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Biological Monitoring V:

Vera Fiserova-Bergerova (Thomas), PhD

Chemicals believed to have the potential
for significant dermal absorption are listed
in the Threshold Limit Values and Biolog
ical Exposure Indices for 1988-1989
booklet with a skin notation.?’ 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.'?,
Since systemic adverse effects are related
to biological levels of the chemical or its
metabolite. or to the total dose. biological
monitoring is. under certain circumstan-
ces. a bener safeguard than air monitoring
dawa.

Quantitative data on dermal absorption
of industrial chemicals are scattered and
dermal notations are inconsistent.>3’ 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 no skin nota-
tion.*-® 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 of various cell
nvpes which. according to their composi-
tion and function. are identified as the three
basic layers shown in Table 1. Thickness of
the layers, their weights. and perfusion are
given for a resting reference human with
a body weight of “0kg, body height of
170 cm, and cardiac output 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 and rhe second to females.' ™

The surface area of the skin can be con-
sidered as equal to body surface area (SA).
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which was estimated to average 1.8m? for
amale and 1.6m? for a female (male: 70 kg.
170cm; female: 58kg, 160cm).™
Chemicals can penetrate through the
stratum corneum and diffuse into the der-
mis where they enter into the capillary
blood. The chemical is then carried by svs.
temic circulation to other tissues where it
is deposited, metabolized. and excreted.'®
The rate limiting step in dermal absorption
is either the penetration rate through the
stratum corneum (uptake rate) or the re-
moval rate of the chemical from the dermis
(absorption rate). Both processes are in-
tluenced by physicochemical properties of

‘the chemical. namely biosolubility, and by

physiological starus of the skin.

The absorption rates relate directly to
blood perfusion of skin. Perfusion in-
creases With the temperature of the envi-
ronment and physical activity of the
worker.t® Since cardiac output increases
in a similar manner, it can be assumed that
perfusion of dermis accounts for about 53

percent of cardiac output and perfusion of
the hypodermis for about 2.5 percent.

Flux

The stratum corneum functions as a dif-
fusion barrier. The penetration rate of a
chemical through the stratum corneum is
known as tlux. Flux is defined & the amount
of achemical (mg or wmol) 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,

hr).19-13) The penetration rate de
the vehicle and state of aggregatio

the chemical is applied. SKin inj
creases the penetration rate. .

Percutaneous penetration is a %
diffusion process mediated by two

ways: intercellular (polar) pa
transcellular (lipophilic) paths
Penetration rates for both pathways S8
rectlv related to solubility of the d -' i
in water and lipids and indirectly t§

lecular weight. Numerous models
proposed for determining fluxfrom_ :
ical propenies of the drug. These axi
recently critically reviewed by Oshoss
can be applied to the prediction o l’
absorption potential of industrial -‘g
cals (organic nonelectrolytes). i
model providing reasonable pred;«&
flux' 'S’ can be described by the foljiadi
equation: =

Al = Cf;‘(o.oaa
+ 0.153 P)g-0016Mw

where.
Fl = flux in mg/cmhr
¢ = the concentration of sammted'

aqueous solution of the ._

in mg/ml .
P = ocanol-water partition coefficient
MW¥ = molecular weight e
e = base of the natural logarithm. -~

Numerical constants are derived from pa

rameters pertinent to the diffusion process

through the stratum corneum. The

TABLEL. Diagram ot Skin Layers

o
Thickness,  Weight, Perfusion, %f
pm 9 Umin .

dead cells =
Epidermis stratum —_— 10 100.90 0 e

corneum living cefls 40

Dermis proteins. blood cetls 1250 2500.1700 02 e
Hypodermis connective tissue 1375:6600 7500:13000 015 Y

