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The need for standardised testing
procedures for all products capa-
ble of liberating respirable fibres:
the example of materials based
on cellulose

Industrial society has a great require-
ment for fibrous materials. The use
of animal and vegetable fibres for
weaving dates from prehistoric times
and modem industry uses both natu-
rally occurring and man made miner-
al fibres in very large quantities, some
for specialised woven products. A
major use of fibres during the present
century has been as fillers or reinforc-
ing agents in moulded cement or
plastic products. The property of
finely divided fibres of low density to
occupy a great volume has made
them particularly useful in insulation
where air trapped within the fibrous
mass provides the main barrier to
heat transfer.

Asbestos was the first major
fibrous product to be marketed at the
end of the 19th century, a time when
controls in the workplace environ-
ment were non-existent. Without
precautions, the mining of asbestos
and the manufacture of various
asbestos based products resulted in
extremely high amounts of asbestos
dust being generated and the inhala-
tion of this rapidly proved to be
highly pathogenic. Heavy exposure to
respirable asbestos dust was shown as
early as 1907' to cause lethal pul-
monary fibrosis (asbestosis) and
subsequently asbestos was found to
be carcinogenic, causing pulmonary
carcinomas2 and mesotheliomas.3

Data accumulated over the past
three decades has shown that meso-
theliomas are particularly associated
with exposure to the amphibole
asbestos types crocidolite and
amosite and more than 90% of
asbestos use has always been chryso-
tile. Also, epidemiological studies
have failed to find asbestos related
disease in workers in whom exposure
has been less -than 30 fibre-years
except in some soecialised textile
operations. Despite Lhis, the reaction
of society to the realisation that in
some circumstances asbestos can be
dangerous has been to eliminate its
use wherever possible and to use
other types of fibre, particularly man

made vitreous fibres, cellulose insula-
tion, and synthetic organic fibres.
Man made vitreous fibres com-

prise rock wool, slag wool, and glass
wool, and glass filament as well as
ceramic fibres. Fibres of this type
were first manufactured in the middle
of the 19th century, even before the
widespread use of asbestos, but pro-
duction expanded greatly after the
first world war with the increased
demand for insulation for industrial
equipment and for buildings. When
the first studies into the health effects
of fibres of insulation wool were
undertaken in the 1930s, the concem
was not with carcinogenesis but with
tuberculosis and with upper respira-
tory effects perceived likely because
of irritation. In many cases, fibre
diameters have been so large that
most dust generated has not been
respirable but a small proportion of
respirable material is always found
and because thin fibres can produce a
greater volume to weight ratio in the
final products, there has been a ten-
dency, for some uses, to reduce
diameters as far as possible. During
the: 1960s it was assumed that the
carcinogenicity of asbestos was
unique to this family of minerals and
that man made fibres could be safely
used by industry without a hazard
and without the dust controls that
had become mandatory in the
asbestos industry. This opinion con-
tinued until publication of work from
two laboratories showing that some
man made mineral fibres, when
injected into the pleural or peritoneal
Lavities of rats, could produce
mesotheliomas as often as asbestos.
These studies had been undertaken
to examine which properties of a
fibrous dust cloud were most closely
associated with tumour production
and showed that fibre geometry was
extremely important; those dust sam-
ples containing the most long thin
fibres were the most carcinogenic.
Maximum carcinogenicity was found
with fibres > 8,pm in length and
< 0-025 pm in diameter.'-7

This finding that fibres other than
asbestos could be carcinogenic
prompted widespread epidemiologi-
cal studies of groups of workers man-
ufacturing man made vitreous fibres
and a great deal of animal experi-
mentation, including long term
inhalation studies, was also under-
taken. In general the results have
been reassuring. Small but definite

