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Male parenthood mine carcinogenic potential of man
made mineral fibres: relevance to

Yes No recent proposals for classification
testingWork impairment Yes 250 ;s

No 95 81
Prevalence or
work impairment 34-5% 20-6%

the magnitude of the association, which
compares with that reported by Finkelstein.
The table shows the data for 247 male
workers with a known parental status. The

odds ratio obtained for parenthood in the
multivariate logistic regression including
age, smoking, work satisfaction (boredom),
seniority at the task, and stressful life events
was 1-6 (95% confidence interval 1 1-2 1).

Finkelstein suggested that back problems
could occur more frequently among male
parents due to parenting and recreational
activities carried out with children. We
would like to broaden the interpretation of
that result to the work place as well. The

work impairment that was reported by most
workers in our study was limited to being
bothered by back pain in doing the regular
job and did not involve absenteeism. We
could argue that the association between
male parenthood and back problems could
be confounded by other factors associated
with being a father such as being less phys-
ically active in sports, being heavier, bring-
ing to work family preoccupations as an

additional source of stress, and even

occupying different types of jobs that would
contribute to back problems (maybe more

sedentary in nature).
The corroboration of an association

between male parenthood and back prob-
lems in two different studies re-enforces
Finkelstein's recommendation of the impor-
tance of assessing parenthood (male or

female) in epidemiological studies of back
pain. The specific search for the "why" of
such association might open new avenues

for prevention.
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Editor-For many years the potential of dif-
ferent mineral fibre types to induce
mesothelioma has been studied with
intraperitoneal (IP) injection as a route of
administration to rats. Many studies have
been conducted in which man made miner-
al fibres have been reported to cause

tumours in the peritoneal cavity, in particu-
lar, mesotheliomas.1 As a result of the belief
that inhalation may not provide an ade-
quately sensitive assay for the carcinogenici-
ty of man made fibres, a decision has been
made in Germany for the formal classifica-
tion of fibres based on the results of IP
tests.2 The proposed classification of fibres
involves two stages: the calculation of a

"carcinogenicity index" (Ki) based on

chemical composition of the fibres com-

bined with (if available) biological data from
IP injection studies as follows:

if a negative result in IP test at 5 x 109
fibres, no classification: if positive then
classification "possibly carcinogenic" (cate-
gory 3)
if a negative result in IP test at 1 x 109
fibres, classification "possibly carcinogenic"
(category 3)
if a positive result in IP test at < 1 x 109
fibres, classification "probably carcino-
genic" (category 2)

The definition of a fibre for the purposes
of this test would be that given by the
World Health Organisation (WHO) for
measurement purposes, namely length > 5
pm, diameter < 3 pm, aspect ratio > 3.
Also, the fibres to be assessed should have
size distributions typical of those found
occupationally-that is, geometric mean

diameters 0-6-2-0 pm; geometric mean

lengths 14-50 pm'.
In a recent series of studies, we investi-

gated the carcinogenic potential of various
fibre types after IP injection. Two studies
have been conducted, in which the potential
of glass fibres (MMVF11) and stonewool
fibres (Rockwool D6) to cause mesothe-
lioma has been investigated. One study
(study II) used fibres with lengths and
diameters typical of those found in the
workplace.' In our first study (study I) the
fibres were somewhat shorter. Data were

obtained on injection samples by counting
and sizing with phase contrast optical
microscopy and an image analysis system.
In the first study, one injection was suffi-
cient to give the required dose. In the sec-

ond, four injections were performed on

each animal. Table 1 shows the total mass

injected, estimated total number of fibres
injected, the number of WHO fibres, and
the median length of the injected fibres.

If the fibres typical of those found occu-

pationally (those used in study II) were to
be used in an IP injection study for classifi-
cation purposes as proposed,2 an IP injec-
tion study at a dose of 5 x 109 WHO
fibres, would need to be negative. For such
studies the following masses would be
required:

glass fibre (MMVF1 1)
stonewool fibre (D6)

5300 mg
3400 mg

Under our current project licence
required by the United Kingdom Animals
(Scientific Procedures) Act (1986), we are

restricted to a maximum of 45 mg for a sin-
gle IP injection of fibres or four weekly
injections of < 45 mg. Even if this limit
were extended to allow an infinite number
of weekly injections, the above masses

would require in excess of 75 weeks to per-

form the injections.
We have found from peritoneal lavage

studies, that the volume of the free space in
the peritoneal cavity of a rat is about 10 ml
in 10-12 week old animals, and would be
lower in younger animals. Given that densi-
ty of these fibre types is about 2-3 g cm-',
the minimum volume which 5300 mg could
occupy is 2-3 cm3 or one quarter of the
available free space in the peritoneal cavity.
So even if the animals could be injected
with this mass of material and survive, a sig-
nificant fraction of the peritoneal free space

would be filled with fibres.
Studies to determine the maximum mass

that a rat could be injected with and survive
have not been conducted, but I am certain
that animals would not survive injection of
the above masses. Even at the masses used
in our studies (< 200 mg), we have seen sig-
nificantly reduced life spans in animals that
did not develop tumours, suggesting that
the maximum tolerated dose for IP injec-
tion has been exceeded. The proposed regi-
men for testing fibres with IP injection
would therefore not seem to be practical.

