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Chemicals believed to have the potential 
for significant dermal absorption are listed 
in the 'Ihreshold Limit Values and Biolog- 
ical Exposure Indices for 1988-1989 
booklet with a skin notation.'l) Since there 
are few means available to monitor dermal 
exposure using external measurements, bi- 
ological monitoring is recommended "to 
determine the relative contribution of der- 
mal exposure to the total dose" that the 
worker received during occupational ex- 
posure to chemicals with a skin notation.' I ) 

Since systemic adverse effects are related 
to biological levels of the chemical or its 
metabolite. or to the total dose. biological 
monitoring is. under cenain circumstan- 
ces. 3 bener safeguard than air monitoring 
data. 

Quantitative data on dermal absorption 
of industrial chemicals are scattered and 
dermal notations are inconsiSfent.(2J) In the 
absence of inhalation exposure. significant 
concentrations of exposure indices were 
measured in blood. urine, and exhaled air 
of volunteers having dermal contact with 
liquid solvents which carry n o  skm nom- 
tion.l+-b) These studies indicate that a con- 
tribution of dermal exposure to the total 
dose is more common than is indicated by 
a skin notation. ' 

Mechanism of Dermal Absorption 
Skin is formed by layers o f  various cell 
~ p e s  which. according to their composi- 
tion m d  function. are identhed as the three 
basic layers shown in Table 1. Thickness of 
the layers, their weights. and perfusion are 
given for 3 resting reference human with 
a body weight of '0 kg, body height of 
1'0 cm, and cardiac ourput of 6 L'min. The 
numbers are mean values which vary from 
one pan of the body to another. If two 
numbers are given. the first value relates 
to males m d  rhe second to females.'-) 

The surface area of the skin can be con- 
sidered as cqual to body surface a m  (SA ). 

which was estimated to average 1.8 m2 for 
a male and 1.6 m2 for a female (male: 70 kg. 
170 cm; female: 58 kg. 160 cm).'') 

Chemicals can penetrate through the 
stratum corneum and diffuse into the der- 
mis where they enter into the capillap 
blood. The chemical is then carried by sys- 
temic circulation to other tissues where it 
is deposited, metabolized. and excreted.I8) 
The rate limiting step in dermal absorption 
is either the penetration rate through the 
stratum corneum (uptake rate) or the re- 
m o d  rate of the chemical from the dermis 
(absorption rate). Both processes are in- 
tluenced by physicochemical propenies of 
'the chemical. namely biosolubility, and by 
physiological status of the slon. 

The absorption rates relate directly to 
blood perfusion of skin. Perfusion in- 
c r m  with the temperarure of the envi- 
ronmenr a n d  physical activity of the  
worker.'9) Since cardiac output increases 
in a similar manner, it can be assumed that 

percent of  cardiac output and perfusion of 

hr).I 1°-'3) The penetration rate depc 
the vehicle and sate of aggregation & 
the chemical is applied. Skin ink 
Creases the p e n a m i o n  rafe. 

Percutaneous penetration is a 1 
diffusion process mediated by two*; 
ways: intercellular (polar) pathw; 
transcellular (lipophilic) pathwq 
Penetration rates for both pathways. 
r e d y  related to solubility of the ch 
in water and lipids and indirectly \ 
lecular weight. Numerous m d  
proposed for determining flux fron 
i d  propenies of the drug. These P 
recently critically reviewed by a 
can be applied to the prediction c 
absorption potential of industrial I 

c3k (organic n o n e l e ~ o l Y ~ ~ ) .  
fwdel providing r a n a b l e  P r d  
flu* I" can be described by the tali 
equation: 

1 
CS.31 FI = - (0.038 
15 

perfusion of dermis accounts for about 53 + 0.153 P) e-OOISMw : 

the hvpafermis for about 2.5 percent. where: *- 
FI = flux in mg/cm2ihr 
c, = the concentration of satu Flux 

The stratum corneum functions as a dif- 
fusion barrier. The penetration rate of a 
chemical through the stratum corneum is 
known ;LT tlux. Flux is defined as the m o u n t  
of a chemical ( mg or pnol) that penetrates 
the stratum corneum upon direct contact 
with a defined unit of surface area of skin 
(cm') during a defined unit of time (min. 

aqueous solution of the 
in mg/ml *.. 

