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INTRODUCTION 
The use of metalworking fluids (MWFs) started in the early 1900s with the 
purpose of extending the life of metalworking tools and equipments (1). In a 
recent study, the total worldwide utilization of MWFs including straight oils and 
water-based products is approximately 2,055,000 metric tons and European 
Union consumption of water-based fluids is approximately 178,000 metric tons 
(2). MWFs represent a business of approximately $800 million in the United 
States alone (3). National Institute for Occupational Safety and Health (NIOSH) 
estimates that approximately 1.2 million U.S. workers are exposed to MWFs (1). 

MWFs or cutting fluids are an integral part of metal industry operation 
whether it is a metal producer or a machinery or equipment manufacturer. 
Machines can be used for several functions including drilling, milling, shaping, 
saWing, grinding, threading, shaving, and engraving with each of these pro­
cesses employing MWFs. MWFs serve as coolant, lubricant, or remove the fine 
particles or swarfs produced during machining process. MWF residues on 
machined products also impart short-term corrosion protection (4). 

MWFs are complex heterogeneous formulations containing a combination 
of various additives, most of which are organic compounds including biocides, 
corrosion inhibitors, defoamers, coolants, antioxidants, extreme pressure (EP) 
agents, lubricants, emulsifiers, couplers, dyes, odor maskers, friction modifiers, 
oiliness agents, passivators, plasticizers, thickeners, tackiness agents, viscosity 
index improvers, and diluents (1,5). MWF is a broader term used to represent 
metal-removal fluids, metal-forming fluids, metal-protecting fluids, or metal­
treating fluids. MWFs are divided into four groups (Fig. 1) on the basis of their 
composition-neat or straight oils (nearly 100% petroleum oil), emulsifiable 
soluble oil, water-soluble semisynthetic solutions, and water-soluble synthetic 
(no petroleum oil) solutions. 

The base oils used for the MWFs are mainly mineral oils, polyethylene 
glycol (PEG), and/or synthetic esters. Since the neat oil type of MWF is a good 
lubricant but a poor coolant, there is an increasing trend of using water-based 
MWFs because of their better performance over neat oils. The usage of these 
water-based MWFs, both semisynthetic and synthetic, has increased from 4-5% 
to 30% in recent years (6). The main components of MWFs are presented in 
Table 1 (1). 

Soluble oil and semisynthetic and synthetic MWFs are generally alkaline 
solutions (pH -9) and are diluted with water before use. Proper dilution of the 
MWF concentrate is required to maximize its performance. Too concentrated 
mixtures can produce excess foam and residue buildup whereas too diluted 
mixtures cause rancidity, corrosion, and poor tool life. Similarly, improper pH 
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FIGURE 1 Classification of MWFs based on mineral oil contents. Abbreviation: MWF, metal­
working fluids. 

TABLE 1 Major Additives (% Composition) Used in Different Types of Metalworking Fluids 

Lubricity • 
Cooling 

Straight oils Soluble oils Semi synthetics Synthetics 

Dilution with water No dilution 5-40 parts 10-40 parts 10-40 parts 
2 Mineral oils 60-100% 3Q-85% ~O% Nil 
3 Emulsifiers Nil 5-20% 5-10% 5-10% 
4 Surfactants 0-10% 5-20% 1Q-20% 1Q-20% 
5 Corrosion inhibitors 0-10% 3-10% 1Q-20% 1Q-20% 
6 Extreme pressure agents 0-40% Q-20% 0-10% 0-10% 
7 Biocides Nil 0-2% Q-2% Q-2% 

Source: Adapted from Ref. 1. 

can cause instability, rancidity, and poor corrosion control (7). Because of the 
presence of water in the MWF, it is liable to microbial contamination. The major 
microbes seen in MWFs are bacteria, fungi, and yeasts. These microorganisms 
produce foul smell by generating H2S in the fluid, cause corrosion, emulsion 
instability, fluid degradation, generate toxins, reduce coolant, and lubricant life. 
Various classes of biocides are added to MWFs to prevent the growth of 
microorganisms. These biocides include, but are not limited to, the following 
classes: phenols, isothiazolinones, morpholines, triazines, oxazolidines, formal­
dehyde-releasing biocides, and nitrated biocides (1). 

MWFs are applied to working tool and metal interface through a nozzle 
with the help of a low-pressure pump. Dermal and inhalational exposure to 
MWFs can occur either via mist, aerosols, and droplets generated during 
machining process or by splashing of MWFs on exposed skin of workers (8). 
Excessive exposure to MWFs can occur due to high pressure or excessive MWF 
application, poorly designed equipment and ventilation system, inadequate 
machine enclosures, and lack of maintenance and personal protective equipment 
m. Serious health problems have been associated with exposure to MWFs. These 
range from irritation of the skin, lungs, eyes, nose, and throat to more severe 
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conditions such as dermatitis, acne, asthma, hypersensitivity pneumonitis, irri­
tation of the uppet respiratory tract, and a variety of cancers. A variety of factors 
including time of exposure, pH of the fluid, presence of contaminants, and 
personal sensitivity can influence the severity of these problems (9). 

DERMAL ABSORPTION 
It has been documented that different components of MWFs contribute to 
adverse health effects, especially biocides that are associated with carcinogenesis 
as well as irritant contact dermatitis (lCD) and allergic contact dermatitis (ACD) 
(1,10-12), which may be positively correlated to their dermal absorption and 
may cause systemic toxicity if absorbed in significant amount, in workers 
involved in metalworking operations. In a study on six-week-old B6C3F1 mice, 
dermal exposure of neat semisynthetic MWFs resulted in increased oxidative 
damage to the liver indicated by elevated levels of malondialdehyde. The skin 
histamine levels and mast cell numbers were also elevated. This showed that the 
components of MWFs are absorbed through skin and produce liver toxicity (13). 
Further, another study showed that the topical application of MWFs along with 
vitamin E-deficient diet produced more marked oxidative stress when com­
pared with oxidative stress produced by vitamin E-deficient diet without topical 
MWFs application (14). Some biocides act by releasing formaldehyde and some 
by releasing nitrite, which can combine with ethanolamines to form nitros­
amines (potential carcinogen) that are hazardous to human health (15). There­
fore, these biocides are of significant concern as they are occupational health 
hazards. 

