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Abstract—The mass concentrations of potentially respirable particles produced during routine appli-

—  cation of talcum powder were determined. Tests were conducted both on adults exposed to tale over
.z-  the whole body area and infants exposed in the napkin area. The total enposure lime, the amount
" of powder used and the average talc concentration in the air in the region of the nares were measured.

1800 times less thaa the hamster no-effect lech

INTRODUCTION

- When finely divided powdér is dispensed from a
container with a sprinkle-hole cap. airbomne particles

. are formed in the environment of the user. Some will

be ‘respirable particles’, but they will be at a relatively
low concentration and cxposure will be of short
duration because of settling and dispersion. One

. example is the particles produced during the normal

use of baby or body talcum powders

The mass concentration of respirable particles pro-
duced during the powdcriog of-a baby or an adult
cannot be effectively measured with standard dust-
sampling equipment which is used to accumulate and
sample particles from more stable atmospheric arcas
such as mines or factories (Aycr, Sutton & Dawis
1968; Cochrane, 1972; Lippmann, 1970). The short
duration and low concentration of particles produced
during a single application of talcum powder poscs
problems and one purpose of this study was to design
both the method and equipment needed to avercome
these problems

A ‘respirable particle’ has the potential to reach
and be deposited in the lung. The probability of this
occurring depends upon the acrodynamic equivalent
diameter (AED) of the particle. The AED of a particle
is defined as the diameter of a unit density sphere
having the same aerodynamic qualities as the particle
in question. In this study, a respirable particte was
defined as having an AED of 10 um or less (Ettinger,
Partridge & Royer, 1970; Seltzer, Bernaski & Lynch,
197).

A second objective of this study was to compare
the average talc exposure of infants and adults to two
quite different published accepiable levels of tale inha-
lation. Firstly, the data was compared to 3 mg/m?,
the permitted threshold limit value—time weighted
average (TLV—TWA) as listed by the American Con-
ference of Governmental Industrial Hygienists (1977)
Sccondly, the average talc exposures were comparcd
to the respirable talc concentration of 8mg/m?®
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These average talc concentrations were compared with the threshold limit value (TLV) which is con-
" sidered sale for industrial tak: workers, and also with chronic exposure levels for experimentally exposed
hamsters in which no adverse reactions were scen. The average adult cxposure was 600 times less than
the TLV and 500 times less than the level at which no edverse cfiects were seen in chronically cxposed
hamsters Likewise, the average infant exposurc was over 2000 times less than the TLV and over

reported by Wehner et al. (Wehner, Zwicker & Can-
non, 1977a) in an inhelation study, at which no
adverse reactions were seen in chronically exposed

hamsters. The TLV—TWA cted above is the.

weighted average concentration for a normal 8-hr
working day in a 40-hr working week, 10 which indus-
trial workers may be exposed safely.

EXPERIMENTAL

Equipment. Two picces of sp.ea'valized equipmem

were required to measure the respirable particle con- .

ccatration. A prefilter to simulate the human respira-
tory tract by dividing the talc into respirable and non-
respirable particle fractions was needed A mass-
monitoring device to remove the respirable particles
from the air stream and weigh them in a very shornt
time interval was also cssential.

A 10-mm nylon cyclone was used to simulate the
particle fractionation system of the buman respiratory
system (Caplan, Doemeny & Sorcnson, 1977; Scitzer
et al. 1971). The percentage of particles that can pen-
etrate into the lung wcreases with decreasing acrody-
namic cquivalent diameter upti} other physical factors

take effect and the percentage penetration reaches 2’

plateaw.
The American Conference of Governmenial Indus-
trial Hygienists and the AEC Los Alamos Scientific

Laboratory have established a standard respirable |
‘dust size fractionation curve (Ettinger et al. 1970;

Sclezer et al 1971) Investigators have shown that the
10mm nyloa cyclone operating at 1-7 litres/min flow
tate, has a collection efficiency for respirable particles

-which matches this standard {Caplan et af 1977;

Selwzer er al. 1973)

The nature of this study required mass measure-
ment of respirable powder in quantities as low as
01 ug in a relatively short time span sometimes as
low as 2scc. The Thermo Systems, Inc. (TSI;
St Paul, MN) quariz-crystal mass monitor Modc)
3210A, designed for general particle monitoring appli-
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canons. was chosen for tlus purposc. This modular
unit conlains a quartz-crystal sensor nonpulsing vac.
uvum pump o provide airflow to the 10 mm cyclone
and a strip-chart recorder.

" The cumulative mass of réspirable particles which
were fractionated by the cyclone was collected on the

cumulations as low as 01 ug could be read directly
from. the steip-chart- reeordmg. Measurements were
made by sampling the air xmmcdnatciy adjacent to
he nasal openings dunng powdcnng using the 10 mm
nylon cyclone.

