch

Health Hazard: Hydrocarbon Gases and Vapors 
during Manual Tank Gauging and Sampling



9 fatalities identified where inhalation of volatile hydrocarbons was 
a possible contributing factor2:

• 2010 (1); 2012 (1); 2013 (1); 2014 (6)
• North Dakota (3); Colorado (3); Texas (1), Oklahoma (1); Montana (1)
• All occurred at crude oil (production) tanks:

– tank gauging (4)
– sampling by pumpers/truckers (5)
– working alone or not being observed (9)

• In at least one case:
– victim sought medical evaluation for health effects (dizziness, disorientation, etc.) 

experienced during prior gauging activities

2010–2014 Hydrocarbon Related Worker Fatalities

2 NIOSH Science blog: https://blogs.cdc.gov/niosh-science-blog/2015/04/10/flowback-3/

https://blogs.cdc.gov/niosh-science-blog/2015/04/10/flowback-3/


Results of Personal Sampling (Hydrocarbons): Direct Reading



Gas or Vapor Concentration Range
(IDLH)

Methane ND–5,979 ppm
(5,000)

Ethane ND–24,818 ppm
(3,000)

Propane ND–41,435 ppm
(2,100)

i-Butane ND–3,793 ppm
(1,800)

n-Butane ND–19,336 ppm
(1,860)

i-Petane ND–2,990 ppm
(1,400)

n-Pentane ND–3,385 ppm
(1,500)

Vapor Concentration Range
(IDLH)

Benzene ND–280 ppm
(500)

Toluene ND–129 ppm
(800)

Ethylbenzene ND–55 ppm
(500)

Xylenes ND–84 ppm
(900)

Results of PBZ Grab Samples When Hatch Opened

IDLH = immediately dangerous to life or health



Develop alternative tank 
gauging procedures so 
workers do not have to 
routinely open hatches

• Remote tank gauging 
and sensing

• LACT units

Elimination, Substitution, Engineering Controls



• Reduce times workers must 
manually gauge tanks

• Use multi-gas meters correctly
• Hazard communication

Administrative Controls & Effective Training Programs



Proper Respiratory Protection

• Utilize supplied air respirators for environments 
with oxygen deficiency and high low-molecular 
weight hydrocarbon concentrations



Transferring to Truck

Health Hazard: Hydrocarbon Gases and Vapors 
during Fluid Transfer

• 440–550 parts per million 
of hydrogen sulfide

• >100% lower explosive 
limit for methane

• < 19.5% oxygen 
concentration



Utilize vent lines to direct 
hydrocarbon gases and 
vapor away from the work 
zone and potential ignition 
sources

Elimination, Substitution, Engineering Controls



Health Hazard: Diesel Particulate Matter

What is Diesel Particulate Matter?
• Complex aerosol: gases, 

respirable particulates, > 40 
potentially toxic compounds   

• Solid elemental carbon (EC) core 
with hydrocarbons, S, NOx 
adsorbed onto core

• Respiratory and cardiovascular 
health effects; carcinogen 



Combination of data from 2008–20123

• 103 full shift air samples
– 48 Personal Breathing Zone
– 55 Area 

• Site types
– Completions Hydraulic Fracturing (56/103 or 54%)
– Drilling  (31/103 or 30%)
– Servicing (16/103 16%)

Health Hazard: Diesel Particulate Matter

3 Eric J. Esswein, Marissa Alexander-Scott, John Snawder & Michael Breitenstein (2018). Measurement of area and personal breathing 
zone concentrations of diesel particulate matter (DPM) during oil and gas extraction operations, including hydraulic fracturing. Journal of 
Occupational and Environmental Hygiene, 15:1, 63-70, DOI: 10.1080/15459624.2017.1388512

https://doi.org/10.1080/15459624.2017.1388512


• 10% (5/48) PBZ samples, > 20 µg /m3 as EC 

• 31% (17/55) area samples > 20 µg /m3 as EC 

• Proximity, #’s of sources, equipment configuration, weather 
conditions were determinants of exposures

• No statistically significant difference geometric means of PBZ 
vs. area results…some degree of homogenous risk for DPM 
exposure?       

Conclusions: Diesel Particulate Matter



On-going Exposure Assessments: Well Drilling Processes



Questions?    Bradley.King@cdc.hhs.gov

Alice Hamilton, M.D.
Mother of U.S. Occupational Medicine
1869–1970
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