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II. BASICS OF SKIN EXPOSURE  
 

A. EFFECTS ON THE SKIN 
 
Skin contact with chemicals can result in irritation, allergic response, chemical burns, and allergic 
contact dermatitis. Irritant dermatitis may be caused by a variety of substances such as strong acids 
and bases (primary irritants). Some examples of chemicals which are potent irritants include: 
ammonia, hydrogen chloride, and sodium hydroxide. Generally, primary irritants produce redness 
of the skin shortly after exposure with the extent of damage to the tissue related to the relative 
irritant properties of the chemical. In most instances, the symptoms of primary irritation are 
observed shortly after exposure; however, some chemicals produce a delayed irritant effect because 
the chemicals are absorbed through the skin and then undergo decomposition within aqueous 
portions of the skin to produce primary irritants. Ethylene oxide, epichlorohydrin, hydroxylamines, 
and the chemical mustard agents, such as bis (2-chloroethyl) sulfide, are classic examples of 
chemicals which must first decompose in the aqueous layers of the skin to produce irritation.  
 
Allergic contact dermatitis, unlike primary irritation, is caused by chemicals which sensitize the 
skin. This condition is usually caused by repeated exposure to a relatively low concentration 
chemical which ultimately results in an irritant response. Frequently, the sensitized area of skin is 
well defined, providing an indication of the area of the skin which has been in contact with the 
sensitizing material.  
 
A wide variety of both organic and inorganic chemicals can produce contact dermatitis. Some 
examples of these chemicals include: aromatic nitro compounds (e.g., 2,4-dinitrochlorobenzene), 
diphenols (e.g., hydroquinone, resorcinol), hydrazines and phenylhydrazines, piperazines, acrylates, 
aldehydes, aliphatic and aromatic amines, epoxy resins, isocyanates, many other organic chemicals, 
and metals (e.g., hexavalent chromium). These substances can also produce contact sensitization. 
Allergic contact dermatitis is present in virtually every industry, including agriculture, chemical 
manufacturing, rubber industry, wood, painting, bakeries, pulp and paper mills, healthcare and 
many others. Also associated with both irritant and allergic contact dermatitis are metalworking 
fluids (see OSHA’s Safety and Health Topics page on Metalworking Fluids). 
 
Lastly, there is a class of chemicals which can produce allergic reactions on the skin after exposure 
to sunlight or ultraviolet (UV) light. These chemicals are called photosensitizers. Polynuclear 
aromatic compounds from coke ovens and the petroleum-based tars are examples of chemicals 
which can be photoactivated on the skin to cause an irritant response.  
 
B.  SKIN ABSORPTION  

 
In addition to the effects that chemicals can directly have on the skin, the skin also acts as a 
pathway for chemicals to be absorbed into the body. The skin primarily consists of two layers—the 
epidermis and the dermis. The outer layer of the epidermis is composed of a compacted layer of 
dead epidermal cells called the stratum corneum which is approximately 10 − 40 micrometers thick. 
The stratum corneum is the primary barrier for protection against chemical penetration into the 
body. Its chemical composition is approximately 40 percent protein, 40 percent water, and 20 
percent lipid or fat. Because skin cells are constantly being produced by the body, the stratum 
corneum is replaced by the body approximately every two weeks.  
 
Chemical absorption through the stratum corneum occurs by a passive process in which the 
chemical diffuses through this dead skin barrier. Estimates of the amount of chemicals absorbed 
through the skin as discussed below assume that the chemicals passively diffuse through this dead 
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skin barrier and are then carried into the body by the blood flow supplied to the dermis.  
 
A number of conditions can affect the rate at which chemicals penetrate the skin. Physically 
damaged skin or skin damaged from chemical irritation or sensitization or sunburn will generally 
absorb chemicals at a much greater rate than intact skin. Organic solvents which defat the skin and 
damage the stratum corneum may also result in an enhanced rate of chemical absorption. If a 
chemical breakthrough occurs while wearing gloves or other protective clothing, the substance 
becomes trapped against the skin, leading to a much higher rate of permeability than with 
uncovered skin. A worker who wears a glove for an extended period of time experiences enhanced 
hydration to the skin simply because of the normal moisture which becomes trapped underneath the 
glove. Under these conditions, chemical breakthrough or a pinhole leak in a glove can result in 
greater chemical absorption due to increased friction, contact time with the substance and increased 
temperature resulting in a higher overall absorption through the skin. In another example, a worker 
may remove a glove to perform a task which requires increased dexterity, exposing the skin to 
additional chemical exposure even after redonning the glove.  

