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Introduction

Winh the massive eruption of Mt. St.
Helens on May 18, 1980, ebout 3 cubic
kilometers of mountain were blasted
off the north side and about | cubic ki-
lometer of pulverized magma was dis-
tributed over castern Washington state
and in a broad swath extending across
the United States and around the
world, Six subsequent, although much
smaller, explosive eruptions during the
summer of 1980 distributed volcanic
ash over an even wider area of the
Northwest, Ashfalls from the explosive
eruptions ranged from a trace to
almost B cm. After each ashfall, the
ash was readily resuspended by traffic
and the slightest gust of wind, so that
the ambient levels for total suspended
particulates (TSP) remained elevated
throughout the summer in the affected
parts of the Northwest. Because the
city of Portland and its suburbs were in
the ashfall area, a sizable population
mass was involved.

There was immediate concern about
the health effects of the ash, in particu-
lar about its ability to cause silicosis.
There was no question that the ash was
small enough to be respirable because
carly studies (1) had shown that over
90% of the ash particles by number
were under 10 um in diameter, Anglysis
of the ash (1) showed that it contained
about 65% silicon dioxide, but that
only about 3 10 7% was in the frec or
crystalline form that is usually con-
sidered fibrogenic. The likelihood of
silicosis developing in the general pop-
ulation from the ash exposure was,
therefore, considered to be very remote
simply because a large enough dose
would not be delivered to the lungs over
a long enough period of time (2).

With the concern about silicosls on
the part of the general public some-
what allayed, there was still concern
about the acute cffects of the ash, both
in persons with preexisting lung disease
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and, as a nonspecific irritant, in per-
sons with hyperreactive airways. In a
hospital surveillance system set up im-
mediately after the May 18, 1980, erup-
tion (3), there was a definite increase in
the number of emergency room visits
and admissions for asthma and bron-
chitis in communities with the heaviest
ashfalls, There was particular concetn
about the effects of ash in children be-
cause they played outside and, in many
instances, played in the ash, and in
playing vigorously would tend 1o
breathe by mouth, bypassing the filter-
ing action of the nose, There was also
some question as to whether children
are particularly vulnerable to the ef-
fects of Inhaled particulates, such as
volcanic ash, because accounts of the
acute health effects of ashfalls from
other volcanoes (4) have speaifically
noted an increase in wheezy bronchitis
in young children. In establishing stan-
dards for environmental nollutants,
children are usually included in that
portlon of the population that may be
at increased risk (5). This is, in part,
because children witl mouth breathe
when playing vigorously and thereby
Increase the dose of a specific pollu-
tant, Also, the frequent respliratory in-
fections experienced during childhood
may lead to an increased sensitivity or
responsivencss of the respiratory tract

mucosa (o particulates or 10 gascous
pollutants such as ozone, the oxides of
nitrogen, and sulphur dioxide (6).

This study was, therefore, designed
to evaluate the acute eflects of inhaled
volcanic ash on the lung function of
children. The hypothesis being tested
was that acutc cxposure 10 levels of
volcanic ash in excess of =xisting envi-
ronmental standards for TSP would re-
sult in some degree of impairment of
lung function, probably airway nar-
rowing caused by inflammation, in-
creased mucus secretion, or broncho-
constriction. We chose children older
than 8 yr of age because they would be
able to perform spirometry,
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Methaods

The study was carricd out at a children's
summer camp, located in an area of Oregon
about 90 miles southwest of Mt, St. Helens,
where about 1.2 em of ash had fallen during
the June 12, 1980, eruption, Yigorous
clean-up of the immediate camp area greal-
ly decreased the amount of ash on the
ground. However, the ash still ¢clung tena-
ciously 10 the trees that surrounded the
camp and was thick in the field in which
many of the activities took place. The
slightest breeze would shake ash off the
trees And resuspend the ash that was lying
on the ground.

We studied t0) children attending two
2-wk summer camp scssions, the first for
children 8 to 10 yr of age, the second for
those 1] to 13, The camp was specifically
for children with diabetes mellitus, but,
apart from their diabetes, the campers were
in good health, The children came from
Orcgon and the neighboring states. All but
6 came from arcas that had no ashfall or
arcas in which the ash had been clearcd. For
5 of these, time spent outside prior to camp
had teen less than 2 h a day; 4 of the 6 had
worn masks while outside, The children
were tested initially between 1:00 and 4:30
P.M., as they arrived at camp, aflter in-
formed consent had been obtained from a
parent or guardian. Subsequent testing was
carrled out a total of 4 days in Session 1 and
6 days in Session 2, On each follow-up day,
testing was conducted between 7:30 and
9:00 A.M. and in the lale alternoon or even-
ing, usually between 4:30 and 6:00 p.M.