increases in incidence of lung cancer
have been found in some workers in
the rock wool and slag wool industry8
and in the manufacture of glass
wool.9 These increases were limited,
however, to very early production
processes and for rock wool and slag
wool workers it has been suggested
that the problem could be related to
the use of slags containing copper
and arsenic.'0 Also, no relation
between amount of fibre exposure
and carcinogenicity could be estab-
lished and smoking habits could not
be taken into account. The Inter-
national Agency for Research on
Cancer in 1988" considered that
there was "inadequate" evidence of
carcinogenicity of glass wool and
glass filament in humans. For rock
wool and slag wool the evidence was
considered "limited". Results from
long term inhalation studies have
confirmed this position for most
fibres with no increase in pulmonary
tumours occurring in rats after expo-
sure to various glass wool prepara-
tions, slag wool, and rock wool.'2-'6
Two man made fibre types that have
proved carcinogenic in experimental
animals after inhalation are ceramic
fibre'7-'8 and aramid fibre.19 These
results, coupled with studies relating
to chemcial dissolution of fibres20-22
have led to the general theory that a
fibre will be carcinogenic if it has the
critical dimensions required and the
durability to remain in lung tissue for
long periods. Many man made vitre-
ous fibres dissolve quite quickly in
lung tissue but most ceramic fibres
do not.

These findings should have
resulted in the understanding that
before the marketing of any new fibre
product, evidence ought to be pro-
duced conceming its ability to liber-
ate respirable fibres and the ability of
these fibres to survive in lung tissue.
A product liberating durable res-
pirable fibres needs to be manufac-
tured and used with strict dust
controls. It is disappointing to find
that this procedure is not being
adopted and some fibre products are
being manufactured and promoted as
safe when this really means that they
are untested. A current example of
this concems the increasing use of
materials based on cellulose fibres.

Cellulose fibres are now used in
place of asbestos to impart structural
strength to cement products and of
course have long been the basis of

187

copyright.
 on M

ay 26, 2023 by guest. P
rotected by

http://oem
.bm

j.com
/

B
r J Ind M

ed: first published as 10.1136/oem
.50.2.187 on 1 F

ebruary 1993. D
ow

nloaded from
 

http://oem.bmj.com/


Forum

numerous paper and cardboard
materials. Most of the manufacturing
processes are either enclosed or

undertaken wet and a dust hazard is
unlikely but the disintegration of
such products while dry may be dif-
ferent. One study (Dodgson J, per-

sonal communication), examined the
liberation of respirable fibres from a

series of cellulose products subjected
to mechanical disruption, by the
standard test of Schneider and
Smith.23 All manufactured products
examined liberated respirable fibres,
mainly in the range of 1-4 fibres/ml
whereas three samples of pure

chrysotile asbestos subjected to the
same treatment liberated on average
20 fibres/ml. One cellulose product,
however, liberated 18 fibres/ml.
Most of the cellulose fibre used is

derived from wood and wood dust is
a known carcinogen, causing nasal
cancer in exposed persons.24 It is like-
ly that this site of tumour formation
predominates rather than the lung
because of the large size of the parti-
cles of wood dust generated by most
forms of carpentry. An excess of
respiratory cancer has been recorded,
however, in some populations of
wood workers.24-26 Exposure to wood
dust can cause other diseases as well,
particularly asthma and loss of lung
function and dermatitis.27
Few studies have been undertaken

on populations of workers exposed to
cellulose fibres after their separation
from wood but one case control
study of 299 malignancies among
paper mill workers has been
reported.28 There was a significant
excess of lymphatic and haematopoi-
etic malignancies and a non-signifi-
cant excess of stomach cancer. An
excess of cancers of the lymphopoiet-
ic system was found in a proportional
mortality analysis of 1010 deaths of
workers in the pulp and paper indus-
try.29 The authors also reported a

general excess of cancer, largely of
lung cancer (observed = 30 cases,

expected = 19 9 cases, p = 0 02) but
they did not have information on

smoking habits.
A Swedish team has reported on a

study of a soft paper mill production
plant.30-32 The odds ratios for mortal-
ity from chronic obstructive pul-
monary disease and from asthma
among the exposed workers were sig-
nificantly increased. There was no

excess of malignancies. A morbidity
study found a dose related irritation

of the upper respiratory tract. A
decrease in vital capacity of the lung
was associated with long term expo-
sure to dust. Increased elastic recoil
pressure and a decreased residual
volume were reported among the
exposed workers, findings considered
by the authors to be non-specific
reactions to the heavy exposures to
paper dust in the mill.
The mortality of 1271 employees