—far(adipose fissue) -
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nential expression in equation 1 indicates applied to a defined area of the skin‘’ or Regional variability in absorp{
that the flux of chemicals with large mol- by measuring the elimination of the chem- can be attributed to cell size ang
ecules is negligible. A molecular weight of  ical and its metabolites.t*618.19 The results ~sion rate. Significant species di 1
500 has been given as a practical limit, al-  of measurements depend on the method in dermal penetration have b ’
though this may not be the case for dis- employed. Values obtained by measure- ported.?®’ If the chemical is appl !
eased skin.' 12! ments of elimination should be cautiously ~vehicle (solution,air. ointment), the g ;
In vitro flux can be determined exper- applied since the pharmacokinetic pattern etration rate depends on the co ,
imentally by measuring the diffusion rate  for dermal absorption is rarely fullv ap- tion and solubility of the chemical i !'
across an excised section of stratum cor-  preciated. Because of regional variations in  vehicle."'") The wide spread of g
neum.(1617 Flux can also be determined  skin permeability. the measurements de- mentally-determined penetration l'ﬂtesh
in o either by measuring the losses of' pend on the region where chemical con- apparent from examples Compﬂed’h
a chemical which has been hermetically tact with the skin took place.!? TableII (column Flgeus).
TABLE . Dermal Absorption Potential of Chemicals with BEls
Predict. vy #,0 sol. Flinees
pky | mg/me MW Log P mg/mi h - (Ref.) fl Fr
Nonvolatile (SVP < 5 torr)
e x Aniline 10 ®B1 0.9 340 05 @ | 0.4 0.005
h 3.0 (2
X DMAC 35 8r.1 -0.77 3.0 1.00 0.026
X DMF K] Bl -1.00 9440 2-8 () 103 0.03
X Furfural 8 %1 0.9 830 0.2 19 1.82 0.006
e x | Nirobenzene 5 m1 | 1% 19 90402 1 019 | 0om4
) ; ) 0.2-3 26 i '
X Parathion 0.1 21.3 34 0.04 06 (@0 0.015 7x10%
X pce 0.5 %5.4 500 0.0008 0.012 0.0004
0.004 (12)
\ e X Phenol 19 %1 148 67.0 02-07 @) 4.62 0.014
0(13 (€2)
o0 X Styrene 25 104.0 2% 0.30 (18) 0.52 0.161
12.0 (33)
Volatile (SVP = 5 torr)
. Benzene 30 B.1 2.13 178 28 019 (3@ 0.0 0.02
e x | Sabor ) Bl 2.0 291 08 006 @8 | 089 | 0.02
isulfide
Chlorobenzene 350 112.6 246 0.5 41 0.24 0.26
. 006 (3
3 Ethyl benzene 43% 106.2 3.5 0.2 17 0.16 (29 0.53 0.33
28 {29)
o n-Hexane 180 8.2 3.9 0.014 11 6x10 (32) | 031 0.14
e Methy! 83 2
aicohol 260 20 0.77 7910 1900 15 (@.3) 2@ 0195
o Methyl
chloroform 1900 134 28 44 0.3 0.37 32 164 142
o MK 590 21 0.28 353.0 4 2.45 0.4
Perchloro- 0.005 (32
ethylene £ 168 260 040 0.43 0.24 (3 ol 0.5
0 Toluene €1 @1 | 2@ 0.80 22 ST s | 028
° frichloro- 210 Bl5 | 22 110 15 027 | 02
elhylene
j 0 0.006 (32) b -4
Xylene 4% 106.2 3.4 0.18 1.7 0.13 (33 0.50 0.3
! 70 (9 Y-
&
Notes: R ‘
MW = molecular weight log P = iogarithm of octanol-waler partition coefticient H.0 sol = saturated agueous solution Awgs = #aler- gas partition coefficient Fl.g = expenmentally ;‘“
determined tux (refefences are in parenihests) FL = Hux predicted using equation 1 FI* = cnucal lux aS determined by equafion 5 FI*4 = Critical flux for dermal absorption 9t vapors -
fequation 7) symbol 2 on he ‘et side of the :able indicates the dermal absorption potential while e indicates dermal toxiCity potential (Seetext), x indicates skin notation i TLY-BE! ) l
bookiet " Bold number indicates dermal absorption potential lor vapor '
F-16 APPLIED INDUSTRIAL HYGIENE (4)8 +




. FROM HOLADAY INDUSTRIES...

-~ -~ NON-IONIZING RADIATION
TEST EQUIPMENT

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
for human hazard measurements as well as for

HE3600 New instrumentation for measurement EMC measurements.
of non-ionizing radiation from video display
terminals and accurate measurements of power MICROWAVE Several models d microwave
frequency EMF (Electricand Magnetic Fields) Oven leakage survey meters, from small
from electric power lines. Optional fiber optic hand-held meters to large, automated systems
remote readout. for Oven factory testing

. H-5000-SX Complete RF radiation exposure CALL OR WRITE FOR MORE INFORMATION!
measurement system. Measures both magnetic

.and electric fields and provides ANSI standard YZ_: | HOLADAY INDUSTRIES, INC.
time-averaged values in real time. Datacan be = B e 4
stored in datalogger memory for later recall or JA' u e t-3604 J
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PREPARING FOR AN UPCOMING CERTIFICATION EXAM?
PLANNING NEXT YEARS TRAINING?
IF EITHER OF THESE ARE YOUR PROBLEMS, THE EQUALIZER IS YOUR SOLUTION.