Testing consisted of a questionnaire and
spirometry. The questionnaire used was the
ATS-DLD Pediatric questionnaire (?) and
was completed by a parent or guardian.
For spirometry, we used the standardized
mcthods recommended for epidemiologic
siudies by the ATS-DLD Epidemiology
Standardization Project (7). All tests were
carried out using one of two recording spi-
rometers (Vitalograph Models 122000 and
P) that conformed to 1he ATS recommended
criteria for a reliable Instrument when back
extrapolation s used 10 determine zero time
(8). Both spirometers were calibrated over a
6-L. volume range at several different tem-
peratures reflecting the nabient tempera-
ture range encountered in the study (10 to
30° C). Mulliple lincar regression equntions
using the Vitalograph reading, ambient tem-
perature, their cross-product and squares
were used 10 oblain true volume {AThS)
from the tracings and the measurement
temperature, The inclusion of temperature
in the equation was necessary because we
found that the Vitalograph output, for any
glven amblent temperature fnpr volume,
decreased by approximately $% lor cach
10® C increase In amblent temperature (datn
uvallable on request), These ATey volumes
were then correeted to ntey conditions,

As our outcome variables we used forced
vital capacity (FYC), forced expiratory val

ume in one second (FEV,), their ratio
(FEV,/FVCY, and mecan transit time, the
last of which Is thought to be a more sensi-
tive Indicator of small airway obstruction
than the usual spirometric variables (9, 10).
We report the FYC, FEV,, and mean tran-
sit time data as being representative of our
results. Forced expiratory flow over the
middie half of FVYC (FEF35.15%) was uscd
only for purposes of comparison with stan-
dard reference values (11). For the transit
time analysis, we uscd the method proposed
by Permutt and Menkes (9) to estrapolate
cach spirogram mathematically to Infinite
time in order to minimize the crror that
would be caused by carly truncations of ihe
spirogram (for example, in children with
stff chest walls or in childeen who fail 10
maintain sufficient effort during the whole
of expiration), The Permunt and Merkes
modc! assumes that the explred volume dur.
ing a forced expiration comes Mrom many
lung compartments, cach of which empuics
exponcntially with a fixed time constant,
The compartmental time constants are as-
sumed 10 be distribuied log-normally in a
continuous fashion such that the distriby.
tion of these time constunts (not of the tran-
sit times) can be completely represented by
only 2 parameters; p, the mean of the natu.
ral logarithms of the time constants, and o,
the standard deviation of the natural loga-
tithms of the time ¢onstants, The mean
transit time of the untruncated spirogram
is, therefore, a,(») = ¢*e®1/2 The first term
(c¥) is the mean transit time of the median
compartment. The second term (¢°¥'2) s
related 10 the degree of dispersion of the
transtl times

Using an Apple 11+ microcomputer and
Apple Graphics Tablet {digitizer), each spi-
rogram was divided into 100 equal volume
units from zerg volume to the poinl of trun-
cation (usually FVC but often less than
FVYC because of discontinuities in the spiro-
gram). The time 10 the midpoint of cach
volume diviston and the square of this time
were Lthen summed and divided by 100 to
calculate the first moment (mean transit
lime = e,) and the sccond moment (a,), re-
spectively, of the truncated spirogram, We
calculated p and o from ay, o1, and the
truncation time using a Fortran version of
the digital computer algorithm used by Per-
mutt and Menkes (93, The thean transit time
of the untruncated spirogram, a,{=), could
then be caleulated from the equation given
nbove,

Of the 101 children attending the 2 camp
sesslons, 10 consistently had unacceplable
spirometry results, usually because of poor
cooperation of Inconsistent effurt, and had
to be excluded from all analyses, Fifteen ad.
ditfonal campers who only stayed for T wk
and 12 whe had Incomplete data for FEV,
and/or FYC were also excluded from the
nnalysis. The main reasons for smaying | wk
were finanglal, other family commitments,
or first time at camp, No children lefi carly
because of sickness, The 12 with incomplete
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data had missing or iechnically unac-
ccptable dala on one or more lest occa-
sfons. This et a 1otal of 64 children with
complete and 1echnically acceptable data
for both FYC and FEVY,, Additional chil-
dren had to be excluded from some of the
transit (ime analyses because on &t |east one
occasion u and e could not be estimated by
the model we used, usually because of a dis-
continuous expiratory effort.