= ocranol-\lc.ater panition coem 
kIvc' = molecular weight 
e = ba5e of [he natural l o e r i h  

Numerical constants are derived p 
rameters pertinent to the diffusion p y x  
through the stratum corneum. The 

c 

TABLE 1. Diagram of Skin Layers 
Thickness, Weight Perfusion, 

m 9 Umin 

+;'" 100.90 0 stratum dead cells 10 
corneum llvlng cells 40 

'lL" I Dermis proteins. blood cell; 1250 2500.1700 0 2  
connective tissue 1 3 7 5 W  7500.13000 0 15 .& Hypodermis 

fat (adipose tissue) Y 
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nential expression in equation 1 indicates applied to a defined area of the skini5' or 
that the flux of chemicals with large mol- by measuring the elimination of the chem- 
ecules is negligible. A molecular weight of ic31 and its m e t a b ~ l i t e s . ( ~ . ~ . I ~ J ~ '  The results 
500 has been given as a practical limit, al- of measurements depend on the method 
though this may not be the case for dis- employed. Values obtained by measure- 
eased skin.' ments of elimination should be cautiously 
In oihp flux can be determined exper- applied since the pharmacokmetic pattern 

imentallv by measuring the diffusion rate for dermal absorption is rarely fully ap- 
across an excised section of stratum cor- preciated. Because of regional variations in 
neum.(16J7) Flux can also be determined skin permeability. the measurements de- 
in ttitlo either by measuring the losses of' pend on the region where chemical con- 

Regional variability in 
can be attributed to cell 
sion rate. Significant spe 
in dermal  penet ra t ion  
ported.'20' If the chemic 
vehicle (solution, air. ointmen 
etration rate depends on  the 
tion and solubility of the che 
vehicle.' ! I )  The wide spread of 
mentally-determined pen 
apparent  from examples c o m p i 1 4 &  

a chemical which has been hermetically &a with the skin took place.'11' 
. .  

Table I1  (column Flm& 

TABLE II. Dermal Absorption Potential of Chemicals with BaS 
Predict 
nv 

e x  

e x  
o x  

o x  

e x  

o x  

o x  

e x  

o x  

0 

e x  

3 

0 

o x  

0 

0 

0 

0 

0 

N01eS: 

nv 
mg/w MW LogP 

Nonvolatile (9 
Aniline 

DMAC 
DMF 
Furfural 

Nilrobenzene 

Parathion 

PCP 

Phenol 

Styrene 

Volatile (SVP : 
Benzene 
Carbon 
disulfide 

Chlorobenzene 

Ethyl benzene 

n-Hexane 

M Y 1  
alcuhol 
Methyl 
chloroform 
MEK 
Perchloro- 
ethylene 

Toluene 

Trichloro- 
elhylene 

Xylene 

e 5 torr) 

10 

35 
30 
8 

5 

0.1 

0.5 

19 

21 5 

5 lorr) 

30 

30 

350 

435 

180 

260 

1900 

590 

335 

3 75 

270 

435 

93.1 

87.1 
73.1 
96.1 

123.1 

291.3 
266.4 

94.1 

104.0 

78.1 

76.1 

112.6 

106.2 

86.2 

32.0 

133.4 
72.1 

165.8 

92.1 

131.5 

106.2 

0.90 

-0.77 
-1.01 
0.99 

1.85 

3.81 
5.01 

1.48 

2.95 

2.13 

2.00 

2.46 

3.15 

3.94 

-0.77 

2.49 
0.28 

2.60 

2.69 

2.29 

3.14 
- 

H20 sol. 
WmI 

34.0 

943.0 
944.0 
83.0 

1.9 

0.024 
O.OO08 

67.0 

0.30 

1.78 

2.94 

0.50 

0.20 

0.014 

791.0 

4.4 

353.0 

0.40 

0.60 

1.10 

0.18 

2.8 

0.8 

41 

1 7  

1.1 

1900 

0.93 
254 

0.43 

2.2 

1.5 

1.7 

L 
(Ref.) 