Recent work in our laboratory determined that the biocide additive (e.g., 
triazine) is more permeable in skin than the surfactant additive (e.g., linear 
alkylbenzene sulfonate, LAS) or the lubricant additive (ricinoleic acid, RA) (16-18). 
In these eight-hour in vitro studies, triazine absorption ranged from 2.24% to 3.89% 
with limited levels recovered on the skin surface (1.34-2.84%) because of triazine 
evaporation, and even less was retained in the stratum corneum (SC) (0.21-1.15%) 
and viable skin (0.19-1.02%) (17). Triazine is one of the more water-soluble biocides 
used in the MWF industry and thus less likely to readily diffuse or partition in skin, 
therefore these data should not be extrapolated to other more lipophilic biocides 
such as the phenolics. 

LAS absorption was limited to <0.5% with the majority of the surfactant 
being retained on the skin surface (27.97-73.41 %), SC (1.3-21.66%), and viable 
skin (0.56-9.66%) (16). The limited LAS permeability in skin can be attributed to 
its large molecular weight and charge which limit its diffusion across the lipid 
matrix of the Sc. This is reflected in almost similar permeability values in both 
silas tic (inert) membrane and porcine skin. Anionic surfactants such as LAS and 
sodium lauryl sulfate (SLS) can form micelles or spherical aggregates above the 
critical micelle concentration (CMC), which are effectively too large to diffuse 
across a membrane. RA absorption «0.3%) was even less than LAS absorption 
with only 0.75% to 16% retained in the SC and 0.31 % to 5.22% in the viable skin 
(18). It should be noted that RA is a major component (90%) of castor oil, which 
is formulated with many MWFs to enhance lubricity and is known to illicit an 
inflammatory response in skin (19). 

The dermal absorption of these biocides and other MWF additives can be 
modulated by the presence of different additives in the cutting fluid for­
mulations. Consequently, dermal disposition of an aqueous biocide solution 
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may vary when compared with biocides in mixtures, where mixture compo­
nents can either physicochemically or chemicobiologically alter the percuta­
neous absorption of biocides. The dermal absorption of important industrial 
chemicals (e.g., biocides) has been shown to be significantly altered in mixtures 
(MWFs) because of the presence of different components such as surfactants and 
alkanolamines (17,20--25). 

This research identified significant mixture interactions that are unique for 
each of the three cutting fluid additives in soluble oil and synthetic cutting fluid 
surrogate mixtures, and which clearly influenced additive disposition in skin. 
Triazine permeability in both silas tic (inert) membranes and porcine skin (Fig. 2) 
was significantly increased in both mineral oil-based and synthetic (PEG 200)­
based aqueous mixtures when the complete additives package was added to the 
formulation (17). Synergistic interactions were identified between triethanol­
amine (TEA) and sulfated ricinoleic acid (SRA) that enhanced triazine perme­
ability in both membranes. It is conceivable that the alkanolamine and fatty acid 
interaction led to formation of lipophilic ion pairs that resulted in statistically 
significant enhanced permeability. At the same time, triazine enhanced LAS 
absorption, but the presence of RA decreased the CMC of the formulation thus 
decreasing LAS absorption. A more surprising observation was that RA 
absorption was significantly reduced in the presence of any of the MWF addi­
tives (18). While the latter interaction may suggest limited risk for systemic 
absorption in workers exposed to MWF formulations, this does not rule out the 
fact that greater retention of RA can occur in the upper epidermis to illicit an 
irritant response. 
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FIGURE 2 Influence of cutting fluid additives on permeability of triazine (permeabilities with 
different letters are statistically different and those with same letters are not statistically different 
within the formulation and across the mixtures, p < 0.05). Abbreviations: TRI, triazine; LAS, linear 
alkylbenzene sulfonate; TEA, triethanolamine; SRA, sulfated ricinoleic acid; PEG, polyethylene 
glycol. 



Dermal Absorption and Cutaneous Toxicity of MWFs 365 

MWF can become contaminated with various metals from the grinding 
and cutting processes, solvents from the degreasing process, and nitrosamines 
formed in several nitrite and even nitrite-free formulations (26). Although recent 
research demonstrated that little or no nickel or the nitrosamine (N-nitro­
sodiethanolamine, NDELA) was absorbed across skin, the presence of these 
contaminants in MWFs can significantly enhance triazine absorption from a 
soluble oil MWF when compared with absorption from a synthetic MWF (23). It 
is plausible to assume that although NDELA is insoluble in a soluble oil MWF, it 
behaves as an effective cosolvent for the polar biocide, triazine, than if the skin 
was exposed to synthetic MWF similarly contaminated with NDELA. Workers 
in the metal machining industry often use a solvent degreaser similar to tri­
chloroethylene (TCE) to remove the MWF, which results in chronic and/or 
simultaneous exposure to TCE and MWF additives. Our research demonstrated 
that TCE pretreated skin was almost twice as permeable (x2) to triazine as 
normal skin, but simultaneous exposure to TCE had little or no effect on triazine 
absorption (24). Solvent-induced compromised epidermal barriers have been 
associated with altered lipid domains of the SC and lipid extraction (27-29). 

Our research has also identified solute-micelle interactions in these cutting 
fluid mixtures. Although linear LAS did not readily diffuse across either 
membrane system in either solvent system (16), this anionic surfactant reduced 
triazine partitioning into the SC but had little effect on its dermal permeability. 
This was also observed with the cutting fluid lubricant SRA. While it is 
hypothesized that micellar interactions reduced additive partitioning into the 
SC, we also discovered that several of the cutting fluid additives, especially the 
fatty acid additive, significantly reduced the CMC for LAS (16). This interaction 
was also supported by the inhibitory effect of SRA + LAS on triazine parti­
tioning and permeability in skin. In addition to these interactions, SRA parti­
tioning into the SC and diffusion in skin was significantly inhibited by additives 
other than LAS. 

The absorption of biocides among different classes of MWFs (soluble oil, 
synthetic, and semisynthetic) has been shown to differ statistically (30) where 
highest permeability was observed in synthetic MWFs and lowest in soluble oil 
MWFs (Fig. 3). This suggests that a soluble oil MWF may be safer than a syn­
thetic MWF in regard to dermal permeation of phenolic biocides/solutes to 
allow for an increased potential of systemic toxicity. Therefore, one may con­
clude that a synthetic type of formulation has more potential to cause contact 
dermatitis and possibly induce systemic toxicological effects (30). Differences in 
permeability were expected, since the chemistry of synthetic, semisynthetic, and 
soluble oil MWFs is different. This result demonstrated that more lipophilic 
chemicals (e.g., biocides) have comparatively less permeation into skin from 
lipophilic vehicles, which was in agreement with previous studies (8,31). MWF 
biocide permeability in skin and inert membranes can be significantly reduced 
as the MWF concentration increases (30,32). This can be of occupational concern 
as MWF dilutions in the workplace can range from 1 % to 20% with the more 
dilute formulation enhancing permeability of some classes of biocides. 