In order 10 define a "susceptible™ sub-
group whhin the study population who
might be expecied 10 show an exaggerated
response 10 dust/ash, we used the guestion-
naire (o identify those children who had fre-
quent and/or exercise-nduced wheezing,
doctor-diagnosed asthma, chronic cough
and/or phicgm, or a history of childhood
chest infections before 3 yr of age. A total
of 9 children in Session 1 and 104in Seasion 2
had at least one of these charactetistics and
were, therefore, classified as susceprible,

Total and respitable dust levels were
measured under the supervision of industri-
al hygienists from the National Institute for
Occupational Safety and Health (NIOSH)
using personal sampling pumps carried In
backpacks with the end of the sampling
tube clipped to the chikd's shirt collat. Each
t=st day, 5 children wore pumps; 3 of the
pumps comained a cyclone separator
that only dust in the respirable range (less
than 10 xm In diametier) was collecied on
the preweighed filter, The other 2 pumps
collected dust of all sizes. Almost all of the
campers carricd a pump at lcast once. Be-
cause the camp activities were structured by
groups or tcarms and took place in the gen-
cral arca of the camp, and because there
waas relatively tittle frec time, this method of
sampling was considered adequate. The
pumps were worn for at least 8 h (from the
A.M, test Limic to the P, test Lime), and &
time-weighted average  concentration
{mg/m"y of total and respirable inhaled
dusl was ostimated from the non¢onlami-
nated Miters. Nighitime dust Jevels were
measured by placing sampling pumps in the
dormitories.

We followed the usual method of explor:
ing an occupational hezeard by ascssing &
within-day effect and a between-day effect
on lung function. The within-day ¢[fect was
mensured by the fratio of late alernoon Lo
carly miorning test values (P.M./AM.), Using
FYC, FEV,, and a,{=). Tn the abvence of
any cnvironmental factors that would affect
lung function, we would expect this ratio to
be approximately 1. This takes into account
diurnal variation, which s vwally described
sy heving a sine wave periodicity with a
peak In The early afiernoon bul approxk
malcly equal values at our a.m. and p.m.
test tmes (12, 13). We would predict any
dust elfect to be bronchoconstrictive in na-
ture, resulting in a falt in FEV,, probably a
fall In FEV,/FVC, and an increase in a (=),
Hecause the children played in the dust dur-
ing the day and were in a virtually ash.free
environment at night, the p.ym./a.M. ratio
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TABLE 1
AGE, HEIGHT, AND BASELINE LUNG FUNCTION MEASUREMENTS*
Sesslon 1 Sassion 2

Boys Girls Boys Girls

{n= 18} (n= 13y he1&) [GERY)]
Age, yr 962 + 018 999 2 0.2¢ 1232 £ 0.28 1219 022
Height, cm 1345 £ 13 1278 =28 1508 2298 1503 =z 20
FEV.. % pred! 1036 =18 913 2 30 9.7 2286 929 218
FYC, % praal 053 2 20 $7.3 1 40 992 228 7.0 222
FEVJFVC 0.87 x 001 058 = 002 087 2 0.01 090 £ 001
FEF .1 % pregt 955 2 28 898 =z 89 944 232 974 2 40
wt 090 £ 008 097 £ 009 088 x 0,04 0922005
0 078 z 007 083 £ 0.10 Q89 2 0.07 051 £ 000
alo, 059 £ 004 059 £ 0.04 085 2 0.02 050 £ 0.02

Delinition of abbravisiions. FYC u torced vilsl capacily; FEY, & lorced #xXpiratory volume in one second, FEF, ., a
fotced sxptratory llow over the middie half of the FVC; » = mean ol the natutal logarithm of the time conslants, « = stan-
@srd duviation of tha nalursl logarithms of the time conslants; «,(=) = mean Iransit ime of the whiruncaled spitogram

* Reuults arg masn values & SEM.

