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IN BRIEF
•Silica is a known health 
hazard, and unconventional 
oil and gas development has 
placed it in the public eye.
•OSHA’s proposed standard 
includes provisions for regulat-
ed areas, cross-contamination 
and decontamination. HEPA 
vacuuming and wet methods 
are prescribed in the proposed 
standard, but air showers are 
another viable method. 
•Direct-reading instruments 
may be part of employers’ 
arsenal for decontamination 
procedures.
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Health Hazards
Peer-Reviewed

Unconventional (horizontal) drilling, while 
used in the oil and gas industry for decades, 
has unleashed an explosion of natural gas 

development across the U.S. in the past several 
years (Stevens, 2012). The affected states have ben-
efited enormously from this renewed economic ac-
tivity due to the presence of the various shale layers 
underlying their land. State and federal regulators 
have been working with industry to responsibly de-
velop the resource while protecting safety, health 
and the environment.

However, not all associated hazards were well un-
derstood from the beginning of the boom. NIOSH re-
leased a report in 2013 on its 2-year effort to analyze 
the degree of airborne silica health hazards for work-
ers conducting hydraulic fracturing operations at oil 
and gas wells. NIOSH reported 111 personal breath-
ing zone samples for various jobs, with some exposures 
several times the proposed OSHA permissible expo-
sure limit (PEL) of 0.05 mg/m3.

Table 1 (p. 36) shows some of the 8-hour time 
weighted average (TWA) full-shift samples reported 
in the study. In some cases, the exposures exceeded 
the protection factor afforded by the select respirators 
worn by the workers. According to OSHA’s Respira-
tory Protection Standard, a half-face elastomeric air-
purifying respirator has an assigned protection factor 
of 10. Any exposure above 0.50 mg/m3  would exceed 
the maximum use concentration at the proposed PEL.

The researchers also found some high exposures 
for workers less involved with handling silica, such 
as the chemical truck operator who had a maxi-
mum measured TWA of 0.319 mg/m3 (Table 1). This 
suggests that environmental silica release could 
contribute significantly to bystander exposures (Es-
swein, Breitenstein, Snawder, et al., 2013). Oliver 
and Miracle-McMahill (2006) discovered high silica 
exposures among bystanders in their study of silica 
exposures and health effects among tunnel con-
struction workers.

Silica is a known occupational health hazard 
(OSHA, 2013), particularly related to the risk of sili-
cosis, a lung disease. Silica exposures are linked to 
other adverse health outcomes as well. While Oli-
ver and Miracle-McMahill (2006) found no silicosis 
by chest X-ray in their epidemiological study, they 

found chronic bronchitis, symptoms consistent with 
asthma, shortness of breath and physician-diag-
nosed asthma at a prevalence of 10.7%, 25%, 29% 
and 6.6%, respectively. Forty-four of the 70 air sam-
ples collected were above the current OSHA PEL.

Finkelstein (2000) reports that exposures at the cur-
rent OSHA PEL give a lifetime risk of 5% to 10%  for 
silicosis and a 30% risk for lung cancer. He advocates 
for reducing the PEL to the current NIOSH recom-
mended exposure limit of 0.05 mg/m3, with an accom-
panying risk below 5% (Finkelstein, 2000). While the 
hazard of silica exposure is 
not disputed, workers may 
view silica as a familiar haz-
ard and, thus, give less atten-
tion to following prescribed 
preventive measures (Haas 
& Cecala, 2015).  

The advent of widespread 
hydraulic fracturing means 
that exposures to silica have 
likely increased (Cyrs, Le, 
Hollins, et al., 2014). OSHA’s 
proposed rulemaking activity 
has heightened silica aware-
ness as well. The proposed 
regulation would apply to the 
natural gas industry and re-
duce the allowable exposure 
as well as require expanded 
ancillary occupational health 
measures. 

Worker Decontamination
While protective gear such as coveralls and res-

pirators protect workers against exposure, not all 
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workers wear protection. Furthermore, workers at 
dusty locations will wear respirators, then remove 
them when they are away from the immediate area. 
The contamination on their coveralls, even after de-
contamination, may present a hazard to them and 
other unprotected workers.