The fact that the mixture effects described above occurred in both inert 
and biological membrane systems and because these additives affected formu­
lation pH and CMC provided strong evidence of dominant physicochemical 
interactions modulating solute permeability in skin. However, these studies did 
not identify or quantify the precise physicochemical mechanism (e.g., hydrogen 
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FIGURE 3 Permeability of phenolic and isothiazolinone biocides in water, synthetic, semi­
synthetic, and soluble oil MWFs [permeabilities with different letters are statistically different and 
those with same letters are not statistically across the mixtures (water, synthetic, semisynthetic, 
and soluble oil MWFs) for each biocide, p < 0.05]. Abbreviation: MWF, metalworking fluids. 

bonding or polarity changes) responsible for these interactions. The inert 
membrane studies strongly suggested that physicochemical interactions con­
tribute significantly to solute permeability in skin. There are many possible 
physicochemical interactions between various additives and contaminants seen 
in MWF systems and the components of that particular MWF being used and 
cannot be ignored. Such interactions include (i) alterations to the solubility and 
ionization of chemicals within the MWF, (ii) changes in the alkalinity or pH of 
the formulation, or (iii) ionic or covalent interactions between biocides and other 
additives that may all change the partitioning behavior (17,18). 

The penneation of a chemical through skin is influenced by its phys­
icochemical characteristics and the biological characteristics of the skin, which 
can be predicted using a QSAR (quantitative structure-activity relationship) 
approach (33). Various scientists have developed QSAR models for dermal 
penneation and have proposed different mathematical models to correlate 
physicochemical and biological interactions occurring in the process of penne­
ation. Studies have shown that hydrophobicity, polarity, molecular volume, and 
hydrogen bonding capability of chemicals are among the most important pre­
dictors for predicting penneability of chemicals (34-36). QSPR (quantitative 
structure-penneability relationships) has been utilized in predicting skin per­
meability and is the subject of continuous reviews (37-41). LSER (linear sol­
vation energy relationship) is a type of QSAR, which statistically correlates 
physicochemical properties related to solvation of chemicals (solvatochromic 
parameters) to any free energy-related biological properties and represents a 
subset of broader class of linear free energy relationship (LFER). Dennal per­
meability of pesticides in mixture has been predicted using a modified LSER 
(42,43) that included a mixture factor as a molecular descriptor in the multiple 
linear regression analysis. Recently, Vijay et al. used LSER to predict the dermal 

' penneability of biocides in soluble oil and synthetic type of MWFs where LSER 
approach also provided chemical insights for understanding the importance of 
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specific interactions occurring in the permeation/partitioning process between 
two phases (skiri and MWFs) as well as explained the difference in the inter­
actions between two different systems (skin/ synthetic MWF, skin/ soluble oil 
MWF, and skin/water are three different systems) (25). 

FUNCTION AND SKIN TOXICOLOGY OF METALWORKING 
FLUID ADDITIVES 
MWFs include a myriad of additives belonging to several classes, which com­
prise of different functions. The selection of additives of specific chemistry to 
provide required performance without impacting the functions of other ingre­
dients is very challenging for MWF formulators (44). Therefore, because of 
formulation limitations, it is almost impossible to include all the additives that 
are safe from health perspective, and it is inevitable to include some additives 
that may cause health hazard. 

NIOSH (1998) has conducted more than 70 health hazard evaluations of 
occupational exposure of MWFs and has found that the most frequently 
reported health problems were skin disorders followed by eye, nose, and throat 
irritations as well as respiratory disorders. Also, there was an overall reduction 
in airborne MWF exposures since 1980 (1). 

The information about exact composition and concentrations of additives in 
commercial MWFs is limited and not revealed due to proprietary reasons. Health 
risks associated with these additives may vary due to difference in formulation 
techniques and level of concentration used. Therefore, assuming that all the 
ingredients can be toxic at a certain concentration, the functions and possible tox­
icities of most of the ingredients or additives used in MWFs are discussed below. 

Mineral oils act as lubricants and carry lubrication. Neat oils cause acne and 
folliculitis in metalworkers (1). When the skin is exposed to oils, the hair follicles 
are blocked. As a result the dead keratin cells and sebum from sebaceous glands 
are trapped inside the skin leading to inflammation and formation of pustules. 
Corrosion inhibitors such as calcium sulfonate, alkanolamines, amine carboxylate, 
amine dicarboxylates, boramides, arylsulfonamido acids, sodium molybdate, 
sodium metasilicates, succinic acids, benzotriazoles, benzothiazoles, and thia­
diazoles prevent rust formation by forming a protective film between metal 
surface and corrosive agents or by neutralizing them. TEA (45) and aliphatic 
polyamines (46) are associated with causation of occupational asthma. 

Emulsifiers emulsify or mix two immiscible liquids (such as oil and water) 
so that one liquid is in dispersed phase and the other in continuous phase. The 
examples of emulsifiers are ethanolarnines, nonionic ethoxylates, synthetic sul­
fonates, fatty acid amides, fatty acid soaps, petroleum sulfonates, sodium sul­
fonates, amphoterics etc. Surfactants or surface-active agents reduce surface 
tension of dispersed phase. An emulsion is not stable and over a period of time 
the droplets coalesce to form separate layer. Surfactants increase the kinetic 
stability of emulsion and stabilize it. Most commonly used MWF surfactants are 
alkoxylated alcohols and alkoxylated nonylphenols. Emulsifiers and surfactants 
can act as direct irritant and may change the structure and function of skin by 
dehydrating the skin or removing lipids or denaturing keratins causing dryness, 
fissuring, and eczematization (47). Physicochemical interactions between addi­
tives in defined MWF mixtures can influence the availability of a surfactant, 
linear LAS for absorption and distribution in skin, and could ultimately influ­
ence toxicological responses in skin (16). 