! Preaicied ¥aluss caltulated using formulas of Polger and Waeng {11, tab'e ;2
Sampie sizen for 1D (1ansit LiMe vatinlies b, o, and e(m)} aie 17, 13, 13, ana 18

would be less than 1 for FEVY, and grealer
than I for a/{=). The between-day cffect
was measured by the change in p.M. mcas-
urements over the 2 wk ol camp.

For both the within-day and between-day
measures, differences from day to day were
assessed using a repeated measures analysis
of variance (RM-ANOVA) adjusting for
scx (14). To further adjust for individual
differences in height and age, we annlyzed
the percent change for each child from
bascline to first ».M. measurement and from
first ».M, measurement to last p.M. measure-
ment. These percent changes served as csli-
mates of an overall ash/dust effect.

Resulis

The number of boys and girls with
complete data at cach session are listed
in table 1, which gives mecan ages,
helghts, and baseline spirometry data
for cach session/sex group, We in-
cluded sex In our analysly of between-
and within-day variability but found
no significant differences between boys
and girls; therefore, we have omitied
sex as & factor in subsequent tables and
figurcs,

The p.M./AM. ratios, and their 95%
confidence Intervals, for FEV, and
ay (=) are shown In figure 1. We found,
using & RM-ANOVA, that the .M./
AM. ratios did not vary significantly
from day to day for any of the lung
functlon measurements, and that the
patterns of varintion that were ob.
served were not related to day or TSP
levels, To determine whether the ratios
were In any way related to the ash/
dust, we returned to the vamp in 1981,
by which time the ash had disappearced,
and used the same study design and
many of the same children tested In
1980; 53 of 36 children had accepiable

data. The 95% confidence intervals for
the p.M./A.M. ratios for FEY, and
ai(=) In 198] aie shown by the dashed
lines in figure 1, which serve as an ash-
free comparison for the 1980 data. For
both measures the 1980 values tended
to be higher than those observed in
1981. Unpaired 7 tests indicated that 3
of the p.M./a .M, ratios for FEV,, and 2
for ai(=), were significantly greater (p
< 0.06) than the respective ratios ob-
served in 1981,

Analysis of the p.m. measurements
over time also flailed 1o demonstrate
any evidence of a between-day effect.
The mean values of FEV,, FYC, and
a(=) lor cach test day for the 2 camp
sessions are given in table 2, Although
there were small but significant de-
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Fig 1 Dally 98% gonlidence Intervals lor FwmJ
A M talios ol FEV, and «,{=) In 1980 based on 1he
samae chitdeon tested sach day. Dashed lines Indi:
cale the cottesponding 98% conlidencs (nlervals
for @ group of B3 childran atiending an ash iree
aamp in 1083, Tole) suspended parliculate tevels
[mgir’} are Indinated lor each observalional duy
For definilion of abbravialions, see lable {
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creases (p < 0.01) in FVC and FEV,,
when expressed as a percent change,
from baseline to the first .M. measure-
ments, there were no  significant
changes thereafter, In particular, there
was no significant change from the
first to the last p.M. measurement for
any of the outcome variables. To test
whether the drop from the bascline
measurement was due tc an ash effect
or merely reflected the natural diurnal
variation of the children, we used un-
paircd 7 tests 1o compare our study
population with the campers we ob-
served 1 yr later. In 1981, both FVC
and FEV, showcd a ¢mall, though not
significant, increase from baseline to
first p.M, measurement, with the per-
cent changes being significantly differ-
ent {p < 0.01) from the corresponding
percent changes for the 1980 group.
Simifar findings wecre obtained using
paired ¢ tests on the 20 children who
were present in both 1980 and 1981,