 
C.  RISK ASSESSMENT (ESTABLISHING A SIGNIFICANT RISK OF SKIN 

EXPOSURE) 
 

Risk is determined from the degree of hazard associated with a material, together with the degree of 
exposure. Note that dermal exposures may vary widely between workers based on individual 
hygiene practices. The dermal hazard can be ranked based upon the degree of skin damage or 
systemic toxicity associated with the chemical of interest. Those settings with both a high degree of 
potential exposure and a high degree of dermal hazard would warrant the closest attention, and 
justify collecting sampling data to document the potential exposure, such as wipe sampling, skin 
sampling, or biological monitoring. 

 
In estimating the potential exposure, consider the following: 

 
 The risk of chemical splash. 
 Significant differences in work practices between individuals. 
 Use of gloves versus hand tools when in direct contact with chemicals. 
 Use of shared tools. 
 Cleaning frequencies for tools and equipment, including doorknobs, telephones, light 

switches, keyboards and actuators on control panels. 
 

The dermal exposure potential can be ranked based upon the: 
 

 Frequency and duration of skin contact. 
 The amount of skin in contact with the chemical. 
 The concentration of the chemical. 
 The likely retention time of the material on the skin (e.g., highly volatile or dry powdery 

materials are not likely to remain in contact with the skin, whereas materials with a higher 
molecular weight and sticky materials will remain in contact with the skin and thus be 
available for dermal exposure). 

 The potential for dermal absorption, as described below. 
 

The absorption of chemicals through the skin can have a systemic toxic effect on the body. In 
certain instances dermal exposure is the principal route of exposure, especially for chemicals which 
are relatively non-volatile. For example, biological monitoring results of coke oven workers 
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coupled with air monitoring of the workers’ exposure demonstrated that 51 percent of the average 
total dose of benzo[a]pyrene absorbed by coke oven workers occurred via skin contact (VanRooij et 
al., 1993). Studies of workers in the rubber industry suggest that exposure to genotoxic chemicals 
present in the workplace is greater via the skin than via the lung (Vermeulen et al., 2003).  
 
Dermal exposures will contribute significantly to overall exposure for those chemicals with low 
volatility and high dermal penetration, such as many pesticides. One indicator of the volatility of a 
chemical is the Vapor Hazard Ratio (VHR). The VHR is the ratio between the vapor pressure (at a 
given temperature and pressure) and the airborne exposure limit for a chemical; the lower the VHR, 
the less significant the airborne exposure to vapor and the greater the potential for dermal 
penetration.  
 
A common indicator of dermal absorption potential is the relative solubility of a material in octanol 
and water, often called the octanol-water partition coefficient (Kow). This partition coefficient is 
often expressed in the logarithmic form as Log Kow. Chemicals with a log Kow between -0.5 and + 
3.0 are the most likely to penetrate the skin (Ignacio and Bullock, 2006). Chemicals must have 
some degree of lipid (fat) solubility to absorb into the stratum corneum. To penetrate into thelayer 
of skin, they must have some degree of solubility in water.  
 
Note also that skin penetration may be increased under conditions of high humidity. When 
temperatures are elevated, sweating may contribute to increased skin absorption. Wearing 
ineffective or compromised gloves, for example, may actually increase dermal penetration. Proper 
selection and maintenance of chemical protective gloves, as required by the PPE standard (29 CFR 
1910.132), are essential to ensure effective protection. Subsection E provides additional 
information regarding glove permeability. 
 
Chemicals for which dermal exposures are recognized as making a significant contribution to 
overall worker exposure include pesticides, formaldehyde, phenolics, coal tar, creosote, and 
acrylamide in grouting operations. 
 
Appendix A lists chemicals with systemic toxicity for which skin absorption is recognized as 
making a significant contribution to occupational exposure. This list includes only chemicals that 
have OSHA PELs or ACGIH TLVs and a “skin designation” or “skin notation,” and is not intended 
to be a comprehensive list. This exposure may occur by contact with vapor, aerosols, liquid, or 
solid materials, and includes contact with the skin, mucous membranes and the eyes. Where high 
airborne concentrations of vapor or aerosol occur involving a chemical noted for dermal absorption, 
the issue of exposed skin should be considered carefully. Note also that certain chemicals, such as 
dimethyl sulfoxide (DMSO) are known to facilitate dermal absorption of other chemicals. 
 
