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Raleigh, Nor th Ca rolina , USA

Guilin Qiao
Exposure Assessment Branch , Hea lth Effect s Labora tor y Division, Nat ion al Inst itu te

for Occupa t iona l Sa fety and Health , Morgan town, West Virgin ia, USA

The experimental determination of dermal absorption of volatile chemicals is
fraught with dif�culties. The isolated perfused porcine skin �ap (IPPSF) is a
biologically intact, perfused skin preparation that has been employed to pre-
dict dermal absorption of chemicals in humans. The purpose of this work was
to explore various experimental dosing strategies for volatile chemicals using
dichlorobenzene (DCB) and chloropenta�uorobenzene (CPFB) as model com-
pounds. Effects of complete occlusion and various strategies of vapor trapping,
vapor dosing, and solvent effects were explored. The results suggest that dosing
methodology is a major determinant of dermal absorption and could easily skew
results obtained from different systems. A biologically sensitive system such as
the IPPSF is particularly sensitive to the manipulations required to ensure pre-
cise dosing of these compounds. An interesting �nding was that the effects of
solvents on compound absorption that are routinely described in liquid dosing
scenarios were also detected when both the compound and solvent were exposed
during the vapor phase.

Keywords chloropent a � uor obenzene, derma l absor pt ion , dich lorobenzene,
vola t ile chemicals

The assessmen t of the percu t aneou s absorpt ion and penetr a t ion of vola -
t ile compounds is exper im en ta lly cha llenging. In many cases, chemica l
loss is avoided by conduct ing studies under condit ions of occlusion to
protect aga in st loss of dose. However, t h is scenar io often does not model
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266 J. E. Riviere et al.

t he na tur a l exposu re condit ions, a nd th is poses problems when making
r isk assessmen t ca lcu la t ions. Complete occlusion of a dosing sit e a lt ers
absorpt ion pro� les (Chang and Riviere, 1993). The isola t ed per fused
porcine skin � ap (IPPSF ) is an in vit r o model syst em tha t ha s been u t i-
lized to model compound absorpt ion and skin disposit ion (Riviere et a l.,
1986, 1995; Rivier e and Mon teiro-Rivier e, 1991). Th is model ha s been
va lida t ed as being predict ive of in vivo human absorpt ion for a la rge and
diverse ser ies of compounds (Rivier e et a l., 1992, 1995; Wester et a l.,
1998). The adva n tage of the syst em is tha t a ll t he biologica l componen t s
of skin tha t cou ld modu la t e percu t aneou s absorpt ion (e.g., t he str a tum
corneum barr ier, epidermal metabolism , dermal va scu la r uptake, ir r i-
t a t ion ) are funct iona l in th is per fused t issue prepa ra t ion .

Risk a ssessmen t of vola t ile compounds is genera lly focused on their
pr ima ry rou te of exposu re, inha la t ion . As a resu lt , there a re few data
ava ila ble in the liter a tu re concern ing dermal absorpt ion a ft er topica l ex-
posu re, a s m igh t occu r when the skin su r fa ce is exposed to a compound.
Dich lorobenzene (DCB) is commercia lly u t ilized as a space deodor izer,
moth r epellen t , and fungicide. The compound is a lso used a s an in t er -
media t e in the syn thesis of resins, orga n ic solven t s, pest icides, and dyes
(ATSDR, 1993 ). A r ecen t epidem iologica l su rvey suggest s tha t 96% of
the adu lt popu la t ion in the Unit ed Sta tes has detectable levels of DCB
in their blood (Hill et a l., 1995). At ver y h igh doses, DCB has been as-
socia t ed with kidney and hepa t ic toxicit y and is a pu ta t ive car cinogen
in la bora tor y an ima l studies. It s biotr ansformat ion has been invest i-
ga t ed in the con text of it s r ole a s a ca rcinogen (Hissink et a l., 1997a , b).
Ch loropen ta� uorobenzene (CPFB) is a vola t ile � uor in a t ed hydroca rbon
tha t ha s been proposed to be used as a chemica l war fa re agent sim u la n t
because it ha s a very low level of toxicit y, being associa ted on ly with
mild skin and eye ir r it a t ion in rabbits (Clewell a nd J a rnot , 1994). For
both of these compounds, derma l penetr a t ion has not been adequa tely
assessed in a model syst em predict ive of human absorpt ion .