In addition, the doffing process can release par-
ticles. One study examined a release of simulated 
anthrax particles from a respirator when it was 
dropped to simulate doffing (Kennedy & Hinds, 
2004). The respirators were coated with 1 µm poly-
styrene latex spheres, then dropped in a chamber. 
Researchers found a 0.16% to 0.29% particle release 
from filtering face-piece respirators when dropped. 
While it would be difficult to relate directly to a 
TWA exposure to silica, this finding demonstrates 
that particles can be released during doffing.

In a related study, the researchers coated respi-
rators with different sized particles and dropped 
them from different heights. Particle releases tend-
ed to be higher for increased drop height and in-
creased particle size (Birkner, Fung, Hinds, et al., 
2011). Since respirators are not always dropped, 
the researchers progressed to stretching the respi-
rator bands to better simulate careful doffing, and 
they found no significant particle release (Birkner, 
Kovalchik, Fung, et al., 2011).

Thus, careful respirator doffing can prevent cross-
contamination. However, the PPE doffing process 
involves more than just removing a respirator. Em-
ployees often remove their respirators then con-
tinue working in other locations throughout the 
day. Resuspension of particles from their coveralls 
can introduce a health hazard to those workers and 
their coworkers.

This hazard of unprotected exposure is addressed 
not only by standard protective measures for workers, 
but also by proposed decontamination and regulated 
area restrictions. If anything can be gleaned from the 
enforcement actions surrounding OSHA’s heavy 
metals standards [e.g., lead (29 CFR 1910.1025), 
hexavalent chromium (29 CFR 1910.1026) and cad-
mium (29 CFR 1910.1027)], silica-using industries 
may need to prepare for a gathering storm.

Common enforcement action areas for heavy 
metals include housekeeping, cross-contamination, 
and maintenance of regulated areas or access con-
trol plans. For example, of 12 violations cited on May 
24, 2010, against the U.S. Department of Air Force 
at Robins Air Force Base, GA, eight involved house-
keeping, decontamination and potential cross-

contamination of heavy metals (OSHA, 
2010). The Department of Defense has 
undertaken an immense effort to control 
heavy metal particulate contamination in 
the past several years.

For multiemployer dynamic work sites 
such as those found in unconventional en-
ergy resource development, the challenge 
may be even greater. Consider, for exam-
ple, that during hydraulic fracturing of an 
unconventional gas well, layers of subcon-
tractors may have to enter regulated silica 
areas to perform work. In addition, sand 

truck drivers may move their vehicles into a poten-
tial regulated area to deliver sand.

Regulated areas would be designated based on 
potential for exposure above the proposed PEL. 
Employers would have to conduct an exposure as-
sessment to determine the need for regulated ar-
eas or access control plans for those areas where 
workers could experience exposures in excess of 
the proposed PEL. This could foreseeably include 
truck drivers as they leave their vehicles to deliver 
the contents. Although the single sand truck driver 
measurement from the 2013 NIOSH report did not 
exceed the proposed PEL (Table 1), if the site layout 
had drivers in a regulated area where other work-
ers’ TWAs exceeded the proposed PEL, then the 
requirements would apply.

Anecdotally, the author has observed sand truck 
drivers delivering at active hydraulic fracturing sites 
with good dust control systems. So, systems exist in 
industry that could prevent drivers’ exposures from 
approaching the proposed PEL. However, depend-
ing on the systems and the layout, anyone in the 
regulated area would require respiratory protection 
as well as decontamination.

The proposed standard provides for either high-
efficiency particulate air (HEPA) vacuuming or wet 
methods for decontamination of clothing or work 
surfaces. Wet methods work well for work surfaces, 
but may not be as acceptable for worker clothing, 
especially in winter months outdoors.

NIOSH researchers examined methods of decon-
tamination (Cecala, O’Brien, Pollock, et al., 2007). 
They found no statistical difference in mass (in grams) 
of dust remaining on dosed coveralls after treat-
ment between HEPA vacuuming and compressed 
air blow-off. OSHA does not allow compressed air 
blow-off because it disperses the contaminant, but 
these researchers included this method because it 
is still commonly used. They reported a significant 
difference between either method (HEPA or com-
pressed air hose) and an air shower. OSHA (2015) 
allows air showers, or blowers, as long as the booth 
is under negative pressure and the exhaust is filtered.