368 Baynes and Vijay 

Biocides such as phenols, triazines, isothiazolinones, oxazolidines, mor­
pholines, sodium omadine, bromonitriles, and halogen carbamates are used to 
control bacterial and fungal growth. Although biocides prevent microbial growth 
and prevent the workers from diseases caused by microbes, they are responsible 
for causing adverse health effects. The United States Environmental Protection 
Agency (U.S. EPA) has listed more than 70 chemicals as antimicrobial agents and 
over 200 active products to be used as preservatives in MWFs (1). Biocides, such 
as glutaraldehyde and benzalkonium chloride, have long been associated with 
the causation of ACD (48,49). Although benzalkonium chloride primarily dis­
plays irritant activity, it may also produce ACD of the hands (50). Biocides like 
formaldehyde releasers and isothiazolinones such as benzisothiazolinone (BIT) 
and octylisothiazolinone (OIT) are being used as preservatives in water-based 
MWFs, and corresponding cases of sensitization have been observed. Potter and 
Whittle suggested that the isothiazolinones bind to protein by different mecha­
nisms (51). Potter and Maguire explained these mechanisms as follows: 5-chloro-
2-methyl-4-isothiazolin-3-one is activated by thiols to form intermediates that 
bind to protein whereas the 2-methyl-4-isothiazolin-3-one appears to primarily 
bind to the sulfahydryl moiety of cysteine to form a semistable mixed disulfide 
protein adduct (52). Protein binding of biocides is required for the induction and 
elicitation of an immunological response while unbound isothiazolinone was 
sequestered in skin without immunological consequence. Lymph node prolifer­
ation, which indicates immunological response, was dependent on concentration 
of isothiazolinones and type of vehicle used in the application (53). However, 
some of these biocides are difficult to patch test because the test reactions 
are often weak and poorly reproducible (54). Garcia et al. observed that a biocide 
(2-butanone peroxide) used in hospital environment showed negative results in 
the acute dermal irritation test and skin sensitization test (55). 

EP additives such as sulfurized fatty acid esters, sulfurized hydrocarbons, 
chlorinated paraffins, chlorinated waxes, chlorinated esters, phosphate esters, 
zinc dithiophosphate, and lead naphthenate are used as boundary lubricity 
additives that can operate at higher temperatures of up to 1000°C. Increased 
friction between moving metal parts may lead to wearing and finally welding. 
EP additives adsorb to the metal surface to form a film even at very high tem­
perature and pressure and prevent the contact of work piece and metal tool (44). 
Short- and medium-chain chlorinated paraffins are associated with non­
genotoxic-induced peroxisome proliferation and hepatocarcinogenesis (56). 
Detergents such as metal sulfonate and metal phenate prevent deposition to 
maintain insoluble particles in suspension, neutralize acid buildup, and clean 
the metal surface. Detergents may act as irritant and may cause ICD. 

CONTAMINANTS IN MWFs 
MWFs can be contaminated with metal chips; leaking of tramp oils and in­
process cleaners; and formation of polycyclic aromatic hydrocarbons (PAH), 
nitrosamines, and microbial toxins. All these contaminants in MWFs can further 
augment deleterious health effects. During metalworking process, a lot of fine 
particles, swarfs, metal chips, lints, and weld spatters are generated that can act 
as abrasives, irritants, and potential sensitizers (57). Irritation caused by these 

\ metal chips further adds to the occurrence of irritant and allergic dermatitis and 
may also lead to infection by microorganisms. 
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Tramp oils are industrial lubricants such as greases, gear and slideway 
lubricants, and hydraulic and machine oils that enter into MWFs through bro­
ken seals or damaged oil filter pipes (1) and contribute to the occurrence of acne 
or folliculitis. In-process cleaners such as acidic, alkaline, and hydrocarbon ter­
pene solvents are used during routine machining or manufacturing process in 
many intermediate cleaning steps and may contaminate MWFs. Many of these 
solvents may cause contact dermatitis or other skin disorders (58). Despite of the 
use of biocides, sometimes bacteria and fungi can grow in MWFs and may 
release endotoxins and mycotoxins (microbial toxins). Contamination by a variety 
of species of pathogenic bacteria and fungi can cause respiratory, dermal, and 
systemic infections as well as allergies, fever, and inflammation in metalworkers 
(1). Fusarium mycotoxins have been shown to produce dermal toxicity (59). 

Oxidation and presence of nitrites and amines in MWFs may lead to for­
mation of nitrosamines, for example NDELA, which has been classified as group 
2B carcinogen. These nitrosamines had first been identified in MWFs in 1970 to 
1980s studies of MWFs. The formation of nitrosamines depends on a variety of 
factors such as pH and temperature of MWFs, concentration and time of contact 
between amine and nitrosating agents, and type of amine (1). However, the 
concentration of nitrosamines in MWFs is decreasing because of reduction in the 
use of nitrosating agents and better formulation practices. P AH can be formed 
from the degradation of base oil at high temperature, which may be carcino­
genic. P AH content was more in early used straight oils, but refinement tech­
niques such as severe hydrotreatment of mineral oils have limited the 
concentration of P AH in MWFs (60). 

CURRENT TREND OF ADDITIVE USAGE IN MWFs 
Many MWF formulators are limiting the use of chlorine-containing compounds, 
phenols, nitrites, amines, polychlorinated biphenyls (PCBs), and heavy metals. 
Chlorine- and sulfur-containing additives were used extensively in the 1970s, 
but have been mostly eliminated except use of long-chain chlorinated alkanes 
(C14--C30) as EP additives and petroleum sulfonates as emulSifying agents. The 
use of short-chain chlorinated alkanes (ClO--C13) has been eliminated because of 
their suspected carcinogenicity (1). 

SKIN DISORDERS ASSOCIATED WITH MWFs 
Several skin disorders have been reported to be associated with MWF exposure. 
These disorders include contact dermatitis, squamous cell carcinoma, acne, 
folliculitis, keratosis, pigmentary changes (e.g., melanoderma), granuloma, 
mechanical injuries from metal chips, nail disorders, and photosensitivity 
reactions (57). Folliculitis, acne, keratosis, carcinoma, and granuloma are mainly 
associated with neat (straight oil) MWFs and contact dermatitis is caused by 
water-based MWFs (58). Since the use of straight oils is decreasing, only contact 
dermatitis will be discussed in detail as follows. 

Contact Dermatitis 
The most common skin problem due to exposure of water-based MWFs is 
contact dermatitis (1). A recent study in Finland reported that occupational skin 
diseases including both ICD and ACD were most common among metalworking 
machinists, whereas occupational respiratory disease was very rare (61). Contact 
dermatitis is the most frequent occupational dermatosis. Contact dermatitis can 
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be of two types: lCD and ACD (see chap. 17). Occupational irritant dermatitis is 
more frequently observed than ACD (62). Clinically, it is very difficult to dif­
ferentiate ICD and ACD, and in most cases, the occupational skin disease is a 
mixture of ICD and ACD (63). To make a distinction between ACD from lCD, 
patch testing using several chemicals and allergens is performed and the dif­
ference between ICD and ACD is more conceptual than demonstrable (64). 
There are many other factors that influence the development of contact der­
matitis such as individual susceptibility, lack of personal protective equipments, 
climate, type of machine and control methods, factory environment, and most 
important the extent and duration of MWF exposure (1,65). 