A second var iable oft en encoun ter ed in assessing the absorpt ion and
cu taneou s toxicit y of such compounds is the prot ocol used to dose low
concen t ra t ions in labor a tory an im al studies. In most cases, especia lly
when assessing low-level exposur e, veh icles must be used to apply t est
compounds to skin . It is recogn ized tha t veh icles may alt er the dermal
absorpt ion proper t ies of chemica ls so tha t they differ fr om those tha t oc-
cu r in cases of nea t applica t ion (Löf and J ohanson , 1998), a phenom enon
documented in IPPSF studies wit h phenol and par an it rophenol (Brooks
and Riviere, 1996).

The purpose of this project was to develop methodologies tha t cou ld
be used to study vola t ile compound absorpt ion in the IPPSF. Because
of the peculia r it ies of th is model (e.g., sensit ivity to handling dur ing an
exper im en t , venou s dra inage open to the environmen t , tubu la r shape,
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Percutaneous Absorption of Volatile Chemicals 267

variability in size due to surgical procedure), a new dosing system was
developed for the IPPSF that allowed more controlled exposure to these
chemicals. The process of conducting these experiments involved (1) de-
velopment of a cradle chamber to trap the evaporated compound in the
area next to the skin, (2) assessment of the amount of chemical absorbed
into the perfusate from the chemical that evaporated from excised skin,
(3) exposure of the IPPSF to neat test compound and to test compound in
a vehicle, (4) assessment of the amount of test compound in the perfusate
as a result of exposure to the volatile compound vapor, and (5) develop-
ment of a dosing dome that allowed dosing a vapor to skin without vapor
uptake directly into the perfusate. Model compounds for these experi-
ments were CPFB and DCB, dosed neat and in vehicles.

MATERIALS AND METHODS

Experiment Scenarios

A number of experimental scenarios were set up to investigate the ef-
fects of different dosing strategies on compound absorption in the IPPSF.
Table 1 lists the experiment scenarios studied. Compounds were ap-
plied neat or in varying concentrations in vehicles, generally using n = 4
replicates per treatment condition. Ethanol was the vehicle for DCB ex-
periments; however, it was necessary to use acetone in the CPFB ex-
periments because of analytical interference resulting from the fact
that the elution times of ethanol and CPFB are similar during gas
chromatography (GC) analysis. In scenario A, compound was dosed on
IPPSFs perfused in open chambers. In scenario B, compound was dosed
on the IPPSF and the entire dosing site was immediately occluded with

TABLE 1. Exper imental Scenar ios Invest iga ted

Prot ocol number Compound Exposu re condit ion s Dose Veh icle n

A CPFB Non occluded 20 l L liquid Nea t 4
B CPFB Occluded patch 20 l L liquid Nea t 4
C CPFB Cradle chamber 20 l L liquid Nea t 4
D CPFB Cradle chamber 20 l L liquid Nea t 4

(excised skin )
E CPFB Cradle chamber 20 l L liquid Nea t 6
F CPFB Cradle chamber 2 l L liquid Nea t 4
G CPFB Cradle chamber 2 l L liquid 8 l L acet one 4
H CPFB Cradle chamber 10 l L liquid 10 l L acetone 4
I DCB Cradle chamber 20 l L liquid Nea t 4
J CPFB Dosing dome 20 l L vapor Nea t 7
K DCB Dosing dome 20 l L vapor Nea t 4
L DCB Dosing dome 50 l L vapor Nea t 4
M DCB Dosing dome 10 l L vapor 10 l L eth anol 3
N DCB Dosing dome 20 l L vapor 20 l L eth anol 2
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268 J. E. Riviere et al.

cellophane tape. In C, compound was dosed using the cr adle chamber
as descr ibed la ter. In D, compound was dosed on to excised, nonper fused
skin in a cradle chamber, wit h per fusa t e � owing th r ough the chamber
in order to a ssess evapora t ion in to per fusa t e. Tr ea tmen t s E , F, G, and
H compar ed CPFB absor pt ion in the cradle chamber a t two doses and
coadminist ered in acetone veh icles. Trea tmen t I a ssessed DCB absorp-
t ion in the cradle chamber. Tr ea tmen t s J , K, L, M, and N ut ilized the
dosing dome descr ibed la t er and assessed nea t CPFB and DCB a t two
doses in ethanol veh icles.