Our studies have also shown information
on the sensitivity of the proposed IP test to
fibre length. Table 2 shows for both studies,
the doses given in terms of mass and fibre
number, and the incidences of mesothe-
lioma occurring in the animals. Results
from studies on similar materials by Roller
and Pott are also given for comparison and
were obtained by personal communication
(1994).
For the stonewool fibre types, the three

groups injected with longer fibres showed a

similar response irrespective of dose, sug-

gesting that the maximum incidence had
been achieved in all of these experiments.
When shorter fibres were injected, even at a

relatively high dose, the incidence of

Author's reply-I thank Rossignol for his
comments, and apologise for having over-

looked his paper on aircraft assemblers. His
remarks highlight again the complex inter-
action between back pain and workplace
and non-workplace factors. As there is a

financial incentive to attribute health prob-
lems to the workplace, sorting out the vari-
ous factors will be very difficult.

MURRAY FINKELSTEIN
Ontario Ministry ofLabour,

Health and Safety Studies Unit,
400 University Avenue, 7th Floor,

Toronto, Ontario M7A IT7, Canada

Table Injection data from animals injected wsth MMVFlIand D6fibres

Total Total WHO Geometric
mass of fibres fibres Median Median mean
injection injected injected length diameter diameter

Material (mg) (X 108) (x 108) (Pm) (Pm) (Pm)

Study I:
MMVF 11 52 11-4 7-5 6-86 0-97 0-89
D6 36 12-0 8-8 7-84 0-87 0-80
Study II:
MMVF 11 167 1-88 1-57 24-9 1-39 1-39
D6 172 3 05 2-53 20-1 1-50 1-57

Association between male parer
reported work impairment (n =
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Table 2 Influence offibre length on incidence of mesothelioma

Total Median
fibres* Mass length Mesothelioma

Material (n x 109) (mg) (Pm) (%) Source

Stonewool fibre:
D6 0-82 37 7-8 56 Study I
D6 0-2 172 20-1 76 Study II
MMVF 21 0 4 60 16-9 84 Rollerand Pott 1994
MMVF 21 1.0 150 16-9 76 Roller and Pott 1994
Glass fibre:
MMVF11 0-63 55 6-9 0 Study I
MMVF11 0-13 167 24-9 33 Study I
MMVF11 0 4 70 14-6 38 Roller and Pott 1994
MMVF1 1-0 180 14-6 74 RollerandPott 1994

*Length > 5,um; diameter < 2 pm; aspect ratio > 5.

mesothelioma was significantly lower. For results depending on the fibre length used;
the glass fibre, a near maximal response was and that the classification in terms ofWHO
only obtained at the highest dose of longer definitions or "fibres with size distributions
fibres; lower doses of long fibres resulted in typical of those found occupationally" are
lower incidences of mesothelioma, but a rel- not suitable for describing the biological
atively high dose of shorter fibres resulted in activity of the fibres.
no mesotheliomas. A difference in sensitivi- C COLTIER
ty could even be seen between fibres of Biomedical Research,ty ~~~~~~~~~~~~~~~~~AEATechnology, SS1 Harrvell,
25 gm and 15,um in length, with a dose Didcot, Oxfordshire
(0-13 x 109) of 25pum fibres obtaining a OXIJORA
similar incidence of mesothelioma to that
obtained with a higher dose (0-4 x 109) of 1 Pott F, Roller M, Rippe RM, Germann P-G,
15 pim fibres. Hence, even in the range of Bellmann B. Tumours by the intraperitoneal

and intrapleural route for the classification
fibre lengths found in occupational situa- of mineral fibres. In: Brown RC, et al, ed.
tions, the results of the proposed IP test Mechanisms in fibre carcinogenesis. New York:
may be influenced by the length of the fibre. Plenum Press, 1991.

Ourrecnttuiesarecomleed nd 2TGRS 905. Technische Regeln fur
Our recent studies are completed and a Gefahrstoffe. Verzeichnis krebserzeugender

full publication of the results is in prepara- erbgutverandernder oder fortflanzungsge-
tion. This letter highlights some of the fahrdender Stoffe. 2.3 Faserstaube
problems associated with the recent propos- (naturliche mnd kunstliche mineralfasern.

problems ~~~~~~~~~~~Blundesarbeitsblat 1994;6:57.
al on IP testing of fibres, namely that the 3 Lees PSJ, Breysse PN, McArthur BR, Miller
masses proposed for fibres to be classified as ME, Rooney BC, Robbins CA, Corn M.
non- carcinogenic are unworkable high; that End user exposures to man-made vitreousnon..arm are 'ny high; that fibres: I installation of residential insulation
the proposed test displays sensitivity to fibre products. Appl Occup Environ Hyg 1993;
length that could result in ambiguous 8(12):1022-30.