THE EQUAL1ZER Dhbase V3.0 is an easy to use menu driven, professionally designed tool to help you assess

your knowledge in the many categoriesrelating to the complex field of Industrial Hygiene. It tests your knowledge
_in TOXICOLOGY, RADIATION, NOISE, VENTILATION ETC... It doss this by utilizing one of the most
effective teaching means available today, Computer Aided Instruction (CAI).

THE EQUALIZER requires absolutely no programming and can be operated by anyone, provides a professional
Bon-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 large 1000
guestion database to avoid the boredom produced by other testing methods which present the same questions in the
&me sequenceover and over again. Missed questions are saved and can be reviewed at the end of the session.

are calculated for each discipline to provide an estimate of the level of understanding of the material. This
fermat of random selection, immediate feedback and ease of use makes learning quicker and easier. Another menu
option allows the user to select the questions sequentially to see each and every question in the database. This might
be useful right before the certification exam to provide the maximum challenge of answering each question in the
database., THE EQUALIZER is also very flexible and allows the user to add, edit or delete questions. THE
EQUALIZER also has a print utility which prints questions and answers from any discipline. This allows many
People to learn fromone EQUALIZER package. Site Licences (uncopy projected versions) are also available,

ing the user to make multiple copies at the site.

Individual License DON"TWAIT. .... Site License

$299.95 ORDER THE EQUALIZER Dese TODAY'! $495.00
CALL 1-800-225-5669SEVEN DAYS A WEEK. MASTERCARD OR VISA, P.0. & CO. CHECK.
DATACHEM, WESTBORO, MASSACHUSETTS
Requires 2 (720k) a H D, 340k, DOS 2.0+, PC/XT/AT or compatible (also available 1n § 1/4”)
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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 activity of the worker.
namely by the skin temperature and in-
creased perfusion of the dermis in the ex-
posed area of the skin.821) Factors influ-
encing the absorbed amount are
summarized in Table I11.

Form of Chemical

Dermal absorption in an industrial setting
can OCCUr upon exposure to vapors 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
increase dermal absorption of vapors.f!9
Dermal absorption of solids (dust, aero-
sols, etc.) can be facilitated by their dis-
solution in perspiration. The dermal pen-
etration rate F dissolved chemicals appears
to be directly related to their concentration
and indirectly to their solubility in a sol-
vent. A prolonged contact with liquids usu-
ally results in biochemical changes in skin
and skin permeability./13

Exposed Area of Skin

While the surface area of skin exposed to
vapors, gases, and aerosols usually corre-
sponds to the body surfacearea, the surface
area of skin exposed to liquids is difficult
to estimate. In an industrial setting, the area
of body surface exposed to liquids usually
accounts for only a2 small fraction of body
surface, SA Hands are usually subjected to
exposure to liquids. It was estimated that
the surface area of one hand (up © 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 a large fraction of body surface.
Spills or contaminated clothing can also
result in exposure of a large body surface.

Duration of Exposure

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

Factors Affecting Dermal Absorption

Physicochemical properties of the chemicals

solubility in: water

nonpolar Soherts

diffussion coefficient
molecular weight
volatility®

] Physiological and anatomical parameters of the exposed skin
thickness of the stratum corneum

hydration of epidermis
perfusionof dermis

lipid content in extemal layers of skin

disease state of skin
i Form of exposure:

exposed area of skin
duration of dermal exposure¢
state of aggregation

vehicle: concentration in vehicle

solubility in vehicle
environmental temperature
) - humidity
physical activity of the worker

—e—32R

s
4
i
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exposure by other routes (intensity and duration)

*Faclors enhancing desmal absorplion (posilive correlation) are indicaled by “ 1 " factors reducing
dermal absomtion (negative correlation) are indicated by | . the most significant effects are

indicated by a double 1 or | .

Bingirect effect; exhalation reduces the dose entesing the systemic circulation.
Cincludes the effect of lag-period (see *Pharmacokinetic Considerations” in text).

Pharmacokinetic Considerations

Penetration rate (flux)through the stratum
corneum ks influenced by the physiological
status of the skin at the exposed area. Cer-
tain changes in the penetration rate usually
appear at the beginning of the exposure
during 3 so<alled lag-period.t 13 During the
lag-period. the concentration buildup in tpe
epidermis and dermis rakes place. At the
same time, the mast significant biochemi-
cal changes in the stratum corneum are
induced by contact with the chemical. Oth-
erwise, the penetration rate, under stable
dermal exposure conditions, remains con-
stant. On the other hand, the absorption,
i.e., 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 exposed dermis and
blood rise at different rates, the dermal
absorption rate is 3 function of time (821
The absorption rate b affected not only by
the dermal rate but also by the supply of
the chemical from other routes. of which
inhalation & the most common in indus-
trial settings. When the uptake and elimi-
nation processes approach steady state,
dermal and pulmonary absorption rates are
more or less constant and time independent.