Isolated Perfused Porcine Skin Flap

The rou t in e two-st age surgica l procedure was used to crea t e IPPSFs
(Riviere et a l., 1986). The � ap was then tr ansfer r ed to a t empera tu re-
and humidit y-r egu la ted per fusion syst em . In the chamber, t he per fusion
� ow ra te, pH, t empera tu r e, a nd r ela t ive humidit y were ma in t a in ed a t
a per fusa t ion � ow ra te of 1 mL/min /� ap (3– 7 mL/min /100 g t issue), a
pH of 7.4, a tempera tu re of 37±C, and a r ela t ive humidit y of 60 to 80%
in a non recircu la t ing per fusion con� gu ra t ion . F low ra t e and per fusion
pressu r e (a r ter ia l, 30– 70 mmHg) were recorded every 30 min dur ing
exper im en t s. The per fusion medium was a Krebs -Ringer bicarbona te
bu ffer (pH 7.4, 350 mOsm/kg) con ta in ing a lbumin (45 g/L ) and glu cose
(80– 120 mg/dL).

F igur e 1A depict s the con� gu ra t ion of the cradle chamber, wh ich
a llowed the vola t ile compound to evapor a t e and be tr apped in an envi-
ronmen t around the skin � ap. A 1 £ 3-cm dosing area was drawn on the
su r fa ce of the skin � ap. The maximum dose tha t cou ld be applied to th is
a r ea was 20 l L. The cradle chamber was then secu r ed in place with a
par a� lm gasket . The cannu la end of the cradle was sea led to m in imize
eva pora t ion from the cradle chamber. The skin � ap was dosed via the
slit in the top of the cradle chamber, and the slit was im media t ely cov-
ered wit h tape. Vapor samples (0.5 mL) were t aken from th is slit via a
25-gauge needle th r ough the t ape, and the hole in the t ape was sea led
wit h t ape im media t ely a ft er sampling. Care was taken a t every st ep
to m in imize loss of the vapor of the t est compound. Per fusa t e en t ered
the a r t er ia l supply via the cannu la and the venou s dra inage was col-
lect ed in a funnel bu ilt in to the � oor of the cr adle because cannu la t ion
of the dra in ing vein s is not fea sible in r ou t in e studies. Th is con� gur a -
t ion cou ld r esu lt in exposu re of per fusa t e to dosed va por, so nonper fused
skin wrapped on a tubu la r st in t was exposed to compound and air, and
per fusa t e samples were mon it ored over t im e. These da t a suggested tha t
th is con� gu ra t ion wou ld requ ire a normaliza t ion procedure for a ccu ra te
assessmen t of skin penet ra t ion.

F igur e 1B depict s the second approach , wh ich u t ilized a gla ss dosing
dom e tha t r estr ict ed va por conta ct to dosed skin . This elim ina t ed the
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Percutaneous Absorption of Volatile Chemicals 269

FIGURE 1. Dosing chamber s assessed on IPPSFs. A. Cradle chamber dosing a llows a volat ile chem-
ica l to evapora te from the dosing site and be t rapped in th e environment a round the skin � ap. B.
The glass dosing dome exposes a de� ned skin sur fa ce area to volat ilized compound tha t is applied
a t the ground gla ss fr it .
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270 J. E. Riviere et al.

