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The Role of Skin Absorption as a Route of Exposure'Jor~*TI- % l-j
Volatile Organic Compounds (VOCs) in DrinkinqWSter- ——————Organic Compounds (VOCs) in Drinking

HALINA SZEJNWALD BROWN, PHD, DONNA R. BISHOP, MPH, AND CAROL A. ROWAN, MSPH

Abstract: Assessments of drinking water safety rely on the
assumption that ingestion represents the principal route of expo-
sure. A review of the experimental literature revealed that skin
penetration rales for solvents are remarkably high, and thai the
stratum ciuneum is a less effective barrier to penetration than
traditionally assumed.

Based on published skin absorption rales, we used Fid's law
(}" = K° A C?) to determine peiinfsbility constants for selecled
compounds. We then calculated dose per kilogram for nine different
exposure situations and compared this to the oral dose per kilogram.

We found that skin absorption contributed from 29-91 per cent of
the lotal dose, averaging 64 per cent. Dose per kilogram body weight
ranged from .0002 mgAg-.18 mg/kg, with an average of .03 nip'kg In
weak aqueous solutions, flux of the solute is diiectly proportional Io
concentration. Laboratory approaches differ markedly from envi-
ronmental exposures and can underestimate absorption.

We conclude that skin absorption of contaminants in drinking
water has been underestimated and that in^estion may not constitute
the sole or even primary route of exposure. (Am J Public Health
1984; 74:479-»84.)

Introduction

Regulators today face complex problems in assessing
the health hazards associated with contamination of drinking
water supplies. Due Io (he genera] absence of federal drink-
ing waler standards for the volatile solvents commonly
found in contaminated water, state and local regulatory
agencies must decide whether Io discontinue or restrict use
of water supplies on a case by case basis. .Such decisions are
heavily, if not exclusively, based on the if commendation of
a toxicolocist.

Male rials und Methods

The methodology to calculate an acceptable level of a
chemical in drinking water has been developed by the
National Academy of Sciences' and is incojporaled in the
Environmental Piotection Agency (EPA) SNARLs (Sug-
gested No Adverse Response Level). These figures repre-
sent the highest level or dose of a chemical which produced
no observed adverse effect in chronic or subchronic tests
with animals or humans, divided by a safety factor to obtain
an Acceptable Daily Intake (ADI). ADJ is in lurn divided by
the volume of water consumed by an average adult (two
liters) or child (one liter) in order to calculate the acceptable
concentration of the chemical in water (nigliter or ppm).
One of the underlying assumptions here is that ingestion.-
constilutes the chief route of exposure to the contaminant.
Such an assumption disregards other routes of exposure
such as skin absorption during bathing or swimming, and
inhalation of vapors while showering.

We reviewed the existing literature on absorption rates
of volatile solvents in aqueous solutions having direct con-
lac! \>. ith skin, and estimated the likely dermal and oral doses
resulting from noirnal daily use of contaminated waler.

Recent KPA surveys indicate that both finished and
ground water Mipplies throughout the United Slates have
been contaminated with volatile o;ganic compounds.3 Con-
centrations vary considerably by location, but are generally
highest in the induslriali?ed areas east of the Mississippi
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River. Data from studies reported by the EPA and the
Council on Environmental Quality (CEQ) in 1981' empha-
size the magnitude of (he problem. Levels of contamination
in surface and ground waters are given in Table I. While
contamination of surface waters is more frequent, ground
water degradation is of particular concern because of the
high levels detected, and because pollution of ground water
is not reversible. There aie no known natural cleansing
processes associated with ground waler movement in the
earth. Since about 50 per cent of the population relies on
ground waler for its drinking supplies,' this is a matter of
concern for regulators. Acute and chronic effects have been
demonstrated for most of these compounds, and several are
suspected or known carcinogens.*7 Others have shown
mutagenic and/or tcratogcnic capacity." '"The volatile com-
pounds found most commonly in EPA surveys of drinking
water supplies are listed below.* "

There are many sources of contamination. Synthetic
organic solvents have wide commercial use, and are delect-
able in air, water, soil and food." Virtually all members of
the general population may be routinely exposed to these
compounds due to Ihe ordinary use of painls, thinners,
lacquers, degreasers, fuels, dry-cleaning agents, dyeing ma-
lerials, glues, ccrncnls, pesticides, pharmaceuticals, clean-
ing supplies, foods, and beverages.