Occupational lCD is a nonimmunological cutaneous inflammatory response 
generally resulting from exposure to a wide range of irritants in the workplace, 
such as solvents, cleansers, and MWFs without the production of specific anti­
bodies. Higher alkalinity of the MWFs can also promote skin irritation. The 
irritancy of a particular substance, such as detergents and biocides, depends on 
its ability to remove the protective lipid layer (intercellular lipids of the SC) 
and/ or the ability to produce damage of proteins in the outer layer of skin. Once 
surface comeocytes are damaged with loss of lipids, the skin water retention 
ability reduces, leading to dry and inflamed skin. Damage in ICD depends on 
three factors: duration of contact, strength of irritant, and frequency of contact 
(66). ICD involves antigen-independent activation of T cells. The damaged 
keratinocytes release a variety of inflammatory mediators and cytokines, which 
activate T cells. T cells further promote inflammation by releasing cytokines in a 
similar fashion as described below for allergic reactions (67). Besides, fissuring 
and damage of the keratin layer leads to increased permeability and can lead to 
sensitization with resultant ACD subsequent to the original irritant effect (68). 
The biocide, triazine, was found to be the most potent of the four performance 
additives used in MWFs in causing dermal irritation and exhibited highest 
toxicity toward human keratinocyte cell culture, which correlated well with the 
in vivo irritation and morphology results (69). 

A common factor contributing to the development of ACD is a preexisting 
skin condition, such as lCD, because this disrupts the skin barrier and leads to 
increased penetration of allergenic substances (66). The mechanism of contact 
allergy from most of the biocides or other MWF additives can be explained on the 
basis that they act as a hapten (partial antigen) that causes allergic contact hyper­
sensitivity by binding to protein, which ultimately makes it immunogenic. But to 
produce these effects, the biocides have to penetrate nonviable SC and enter the 
viable epidermis (31,70). Moreover, the chemistry and metabolized product of 
biocides or other potential chemical additives are also very important to determine 
whether it can act as an allergen. Most of the allergens are electrophilic (poor in 
electrons), which are positively charged. Sometimes nonenzymatic processes (e.g., 
ultraviolet irradiation) and the metabolizing enzymes present in skin could convert 
harmless nucleophiles (electron rich) into allergenic electrophiles. Since MWFs are 
mixture of a variety of chemicals, there is a possibility of cross-allergic reactions that 
depend on their structural and chemical similarity as well as similarity of metab­
olized products. Skin can be considered as electron rich, because a very large 
amount of biological structures such as nucleic acids and proteins contain electron­
rich groups (nitrogen, sulfur, oxygen, or phosphorus) and are negatively charged. 
All these electrophilic haptens form very stable covalent bonds with nucleophilic 
proteins to act as complete antigen and trigger hypersensitivity reactions (70). 
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The allergenic chemicals form a complete antigen after conjugating with 
protein in viable epidermis. In response to these antigens, epidermal immuno­
competent cells such as keratinocytes and Langerhans cells and dermal immu­
nocompetent cells such as mast cells, fibroblasts, dermal antigen-presenting 
cells, and endothelial cells are activated to release cytokines, which in turn 
activate the T lymphocytes. Activated T lymphocytes and other immuno­
competent cells as mentioned above release a variety of cytokines such as 
interleukin-1 (IL-1), IL-2 (induces T-cell proliferation), IL-3, IL-4, and IL-6 elic­
iting an inflammatory immune reaction (see chap. 16). 

The allergic immune reaction (also known as type IV delayed type of 
hypersensitivity) responsible for causing ACD undergoes two phases namely 
sensitization followed by elicitation phase and involves antigen-dependent T-cell 
activation. The sensitization phase involves antigen presentation to T cells and 
formation of memory T cells. The degree of sensitization depends on the extent of 
hapten-protein conjugation and thus on the structure of allergens (70). The major 
antigen-presenting cells in epidermis are Langerhans cells, which contain class II 
major histocompatibility complex (MHC-II). T cells can only recognize antigen 
when presented in association with MHC-II molecules. Langerhans cells engulf 
hapten-protein conjugate (complete antigen) and digest it with the help of lyso­
zymes. The Langerhans cells then leave epidermis and migrate to the paracortical 
area of the regional lymph nodes through lymphatic vessels to present processed 
antigens in association with MHC-II molecules to T cells. T cells are activated and 
this results in monoclonal expansion of antigen-specific T cells and formation of 
memory T cells (antigen-specific), which are distributed throughout the body and 
are ready for future antigen challenge. In elicitation phase, when the skin is 
rechallenged with the same chemical, antigen-specific memory T cells are acti­
vated to release a variety of cytokines resulting in inflammatory reaction and 
upregulation of the immune response (i.e., an allergic skin rash) as well as ker­
atinocyte proliferation (i.e., epidermal hyperplasia) (67). 

SUMMARY 
Workers in the metal fabrication industry are more often exposed to MWFs and 
their components such as biocides via the skin that can cause harm to the skin 
and/ or the entire body if absorbed by the dermal route. This chapter demon­
strated why MWFs are still a major occupational concern in the metal machining 
industry. Several of the many performance additives such as the biocides in 
MWFs are readily absorbed across the skin and can illicit an inflammatory 
response. Research in our laboratory has demonstrated that dermal absorption 
and cutaneous response can be modulated by the presence of other additives in 
the MWF formulation. Understanding how these various additives interact with 
each other and the skin barrier will ultimately help inform the development and 
risk assessment of MWF formulations that afford greater protection to workers 
in the metal machining industry. 

REFERENCES 
1. NIOSH. Criteria for a recommended standard: occupational exposure to metal­

working fluids. US DHHS (NIOSH) Pub. No. 98-102, 1998. Available at: http://www. 
cdc.gov/niosh/98-102.html. Accessed February 2009. 

2. Brutto PE. A watchful eye on amines. Lubes'N'Greases 2008; 14 (5):20-26. 



372 Baynes and Vijay 

3. Glen TF. Opportunities and market trends in metalworking fluids. Lubrication 
engineering 1998. Available at: http://findarticles.com/p/ articles/ mi_ qa5506 I 
is_199808/ai_n21426298. Accessed February 2009. 