need to nor ma lize per fusa te concen t ra t ions for va por con tact . Sever a l
sizes of gla ss dosing dom es have been developed to accommodate va r -
ious skin � ap sizes. (Although ca re is ta ken to produce skin � aps tha t
a r e the same length and diameter, differences in donor pigs and su rgi-
ca l procedures make it im possible to produce absolu t ely un iform -sized
skin � aps.) The glass dosing dom e was placed over the skin � ap, and the
snugness of the � t held the dome in place withou t over ly const r ict ing the
� ap, which wou ld produce per fusion problems. The gr ound-glass stopper
was removed from the glass dosing dom e, and the dose of the vola t ile t est
compound was applied to the porou s ground-glass fr it a t t he base of the
cen t ra l tube. The glass stopper was repla ced im media t ely aft er the dose
was pipet t ed. The test compound then vola t ilized to � ll t he dome with
t est compound vapor. Because the glass dosing dom e elim ina ted dir ect
con tact between the vapor and the per fusa t e, t he test compound tha t ap-
pear ed in the per fusa t e resu lted solely fr om absorpt ion th rough the skin .

At termina t ion , severa l samples were taken for mass ba la nce of
the t est compounds. The su r face of the dosed a rea was swabbed twice
wit h gauze moist ened wit h a 1% soap solu t ion followed by 12 str a tum
corneum tape st r ips. The en t ir e dosed a rea was r emoved. A 1 cm £ 1 cm
core of the dose a rea was r emoved and frozen for subsequen t studies of
depth of penet ra t ion . The remaining dosed area was ext ra ct ed using the
appropr ia t e solven t and ana lyzed for t est compound. A sample of the fa t
under the dosed area and a 1 cm £ 1 cm-area of nondosed sk in were
ext ra ct ed and ana lyzed.

Gas Chromatography

Sample ana lysis was made by means of gas ch rom atogr aphy using a
Hewlet t Pa ckard 5890 II ga s ch rom atogr aph and an externa l st anda rd
method. DCB samples were ext racted from perfusa t e and t issues using
iso-octane, and CPFB samples using hexa ne. Air samples were dir ect ly
in ject ed. An Allt ech Capilla r y Column (SE -30 15 M £ 0.53 mm ) (Allt ech
Assoc., Inc., Deer � eld, IL ) wit h a column � ow ra t e of 10 mL/min was
used; it produced a tota l � ow (colu mn + auxilla ry) of 50 mL/min . The
ca r r ier was 95% argon and 5% methane. The oven tempera tur e was
70±C, the in jector t emper a tu re 180±C, and the electr on captu re detector
t empera tur e 380±C. Peaks wer e quan t it a t ed using the ext erna l st anda rd
ar ea method and linear ca libr a t ion cu rves for a ir, per fu sa t e, and t issue
samples.

All da ta a re expressed a s mean § SEM.

RESULTS AND DISCUSSION

Figu re 2A illu str a t es the mean CPFB perfusa t e va lu es over t ime when
IPPSFs were dosed and not occluded (scenar io A), pla ced under an occlu -
sive dr essing (scena r io B), and placed in the cradle chamber (scena r io
C) (Table 1). F igur e 2B depicts the mean CPFB vapor concen t ra t ions
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Percutaneous Absorption of Volatile Chemicals 271

FIGURE 2. CPFB absor pt ion in to IPPSF perfu sate a ft er dosing in nonoccluded and occluded en -
vironmen ts and in the cr adle ch amber. A. The absorbed dose is expressed as a concent r a tion in
per fusa te. B. Tota l mass absor bed from the vapor. Mean § SEM.

simu ltaneou sly collected for the same exper imen t s. Vapor samples were
t aken from the a rea over the IPPSF in the nonocluded and occluded
syst ems and from the sampling por t in the cradle chamber studies.
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272 J. E. Riviere et al.