0.5 (23) 
3.0 (24) 

2-8 125) 

0.2 (19) 

9x lo-' 112) 
0.2-3 (26) 

0.6 (27) 

0.004 (12) 
0.2-0.7 (23) 
0.03 (32) 
0.06 (18) 
12.0 (33) 

0.19 (32) 

0.05 (28) 

0.06 (32) 
0.16 (29) 
28 (29) 
6x lo-' (32) 
8.3 (12) 
11.5 (30.31) 

0.37 (32) 

0.005 (32) 
0.24 (32) 
0.047 132) 

18 (5)  

0.006 (32) 
0.13 (33) 
70 (5) 

fl 

0.64 

1.00 
1.03 
1.82 

0.19 

0.015 
0.012 

4.62 

0.52 

0.70 

0.89 

0.24 

0.53 

0.31 

2.02 

1 .64 
2.45 

0.11 

0.69 

0.27 

0.50 
- 

- 
fl* 

0.0075 

0.026 
0.023 
0.W 

0.004 

7x l(r 
O.ooo4 

0.014 

0.161 

0.022 

0.022 

0.26 

0.33 

0.14 

0.195 

1.42 
0.44 

0.25 

0.28 

0.20 

0.33 
- 

MW = molecular m g h t  log P = iogarilhm 31 octanol-der partition cOellicient H?O mI = saturated aqueous sotuiion = Nater-gas paartition coellicient FI, = axperimtally 
determined HIM (rdetma are in wmthesis) FI = flu vdicted using eauation 1 FI' = uitical !lux as determined by equation 5 FI', = critical flux lor dermal absorption 31 vapon 
'eauallon 7) svmbol 3 ' On ihe le t  side 01 Ihe :able indicates the dermal absorption potmtlal Mi$ indicates dermal ioxicily potential (see text). x indicates skin notation In TLV-BE1 
booklet 'I1 Bold number indicates dermal absorotion p~tentlal lor vawr 
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BROADBAND Full line of isotropic broadband 
field strength meters for measurement of both 
magnetic and electric fields over the frequency 
range from 500 KHz to 6 GHz. Models available Q 

HI-3600 New instrumentation for measurement 
d non-ionizing radiation from video display 
terminals and accurate measurements of power 
fmquency EMF (Electric and Magnetic Fields) 
from electric power lines. Optional fiber optic 
m t e  readout 
a 
. Hsooo-SX Complete RF radiation exposure 

measurement system. Measures both magnetic 
. and electric fields and provides ANSI standard 
haveraged values in real time. Data can be 
stofed in datalogger memory for later recall or 
printout 

for human hazard measurements as well as for 
EMC measurements. 

MICROWAVE Several models of microwave 
Oven leakage survey meters, from small 
hand-held meters to large, automated systems 
for Oven factory testing 

CALL OR WRITE FOR MORE INFORMATION! 
h 

I HOLAOAY INDUSTRIES, INC 
to825 W n  Dmre I L 0  I EdenPrame.MN55344 
bbphone: (612) 934-4920 I /1 I Taer:290922 FAX:(612)934-3604 I 
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? ? ? CERTIFICATION ? ? ? 
PREPARING FOR AN UPCOMING CERTIFICATION EXAM? 

PLANNING NEXT YEARS TRAINING? 
IF EITHER OF THESE ARE YOUR PROBLEMS, THE EQUALIZER IS YOUR SOLUTION. 

THE EQUALIZER Dbase V3.0 is an easy to use menu driven, professionally designed tool to help you assess 
rpOr knowledge in the many categories relating to the complex field of Indusmal Hygiene. It tests your knowledge 

flkctive teaching means available today, Computer Aided Instruction (CAI). 

m-threatening means of testing your knowledge using a question and answer format with immediate feedback and 
technical explanations for all missed questions. The questions can be randomly selected from the largel4ap 
Dation database to avoid the boredom produced by other testing methods which present the same questions in the 
Ume sequence over and over again. Missed questions are saved and can be reviewed at the end of the session. 
h are calculated for each discipline to provide an estimate of the level of understanding of the material. This 
fOrmat of random selection, immediate feedback and ease of use makes learning quicker and easier. Another menu 
WiOn allows the user to select the questions sequentially to see each and every question in the database. This might 
bUSeful right before the certification exam to provide the maximum challenge of answering each question in the 
daabase... THE EQUALIZER is also very flexible and allows the user to add, edit or delete questions. THE 
EWALXZER also has a print utility which prints questions and answers from any discipline. This allows many 
-le to learn from one EQUALER package. Site Licences (uncopy projected versions) are also available, 
*ng the user to make multiple copies at the site. 