A comparison of susceptibles and
nonsusceptibles for both within-day
and among-day effects using a RM-
ANOVA indicated significam differ-
ences for scveral of the resporse vari-
ables, although the differences were
nol consistent across sessions. The
comparison for the FEV, and a,(=)
p.M. measurements is shown in figure
2. The mcan FEY, p.m. values, cor-
rected for height, for the susceptibles
were significantly lower than those for
nonsusceptibles (p = 0.013) in Scssion
1, although this trend was reversed in
Sesslon 2. An identical paitern was
seen for the FYC g.M. values, corrected
for height. Additionally the FEV,/FVC
P.M. values for susceptibles were con-
sistently lawer than for nonsusceptibles
in both sessions, though in neither case
were the differences significant. For
a;(=), the values for susceptibles were
consistently greater than those for non-
susceptibles in both sessions. These dif-
ferences were in the direction pre-
dicted, bul were not significant, We
note that the differences in the widihs
of the confidence Intervals between
susceptibles and nonsusceptibles was
due partly to the smaller sample sizes in
the susceptible groups, and partly to
the increased variabllity of responses
for susceptible persons. No consistent
differences were observable for the
.M/ AM. ratios, Comparison ol per-
cent change from bascline 1o first p.u.
measurement and from first to las
P.M, measurcment for susceptibles and
nonsusceplibles gave results compar-
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TABLE 2
P.M, MEASUREMENTS FOR FEV,, FVC. AND «{m)®
Session 1 Session 2
FEV, FvC o, {0} FEV, FvC o,(*)
Baseline 183 £ 005 2222007 0592001 2482008 28020090 0522002
Test Day 1 187 £ 005 2145007 0602004 2432007 2732009 050z 002
Test Day 2 185 £ 000 2142007 0622004 2422008 2712009 0522002
Tast Day 2 184 £ 005 2152007 053 2004 2412008 2722000 0532001
Tesl Day 4 183 £ 005 2132007 0802008 247008 2762000 0532000
Test Day § 246 2 008 257 = 000 030 + 002
Test Day 8 244 2007 2732009 053 :00)

For detinitions of abbreviations, see able |

* Based on 31 childran in Session 1 and 33 in Bession 2 with conslstently acceptable FYS and FEY, data, and 28 ¢hil

dean in Session 1 and 28 in S

able to those observed for the study
population as a whole, In particular,
none of the changes from first to last
P.M, measurement was significantly
different from zero.

Our study was based on the assump-
tion that the camp would be dusty, We
were certainly very aware that the alr
was dusty, especially when the children
were playing yard games ot hiking in the
woods, The research team found that
the dust was very irritating to the
throat. Daytime TSP levels averaged
1.24 mg/m? for Session 1 and 1,46 mg/
m! for Session 2. Nighttime TSP levels,
obtained from area sampling pumps
in the dormitories, were at or below
the limit of detection (0.01 mg/m?). The
average respirable dust levels at the
camp during the day were 0,179 mg/m?
for Session 1 and 0.163 mg/m? for Ses-
sion 2, Nighttime valucs, however, were
close to 7ero.

Discussion

We found no strong evidence of a with-
in-day or overall change in lung func-
tion in a group of children 8 10 13 yr of
age who lived in a modcrately dusty en-
vironment for a 2-wk period. This
finding Is reassuring because the partic-
ulate levels in thelr cnvironment were
typical of or higher than the levels in
many of the ashfall arcas of the North-
west in the weeks following the erup-
tlon of Mt. St. Helens, and were above
the significant harm leve! designated by
the Environmental Protection Agency
{EPA) for particulate matter (1 mg/m?),

We used data cotlected in the same
wny at the same camp in 1981 as an
ash:free comparison for the 1980 data,
If ash had no within-day effect on the
P.M./A.M, ratios In 1980, the 1980 and
1981 p.m./A.M, ratios for the outcome
variables should be identical. In the
presence of a bronchogonstrictor ash

2 with consistently acceptabta transil time data. Resulls are mean values ¢ SEM

effect, we would expect the ratios for
FEV, to be lower and for a,{=) to be
higher in 1980 than in 1981. Although
the results are inconclusive, further evi-
dence against an ash effect derives
from the observation that no appropri-
ate dose-response relationship appears
1o exist between the p.m./a.M. ratios
and the TSP levels,

We found a small but significant de-
crease in FYC and FEV, between the
afternoon the children arrived at camp
and the first p.M. measurement, al-
though it is unlikely that this was an
ash effect because there was a mean in-
crease in FEV(/FVC. Althaugh it
could have been a diurnal effect be-
cause the children were tested some-
what carlier in the afternoon on the
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first day of camp than on follow-up
days, this conclusion is not supported
by 1981 daia, which showed a small
but significant increase in FVC and
FEV, between the first day of camp
and the first follow-up day. We are,
therefore, unable to offer a satisfac-
tory explanation for the observed de-
creases. Analogous changes were not
observed in the transit time variables.