A number of observa t ions can be made based on th is � r st ser ies of
exposu r es. The per fusa t e da t a demonst ra t e tha t only t ra ce amoun t s of
CPFB were absor bed from a tot a lly nonoccluded syst em (62.4 § 11.4 l g).
CPFB cou ld be detect ed in the a ir sampled from the IPPSF chamber de-
spite it s rela t ively la rge volume (approximately 1 cu. yd ). In con t rast , oc-
cluded dosing produced a rapid increase in per fusa t e levels and a la r ger
tot a l absorpt ion (1070 § 477 l g). The lack of con t inuou sly detectable
CPFB in the vapor samples under occluded dosing suppor ts the ef� -
ciency of the occlusion process. The su rpr is ing da ta , wh ich prompted
many of the studies in th is manuscr ipt , wer e the h igh levels of absorp-
t ion seen when CPFB was dosed in the cradle chamber (2892 § 620 l g).
However, t h is was a ccompan ied by h igh va por concen t ra t ions in the
cradle chamber. Theoret ica lly, dosing wit h the use of a completely occlu -
sive dressing shou ld produce maximal absorpt ion . The h igher absorpt ion
seen in the cradle chamber prompted the hypot hesis tha t absorpt ion was
occu r r ing by two rou tes, t h rough skin a t the dosing site and in to per-
fu sa te from the chamber environment as it exited the � ap and collect ed
in the dra inage funnel. This exposu r e of per fusa t e to exposed va por was
a major limita t ion of the syst em and prompted r emain ing studies to
invest iga te how such data cou ld be handled.

To a ssess th is possibilit y, in scenar io D, CPFB was dosed on to an ex-
cised piece of derma tom ed pig skin (500 l m th ick ) applied over a glass
cylinder to reproduce the geom etr y of the IPPSF. Th is sk in was not per -
fu sed, so any CPFB appear ing in the per fusa t e must have been second-
ar y to absorpt ion from the cradle chamber environmen t . In th is expo-
su re scenar io, tot a l absorpt ion in to the per fusa t e was 1114 § 349 l g, a
va lue approximately 40% tha t seen when a per fused IPPSF was dosed.
The difference (1778 l g) approa ched the va lue seen under occluded
dosing.

These observa t ions prom pted a second ser ies of studies, scenar ios E
though H, in which CPFB was dosed using cradle chambers wh ile per -
fu sa te and cr adle chamber wh ile concen t ra t ions wer e simu ltaneou sly
mon itored. In these studies, a ddit iona l ca re was t aken to avoid com -
pound loss due to leakage and eva pora t ion from samples. F igur e 3A
illu st ra t es the mean va por levels of CPFB in side the cradle chamber
over t im e for fou r differ en t dosing prot ocols. F igu re 3B illustr a t es the
mean CPFB va lues in the per fusa t e. F igu r e 3C depict s the ra t io of CPFB
in per fusa t e divided by CPFB in vapor. A clear pla teau in th is ra t io oc-
cu r r ed wit h in 10 min. The following computa t iona l approach was then
u t ilized to gener a t e the cor r ected per fusa t e absorpt ion pro� les depict ed
in Figu re 3D:

1. Determ ine l g/mL concen tr a t ions in va por and per fusa t e samples.
2. Determ ine r a t io [Perfusa t e( l g/mL)]/[Vapor ( l g/mL)].
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Percutaneous Absorption of Volatile Chemicals 273

FIGURE 3. Percu taneou s absorption of CPFB dosed according to fou r t r ea tments: 20 l L nea t; 2 l L
nea t ; 10 l L CPFB and 10 l L acet on e; 2 l L CPFB and 8 l L acetone. A. Concent r at ion in cr adle
chamber a tmospher e. B. Concent r at ion in IPPSF per fusate. (Continued)
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274 J. E. Riviere et al.

FIGURE 3. (Con t inued) C. Ra t io of CPF B in per fusate to vapor. D. Cor rected per fusa te concent r a-
t ions using equat ion . CC, cradle chamber.
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Percutaneous Absorption of Volatile Chemicals 275

TABLE 2. Percutaneous Absorption of CPFB Liquid Dosed Using Cradle Chambers

Total absorption Absorption into Corrected dermal
Actual dose into perfusate perfusate from air absorption

Treatment ( l g) ( l g) (%D) ( l g/mL) (%D/mL) ( l g) (%D)

20 l L neat 31,360 3634a 12b,c 700a 2.2a 2934a 0.81a

(514) (2) (121) (0.14)
10 l L CPFB/ 15,680 1857b 12b,c 409b,c 2.6a 1448b 0.78a

10 l L acetone (287) (2) (46) (0.3)
2 l L neat 3136 664c 21a 86d 2.7a 578c 0.18b

(49) 2 (7) (0.2)
2 l L CPFB/ 3136 482c 15b 81d 2.6a 401c 0.13b

8 l L acetone (69) (2) (8) (0.2)

Note. Values are mean (SEM). D, dose.
a,b,c,dData with superscripts are compared within columns. Values with the same letter are

not signi�cantly different.