Outside of occupational sellings, little attention has
been paid to skin absorption as a route of entry for volatile
organic compounds, and regulators have been primarily
concerned with exposures via inhalation and ingeslion.
During the past 20 years, numerous investigators have
explored the mechanisms of epidermal barrier function in
relation to solvents and solvent mixtures. Although a com-
plex process, dermal uptake of compounds occurs mainly
through passive diffusion, involving selective mechanisms in
the various lipid and protein structures of the stratum
corneum. Many investigators have reported on the loxicity
and unexpectedly high penetration r a t e s of volatile organ-
ics.11" Nevertheless, most studies have focused on occupa-
tional and laboratory exposures to pure liquids, and much
less has been written about absorption from aqueous solu-
tions. Reports on exposure lo solvents or other volatile
organics via contaminated water supplies are difficult to

•irichloroelhylene. Iclrachloroethylene. carbon leirachloride, brn/cne,
1,1,1-trichIoroeihane. l.2-dichloroethane. vinyl chloride, methylcne chloride.
l.I-dicMoroethylenc, cis-J,2-dichloroethyJene, irans- J,2-dichIoiocih) Irne,
chloroben^ene, dichlorobenzcne, lrichloroben7ene
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TABLE 1 Drinking Water Contamination level*

Compound

Tetpach'>o:oelhyiene*
Carbon Tet-achloride'
I.J.l-Trichlo'OitViane*
1,2-DicMor>;-:r-.ane2

Vinly CMoiide2

Methytene Chloride1

1,1-DicWo'oe!'iy'.ene'
Cis-1,2-Dicri'ioroe'.hy!ene
Tians-1,2'Dichioroe'hylene
Ethylbervtne3

Xylene'
Toluene3

Ranges Detected
in Ground Water

(ug/liter)

tiace— 35,000
trace— 3,000

I* trace — 379
J7 trace — 401,300

trace — 400
trace — 380
trace — 3.600

Ranges Detected in
Surface Water

(ugfliter)

trace — Z2
trace — 21
trace — 30
trace— 33
trace — 4.8
trace — . 9.8
trace — 13

tra 860 trape—

trace— 2,000
trace— 300
trace— 6.4OO

SOURCES: EPA. 1981. pp 6. 10. 13, 20. 24, 27. 30 (S'.ale Dale).2
Council on Environmental Duality. 1981. p 36.a

obtain. Even without detailed analyses of absorption from
specific compounds, however, it is possible to est imate
potential absorption using Pick's Law.'0 Dose may then be
calculated using published skin absorption rates for various
chemicals (Table 2).21-"

Pick's Law

Pick's lav, may be used lo d e t e r m i n e the permeation
rale of s o l v e n t s in an aqueous solut ion, and is expressed by
the fo imula (J° = K£ A C?) where J° is the .permeation rale
( f lux) of the solute expiessed as mg/cm j x hour; K£ is the
pe imeabi l i ty cons tan t (liters/cm' x hr); and A C^ represents
the contenlralion difference of the solute across specified
t i ssue in mg/liter.^The (o) superscript refers lo the aqueous
system. Pick's law describes the behavior of d i lu te aqueous
solutions, such that absorption of the solute will be directly
proportional to concentration. This rule applies to weak
aqueous solutions and will not necessarily hold for pure or
highly concentrated liquids.70-33 Figure 1 demonstrates the
rate of absoipt ion of toluene as a funct ion of concentration in
water.-3 That such a re la t ionship exis ts at low concentra-
t ions and across bioad classes of compounds has been amply
d e m o n s t r a t e d by Tiegear and others.17-J f i--3~27

Regulators have re l ied upon data obtained using pure
l i q u i d s to c M i m a i e the s ign i f i cance of skin absoiption, which

600 - -

~ 500 -

C o n c e n t r a t i o n of To luene in V a i e r
< B g / l i t « r )

HGl RE 1 — Rfilr of Atmiipticm of Toluene as a Function of thf Continuation
in Water

SOURCE: Dink icwic j ;>nd Tyras, 1968

may not be a c c u r a t e for p r a c t i c a l purposes . Scheuplein,
Blank, and oiliers have shown that permeation rales are
a c t u a l l y i n c r e a s e d wi th r i i lu ie aqueous so lu t ions as com-
p a r e d lo pure l i q u i d s . - ' - 3 ' : 7 Scheuple in ci tes the following
example:

"Liquid )i t \ : i i io! (8 2M) is i - .ppioximoldy 150 l imes more
c o n c e n t r a t e d t h a n s . ' iUi jn ier i ^qiifSfis tioanol (0.05?M); yet
the pennea t ion l a i c of a q u e o u s hcxano l , f;u from being 150
times less than Ihc puie l iqu id , is almost twice ?.s great."30

Investigators a t t r ibu te this effect lo the compaction and
dehydra t i on of the s t r a t u m c o r n e u m when in contact with
pure l iquids , as we l l as to the d i s t r i b u t i o n factors of chang ing
gradients and partition coefficients understood in Pick's
law.r-v?'1 In a d d i t i o n , the n e c i o t i / i n g effects of c o n c e n t r a t e d
l i q u i d s in contact wi th sk in act to l imi t abso rp t ion . • ° - - f ' *°
Such dala indica te that skin absorption ra t e s may be sti ious-
ly u n d e r e s t i m a t e d .

TABLE 2 Average Skin Absorption Rotes tor Pure Liquids and Aqueous Solutions

Experimental Skin Absorption Rales (irig'cm* x hr} -D rt-cl f.'t-!hod

Aqueous Solution

Pure Absoiplion Rale (flux) Coritu:i!:.--!ion
Compound Liquid J? (mg'cm* x hr) C°(;,ig1) Rt't ;•. :.ce

Styrtne

Toluene

Xylene

•Profwrtkjnal to concerHialkxv Values lex Jj and Cj not given.
NOrE: Using Tick's law (Jj = K| i C3 and assuming thai Iht(x>-«>-nl;c!on grad-ent C^ equa's the cDf

ulc.lt.-c! rt;:iiu-abi!i1y

(1<cm' x hr)

ne 22-33
•

9-15

14-23

4.5-9.6

.11

.21
04
.18
.16
.60

112
156
66.5

^•69
180
600

D:;tkie«

DulVlt-A

Dut'-.iev.'

Dulkiew

io- f, Tyras21

« S Tyias22

icz & Tyras22

ic? & Tyras22

001
001
0006
OO07
.0009
.001

in s:''L/ion C.
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.frauirtincnl of Ah-.nij-.tiun Rales for StU-rtcd Solvents

DiJtkiewicz and Tyras quantified skin absorption rales
for cthylbcnztne, toluene, styrene, and xylene.31-" Their
results are presented in Table 2. Absorption was calculated
as the difference in solute concentration before and after a
one-hour immersion of one hand in aqueous solutions of
known concentration ("direct method"). 'Loss of the com-
pound was prevented by a polythene bag. This method
proved effective in control experiments where a solution
protected in this manner did not change concentration in two
hours. They conducted 14 experiments -with seven male
subjects, six on one subject. The results were checked
against a second set of experiments using excretion of major
metabolites to measure absorption ("indirect method"). In
this case, five experiments were carried out with five male
subjects in which both hands were exposed for a period of
two hours. Urine samples were collected every two hours
for the 14 hours beginning with exposure, and again 10 hours
later. Determinations of the compound were also obtained
from expired air. The same procedure was followed for each
compound.22 The data obtained were confirmed by Guille-
min, el a!, in 1974.

Both methods showed rapid absorption from aqueous
solutions, and the authors concluded that, "Compared with
its absorption through the respiratory system, skin absorp-
tion could be the major route of penetration into the
body."21 Olher writers agree that skin absorption represents
a principal joule of entry for several classes of com-
pounds. ' " - ' 7 • " 1|p Despite such evidence, however, there have
been few at tempts to quantify absorption dining normal use
of contaminated water, or to assess the polenlial ha/.aids
associated with such use.

Using Pick's law, the permeability constants (K°) calcu-
lated from these findings varied f;om .0006 to .001 (average
.001) for the scries of compounds in the range of concentra-
tions from 66.5 to 600 ing/I (Table 2). This finding further
supports the assumption of linearity for the iclationship
between absoiption rale and solute concentrations within a
wide range of low concentrations in aqueous solutions.