We were surprised to find no consis-
tent differcnce in response between the
group we designated as suscaptible and
the nonsusceptibles. Persons who met
our criteria for susceptibility might be
expectied Lo show an increased bronchi-
al responsiveness and, thercfore, an ¢x-
aggerated response to an inhaled irri-
tant. We were not able to demonstrate
this.

In examining the validity of our data
and concluslons, it is important to
scrutinize the study design and to look
for possible biascs that might con-
found our results. First, our subjects:
We chose children older than 8 yr of
age because our chance of getling a
consistent maximal expiration in this
age group was excellent. We chose the
camp because it was in an ashfall area
and because the wooded surroundings
made it likely that the camp would be
dusty despite vigorous attempts Lo re-
move the surface ash. In comparing the
children's baseline measurements (o ac-
cepted reference values for lung func.
tion (11}, as shown in table 1, it can be
scen that our children tended to have
lower values than predicted. However,
a group of 29 nondiabetic children
tested scparately using the same equip-
ment and procedures gave results not
significantly different from our study
population,

Results Irom 2 recent animal studies
show that diabetes mellitus can affect
lung function as a result of the exten-
sive microvascular changes that occur
jn many organs (15, 16). Reinila and
coworkers (15) reported finding trigly-
ceride deposits in the pulmonary artery
in streptozotocin-diabetic rats, and
Vracko and assoclates (16) reported the
finding that epithelial and capillary ba-
sal laminac of alveoli were significantly
thicker in the Tungs of 14 diabetics who
came 1o autopsy than In a control
group of 10 who had no history or cvi-
dence of dlabetes mellitus. However,
because we were looking specifically
for alrwny narrowing caused by in-
flammation, increased mucus seere-
tion, or bronchoconstriction, i1 scems
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unlikely that the existence of such
changes in the vessels and alveolar epi-
thelium would affect our results, Also,
it would be surprising if extensive mi-
crovascular discasc is present in this
age group because many of the chil-
dren had developed overt diabetes me)-
litus within the previous 4 yr,

Sccond, our methods: We used stan-
dardized methods (7) for lung function
tests and historical information, and a
spirometer that met recently proposed
criteria For accuracy (8). As far as pos-
sible, children were tested on the same
instrument throughout the study, We
corrected for the temperature sensitiy.
ity of our spirometers and made cor-
rections to ares conditions. Although
specifie conductance may be &8 more
sensitive 1est of changes in large airway
caliber than spirometric variables, we
used spirometry for practical reasons
and because it Is the approach most
commonly uscd in the evaluation of an
occupational hazard, We used transit
t{me analysis because it has been pro-
posed as a sensilive way of delecting
minor degrees of air-Mow obstruction
{9, 10). Expetlence with this approach
in children, however, has not been ex-
tensive (17-19). As can be calculated
from tables | and 2, the standard error
of the mean (when expressed as a frac-
tion of the mecan) was consistently 2 to
3 times larger for e(=) than for FEV,
or FVC, and usually larger than
FEF3s.13, indicating a high degree of
intersubject  variability, Intrasubject
variability for a,(=) was also quite
large In comparison with the standard
sptrometric varlabtes. This variability
could have been decreased by further
training of both subjeets and techni-
clans so that maximal effort was sus-
tained for 6 s, This Is particularly im-
portant in children who empty their
lungs very rapidly and have difficulty
susinining an expiratory elfori for a
full § s. The Intrasubject variability
could nlso be decreascd by digitizing
the volume slgnal on-line or from an
analog tape recording, whereas we dig:
itized the volume-time curve by hand
fram paper tracings using a digitizer. A
third source of varlability may lie in the
fuct that a small percentage of the
curves could not be Mit by the Permutt
model beenuse o could not be ealeu
lated, nnd o value of zero was used fn-
steacd, Permutt and Menkes (9) found
this in 10 to 15% of thelr young sub-
Jeets and noted that the cause was an
increasing slope of the Mow-volume

curve at the terminal portion of expira-
tion. We conclude that, even with the
cxtrapolation to infinite time, transit-
time analysis was ncither as uscful nor
as reliable as FEV, or FVYC; however,
we do feel it is worth considering when
the volume signal can be digitized accu-
ratcly and the subjects provide a
smooth, complete volume-time curve,

Third, our definition of the study
population: We only used Jdata for the
64 children who had complgete, techni-
cally acceptable, data on FEV, and
FVC for all measurements. To deter-
mine whether our conclusions would
have changed i we had included more
children in the analysis, we analyzed
the data using the 78 children who had
complete data on FEV, and FYC for
the first week, This represented 85.7%
of the 91 children who had any usable
data, We found no appreclable differ-
ences In resulls between the 2 analyses,
and concluded that no biases had been
introduced by our selection procedure.