of an American cellulose fibre pro-
duction plant has been studied.33
Excess mortality was found for can-
cers of the liver and biliary tract (four
observed, 0 70 expected, SMR 5-75
with 95% confidence interval
1-82-13-78), for the buccal cavity
and pharynx (two observed, 0-87
expected) and for melanoma (two
observed, 0-88 expected). The last
two were not significantly raised. The
authors were primarily concerned
with the effects of exposure to meth-
ylene chloride rather than that related
to cellulose fibres.
On the experimental side, a study

of the ability of industrial cotton dust
to produce emphysema after intratra-
cheal injection in hamsters, included
a sample of pure cellulose dust as a
control.34 The experimental regime
was twice weekly injections of dust in
saline at a dose of 0 75 mg/100 g for
six weeks followed by an eight week
recovery period before the animals
were killed. Animals treated with the
cotton dust, which contained endo-
toxin, showed mild centrilobular
emphysema. Cellulose treated ani-
mals by contrast showed fibrosing
granulomas and patchy thickening
of alveolar septa.

Cellulose fibre dust is also toxic
to mouse macrophages in vitro.35-36
Samples derived from pure cellulose
fibre, including one in which the par-
ticle size was in the respirable range,
caused the release of more lactic
dehydrogenase than similar doses of
chrysotile or crocidolite. Cellulose
fibre was also found to stimulate the
release of inflammogenic materials
from macrophages. Cells treated with
cellulose released similar amounts of
plasminogen activator and interleukin
1 as those treated with asbestos.
Cellulose proved more powerful than
asbestos in stimulating the release of
the inflammogenic agents prostag-
landin PGE2 and leucotrine LTC4.
Control dusts including glass and
rock wool preparations produced a
much lower response.

Whereas separated and relatively
pure cellulose fibre itself may well be
harmful to lung tissue, in many man-
ufacturing processes chemicals are
added to cellulose fibre to produce
the final product. This raises the
potential for an increase in hazard
compared with the original material.
One group of products for which this
could cause concern is cellulose fibre
insulation for buildings. These mate-
rials are derived mainly from finely
shredded newspapers or other print-
ed documents and are applied by an
air blowing process. This process is
likely to maximise the generation of
respirable dust and dust concentra-
tions as high as 20 mg/m3 have been
reported by the National Institute for
Occupational Safety and Health.37
To reduce the fire hazard from the
use of cellulose in domestic build-
ings, fire retardant chemicals are
added. These fire retardants are
most often boric acid or borax but
cellulose insulation may also contain
the hazardous chemicals sodium
hydroxide, sodium sulphide, for-
maldehyde, chlorine, fluorine, lead,
iron, and sulphur compounds as
well as cadmium, nitric acid, and
methane. The material may also con-
tain dyes, resins, gums, talc, various
solvents, and printing inks. Of
these, lead and cadmium compounds
and formaldehyde are known car-
cinogens3s-4l and there has been
concern in the printing industry
at concentrations of polyaromatic
hydrocarbons in some of the inks
used. These are extremely potent car-
cinogens.

Boric acid itself is a toxic material
and can be lethal to humans when
ingested in gram quantities. It is not
considered that the inhalation of
cellulose insulation dust could
approach this lethal toxicity but the
heavily impregnated respirable celu-
lose dust will liberate the readily solu-
ble boric acid in significant amounts
in lung tissue. Symptoms of sublethal
toxicity to boric acid include abdomi-
nal pain, liver, kidney, and lung
disfunction and severe exfoliative
dermatitis.42 43 The drinking of water
with a high boron content has been
reported to reduce sexual function in
human males44 and similar effects
have been reported in men who work
in boric acid production plants.45
Here symptoms included decreased
seminal volume, low sperm count
and motility, and increased seminal
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fructose.
Animal experimentation has con-