- Before initiation of the- study the collccuon effi-
dency ‘of the TSI Mass Monitor for tak particles of
a respirable size was tésted using the following pro-
ocdure. A low density talc airborne concentration (less
than 5 mg/m® respirable particle content) was gener-
ted in 2 closed’ chamber and sampled with the
Omm nylon ‘cydone prefilter at the preferred fow
- rate-of 1.7 litres/min. The. air stream containing the
: rcspxtable talc particles was then divided, with a pre-

"recorder and (-7 litres/min passing to a 13 mm mem-
“brane filter of 0-8 um pore size. The mass recording
cadout on the instrument was then compared with
z'the mass collected on the membrane filter and
-:weighed on an electromicrobalance.
: Tt was determined that good agreement (within 2%)
“could be obtained between recorder and gravimetric
" readings if the mass loading on the quartz-crystal sen-
.sor was kept below 15 ug talc. As the crystal mass
Ioadmg increased beyond 15ug the talc particle
- deposition efficiency fell off and disparity between
recorder reading and gravimetric mdmgs increased.
In this study, mass accumulations were below 15 ug
for all individual tests.

Baby-powdering procedure. A group of forty-cight
- mothers with infants under 16 months of age, who
regularly used .a leading brand of talcum powder™
gt nappy changiog time, pirticipated in this phase
“of the study. Mothers were supplied with a 36 in high

posable napkin, and powder io its commcrcial 14 0z
-twisi-top canister, All six canisters used were from
-the same lot. '

-. Each mother was instructed to remove lhe napkin
on her own infant, powder the vapkin area as she
- ‘normally would, and place 8 new napkin on the baby.
“ When the task was completed. she was iostructed to
" _pick up her child signalling an end to tbe vappy-
changing procedure. This procedure was repeated

- cision splitter, and 1 litre/min passing to the mass’

- changing table and mat, an appropmtely sized dis- -

*Johnson's Baby Powder®,
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three times in succession for each mother-infant pair,
the results .being averaged. Determinations of total
exposure time. amount of powder used, and average
talc concentration in the air at the level of the infant's
nares were made. Before running each test, the area
was vacuumed to remove airborne pamclcs left from
the previous test.

To sample the a:rbomc powder, the cyclone inlet
was held mext to the: baby's head approximately
4 in above the surface of the changing mat (Fig. 1)
Total exposure time was defined from the first shake
of powdet to the end of nappy changing. The investi-

gations were’ mrned out over two four-day time

periods.

Adult pmvdenng procedure. Twenty-three  adult
majes and twenty-one adult females who routinely
used the same leading talcum powder daily were
tested in this phase of the investigation. All normally
applied the powder. directly to their bodies or to
their hands beforc application to the body. Subjects
werc asked to shower, towcl dry, enter a small

(375 x 65 x 71t} anteroom, and apply powder from

a new {4 0z twist-top canister to their bodies in their
normal manner. This anteroom procedure assured a
constant environment for the equipment, which is
sensitive to high levels of humidity and to the 1em-
perature and humidity fluctuations that could occur
with the opening and closing of the bathroom door.
On entering the anteroom, each subject doaned a
headband with the attached cyclone which was posit-
ioned at the level of the individval’s nose (Fig. 2).

Using a stopwatch, cach subject was timed for the
duration of the powdering procedure from the first
shake of the canister to the moment body powdering
was completed and the subject left the powdering
anteroom. Again, the total exposure time, quantity
of powder used and average talc concentration in the
air at the level of the adults’ nares were determined.
The investigations were carried out over two four-day
time periods.

RESULTS

The results of the trials are summarized in Table 1.
Frequency distributions of exposure concenirations

“for both infant and adult data are given in Tables 2

and 3. For infant exposures the time-weighted
average (+SD) was 0095 4 0039 mg.min/m?® and
for adult exposure, the llmc-wclghted average was
1*727 mg . min/m>.

The exposurc factor is dcfined as the number of
times by which the TLV—TWA for talc workers

Table 1. Exposure of infants and adults to respirable talc pariicles

No. of Weight of talc " Exposure Concentration®

subjects used (g) time {min) {mg/m?)
Infantst a8 . 088 + 063 052+ 017 019 + 0084
Adulis T 44 834 1 832 1-23 + 055 203 £ 149

*Average concentration, in mg/m?, was calculated by dividing the weight of rﬂplrablc

- particles collected by the volume of air sampled for each subject, and averaging

L . the results. The flow rate to the mass monitor was 1 litve/min; therefore, the expo-
e sure time in minutes was equal to the air votume in litres.

tBecause of the very low aitborae respirable concentrations during the infant powder-

ing. it was pecessary o use the meap of thiee oonsecumc tests on cach m!am
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Fig 1. Simulaton of particle collecting cyclone positioned at the level of baby’s nares during nappy-
change powdering.