3. Determine �rst plateau of ratios = ratio ¤ .
4. Determine corrected [perfusate] using the following equations:

Ratio ¤ = [perfusate] / [vapor]

[Perfusate] = (ratio ¤ £ [vapor])

Corrected [perfusate0 ¡ 120] = [original perfusate0 ¡ 120]

¡ (ratio¤ £ [vapor0 ¡ 120])

The corrected absorption parameters are listed in Table 2. An insigni-
�cant fraction of the applied dose was recovered in any of the stratum
corneum tape strips, dosed skin, or fat samples collected. The absorp-
tion of CPFB from the cradle chamber into the perfusate was relatively
constant across all scenarios (approximately 2.5%). The rank order of
absorption was 20 l L neat CPFB >10 l L CPFB in 10 l L acetone >2 l L
neat CPFB >2 l L CPFB in 8 l L acetone. As can be seen by compar-
ing absorption with percentage of applied dose, absorption ef�ciency
decreased with higher doses. Dosing in an acetone vehicle reduced the
absorption of the lower dose.

In contrast to the highly volatile CPFB, DCB absorption pro�les
(Figures 4A through D) using this exposure scenario (I) had a minimal
vapor effect, and any correction did not signi�cantly alter the absorption
pro�le. Total perfusate absorption was 616 § 31 l g. Concentrations
were detectable in tissue samples but were uniformly less than 5% of
perfusate absorption at the end of an experiment. It is to be noted that
in contrast to CPFB, absorption did not plateau with DCB.

There was a great deal of variability in these studies, partially at-
tributable to the dif�culty of achieving a constant dosing surface area.
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FIGURE 4. Per cu tan eous absorpt ion of DCB by IPPSF. A. Concent r at ion in cradle chamber atmo-
spher e . B. Concent r at ion in per fusate. (Continued)
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FIGURE 4. (Cont inued) C. Rat io of DCB in per fusate to vapor. D. Cor rected per fusate concent r at ions
u sing equa t ion . CC, cr adle ch amber.
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DCB beaded on the skin sur face, making it im possible to ach ieve un i-
form dosing. Even wit h CPFB, the cylindr ica l geom etr y of the IPPSF
prom oted run -off on to dos ing templa t es.

To address these concerns, t he gla ss dosing dome was u t ilized. In
these cases, nea t compound never touched the skin su r fa ce; in st ead,
va por from the applied dose un iformly exposed the skin under the dom e.
Figu res 5A and 6A illu st ra te the absorpt ion of CPFB (scenar io J ) and
DCB (scenar ios K, L, M, and N ), respect ively, t h rough the skin � ap from
the glass dosing dome. Figur es 5B and 6B compar e the dosing dome
pro� les to the cor r ect ed cradle chamber pro� les previously presen ted.
The glass dos ing dom e tr aps the vapor next to the sk in � ap, so there is no
va por in con tact with the per fusa t e in the cradle. Not ice in Figu re 6A tha t
ther e ha s been no deplet ion of the DCB dose, as no de� ned peak has been
demonst ra t ed. Th is is in con t rast t o the liqu id dosing scenar ios in wh ich

FIGURE 5. A. Percu taneou s absorption of n ea t CPFB dosed in dosing dome. B. Compar ison with
cor rected cradle chamber absorpt ion . DD, dosing dome; CC, cr adle chamber.
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FIGURE 6. A. Per cu taneous absorpt ion of DCB dosed according to four t r ea tments: 20 l L nea t;
50 l L nea t ; 10 l L DCB and 10 l L ethanol; 20 l L DCB and 20 l L ethanol. B. Compar ison of
absor pt ion of 20 l L neat DCB in dosing dome and in cor rected cradle ch amber. DD, dosing dome;
CC, cr adle ch amber.

evapora t ion of applied dose depletes ava ila ble compound for absorpt ion .
It is impor tan t to not e tha t for both compounds, h igher absorpt ion is seen
wit h the liqu id cradle chamber dosing than wit h the vapor dosing dom e.