Individual License DON'T WAIT.. . . . Site License 

.&?!~XICOUX;Y, RADIATION, NOISE, VENTILATION ETC ... It does this by utilizing one of the most 

THE EQUALIZER requires absolutelv no Drwramrning and can be operated by anyone, provides a professional 

$2 99.95 ORDER THE EQUALIZER Dbase TODAY! $495.00 
CALL 1-800-225-5669 SEVEN DAYS A WEEK. MASTERCARD OR VISA, P.O. & CO. CHECK. 

DATACHEM, WESTBORO, MASSACHUS€ITS 
Requires 2 (7ZOk) a I1  D ,3404 DOS LO+, WXTIAT or eomphbk (also available in 5 114") - -_. 
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Dermal Absorption in 
Industrial Settings 
The amount of dermally-absorbed chemi- 
cal is directly related to exposure duration 
and surface area of the exposed skin, and 
it is affected by the form of the chemical 
contacting the skin. Since dermal and pul- 
monary absorptions are pharmacokinetic 
processes, the absorption rate changes with 
time. Moreover, dermal absorption is af- 
fected by the physical acti\lie of the worker. 
namely by the skin temperature and in- 
creased perfusion of the dermis in the ex- 
p o x d  area of the skin.(*,21) Factors influ- 
enc ing  t h e  abso rbed  amoun t  a r e  
summarized in Table 111. 

Form of Chemical 

Dermal absorption in an industrial setting 
can occur upon eqo..ure to rapors or upon 
direct dermal contact with liquid chemicals 
or with their solutions. Condensation of 
vapors of chemicals with low vapor pres- 
sure on  the body surface can significantly 
incre3se dermal absorption of vapors."9) 
Dermal absorption of solids (dust, aero- 
sols, etc.) can be facilitated by their dis- 
solution in perspiration. The dermal pen- 
etntion rare of dissolved chemicals appears 
to be directly related to their concentration 
and indirectly to their solubility in a sol- 
vent. A prolonged contaa with liquids usu- 
ally results in biochemical changes in skin 
m d  skin permeability.' i3' 

Exposed Area of Skin 

While the surface area o f  skin exposed to 
vapors, gases, and aerosols usually corre- 
sponds to the body surface area, the surface 
area of skin expo& to liquids is difficult 
to estimate. In an industrial setting, the area 
of body surface exposed IO liquids usually 
accounts for only 3 small fraaion of body 
surface, SA Hands are usually subjected to 
exposure to liquids. It was estimated that 
the surface area of one hand ( u p  to the 
wrist) accounts for 2.5 percent of SA,  and 
the area of an outstretched palm and fin- 
gers accounts for 1 percent of SA") The 
area exposed to dust or aerosols can ac- 
count for 3 large fnction of body surface. 
Spills or contaminated clothing c m  also 
result in exposure of a large M y  surface. 

Duration of Exposure 
The duration of dermal exposure to va- 
pors, aerosols. and dust can be considered 
equal to the length of 3 shift. On the other 
hand. the duntion of dermal contact with 
liquids or solutions depends on the work- 
ing process involved and the personal skills 
and hygiene of the worker. 

F-18 

TABLE 111. Factors Affecting Dermal Absorption 

Eft* 
Grading 

I Physicochemical piopeflies of the chemicals 
solubility in: water 

dilfussion coefficient 
molecular weight 
volatiliy 

nonpolar solvents 

II Physiological and anatomical parameters of the exposed skin 
thickness of the stratum corneum 1 
hydration of epidermis f i  
perfusion of dermis t 
lipid content in external layers of skin 8 - _ -  
disease state of skin ?l . ,- 

_-- 
.- 

111 Form of exmure 
exposed area of skin ll 

tt 

vehicle: concentration in vehicle n 
solubility in vehicle L 

environmental temperature t 
humidity t 

physical activity of the worker t 

duration of dermal exposurec 
state 01 aggregation 

exposure by other routes (intensity and duration) 