ok
FaRlR

Fig. 2. Particle collecting cyclone attached to a headband and positioned a1 the kevel of the subject’s
nazes during adult whole-body powdering.
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Table 2. Frequency distribution of Infomt  exposure
{mg .min/m’) 10 respirable telc particles

Percentage of

No. of infants
Exposure levels®t  within expasure  infants within
(mg. mia/m>) leve] exposare lovel
. 610019 4 .. 833
020-029 R & 325
0-30-039 .19 -39-58
. 040-049 6 12-50
050059 3 625
060-0-69 0 000
070079 1 208

*Dats for the mean of three exposures.”
" ¥The time-weighted average (+SD) for three exposures
. was 0285 4 0117 mg.min/m>; the avérage for one
exposure was 0095 + 0-039 mg. min/m>. Because these
results approximated a normal distribution, parametric
" statistical procedures were applied to the raw data.

Table 3. Frequency disribution of adult exposure
(mg . min/m®) to respirable talc parcicles

Log,* No. of adults Percemtage of

exposure levels withia exposure adults within

{mg.min/m>} ~ level exposure level
" ~180t0 —136 1 227
~135 10 —091 3 683
—090to —046 4 [
~045 10 00t 3 682
. 000044 9 2045
045:089 - 9. 2045
090-1-34 6 1364
1-35-1-79 S 1%:36
1-80-2-24 2 455
2:25-269 2 4-55

*The adult exposurc data closely approximated 3 log-
normal disteibution. Thetefore, a log, tramsformation

* was made to “rormalize™ the data and parametric stat-
istical procedures were applied to' the transformed data.
The log, of the time-weighted average exposure {+SD)
was 05464 + 0-9339 and antilogs allowed estimation of
the origial population, the timc-weighted average being
1727 mg - min/m>. ‘

exceeds the time-weighted average concentrations
determined for infants and adults in this study. Expo-
sure factors were calculated by dividing the weekly
TLYV concentration for talc workers by the calculated
weekly concentrations for either infants or adults. The
time-weighted exposures for infants and adults were
converted to weekly exposure concentrations by mul-
tiplying by the number of applications per day and
by seven (days/weck) and dividing by 60 (min/hr).
J. N. Sivertson (unpublished data, 1976) has shown
that mothers, who are regular users of baby powder,
powder their infants {1 to 24 months old) an average
of five times/day. One powder application each day
was assumed for adults. The average values obtained
were 0055 and 0-20 mg. hr/m* for infants and adults
respectively. The corresponding 90%, tolerance limits
for the 95th percentiles were found to be 0099 and
1-23 (Diem, 1962). The talc TLV of 3mg/m?® was con-
verted to a weekly exposure for the talc workers
assuming a 40-hr working weck. This figure of

120 mg. hr/m?/wk was then divided by the average
infant or adult weekly time-weighted values, and the
exposure factors were caleulated to be 2182 for infants
and 600 for adulis. Exposure factors_ calculated from
the 907, tolerance limit for the 95th percentile for
each group were 1212 and 98 respectively.

The above exposure data were also compared with

the data of Wehner (Wehner er al 1977a) from a ham- -

ster inhalation study. In this case the no-cflect level
for the hamsters 100 mg.hr/m3/wk exceeded the
exposure levels of the infants and adults 1818 and

" 500 times respectively.

DISCUSSION -

The background level of respirable particks in the
area of the tests was monitored and found 10 be less
than 0-003 mg/m>. It was determined that background
particles would increase the concentration by a maxi-

mum of 47/ under the most severe conditions encoun- .

tered, &g, 15 min of exposure and 01 ug total respir-
able mass collectcd. Therefore, background was not
considered in calculating the exposure concentrations.

.. It was interesting to observe the different methods .

of powder application; three-quarters of the mothers
applied the powder directly to the baby's body and

" the remainder placed the powder in their hands and

then on the baby. One mother applied the powder
to the napkin. Analysis of data resulting from the
various application methods showed no significant
differences in any of the monitored parameters.

The _average adult exposure concentration
(203 mg/m°>) was over ten times greater than thal
found for infants (019 mg/m® Adults were also
exposed for a longer time period, 1:23 min compared
with 0-52 min for the infants. On average, men tended
to powder in a shorter time than women, but to use

more powder and create greater airborne respirable ]

particle concentrations. .

It is noteworthy that Wehner er al {1977a) were
unable to produce any talc-related toxidity in ham-
sters with extensive exposures to 8 mg/m®/wk of res.
pirable talc. The same group later demonstrated that
although the talc deposited in the deep lung it was
cicared with a biological half-life. of 7-10 days
{Wehner, Wilkerson, Cannon, Buschbom & Tanner,
1977b) '
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