A study of chromium induced allergic
contact dermatitis with 54 volunteers:
implications for environmental risk
assessment

Editor-In their recent paper, Nethercott et

al proposed a dose-response relation for the
elicitation of allergic contact dermatitis
(ACD) in sensitised people by hexavalent
chromium Cr(VI) based on mass loading of
Cr(VI) per unit skin area (pg Cr(VI)/cm2
skin).' Nethercott et al then attempted to

apply this approach to the derivation of soil
clean up guidance for Cr(VI). They present
their dose-response relation with the
unqualified assertion that to perform health
risk assessments, patch testing data must be
presented in terms of mg of chemical per
skin area. We have previously presented a

risk assessment approach to the derivation
of soil clean up guidance for Cr(VI) based
on an ACD dose-response relation derived
from historical patch test data with Cr(VI)
in aqueous solution on the patch (ug
Cr(VI)/f).2 In this approach, a standard
extraction procedure is applied to the soil to
calculate the soil concentration of Cr(VI)
retrospectively corresponding to the target
Cr(VI) solution concentration.
We agree that the potential for a material

to elicit an ACD in a sensitised person may

be related to, among other things, the mass

of allergen delivered over a given surface
area, as well as to the concentration of aller-
gen at the skin surface. Under certain cir-
cumstances, this can be described in terms
of mass loading per unit skin area (pg
Cr(VI)/cm2). Mass per unit area is most

appropriately applied to descriptions of
exposure that potentially elicit ACD in situ-
ations where the contact between soil and
skin is static and uptake of the allergen is
governed by equilibrium processes of
extraction from the soil and diffusion to the
skin surface. Although it is possible to con-

struct limited scenarios of environmental
exposure that meet these criteria, other real-
istic environmental exposure scenarios can-

not be adequately described in these terms.
Two such cases are exposure to allergen in
solution on the soil surface-for example, a

puddle-and continuous replenishment of
soil on the skin surface such as can occur in
gardening.' In the first case, the contact of a

liquid film with the skin precludes descrip-
tions in terms of variable loading per unit
area. In the second case, continuous replen-
ishment of soil on the skin surface can pro-
duce large but essentially indeterminate
loading and precludes assumption of equi-
librium conditions. We think that in such
cases, the loading of allergen on the skin

surface is not an operative concept and the
interaction of allergen and skin occurs
largely at the interface of solution contain-
ing allergen and the skin surface. Such sur-
face processes are most appropriately
described in terms of the solution concen-
tration of allergen that is presented to the
skin surface.
The data relating ACD response to hexa-

valent chromium (Cr(VI)) in solution mea-
sured by traditional patch test methods are
numerous and consistent.2 For the types of
exposure scenarios described above, the
most meaningful question for a patch test
analogy to soil is: can environmental condi-
tions (rain, sweat, etc in contact with conta-
minated soil) produce a concentration of
Cr(VI) in solution equal to that known to
elicit an ACD response? If soil conditions
and Cr(VI) concentrations are such that a
Cr(VI) solution concentration is equal to or
greater than the threshold for producing an
ACD response, then an adverse response in
exposed sensitised people may result.
Even for those scenarios where a mass

loading per surface area can be identified
the range of variability in the conditions of
soil loading on the skin is quite large. This
variability is a function of specific activity
patterns, the rate of soil replacement on the
skin, soil type, inherent moisture content of
the soil, extent of soil hydration by sweat,
and skin surface area exposed to soil. It is
not clear to what extent mass per surface
area is critical to prediction of potential
ACD across this range of conditions.
Wester et al found that for a constant soil
loading on skin, cadmium retention in the
skin increased with increasing cadmium
loading (and consequently with increased
cadmium concentration in the soil), but
transport of cadmium through the skin was
independent of cadmium loading.4 When
the concentration of cadmium in the soil
was kept constant and the soil loading (and
consequently the cadmium loading on the
skin) was varied, cadmium retention in the
soil increased with increased cadmium load-
ing, but cadmium transport through the
skin was again independent of cadmium
loading. The data of Yang et al suggested
that under at least some conditions of soil
loading, percutaneous absorption of a cont-
aminant from soil is derived solely from the
monolayer of soil directly in contact with
the skin and its absorption is thus indepen-
dent of the total mass of contaminant
loaded over a given surface area of skin.'
Furthermore, there are data to suggest that,
unlike the classic dose-response paradigm
for ingestion and inhalation toxicity, ACD
response may not follow a simple relation
with administered dose (mass of allergen
applied per unit area of skin). For example,
Upadhye and Maibach suggested that with-
in a range of exposed skin areas, a small
number of Langerhans cells bearing many
molecules of allergen is a more potent acti-
vating stimulus for the immune system than
a large number of Langerhans cells bearing
a few molecules of allergen.6

Nethercott et al' cited four papers by
other authors in support of the use of
mass loading per skin surface area as the
only valid measure of ACD potential"
One of these papers (Andersen et al, 1992)9
is unavailable to us despite widespread
attempts to locate it. For the three remain-
ing papers, despite careful reading, we are
at a loss to understand in what way they
support the contention of Nethercott et al.
Fischer and Maibach considered inaccura-
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