Pharmacokinetic Considerations 
Penetration rate (flux) through the stratum 
corneum is influenced by the physiological 
status of the skin at the exposed area. Cer- 
tain changes in the penetration rate usually 
3 p p m  at the beginning of the exposure 
during 3 soalled lag-period.">' During W 
lagperiod the concentration buildup in +e 
epidermis and dermis rakes place. At the 
same time, the mast significant biochemi- 
cal changes in the stratum corneum are 
induced by contaa with the chemical. 0th- 
erwise, the penetration rate, under stable 
dermal exposure conditions, remains con- 
stant. On the other hand, the absorption, 
Le., the transfer of the chemical from the 
dermis into capillary blood. is a diffusion 
process dependent on the dermis-blood 
concentration gradient and the diffusion 
coefficient itself. Since concentrations of 
the chemical in the e?rposed dermis and 
blood rise at different ntes, the dermal 
absorption rate is 3 h n a i o n  of time.(*.") 
The absorption rate is affected not only by 
the dermal rate but also by the supply of 
the chemical from other routes. of which 
inhalation is the most common in indus- 
trial settings. When the uptake and elimi- 
nation prcxesses approach steady state, 
dermal md pulmonary absorption mtes ue 
more o r  less consmt  and time indqxmdent. 

Chemicals 
There are three slmilarities ~n the 
hnetic pattern of inhalation and 
exposures. 

1 The absorption rates are 
diffusion of chemicals 
cellular s t r u m r e  of par 
sues and are  related'to b i c & q ,  

1. In ;u1 industnal setting, both 
s u r a  are enduring. 

3. The absorbed amount is equaq;&c 
persed in the entire crrdiac oucpr 
p r i o r  to e n t e r i n g  t h e  syste~@C 
ci rculation. .q$& 

The interaction between dermal id 
pulmonary absorption is apparent i f t k  
studied chemical is 3 gas or a volatile * 
i d .  moderately soluble in blood (* 
ples are hydrophobic organic solvena) 
These chemicals, when absorbed d e n n a b  
are p a ~ l V  removed in the lung by e 
tion,' 4-6. 21 Consequently. the dermal--* 
sorption reduces or  suppresses the pd. 
monary  up take  p r i o r  to making 
contribution to the body burden. ThW* 
dermal uptake of volatile chemical b w  
effect on biological levels than d e d ' l p  
take of nonvolatile chemicals. H e  

. &. .i* 
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DataChem 
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&It Lake City (Sol) 266-7700 1-800-356-9135 
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Hghly Motmtional Sensorifleural 
How the Ear Works Hearing Loss 
Latest Auditorv Proper Protection 
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Research Covers OSHA 

Standards 

DANGEROUS 

RAM-1 and MINIRAM Aerosol Monitors provide direct 
digital readouts of airborne dust, smoke, fume, or mist 
concentrations. Compact, portable design and rechargeable 
battery makes these units ideal for walk-through surveys or 
spot sampling. Both units connect with recorders or data 
loggers for formatted reporting. 
MINIRAM 

Fits in the palm of your hand. 
weighs only 1 Ib 
Sensitive to .01 mg/mJ 
10 seconds real-time update 
as well as time weighted and 
8-hour shdt averagn 
Data storage and ASEH output 
lntrinsically safe (MSHA 
2G-3532-0) I 

RAM-1 
Portable design - weighs 

Sensitive to .001 mgm ' 
Selectable display update - 
112. 2. 8. or 32 seconds 

For complete information on 
the RAM-I and MINIRAM 
real-time. portable, aerosol 
morutors. call or write to: 

under 9 Ibs. 

MIE, Inc.' 

Bedford. Massachusetts 01730 . Am-n, (617) 275-5.144 Telex: 92-3339 
GrrLmaluDchoDm 111 

2- -M I E ---------c 213 Burlington Road 6 ,> '. 
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exhaled air measurements are significantly 
increased. 