We believe that our dust data are re-
liable because for the frst 2-wk session
the data were collected by experienced
NIOSH industrial hygicnists, and all
filters from both camps were weighed
by a NIOSH-approved laboratory.
Only 8 of the 90 individual dust sam-
ples were not included In the analyais: 4
total and 2 respirable because of obvi-
ous contamination and 1 of each kind
because they had also been used as arca
samples the day before. The sampling
during the sccond eamp scssion was su-
pervised by a voluntecr who had been
instrucied by the NIOSH team, We
uscd total dust as an index of dustiness,
rather than respirable dust, because we
were not concerned as much with the
dust that was small chough to pene-
trate into the alveoli as in the larger
patticles that would be deposited in the
nasepharynx and alrways and be lable
to act at those sites as nonspecifie frri-
tants (20, 21).

Dust levels, measured as total sus.
pended particulntey, ranged between
0.8 mg/m? and 2.3 mg/m), whercas re-
spirable dust averaged 0.17 mg/mo,
The EPA primary standards for partic:
wate matter (5) are 0.078 mg/m? an-
nual geometric mean and 0,260 mg/m?
maximal 24-h concentration, not 1o be
exceeded more than once per year. In
addition, Mates are required 10 set their
own standards for an air pollution
alert, warning, and emergency level,
For Orcgon, these Tevels are set ay 241
averages and are oy follows; air pollu-
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tion alert, 0.375 mg/m’; warning,
0.625 mg/m?; emergency, 0.87% mg/
m?. All states are required to set the
significant harm level at 1.0 mg/m? for
a 24-h avcrage. The EPA has not yet
sct standards for respirable dust but es-
limates that the annual TSP standard
of 0.075 mg/m? {s roughly equivalent
to a respirable dust level of 0.050 mg/
m* (5) and the 24-h TSP standard of
0.260 mg/m? Is roughly ¢quivalent to
0.140 mg/m? of respirable dust, How-
cver, these standards assume the exis-
tence of other urban pollutants, such
as sulphur dioxide and the oxides of ni-
trogen. Because the camp was in a
rural sctting, and forested, it is likely
that the levels of these pollutants were
very Jow. Andersen and coworkers (22)
tecently found a decrease in the FEV,
of 16 young healthy subjects exposed
for $ hto 2 mg/m? of inert dust in an
cnvironmental chamber; 98% of their
dust particles by number and 70% by
mass were below 12,5 um, so they were
probably using dust of smaller particu-
late size than the resuspended voleanic
ash, However, their subjects were at
rest and were only exposed for § h.
Ours were excrcising and were exposed
for about 14 h cach day.

Dust levels in an occupational setting
are often much higher than the levels
we observed. The Occupational Safety
and Hcalth Administration (OSHA)
standards for nuisance dusts are 10
mg/m? for total dust and § mg/m? for
respirable dust (23). These standards
are for an occupational setting where
exposure is limited to 40 h a week over
a working lifetime. Clearly, we were
dealing with much lower levels, How-
ever, it is imporiant to point out that
the OSHA nuisance dust standards are
designed (o prevent the developmient of
pncumoconiosls, rather than as protec-
tion against the firritant and bron.
choconstrictor effect of dust, It is
commuonly thought that persons with
hyperreactive airways find a dusty envi-
ronment so irritating that they usually
choose not to work in & dusty job (24).
Alo worth noting s that nuisance dust
standards are not applicable 1o vol-
canic dust because one of the ¢titeria
for a nuisance dust is that it not con-
tain lree silien (2).

In summary, we were unable to de-
teet a mensurable change in lung fung-
tion that we could atiribute to ash/dust,
even in n susceptible subgroup of chil
dren whom we considered to be at in-
creased risk, despite 2 wk of exposure
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to daytime dust/ash levels that usually
exceeded the EPA significant harm level
for particulate matter.
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