For chemicals which are absorbed through the skin and which are hazardous, the levels of exposure 
on the skin must be maintained below a level at which no adverse effects would be observed. One 
of the simplest ways of determining this amount is to estimate the amount of a chemical which can 
be absorbed into the body based upon an air exposure limit. For example, the OSHA permissible 
exposure limit (PEL) for methylenedianiline (MDA) is 0.1 parts per million (ppm), or 0.81 
milligrams per cubic meter of air (mg/m3). If we assume that the average worker breathes 10 m3 of 
air in an eight-hour workday, and further assume that all of the MDA is absorbed from the air at the 
PEL, then the maximum allowable dose to the body per workday becomes:  
 

(0.81 mg/m3) x (10 m3) = 8.1 mg maximum allowable dose to the body for MDA  
 
In addition to using OSHA PELs, ACGIH TLVs or other occupational exposure limit (OEL) can 
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also be used to establish the maximum allowable dose in the same manner. This method assumes 
that the toxic effects of the chemical are systemic and that the toxicity of the chemical is 
independent of the route of exposure. Note that the concept of a maximum allowable dose cannot 
be used to enforce compliance with the OSHA PELs for air contaminants (29 CFR 1910.1000) 
through back-calculation of a measured dermal exposure.   
 
The lethal dose to the skin which results in death to 50 percent of exposed animals (LD50 dermal) is 
also a useful comparative means of assessing dermal exposure hazards. The OSHA acute toxicity 
definition (defined in 29 CFR 1910.1200 Appendix A, Section A.1.1) as it relates to skin exposure 
refers to those adverse effects that occur following dermal administration of a single dose of a 
substance, or multiple doses given within 24 hours. Substances can be allocated to one of four acute 
dermal toxicity categories according to the numeric cut-off criteria specified in Table 1 below. 
Acute toxicity values are expressed as approximate LD50 dermal values or as acute toxicity 
estimates or ATE (see Appendix A of 29 CFR 1910.1200 for further explanation on the application 
of ATE. Refer to Table A.1.2 in Appendix A for Conversions to ATEs). 
 
 

TABLE 1. CLASSIFICATION CRITERIA FOR ACUTE DERMAL TOXICITY* 
 

Exposure Route Category 1 Category 2 Category 3 Category 4 
Dermal LD50 
(mg/kg bodyweight; 
rat or rabbit preferred 
animal species) 

≤ 50 > 50 and ≤ 200 > 200 and ≤ 1,000 
 

> 1,000 and ≤ 2,000 
 

* Dermal administration of a single dose of a substance, or multiple doses given within 24 hours. See 29 CFR 
1910.1200 Appendix A for classification criteria for mixtures. 
Source: Adapted from 29 CFR 1910.1200 Appendix A 
 
 
If available, the no observable effect level (NOEL) can also be useful in establishing a safe 
exposure level. Skin notations or skin designations for chemicals listed with ACGIH TLVs or the 
OSHA PELs are also useful guides; however, many chemicals (e.g., hexone, xylene and 
perchloroethylene) which can pose a dermal hazard are not designated.  
 
D.  ESTIMATING THE EXTENT OF ABSORPTION OF CHEMICALS THROUGH 

SKIN  
 

For exposure to chemicals which are recognized as systemic toxins, that is, chemicals which are 
toxic once absorbed into the bloodstream, the route of exposure to the chemical may not be 
important. Hence, the maximum allowable dose can be used as a basis for determining if a chemical 
poses a skin exposure hazard.  
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The extent of absorption of a chemical through the skin is a function of the area of the exposed 
skin, the amount of the chemical, the concentration of the chemical on the skin, the rate of 
absorption (flux rate) into the skin, and the length of time exposed (Kanerva et al., 2000). Assume, 
for example, that a worker has contact on the interior portion of both hands to a solution of phenol 
(10 percent solution by weight) for two hours. Approximately how much phenol would be 
absorbed? The flux rate, J, is determined by:  
 

J = (Kp)(Concentration of Chemical on Skin)  
 
Where Kp is skin permeability coefficient of compound in water (cm/hr)  
 
Kp for phenol = 0.0043 cm/hr (Kp values are available in the EPA Dermal Risk Assessment 
Guide; EPA/540/R/99/005, 2004) 

 
Thus, at a concentration of 10 percent by weight (10 g/100 cm3; 10,000 mg/100 cm3; or 100 mg/cm3 
where 1 cm3 of water weighs 1 g and 1 g equals 1,000 mg): 
 

J = (0.0043 cm/hr) x (100 mg/cm3) = 0.43 mg/(cm2•hr)(flux rate)  
 

Hence, under these conditions, 0.43 mg of phenol will be absorbed through the skin per cm2 of 
exposed skin per hour.  
 