Vari^btt-s ImoK(d in Rate and .Amount of Skin Ab>orp'ion

The conditions under which exposure occurs, and the
specific characteristics of both the compounds and subjects
involved will each affect the rate and amount of absorption
through the skin. Variables such as duration of exposure,
type of skin exposed (thickness, vascularity, age, and chemi-
cal composition), and amount of surface area exposed will
influence ahsoiption.37 •"> In addition, each of the following
is associated with uptake in the skin:

Hydraiion- -The more hydrated the skin, the greater the
absdiption. In contrast, a pure liquid solvent will dehydrate
skin and elicit compaction of the s t ra tum corneum, which
will act to slow absorption of the chemical. If the skin is
hydiated (perspiration, immersion in water) or the com-
pound is in solution, diffusion and penetration will be
enhanced. I7-?1'"""-""-'"

Tempi iiiiure Increased skin or solute (water) tem-
perature will enhance skin absorption capacity proportion-
ately. By contrast, measurements of skin absorption are
typically carried out in temperature-controlled settings using
normally hydialcd skin. During swimming or bathing, how-
ever, it may be^ expected, that greater hydration of skin
surfaces will take place. "In addition, water, ambient, and

<km temperatures may well be greater in certain situations,
and thus diffusion will be greater.17-40 4J-43

Skin Condition--Any insult (i.e., sunburn) or injury
(cuts, wounds, abrasions) to the stratum corncum will com-
promise its ability to act as a barrier against foreign sub-
stances. A history of skin disease such as psoriasis or
eczema will similarly compromise the stratum corneum, as
will rashes, dermatitis, or any chronic skin condition which
acts to remove stratum corneum or limij barrier func-
tion.'3"0-"-**

Regional Variability --Skin absorption rates are derived
from experimental situations in which the thumb or hands
are immersed in the test solution. Rates obtained in this
manner, however, will underestimate actual absorption in
cases of whole-body immersion during swimming or bathing.
The epidermis of the hand represents a relatively greater
barrier to penetration than many other parts of the body,
including the scalp, forehead, abdomen, postauricular area,
underarm, fossa cubitalis, and scrotum.47 Penetration
through the scrotum, in fact, is estimated to be 100 per cent,
as compared to 8.6 per cent for the forearm.

Olher Routes of Entry—Olher significant routes of
absorption include oral, buccal, and sublingual, orbital,
nasal, and aural, and are known to be particularly permeable
to lipophilic substances in aqueous solutions."" Experimen-
tal procedures do not account for uptake via other loules,
and will thus underestimate dose and absorption during
immersion in w alcr.

Inhalation ser\es as yet another route. Calculations of
r a t e and dose necessar i ly rely on the assumption that con-
cenlialion will n. main constant throughout the exposure
period. The solvents under consideration are likely to vola-
tiliyc in small amounts near the surface of a body of water. In
the case of swimmmc or bathing, however, this effect will be
offset by the fact that amounis vo la t i l i /ed will be readily
inhalable, along w i th ambient air—Juvels of the com-
pounds. 'f-'t9 In addition, water may be swallowed in these
situations.

Individual Variability—Absorption rales vary among
individuals, and even for the same individual over
time.3*-'10'1"-50-" Variables such as age, sex, ratio of body fat,
previous exposure, nutrition, type and amount of skin ex-
posed as well as the specific conditions of exposure will all
affect ;niual absoiption. Rales oblained from healthy adults
will acain lend lo underestimate absorption for younger or
more sensit ive populations.

Pl;\si( at und Cln inical Piopt rlirs of the Compound -
Parlors affecting absorption include lipophilicity, polarity,
volatility, molecular weight, c a i b o n number, and solubility
in the s t ra tum coineurn.38

The pH of a solution will also bear on its absorption.
Malolisy, et a//0 have shown that water diffusion rales are
increased with soli)lions in pH ranges of 1.5 -4.0 :*nd 11-12,
and solvent solutions within these ranges arc absorbed more
readily. Matollsy, el til, also demonstrated the differential
effects of various buffer solutions on lipid and prolcin
structures of s t ratum comciirn. As the pH of our water
supplies becomes increasingly acidic, this factor will gain
more relevance outside ihe laboratory selling.