4. Cohen H, White EM. Metalworking fluid mist occupational exposure limits: a dis­
cussion of alternative methods. J Occup Environ Hyg 2006; 3:501-507. 

5. Childers Je. The chemistry of metalworking fluids. In: Byers JP, ed. Metalworking 
Fluids. 2nd ed. Florida: CRC Press, 2006:127-146. 

6. Verma DK, Shaw DS, Shaw ML, et a1. An evaluation of analytical methods, air 
sampling techniques, and airborne occupational exposure of metalworking fluids. 
J Occup Environ Hyg 2006; 3:5~6. 

7. Cimcoo1. Definition of Analysis Terms for Water-Soluble Metalworking Fluids. 
Milacron Marketing Co. Technical Report No. J/N 96/40. 2003:1-2. Available at: 
http://www.cimcoo1.ca/assets I english_ pdfs I metal working_fluid_ terms. pdf. 
Accessed February 2009. 

8. Sartorelli P, Cenni A, Matteucci G, et a1. Dermal exposure assessment of polycyclic 
aromatic hydrocarbons: in vitro percutaneous penetration from lubricating oil. Int 
Arch Occup Environ Health 1999; 72:528-532. 

9. OSHA. Metalworking Fluids: Safety and Health Best Practices Manual. U.S. 
Department of Labor, Occupational Safety & Health Administration, 2001. 

10. Madan V, Beck MH. Occupational allergic contact dermatitis from N,N-methylene-bis-
5-methyl-oxazolidine in coolant oils. Contact Dermatitis 2006; 55(1):39-41. 

11. Piebenga WP, van der Walle HB. Allergic contact dermatitis from 1-[2-(2,4-dichlor­
ophenyl)-2-(2-propenyloxy) ethyIJ-IH-imidazole in a water-based metalworking 
fluid. Contact Dermatitis 2003; 48(5):285-286. 

12. Basketter DA, Rodford R, Kimber I, et al. Skin sensitization risk assessment: a 
comparative evaluation of 3 isothiazolinone biocides. Contact Dermatitis 1999; 40(3): 
150-154. 

13. AI-Humadi NH, Shvedova AA, Battelli L, et al. Dermal and systemic toxicity after 
application of semisynthetic metal-working fluids in b6c3f1 mice. J Toxicol Environ 
Health A 2000; 61:579-589. 

14. Shvedova AA, Kisin E, Murray A, et a1. Enhanced oxidative stress in the skin of 
vitamin E deficient mice exposed to semi-synthetic metal working fluids. Toxicology 
2002; 176:135-143. 

15. Jarvholm B, Lavenius B, Sallsten G. Cancer morbidity in workers exposed to cutting 
fluids containing nitrites and amines. Br J Ind Med 1986; 43:563-565. 

16. Baynes RE, Brooks JD, Barlow BM, et a1. Physicochemical determinants of linear 
alkylbenzene sulfonate (LAS) disposition in skin exposed to aqueous cutting fluid 
mixtures. Toxicol Ind Health 2002; 18:237-248. 

17. Baynes RE, Barlow BM, Riviere TE. Dermal disposition of triazine in cutting fluid 
mixtures. J Toxicol Cutaneous Ocul Toxicol 2003; 22(4):215-229. 

18. Baynes RE, Riviere TE. Mixture additives inhibit the dermal permeation of the fatty 
acid, ricinoleic acid. Toxicol Lett 2004; 147:15-26. 

19. Vieira C, Fetzer S, Sauer SK, et a1. Pro- and anti-inflammatory actions of ricinoleic 
acid: similarities and differences with capsaicin. Naunyn-Schmiedebergs Arch 
Pharmacol2001; 364(2):87-95. 

20. Brooks JD, Riviere JE. Quantitative percutaneous absorption and cutaneous distri­
bution of binary mixtures of phenol and U-nitrophenol in isolated perfused porcine 
skin. Fundam Appl Toxico11996; 32:233-243. 

21. Riviere TE, Qiao GL, Baynes RE, et a1. Mixture component effects on the in vitro 
dermal absorption of pentachlorophenol. Arch Toxicol 2001; 75:329-334. 

22. Baynes RE, Brooks JD, Mumtaz M, et al. Effect of chemical interaction in penta­
chlorophenol mixtures on skin and membrane transport. Toxicol Sci 2002; 69:295-305. 

23. Baynes RE, Brooks JD, Barlow B, et al. NDELA and nickel modulation of triazine 
disposition in skin. Toxicol Ind Health 2005; 21(7-8):197-205. 

24. Baynes RE, Yeatts IL, Brooks JD, et a1. Pre-treatment effects of trichloroethylene on 
the dermal absorption of the biocide, triazine. Toxicol Lett 2005; 159(3):252-260. 

25. Vijay V, Yeatts JL, Riviere TE, et a1. Predicting dermal permeability of biocides in 
commercial cutting fluids using a LSER approach. Toxicol Lett 2007; 175:134-143. 



Dermal Absorption and Cutaneous Toxicity of MWFs 373 

26. Ducos P, Gaudin R, Francin JM. Determination of N-nitrosodiethanolamine in urine 
by gas chromatography thermal energy analysis: application in workers exposed to 
aqueous metalworking fluids. Int Arch Occup Environ Health 1999; 72:215-222. 

27. Muhammad F, Monteiro-Riviere NA, Baynes RE, et aJ. Effects of in vivo jet fuel 
exposure on subsequent in vitro dermal absorption of individual aromatic and ali­
phatic hydrocarbon fuel constituents. J Toxicol Environ Health A 2005; 68(9):719-737. 

28. Monteiro-Riviere NA, Inman AO, Riviere JE. High-dose and low-dose dermal 
exposure to Jet A, JP-8, and JP-8+100 jet fuels. J Appl Toxicol 2001; 21(6):485-494. 

29. Monteiro-Riviere NA, Inman AO, Riviere JE. Skin toxicity of jet fuels: ultrastructural 
studies and the effects of substance P. Toxicol Appl Pharmacol 2004; 195(3):339-347. 

30. Vijay V, White EM, Kaminski MD, et aJ. Dermal permeation of biocides and aromatic 
chemicals in three generic formulations of metalworking fluids. J Toxicol Environ 
Health A 2009; 72(13):832-84l. 

31. Jayjock MA, Hazelton GA, Lewis PG, et aJ. Formulation effect on the dermal bio­
availability of isothiazolone biocide. Food Chern Toxicol 1996; 34(3):277-282. 

32. Baynes RE, Barlow BM. Effect of metal working formulations on biocide absorption 
in a PDMS membrane coated fiber. Toxicologist 2009; 108(1):(abstr 117). 

