Chemical Hazards:  They’re not all in the air

Don’t Neglect Skin Absorption Exposure

Submitted by Mark Geiger, CIH


“Skin diseases of occupational origin outnumber all other work-incurred illnesses.”(1)  OSHA statistics continue to support the significance of skin diseases and disorders as a source of lost time and reported occupational diseases (http://stats.bls.gov/special.requests/ocwc/oshwc/osh/os/ostb0766.txt).


The skin is the largest organ of the body and both a barrier against and target for chemical exposures.  Occupational physicians have consistently reported a higher incidence of occupational dermatitis than all other illness related to “chemical” exposures.


Industrial hygienists and safety professionals often focus upon airborne contaminants, partially because they can often be more readily quantified and related to specific occupational exposure criteria.  However, any workplace evaluation of “chemical” exposures needs to consider the potential effects of materials that cause direct irritation, create contact dermatitis or be absorbed through the skin. The “skin annotation” associated with approximately 95 PELs and/or TLVs generally is related to the potential of chemicals to enter the body through the intact skin and create system exposures.  A list of these chemicals is provided at 

http://www.osha-slc.gov/dts/osta/otm/otm_ii/otm_ii_2.html.

Certain chemical materials with low vapor pressure but a high potential for skin absorption create systemic toxicity through this route.  Examples include phenol, several butoxyethers, and PCBs.  Surface contamination may also create occupational and environmental exposures to materials such as lead which pose inhalation and ingestion hazards.  Efforts to control inhalation exposures by substitution of products with reduced vapor pressure may create circumstances that increase dermal contact through longer residence on contaminated surfaces.  Isocyanate prepolymers (oligomers), a substitute for volatile TDI in paint systems, have more potential to remain on contaminated surfaces because of a much lower volatility.  Concerns have been raised for dermal exposures to JP-8 fuel (similar in volatility to diesel fuel), which is being substituted for the more volatile and flammable JP-4 (similar to gasoline in these properties).

Limited illustrative examples of chemical materials associated with dermal exposure are provided below.

Examples of Chemical Material Associated with Dermal Exposures

Chemical material or class or products
Common processes
Systemic absorption
Chemical sensitizer
Primary irritant

(non-allergenic) Contact

Dermatitis
Remarks

Dichromates
Corrosion control, electroplating

X
Chromic acid
Pulmonary carcinogen (inhalation)

Epoxy resins
Fiberglass resins, epoxy polyamide paints

X
Associated solvents can defat skin
Fibrous glass can cause dermatitis and contribute to dermatitis

Formaldehyde
Preservative (pathology) and polymeric agent

X
X


Nickel and salts
Common in machining and jewelry

X
X
“Nickel itch” common dermatitis due to nickel present in many metals 

Many Pesticides (including aldrin, captofol, chlordane, diazanon, parathion
Pest control
X
X

Associated vehicle (solvent) may contribute to absorption

Isocyanates (MDI and TDI)
Two component paints, foam-in-place packaging material 

X
X
Skin contact may create sensitization which can result in severe pulmonary allergies 


OSHA provides excellent websites on surface contamination http://www.osha-slc.gov/SLTC/surfacecontamination/index.html and dermal exposure http://www.osha-slc.gov/SLTC/dermalexposure/index.html.


The attempt to safeguard workers by use of protective equipment is not always successful and may even be counterproductive.  The increased use of latex gloves associated with the OSHA Bloodborne Pathogens Standard (29 CFR 1910.1030) has contributed to a rise in the rate of recorded latex allergies and required the use of alternative materials for many health care workers as discussed in http://www.osha-slc.gov/SLTC/latexallergy/index.html.  Protective equipment must be carefully selected to ensure that it provides a barrier against the materials of concern.  In some cases, the protective equipment can absorb the chemical of concern and then release through the skin over a prolonged period of time.  Leather acts a reservoir for a number of chemicals, including mercury.  Because of this when using a direct reading instrument to evaluate mercury in a calibration lab or dental clinic, always monitor the worker’s shoes.  OSHA inspection criteria recognize that poorly maintained respirators may create a source of irritation, dermatitis and even secondary exposures.


Chapter 10 of the Navy Environmental Health Center’s Industrial Hygiene Field Operations Manual (IHFOM) provides information about proper selection of protective clothing (http://www-nehc.med.navy.mil/ih/ihfom99.htm).  NIOSH has provided Guidelines for Evaluation the Performance of Chemical Protective Clothing (Publication 90-109) (http://www.cdc.gov/niosh/90-109.html) in concert with efforts to develop and enhance standard approaches and summarized available material in Recommendations for Chemical Protective Clothing (http://www.cdc.gov/niosh/ncpc1.html) as a companion to the NIOSH Pocket Guide to Chemical Hazards. (The source reference is Quick Selection Guide to Chemical Protective Clothing, Third Ed. Forsber and Mansdorf).  (ASTM is a source of standards including method F739-91).  Safety vendors, especially glove manufactures, often provide the best sources of information.  OSHA standards require that protective equipment be selected using a formal hazard assessment (29 CFR 1910.132) to provide protection for the specific hazards identified.  An example of a compliant hazard assessment process is provided in 29 CFR 1910, Subpart I, Appendix B.  For protection against skin absorption of chemicals, some of the considerations are toxic properties and speed of chemical penetration.


Skin protection and decontamination are very important to hazardous waste work and emergency response. The OSHA HAZWOPER standard (29 CFR 1910.120) recognizes the importance of decontamination.  The protection of the “decon” workers is particularly important because they may be utilizing a lower level of protection than the entry personnel and may be subjected to contaminants dislodged from protective equipment.


Methods for quantifying surface contamination are provided in the OSHA Field Operations Technical Manual (Section II, Chapter 2 Sampling for Surface Contamination) (http://www.osha-slc.gov/dts/osta/otm/otm_ii/otm_ii_2.html).  The NEHC IHFOM also provides guidance for surface sampling in Chapter 3, pages 3-21 to 3-24.  Interpretation can be problematic because standards don’t exist for surface contamination of many common materials.  However, the detection of surface contamination outside the workplace can be used to document ineffective control measures.  EPA, HUD and OSHA provide detailed guidelines including methods for sampling for PCBs (49 CFR 761. 253/260), immunoassay techniques for varied contaminants that can be applied to PCBs, many pesticides and herbicides (http://www.epa.gov/region01/measure/ia/iaguide.html), and lead (particularly as applied to housing).  Direct reading kits, including those for lead can be used for screening (http://www.osha-slc.gov/SLTC/leadtest/intro.html).  However, OSHA has limited provision for enforcement since a June 21, 1985 Interpretation (http://www.osha-slc.gov/OshDoc/Interp_data/I19850621.html) finds that OSHA standards do not include surface contamination criteria or quantification for skin absorption.  Biological exposure indices (BEIs) exist for several chemicals (about 18 of 35) that have skin annotations and these may aid in determining total exposure to a stressor. However, use of a BEI cannot separate exposure due to skin absorption from exposure due to inhalation or ingestion exposure.


Safety and health professionals should always remember to observe the workplace and evaluate measures for surface contamination control.  Chemical process containment, protective equipment and work practices need to be reviewed.  Workers are often the best sources of information.
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