Vacuuming can be an effective method of decon-
tamination and it removes the contaminant from the 
workplace. However, it can be difficult to execute. 
Vacuuming is closely tied to a worker’s motivation 
and the availability of a coworker to assist, as well as 
management enforcement. Vacuuming also takes 5 
to 6 minutes per worker (Cecala, et al., 2007). That 
time would be compensated so deploying a HEPA 

Table 1

Samples of Respirable Quartz Silica

Note. Personal breathing zone 8-hour time-weighted average samples of respirable quartz 
silica (mg/m3). Adapted from “Occupational Exposures to Respirable Crystalline Silica 
During Hydraulic Fracturing,” by E.J. Esswein, B. Breitenstein, J. Snawder, et al., 2013, 
Journal of Occupational and Environmental Hygiene, 10(7), 347-356.

Job	  title	  
No.	  of	  
samples	  

Minimum	  
TWA	  (mg/m3)	  

Maximum	  
TWA	  (mg/m3)	  

Median	  TWA	  
(mg/m3)	  

Sand	  mover	  operator	   50	   0.007	   2.755	   0.381	  
T-‐belt	  operator	   6	   0.015	   2.570	   0.453	  
Sand	  truck	  driver	   1	   0.041	   0.041	   0.041	  
Chemical	  truck	  
operator	  

3	   0.040	   0.319	   0.139	  
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vacuum solution may require several vacuum units 
to prevent choke points during key worker move-
ments (e.g., breaks, shift changes).

Air showers are an alternative option for rapid, 
repeatable decontamination. Two common shower 
mechanisms are compressed air or air blowers, each 
of which has positive and negative aspects. Com-
pressed air can deliver effective velocity and volume, 
but requires cycle times to periodically refill the 
tank. Other concerns include hazardous noise, wa-
ter buildup and corrosion. For example, the back-
ground noise produced by a prototype compressed 
air shower system used by Cecala, et al. (2007), in-
side the booth was 87 dBA without the air running 
and 101 dBA with the system running.

Blower systems tend to require large fans to de-
liver effective air velocity and volume, and these 
consume significant electricity. However, there is no 
cycle downtime waiting for compressed air tank re-
fills. One recent laboratory study found that an air 
shower protocol was more effective in reducing esti-
mated total dust levels compared to a HEPA vacuum 
protocol. This study used direct-reading instruments 
to estimate total dust concentrations in the breathing 
zone (Cavanaugh, Slagley & Engler, 2014).

Confirmation of Decontamination Effectiveness
Regardless of the method, any decontamination 

system tends to work best when a direct-reading 
instrument is available to confirm successful con-
taminant removal. The standard gravimetric meth-
ods prescribed for analysis of silica exposures, such 
as NIOSH Method 7500, cannot be applied to the 
assessment of unprotected exposures during the 
doffing of protective equipment (OSHA, 2013). 
The doffing time is too short to collect sufficient 
particulate mass for analysis. NIOSH Method 7500 
requires a minimum of 400 L at various flow rates 
depending on the respirable cyclone used. The 
aluminum cyclone allows the highest flow rate of 
2.5 L/min, which would require a minimum sam-
ple time of 160 minutes to capture sufficient mass 
to be above the limit of detection for the method 
(NIOSH, 2003). Doffing times are far shorter.

A direct-reading instrument can estimate ex-
posures during a short duration process such as 
doffing PPE. While real-time light-scattering in-
struments have some limitations in estimating 
particle concentrations, the literature highlights 
available methods (Heitbrink, Evans, Peters, et al., 
2007; O’Shaughnessy & Slagley, 2002; Peters, Ott & 
O’Shaughnessy, 2006). Several simplifying assump-
tions would be required, and those estimates likely 
would not be admissible as satisfactory exposure as-
sessments. However, they can give a relative indica-
tion of decontamination success.

Conclusion
Silica-using industries can see a storm gather-

ing on the horizon. Learning from past expanded 
enforcement actions by OSHA regarding heavy 
metals, regulated areas, housekeeping and worker 
decontamination protocols should be assessed in 
anticipation of compliance.  PS
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