33. Patel H, Berge WT, Cronin MT. Quantitative structure-activity relationships (QSARs) 
for the prediction of skin permeation of exogenous chemicals. Chemosphere 2002; 
48:603--613. 

34. Potts RO, Guy RH. A predictive algorithm for skin permeability: the effects of 
molecular size and hydrogen bond activity. Pharm Res 1995; 12(11):1628-1633. 

35. Lien EJ, Gao H. QSAR analysis of skin permeability of various drugs in man as 
compared to in vivo and in vitro studies in rodents. Pharm Res 1995; 12(4):583-587. 

36. Abraham MH, Chada HS, Martins F, et aJ. Hydrogen bonding part 46: a review of the 
correlation and prediction of transport properties by an LFER method: phys­
icochemical properties, brain penetration, and skin permeability. Pestic Sci 1999; 
55:78--88. 

37. Moss GP, Dearden JC, Patel H, et aJ. Quantitative structure-permeability relation­
ships (QSPRs) for percutaneous absorption. Toxicol In Vitro 2002; 16(3):299-317. 

38. Walker JD, Rodford R, Patlewicz G. Quantitative structure-activity relationships for 
predicting percutaneous absorption rates. Environ Toxicol Chern 2003; 22(8): 
1870--1884. 

39. Poet TS, McDougal IN. Skin absorption and human risk assessment. Chern BioI 
Interact 2002; 140(1):19-34. 

40. McCarley KD, Bunge AL. Pharmacokinetic models of dermal absorption. J Pharm Sci 
2001; 90(11):1699-1719. 

41. Vitha M, Carr PW. The chemical interpretation and practice of linear solvation 
energy relationships in chromatography. J Chromatogr A 2006; 1126:143-194. 

42. Riviere JE, Brooks JD. Predicting skin permeability from complex chemical mixtures. 
Toxicol Appl Pharmacol 2005; 208:99-110. 

43. Riviere JE, Brooks JD. Prediction of dermal absorption from complex chemical 
mixtures: incorporation of vehicle effects and interactions into a QSPR framework. 
SAR QSAR Environ Res 2007; 18:31-44. 

44. Canter N. Special Report: Trends in extreme pressure additives. Tribology & 
Lubrication Technology 2007. Available at: http://findarticles.com/p/articles/ 
mi_qa5322/is_200709 / ai_n21300465. Accessed February 2009. 

45. Savonius B, Keskinen H, Tuppurainen M, et aJ. Occupational asthma caused by 
ethanolamines. Allergy 1994; 49(10):877--88l. 

46. Ng TP, Lee HS, Malik MA, et aJ. Asthma in chemical workers exposed to aliphatic 
polyamines. Occup Med 1995; 45(1):45-48. 

47. Zugerman C. Cutting fluids: their use and effects on skin. Occup Med State Art Rev 
1986; 1(2):245-258. 

48. Nethercott JR, Holness DL, Page E. Occupational contact dermatitis due to gluta­
raldehyde in health care workers. Contact Dermatitis 1988; 46:193-196. 

49. Shaffer MP, Belsito D. Allergic contact dermatitis from glutaraldehyde in health-care 
workers. Contact Dermatitis 2001; 46:350--356. 



374 Baynes and Vijay 

50. Cusano F, Luciano S. Contact dermatitis to benzalkonium chloride and gluta­
raldehyde in a dental nurse. Contact Dermatitis 1993; 46:127. 

51. Potter DW, Whittle YG. Mechanisms of isothiazolones binding to protein. Toxicologist 
1991; 11:257. 

52. Potter DW, Maguire S. Glutathione-dependent binding of 5-chloro-2-methyl-4-iso­
thiazolin-3-one to protein and polyamino acids. Toxicologist 1993; 13:230. 

53. Potter DW, Hazelton GA. Evaluation of auricular lymph node proliferation in 
isothiazolone-treated mice. Fundam Appl Toxico11995; 24:165-172. 

54. Brinkmeier T, Geier J, Lepoittevin JP, et al. Patch test reactions to Biobans in metal 
workers are often weak and not reproducible. Contact Dermatitis 2002; 47:27-31. 

55. Garcia-de-Lomas J, Lerma M, Cebrian L, et al. Evaluation of the in-vitro cidal activity 
and toxicity of a novel peroxygen biocide: 2-butanone peroxide. J Hosp Infect 2008; 
68(3):248-254. 

56. Ashby J, Brady A, Elcombe CR, et al. Mechanistically-based human hazard assess­
ment of peroxisome proliferators-induced hepatocarcinogenesis. Hum Exp Toxicol 
1994; 13(2):S1-S117. 

57. Alomar A. Occupational skin disease from cutting fluids. Dermatol Clin 1994; 12(3): 
537-546. 

58. Fisher AA. Dermatitis due to cutting oils, solvents, petrolatum, and coal-tar products. 
In: Rietschel RL, Fowler JF, eds. Fisher's Contact Dermatitis. 5th ed. Philadelphia: 
Lippincott Williams & Wilkins, 2001:467-480. 

59. Bhavanishankar TN, Ramesh HP, Shantha T. Dermal toxicity of Fusarium toxins in 
combinations. Arch Toxico11988; 61(3):241-244. 

60. Skisak CM. Metalworking fluids: base oil safety. In: Symposium proceedings: the 
industrial metalworking environment; assessment and control, Dearborn, MI, 
November 13-16, 1995. Detroit, MI: Independent Lubricant Manufacturers Associa­
tion, 1995:44-49. 

61. Suuronen K, Aalto-Korte K, Piipari R, et al. Occupational dermatitis and allergic 
respiratory diseases in Finnish metalworking machinists. Occup Med 2007; 57:277-283. 

62. Duepgen TL, Coenraads PJ. The epidemiology of contact dermatitis. Int Arch Occup 
Environ Health 1999; 46:496-506. 

63. Grattan CEH, English JSC, Foulds IS, et al. Cutting fluid dermatitis. Contact Der­
matitis 1989; 20:372-376. 

64. Rietschel RL. Irritant contact dermatitis: mechanism in irritant contact dermatitis. 
Clin Dermatol 1997; 15:557-559. 

65. Rycroft RJD. Petroleum and petroleum derivatives. In: Adams RM, ed. Occupational 
Skin Disease. 3rd ed. Philadelphia: WB Saunders Company, 1999:553-566. 

66. Nettis E, Colanardi MC, Soccio AL, et al. Occupational irritant and allergic contact 
dermatitis among healthcare workers. Contact Dermatitis 2002; 46(2):101-107. 