Figu re 6A and B depict s the absorpt ion pro� les seen wit h dosing sce-
na r ios K (20 l L neat ), L (50 l L neat ), M (10 l L va por /10 l L ethanol ), a nd
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N (20 l L va por /20 l L ethanol ). With DCB, ther e is very lit t le dose effect
suggest ing sa tu ra t ion of absorpt ion . In con t ra st , dosing wit h ethanol
sign i� can t ly increased absor pt ion acr oss both doses, suggest ing an en -
hanced permeabilit y of skin in the presence of ethanol vapor.

CONCLUSION

These studies clear ly illu st ra t e the complexit ies involved in assessing
the absorpt ion of vola t ile chemica ls a cross skin . The problems a re mag-
n i� ed in a model sys tem such a s the IPPSF which im poses r estr ict ions
on the type of dosing devices tha t can be applied to the skin wit hou t caus-
ing adverse biologica l effect s such a s vascu la r constr ict ion . The in it ia l
approach of using the cradle chamber resu lt s in absorpt ion da ta tha t
is con founded by va por absorpt ion in to per fusa te. Cor rect ion for th is
effect is possible and reduces som e var iability; however, it elim ina tes
ear ly t ime poin ts tha t may be impor tan t for som e types of ma themat ica l
modeling.

The dosing dome is a sim pler approach to th is problem, bu t it a llows
the a ssessing of absor pt ion from the vapor phase on ly. The downside of
th is t echn ique of exper imen ta t ion is tha t a number of domes must be
fabr ica t ed to � t t he differen t sizes of IPPSFs tha t a r e produced fr om the
su rgica l procedur e.

The focus of th is wor k was to compa re va r ious dosing methodolo-
gies su it able for the IPPSF, not to focus on the mechan ism of per cu t a -
neou s absorpt ion or on it s quan t i� ca t ion . However, som e observa t ions
ar e wor th summar izing. As seen with both CPFB and DCB, sa tu ra t ion
of absorpt ion is seen when h igh and low doses are compar ed. When ex-
pressed as percen t dose absorbed, the lower doses had h igher fract iona l
absorpt ions. Th is observa t ion , a lso seen wit h many other compounds,
must be t aken in to consider a t ion when such exper imen ta l da t a a re u t i-
lized in r isk assessmen t ca lcu la t ions. Second, absorpt ion fr om liqu id
is not dir ect ly compa rable wit h absorpt ion dur ing a va por phase. Par t
of th is effect cou ld be secondary to the phys ica l chemis tr y of diffu sion ,
where the dr iving force in a liqu id applica t ion is the concen t ra t ion on
the skin su r face versus the pa r t ia l pressu r e of the compound while it is
in a va por st a t e.

F in a lly, simu lta neou s dosing with a vehicle may modu la t e the ab-
sorpt ion pro� le seen . In the case of DCB in ethanol, h igher absorpt ion
was seen a t both doses when compa red to nea t DCB applica t ion . Th is
con� rms the previously a lluded to effect s of applica t ion veh icle (Brooks
and Rivier e, 1996; Löf and J ohanson , 1998). However, a ll pr evious stud-
ies were done using liquid dosing; thus, th is � nding is sign i� can t be-
cause vapor /vapor exposu re a lso resu lt s in modu la t ion of absorpt ion .
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The mechan ism beh ind vehicle effect s is oft en suggest ed to be seconda ry
to formula t ion fa ctor s such as solubilit y in the veh icle and par t it ioning of
the veh icle between the skin su r fa ce and the st ra tum corneum. Finding
a vehicle effect when both compounds a re in the vapor phase is sign if-
ican t because solu t ion in t eract ions ar e not presen t . Th is suggests tha t
the mechan ism is more likely to be secondary to dir ect in t eract ion of the
veh icle wit h str a tum corneum lipids, wh ich resu lt s in a lt ered permeabil-
ity for the penet ra t ing chemica l. This observa t ion is im por t an t when the
absorpt ion of complex mixtu res rou t in ely encoun tered in occupat iona l
and environmenta l exposu res is being assessed.
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