interaction Between Dermal :

Pulmonary Absorption of Volatile

~ie=T
B

Chemicals
There are three similarities 1 the ig
kinetic pattern of inhalation and de;
exposures. '

1 The absorption rates are di

diffusion of chemicals through_ he

<71
cellular structure of parenchymal tis-
suesand are related to biosol\%

2. In an industrial setting, both i

sures are enduring. YR

3. The absorbed amount i equally'ds
persed in the entire cardiac output
prior to entering the systemic
circulation. hd

The interaction between dermal and

pulmonary absorption is apparent if the
studied chemical is 3gas or a volatile chemr
ical. moderately soluble in blood (exam
ples are hydrophobic organic solvents)
These chemicals, when absorbed dermally,
are partlv removed in the lung byeﬂ#
tion.+-6. 21" Consequently. the dermal ab-
sorption reduces or suppresses the pu
monary uptake prior to making its
contribution to the body burden. Thus, the
dermal uptake of volatile chemical has less
effect on biological levels than dermal-up-
take of nonvolatile chemicals. Howewet

3&1
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AIRBORNE DUST?

Use Real-Time,
Portable, Aerosol

Monitors From MIE
RAM-1 and MINIRAM Aerosol Monitors prowde dlrect
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 RAM-1

e Fitsin the palm of your hand. e Portable design — weighs
weighs only 1tb under 9 Ibs.

e Sensitive {0.01 mg/m: e Sensitive to . 001 mg/m'

10 secondsreal-time update e Selectabledis glay update —
as Well as time weighted and 1/2, 2, 8, or32 séconds
8-hour shdt averag g For complete information on

o Data storageand ASCIH output ~ the RAM-1 and MINIRAM

® [ntrinsically safe (MSHA real-time. portable, aerosol
2G-3532-0) # momutors. call or write to:

.__ __M I E MIE, Inc.*
213 Burlington Road
Bedford, Massachusetts 01730
.nccm.., &6’5) 275-5444 Telczelx 92-3339
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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 can 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-TWA), or if dermal
absorption of volatile chemicals does not
increase the arterial blood concentration
30 percent above the concentration reached
during occupational inhalation exposure
to the TLV-TWA.132 The hypothetical 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 TLY-TWA 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
aof 2 percent of the body surface to a liquid
and for whole-body exposure to a TLV ¢con-
centration of vapors. Thus. during inhala-
tion exposure only, the dose, D, is equal
to pulmonary uptake:

D = Van (TLV=Can) T @
and during simultaneous inhalation and

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

1.3D0 = Vau (TLV-1.3Ca0)T 3)
+F*x EAxT
where:
V.ay = alveolar ventilation in L/hr

Cav alveolar concentration in mg/L
T = exposure duration in hours
EA exposed body surface in ¢m?.

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

0.3 x TLV X V,u

Fi* = A

@

After substituting Vay = 900 Uhr and EA
= 360 ¢m?, the critical llux (expressed in
mg/cm/hr) can be related to the TLV (ex-
pressed in mg/L) bv a simple expression:

Fe = :Z%TLV )

Similarly. critical Ilux for whole body ex-
posure to vapors can be derived. assuming

F-20

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

EA 1000 ¢

Fligp = — FL' =&

® SA LV A ©

where:

SA = body surface (= 18000 ¢cm?)

Cw = saturated agueous solution of the
chemical in mg/ml

A = the appropriate water-gas parti-

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.

Fitap = 15% m

To evaluate toxicity potential of dermal ab-
sorption, we used the algorithm described
above, but we arbitrarily assumed that tox-
icity isassociated with tripling the dose and
biological levels. Such critical fluxes, FI**

and Fi**.,, respectively, are described by
the following equations:
Fi** =5 TLV and 8)
Fizgo= 100 22

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

Dermal Absorption Potential of
Chemicals with BEls

Organic chemicals for which BEIs are rec-
ommended are listed in Tuble 1I. The table
lists the parameters used for calculation of
tlux and critical flux. Dermal absorption
can significantly influence the biological
levels if the predicted flux is larger than
the critical flux, 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 I in-
dicated by “x™).

The notation of dermal absorption po-
tential is not necessarily an indicator of in-
creased health risk. It indicates, however.
that the correlation berween air meusure-
ments and biological meusurements can be
weakened or nonexistent. Under such cir-
cumstances. biological monitoring pro-
vides information on total exposure of
workers and not on inhalation exposure in
the workplace.

Constants for prediction of flux using
1 can be found in references 34-39. _
parution coefficients can be found in ﬁmh
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