67. Baadsgaard O. Immunologic mechanisms of contact dermatitis. In: Menne T, Mai­
bach HI, ed. Exogenous Dermatoses: Environmental Dermatitis. Boston: CRC Press, 
1991:3-19. 

68. Zhai H, Maibach HI. Skin occlusion and irritant and allergic contact dermatitis: an 
overview. Contact Dermatitis 2001; 44:201-206. 

69. Monteiro-Riviere NA, Inman AO, Barlow BM, et al. Dermatotoxicity of cutting fluid 
mixtures: in vitro and in vivo studies. Cutan Ocul Toxico12006; 25:235-247. 

70. Basketter D, Dooms-Goossens A, Karlberg A, et al. The chemistry of contact allergy: 
why is a molecule allergenic? Contact Dermatitis 1995; 32:65-73. 



TARGET ORGAN TOXICOLOGY SERIES 

Series Editors 

A. Wallace Hayes, John A. Thomas, and Donald E. Gardner 

Toxicology of the Skin. Nancy A. Monteiro-Riviere, editor, 2010 
Neurotoxicology, Third Edition. G. Jean Harry and Hugh A. Tilson, editors, 2010 
Endocrine Toxicology, Third Edition, J. Charles Eldridge and James T. Stevens, 
editors, 2010 
Adrenal Toxicology. Philip W. Harvey, David J. Everett, and Christopher J. 
Springall, editors, 2008 
Cardiovascular Toxicology, Fourth Edition. Daniel Acosta, Jr., editor, 2008 
Toxicology of the Gastrointestinal Tract. Shayne C. Gad, editor, 2007 
Immunotoxicology and Immunopharmacology, Third Edition. Robert Luebke, 
Robert House, and Ian Kimber, editors, 2007 
Toxicology of the Lung, Fourth Edition. Donald E. Gardner, editor, 2006 
Toxicology of the Pancreas. Parviz M. Pour, editor, 2005 
Toxicology of the Kidney, Third Edition. Joan B. Tarloff and Lawrence H. Lash, 
editors, 2004 
Ovarian Toxicology. Patricia B. Hoyer, editor, 2004 
Cardiovascular Toxicology. Third Edition. Daniel Acosta, Jr., editor, 2001 
Nutritional Toxicology, Second Edition. Frank N. Kotsonis and Maureen A. 
Mackey, editors, 2001 
Toxicology of Skin. Howard I. Maibach, editor, 2000 
Neurotoxicology, Second Edition. Hugh A. Tilson and G. Jean Harry, editors, 
1999 
Toxicant-Receptor Interactions: Modulation of Signal Transductions and Gene 
Expression. Michael S. Denison and William G. Helferich, editors, 1998 
Toxicology of the Liver, Second Edition. Gabriel L Plaa and William R. Hewitt, 
editors, 1997 
Free Radical Toxicology. Kendall B. Wallace, editor, 1997 
Endocrine Toxicology, Second Edition. Raphael J. Witorsch, editor, 1995 
CarCinogenesis. Michael P. Waalkes and Jerrold M. Ward, editors, 1994 
Developmental Toxicology, Second Edition. Carole A. Kimmel and Judy 
Buelke-Sam, editors, 1994 
Nutritional Toxicology. Frank N. Kotsonis, Maureen A. Mackey, and Jerry J. 
Hjelle, editors, 1994 
Ophthalmic Toxicology. George C. Y. Chiou, editor, 1992 
Toxicology of the Blood and Bone Marrow. Richard D. Irons, editor, 1985 
Toxicology of the Eye, Ear, and Other Special Senses. A. Wallace Hayes, editor, 
1985 
Cutaneous Toxicity. Victor A. Drill and Paul Lazar, editors, 1984 



Toxicology of the Skin 

Edited by 

Nancy A. Monteiro-Riviere 
North Carolina State University 
Raleigh, North Carolina, U. S.A. 

informa 
healthcare 
New York London 



Informa Healthcare USA, Inc. 
52 Vanderbilt Avenue 
New York, NY 10017 

© 2010 by Informa Healthcare USA, Inc. 
Informa Healthcare is an Informa business 

No claim to original U.s. Government works 
Printed in the United States of America on acid-free paper 
10987654321 

International Standard Book Number-10: 1-4200-7917-4 (Hardcover) 
International Standard Book Number-13: 978-1-4200-7917-3 (Hardcover) 

This book contains information obtained from authentic and highly regarded sources. 
Reprinted material is quoted with permission, and sources are indicated. A wide variety of 
references are listed. Reasonable efforts have been made to publish reliable data and infor­
mation, but the author and the publisher cannot assume responsibility for the validity of all 
materials or for the consequence of their use. 

No part of this book may be reprinted, reproduced, transmitted, or utilized in any form by any 
electronic, mechanical, or other means, now known or hereafter invented, including photo­
copying, microfilming, and recording, or in any information storage or retrieval system, 
without written permission from the publishers. 

For permission to photocopy or use material electronically from this work, please access www 
.copyright.com (http://www.copyright.com/) or contact the Copyright Clearance Center, Inc. 
(CCC) 222 Rosewood Drive, Danvers, MA 01923, 978-75~8400. CCC is a not-for-profit organization 
that provides licenses and registration for a variety of users. For organizations that have been 
granted a photocopy license by the CCC, a separate system of payment has been arranged. 

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, 
and are used only for identification and explanation without intent to infringe. 

Library of Congress Cataloging-in-Publication Data 

Toxicology of the skin / edited by Nancy A. Monteiro-Riviere. 
p. ; ern. - (Target organ toxicology series; v. 29) 

Includes bibliographical references and index. 

ISBN-13: 978-1-4200-7917-3 (hardcover : alk. paper) 

ISBN-10: 1-4200-7917-4 (hardcover: alk. paper) 1. Dermatotoxicology. 
I. Monteiro-Riviere, Nancy A. II. Series: Target organ toxicology series ; v. 29. 

[DNLM: 1. Skin Oiseases--<:hemically induced. 2. Skin-drug effects. 3. Skin 
Physiological Phenomena. WR 140 043012010] 

RL803.0467 2010 

616.5--dc22 
2009051158 

For Corporate Sales and Reprint Permissions call 212-520-2700 or write to: Sales Department, 
52 Vanderbilt Avenue, 7th floor, New York, NY 10017. 

Visit the Informa Web site at 
www.informa.com 

.and the Informa Healthcare Web site at 
www.informahealthcare.com 

502175 