firmed that boric acid can cause
severe reproductive toxicity, mainly
in males.44 46-48 These studies found
reproductive defects in rats fed boric
acid or borax at doses ranging from
60 to 700 mg/kg. Similar results have
been reported in male gerbils.49
Studies in the National Toxicology
Program505' treated CD-1 Swiss mice
and B6C3F1 mice with high doses of
boric acid by ingestion and con-
firmed previous results. Doses for the
CD-1 mice were 600 or 1500 mg/kg
and for the B6C3F1 mice doses
ranged between 1420 and
2860 mg/kg. In both studies, testicu-
lar atrophy and decreased sperm pro-
duction were dose related.
As well as reproductive defects,

developmental toxicity has also been
reported from studies with rodents.52
Swiss mice and Sprague Dawley
rats were fed diets containing boric
acid. Doses were between 250 and
1000 mg/kg for mice and 70-
330 mg/kg for rats. A dose related
increased incidence of resorption and
malformed fetuses was recorded in
both species.

Boron compounds do not seem to
be carcinogenic on their own.
Sprague Dawley rats treated by
ingestion with up to 60 mg/kg/day of
boron as borax or boric acid showed
no increases in incidence of
tumours.46 Dogs were also included
in this study and gave negative results
but the two year latency period
allowed is too low to determine car-
cinogenicity in this species. No
increased incidence of tumours was
found in mice treated with 5 ppm of
boron in drinking water for their
lifespan.53

Feeding studies at much higher
doses were undertaken in B6C3F1
mice in the National Toxicology
Program.50 Doses of up to
100 mg/kg/day of boron as boric acid
were administered for 103 weeks but
caused no increase in incidence of
tumours.

Only one experimental study has
been reported with dust from cellu-
lose insulation materials themselves.
Rats were treated by inhalation for 28
days with an aerosol generated from
cellulose building insulation of which
about 40% was respirable by the
rats.54 Target doses were 100, 500,
and 2000 mg/m3. Animals were killed
at the end of the inhalation period

when dose related pulmonary
changes were found. There was dif-
fuse macrophage infiltration through-
out the pulmonary parenchyma with
the macrophages enlarged and with
foamy cytoplasms. Some areas
showed alveolitis and epithelial cell
hyperplasia with some small areas
consolidated with granulation tissue.
Within granulomas there was evi-
dence of collagen deposition.

This report indicates that there is a
need for full toxicological testing of
dust from cellulose building insula-
tion and indeed dust from pure cellu-
lose fibre as well. With any respirable
fibre, a potential for carcinogenicity
must be a major concem. The pre-
sent state of our knowledge indicates
that the only acceptable method for
carcinogenicity testing of fibrous
products is by long term inhalation.
Because of the short lifespan of labo-
ratory animals, which limits the time
available for the build up of harmful
fibres in the lung, the dose used must
be much higher than that applicable
to humans and if possible should
exceed 100 respirable fibres/ml with
lengths greater than 10 pm. Dust
administration should be for at least
12 months with a full lifespan follow
up. Studies undertaken should
include an examination of the dura-
bility of inhaled fibres in the lung-
that is, the ability of a significant
proportion of deposited fibres to
remain for long periods without
chemical dissolution or removal by
macrophages. With dust from cellu-
lose building insulation, chemical
additives are likely to be hazardous as
well as the fibres themselves. In this
case, the dust concentration used
should be at least 20 mg/m3 of res-
pirable dust as this is a concentration
to which humans are known to be
exposed. The rat is usually consid-
ered the best available experimental
model for fibre related disease
because with asbestos at least it read-
ily develops pulmonary fibrosis and
pulmonary carcinomas.5556 Hamsters
on the other hand, although they pro-
duce less fibrosis and fewer carcino-
mas, produce mesotheliomas more
often than the rat"8 and a really thor-
ough study should include both
species.

Only when the results of these long
term experiments are avilable will it
be known whether or not respirable
cellulose fibres are sufficiently haz-
ardous to require strict dust controls

during manufacture and use and
whether products like shredded paper
insulation materials, which have to be
installed by an extremely dusty
process, are safe to use at all.
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