Appropriate methodology is crucial to determine epider-
mal absoiption efficiency. Por example, the common prac-
tice of calculating absorbed dose from expired air samples
has been shown to be misleading in many instances, since
these compounds lend to be distributed slowly and may be
sequestered in the body for relatively long periods.'-'-"-4' '•••*•
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TA3LE 3- — Estimated Dose and Contribution per Exposure for Skin Absorption versus Inoesllon

.1:1

- A. Dose

Compound

Toluene

Ett-y';-rr,/ene

Styrene

(mg/kg)

Concentration
(mg/l)

.005

.10

.5

.005

.10

.5

.005

.10

.5

B. Relative Contribution

Toluene

Fthytberuene

Styi ene

.005

.10

.5
OO5
.10
.5
005
.10
.5

Case

Dermal

.OO02

.005

.02
0003
005
.03
0002
.003

. .02

Dermal

67
63
59
75
63
68
67
50 '
59

,1.)

Oral

OO01
003
.014
OO01
003

.014
OO01
O03
.014

Oral

33
37
41
25
37
32
33
50
41

Case I

Dermal

.0004
. .008

.04
OOO4
008
.04
0002
O05
02

Dcimal

44
46
45
44
46
45
?9
35
29

^
Oral

OOO5
.O095
.048
OOO5
0095

.048

.OO05
O095
O48

Oral

56
54
55
56
54
55
71
65
71

Case 3

Dermal

.002

.033
.17
002
.036
.18
001
023
.11

Dermal

91
89
89
91
89
89
83
84
83

,«

Oral

0002
.0045
023
.0002-
0045
.023
0002
.0045
023

Oral

9
11
11
9

11
11
17
16
17

(a) 70 kg feriutt bathing 15 m.nules. 60% immersed (s'«.in ebsorplion)
2 Irte:* v.R',et co^.urr*-d per £ay [ingestion)

(ty 10 5 Kg intanl t.alNed 15 miiulf-s. 75*-^ imrrit-rsed (*Kin aJ-s^.pton)

(c) ?1 9 kg ch'id sis11Tilling 1 houf, 9O% imrnfspd («-V in r.'-O'pU>n)
1 Mep v e r i e r cxi^jume-d f-er day (ingeslion)

Thorough biological monitoring of the compounds and their
me tabo l i t e s is necessary to assess absorption and potential
sys temic effects.39

Vehicles and Accelerants — Substantial data exist dem-
o n s t r a t i n g the permeability-enhancing effects of various
compounds, including alcohols, solvents, and chloro-
form.-0-'° -™--0 Moreover, Blank and Shappirio61 and Fredriks-
son" have investigated the effects of soap solutions on
b a r r i e r func t ion , and have found that soaps and surfactants
will l ikewise increase sk in penneabil i ty s ignif icant ly. While
the da ta p i e s e n t e d do not peimit precise quan t i f i ca t ion of
ef fec t s , such i n f o i m f i t i o n is clearly r e l evan t to e n v i r o n m e n t a l
exposures.

S^/itrglstic Effects - N f e a s u i e m c n l s of skin absorption
rel)r on data ,obtained from single-compound "solutions,
w h i c h wil l U F i d c r e s t n n r i t e absorption in the moie common
s i t u a t i o n of mult iple exposures or exposure to solvent mix-
t u i e s in c o n t a m i n a t e d water. Studies show that combina-
t i ons of compounds have gieater effect on the s t ra tum
corneu in , and aie absorbed more readily.J6M

C a l c u l a t i o n s of Dtist f rom Cont-aniinaled ^'aler
In cn\ i i o n m c n t a l settings,,v. 'ater may be con tamina ted

with one or moie oiganic so lvents in the low parts ber b i l l ion
(ppb) lauge or higher. Using available data, Table 3 com-
pares the e s t i m a t e d dose per exposure from inges t ion versus
skin absoiption under var ious conditions. Inges t ion data
assume two l i ters of water consumed per day by an adu l t ,
and one liter for childien. ' Gastrointestinal absorption effi-
ciency is assumed to be )00 per cent." Skin absoiption data
assume body weights of 70kg, I0.5kg, and 21.9kg for an
adu l t , infant and_chi ld, respectively. Corresponding body
surface areas arc 18,000cm2, 4000cm7, and 8800cm2, respec-
tively."-6*

Thiee d i f f c i e n l c o n c e n t r a t i o n s were used. Doses have
been ca l cu la t ed u s i n g the p e r m e a b i l i t y c o n s t a n t s (Kp) from
Table 2 in the fol lowing foimulae:

Oral Dose --- c o n c e n t r a t i o n (rng/1) x a m o u n t consumed
Oilers/day) •: body w e i g h t (kg)

Dermal Dost -- pe rmeabi l i ty consli int (1'tin1 x hr) X
duration of exposure (hr) x total body surface a rea (cm') x
amount of body surface area exposed (%) x concentrat ion
(mg/l) ^ body weight Ckg)

Calcu la t ions of dose are based on the following assump-
tions:

1. Liraurily pick's IHW is assumed to hold at low
c o n c e n t r a t i o n s , such t h a t a l inear r e l a t i o n s h i p b e t w e e n dose
and conc tn l i . i l ion ^ i l l e x i s t t h r o u g h o u t a r ange of weak
a q u e o u s so lu t i ons . In f ac t , such a r e l a t i o n s h i p does e x i s t , and
numerous invest igators have dcmonslroted linearity through-
out a range of concentrat ions.7 7-6 7 Cons i s t ency of KJJ values
for similar solutes l a n g i n g 10-fold in c o n c e n t ) a l i o n (Tab)e 2)
further support th is assumption.

2. Independence -each chemical wil l p e n e t r a t e at its
cv, n r a t e , i i idcpenoYnlly of other chemicals pirscnt in solu-
t ion .

3. Unifuitnily l a ' c s of absorp t ion and f l u x t h i o n g h the
si i ir K ; i ; . : in con s l a n t I hi v>ugbout the pcj ind of exposure.

4. A'iJii'nily l l i c doses and effects of compounds oc-
c i M i i n g I c ig i - t h t - r in .-ijucous solutions are only additive.

5. FH'iilrntian '^"ilhin the t ime periods p r e s e n t e d , elim-
i i , . : t i i ' i i u i l l not s i g n i f i c a n l l y change sus ta ined dose. G iven the
f.ict t h a t d i s t j ibu t ion and e l imina t ion of these compounds
i > c c u r very slowly in the case of sVin absorpt ion, it is l i k e l y
that elimination will not be relevant in the scenar ios present-
ed.

6. Limited Exposure the doses c a l c u l a t e d ai e l i m i t e d to
absorption through the s t ra tum comcum, rind do not i i a l n d c
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SKIN ABSORPTION OF SOLVENTS IN DR.'MK.'NG WATER

jTiiclrat ion through Ibe more permeable membranes of the
body. In iii'ldilion., absorplion rales for Ihc entire body are
assumed 10 be equal lo thai of the hand.

7. Ttmpciature and Hydration—rates were obtained
experimentally at temperatures between 23"-25°C. We wilj
therefore assume water and ambient temperatures which do
not exceed those used in the laboratory. Likewise, hydration
of skin surfaces is assumed to be equal to that of experimental
subjects.

Table 3 shows that skin absorption represents a signifi-
cant roule of exposure. Depending on exposure conditions,
it can contribute from 29-91 per cent of the total daily dose,
for an average contribution of 64 per cent. Since uptake via
each route is proportional to concentration, and the diffusion
constant is therefore independent of concentration, the small
differences in contribution percentage for each case are due
lo rounding off. Three cases were given to illustrate this
point. These figures are based on the conservative assump-
tions described above, and should be regarded as estimates
of lower bound absorption through the stratum corneum.

Discussion
When factors such as hydration, skin condition, addi-

tional routes of entry, individual and anatomical site varia-
tions are taken into account, skin absorption can become a
significant portal of entry for contaminants . Moreover, the
estimated skin :ibsn,-ption /ales have been derived in occupa-
t ional or laboratory '•ettm.gs which may differ markedly from
env i ronmenta l conditions. Such rates, particularly those
obtained us inc pure liquids or single agents, should not be
dirt ctly extrapolated to environmental exposures. Neverthe-
less, the informat ion suggests that when doses from skin
absorption are considered, margins of safety may be signifi-
cantly narrowed, and currently established guidelines com-
promised.

It will be necessary to generate comprehensive data o/i
the relative contributions of various types of exposures on
selected populations if we are to ensure adequate protection
of public heal th . Studies indicate that contamination of water
supplies is gieater than previously believed, and is likely lo
increase without s t r ingent controls. On this basis, we recom-
mend that regulatory guidelines and policies be reconsid-
ered.
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