Therefore, the absorbed dose of phenol through the skin of a worker's two hands (both hands 
exposed with an approximate area of 840 cm2) would be determined as follows:  
 

Absorbed Dose = (840 cm2) x (0.43 mg/( cm2•hr)) (2 hr) = 722 mg absorbed over a two-hour 
period.  

 
This compares to an allowable dose (PEL = 19 mg/m3) via the lung for an eight-hour exposure of 
190 mg [(19 mg/m3) x (10 m3)]. Hence, this two-hour exposure via the skin would represent 
absorption of phenol which is 3.8 times the allowable dose via the lung.  
 
The following hypothetical example illustrates the relative importance of skin absorption as a factor 
in exposure. Let us assume that a worker is wearing gloves and the gloves are exposed to a phenol 
solution. Let us further assume that the penetration through the gloves is detected by a hand wipe 
sample, and that 75 mg of phenol is reported present from a water hand rinse of the worker’s hands 
taken before lunch. Let us further assume that the amount of phenol detected inside the glove at the 
lunch break represents a uniform constant exposure which occurred shortly after the beginning of 
the work shift. Finally, let us further assume that the 75 mg of phenol is present in approximately 
10 milliliter (mL) of water (perspiration) present on the surface of the skin. How much phenol was 
absorbed in the eight-hour period?  
 
First, we determine the flux rate: J = (0.0043 cm/hr) x (75 mg/10 cm3) = 0.0322 mg/(cm2•hr) (flux 
rate)  
 

Absorbed Dose = (840 cm2) x (0.0322 mg/(cm2•hr)(8 hr) = 216 mg of phenol absorbed  
 

Hence, the estimated amount of phenol absorbed into the body is greater than the maximum dose of 
phenol permitted to be absorbed via the lung, which is 190 mg.  
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E.  GLOVE PERMEABILITY  
 
Permeation is the process by which a chemical moves through a protective clothing material on a 
molecular basis. This process includes the: 1) Sorption of molecules of the chemical into the 
contacted (challenge side) surface of the test material; 2) Diffusion of the sorbed molecules in the 
material; and 3) Desorption of the molecules from the opposite (collection side) surface of the 
material. Glove manufacturers publish breakthrough data which reflect the length of time which 
occurs before a chemical permeates through a particular type of glove material. These tests are 
performed using American Society for Testing and Materials (ASTM) Method F739 (Standard Test 
Method for Permeation of Liquids and Gases through Protective Clothing Materials under 
Conditions of Continuous Contact) in which a pure or neat chemical is placed on one side of a 
section of the glove material and the time it takes to penetrate through the glove material is 
measured by analyzing the air on the other side of the glove material to detect chemical 
breakthrough. ASTM F739 measures the initial breakthrough of the chemical through the glove 
material (normalized or 
standardized as a rate of 0.1 µg/cm2/minute) and the rate of permeation. The cumulative amount of 
chemical that permeates can also be measured or calculated. 
 
Unfortunately, these breakthrough times can be misleading because actual breakthrough times will 
typically be less than reported by the manufacturer. This is the case because permeation rates are 
affected by temperature (as temperature increases, permeation rates increase) and the temperature 
of skin is greater than the test temperature, resulting in an increased permeability rate. Secondly, 
glove thinning occurs along pressure points where a worker may grip a tool or otherwise exert 
pressure on an object while wearing a glove. Glove degradation and reuse of gloves can also 
dramatically reduce a glove’s impermeability to chemicals. Additionally, only limited breakthrough 
data for solvent mixtures is available and in many cases the breakthrough time for a solvent mixture 
is considerably less than would be predicted from the individual breakthrough times for each of the 
individual solvent components. Finally, batch variability can also result in wide variations in 
breakthrough times from one glove to the next (Klingner and Boeniger, 2002). Further, it is difficult 
to generalize glove breakthrough data from one manufacturer to the next, or even between one 
model of glove and another from the same manufacturer. This is particularly true for disposable 
gloves, since different fillers may be used in the formulation of different gloves, resulting in 
different breakthrough performance.  
 
As a result of these limitations, it is necessary that the employer evaluate glove selection and use to 
prevent worker exposure as specified in 29 CFR 1910.132(d). Guidance on conducting in-use 
testing methods for glove selection is available (Boeniger and Klingner, 2002).  