Criteria for significant dermal ab- 
sorption potential can be selected arbi- 
trarily, depending on which effect of der- 
mal absorption is under consideration. Thus, 
we CM decide that biological monitoring 
of inhalation exposure is appropriate only 
if the absorbed amount of chemicals does 
not exceed 30 percent of the pulmonary 
uptake during an occupational inhalation 
exposure to the threshold limit value-time 
weighted-average (TLV-"A), or if dermal 
absorption of volatile chemicals does not 
increase the arterial blood concentration 
30 percent above the mncentrarion reached 
during occupational inhalation exposure 
to the TLV-'IWA(22) The hvpothetical flux, 
which meets this criterion, is further re- 
ferred to as critical flux. FI'. 

Critical flux can be determined by com- 
paring the dose resulting from inhalation 
exposure to the TLV-WA with the dose 
resulting from the same inhalation expo- 
sure but with additional dermal exposure 
of a defined area of skin. We arbitrarily 
chose to calculate critical flux for exposure 
of 2 percent of the body surface to a liquid 
and for whole-body expasure to a TLV con- 
cenmtion of vapors. Thus. during inhaia- 
tion exposure only, the dose. D, is equal 
to pulmonary uptake: 

0 = Vaw (TLV-c,) T (2) 

and during simultaneous inhalation and 
dermal exposures at which the dose and 
biological levels increased by 30 percent 

1.3 0 = \jaw (TLV-1.3 caw)T (3) 
+ FI' x EA x T 

where: 

V h  
cdv 
T 
EA = exposed surface in cm2. 

= alveolar ventilation in Uhr 
= alveolar concentration in mgL 
= e.xpasure duration in hours 

After substituting from Equation 2 into 
Equation 3, the equation can be rearranged 
to c3lculate the critical flux: 

(4) 
0.3 x TLV x V,,, 

EA 
FI* = 

After substituting Valv = 900 Lrhr and EA 
= 360 cmd, the critical llux (expres.wd in 
mg/cm2/hr) c m  be related to the TLV (ex- 
pressed in m./Z) bv a simple expression: 

(5) 
3 FI' = ;i TLV 

Similarly. critical llux for whole body ex- 
posure to vapors can be derived. xssuming 

F-20 

that the concentration of the chemical in 
the epidermal water is equilibrated with 
the concentration in the ambient air: 

EA loOOc,t FICaD = - FL' - 
SA TLV A 

where: 

SA 
C~ 

A 

= body surface (= 18000 cm2) 
= saturated aqueous solution of the 

= the appropriate water-gas parti- 
chemical in mdml  

tion coefficient 

The expression obtained after substitu- 
tion indicates that the critical flux for va- 
pors depends only on the solubility and 
volatility of the chemical. 

To evaluate toxicity potential of dermal ab- 
sorption, we  used the algorithm described 
above, but we  arbitrarily assumed that [OX- 

icit). is associated with tripling the dose and 
biological levels. Such critical fluxes, FI" 
and FI", respectively, are described by 
the following equations: 

(8) FI" = 5 TLV and 

The potential for dermal toxiciy can be 
overestimated if the TLV is based on irri- 
tation or discomfort. 

Dermal Absorption Potential of 
Chemicals with 8Els 
Orgmic chemicals for which BEIs dre rec- 
ommended are  listed in TJble 11. The table 
lists the parameters used for calculation of 
tlux and c r i t i d  flux. Dermal ab.sorprion 
can significantly intluence the biological 
levels if the predicted flux is larger than 
the critical flu. FI'. Such dermal absorp- 
tion potential is indicated by "0" on the 
left side of the table. Chemicals with the 
dermal absorption exceeding FI" are in- 
dicated by "*". Chemicals with such exten- 
sive dermal absorption usually carry a skin 
notation in the TLV table ( in  Table I1 in- 
dicated by "x"). 

The notation of dermal absorption po- 
tential is not necessarily an indiator of in- 
creased health risk. It indicates, however. 
that the correlation between Li r  me-sure- 
nirnt5 and biological me;lsuremenu can be 
weakened or nonexiaent. L'ndcr such cir- 
cumstances. biological monitoring pro- 
vides information on total expcmre of 
aorkers  and not o n  inhalation exposure in 

the workplace. 

Constants for prediction of flux us- 
1 a n  be found in references 34-39. 
panition coefliaents cm be found UI 

5- 
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