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The Relation Between Subjective Dust Exposure
Estimates and Quantitative Dust Exposure
Measurements in California Agriculture

Mark J. Nieuwenhuijsen, phD,* Kyle S. Noderer, BAs,2 and Marc B. Schenker, MD, MPH?

Measuring exposure levels for epidemiologic research is time consuming and expensive and
therefore subjective exposure estimates are sometimes used instead. In this study we related
the subjective dust exposure estimates of workers in California agriculture to personal dust
exposure measurements. One hundred and twenty-four observations were available for
comparison of subjective dust estimates and inhalable dust measurements and 129 observa-
tions for comparison of subjective dust estimates and respirable dust measurements.
Individual subjective dust estimates showed weak to moderate correlations with measured
dust concentrations for both the inhalable,(R 0.67) and respirable dust fraction {R=

0.36). The within-worker reliability coefficients were low (0.2 and 0.1, respectively). Grouped
subjective dust estimates performed better and showed a consistent increase with average
measured dust levels, in particular for the inhalable dust fractioh €R0.81). Age, the
number of years working in agriculture, education level, the presence of any respiratory
symptoms, and the language of the questionnaire did not have a significant independent effect
on the relationship between measured dust levels and subjective dust estimates. California
agricultural workers appear to be reasonably good at estimating inhalable dust levels, in
particular if an average of many different workers is taken, but they are unable to provide
good estimates of respirable dust levels. Measuring dust levels remains the preferred option.
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INTRODUCTION mation of their exposure as a measure of exposure, but few
studies have validated these estimates with actual measure-
Measuring occupational exposure levels for epidemioaents [Halpin et al., 1994; doPico et al., 1983; Fonn et al.,
logic research is time-consuming and expensive; therefor®93, Bachmann and Myers, 1991]. Expert estimation of
subjective estimates are sometimes used instead. Varieiposure appears to be better than workers’ estimation
epidemiological studies have used workers’ subjective egfikromhout et al., 1987; Teschke et al., 1989]. Expert
estimation of exposure improved when some measurement
data were provided [Hawkins and Evans, 1989; Post et al.,
Jmperial College of Science, Technology and Medicine, London, UK 1991] and appeared to be dependent on the type of exposure
Epidemiology and Prevermve Med|0|ne,_Un|versnyofCallfqrnla, Davis, California ~ [Post et al., 1991]. Most commonly used are 3- or 4-point
Contract grant sponsor: National Institute for Occupational Safety and Health; A . .
Contract grant number: U07/CCU906162-05; Contract grant sponsor: National scales or categories [Halpln etal., 1994; doPico et al., 1983;
Institute of Environmental Health Sciences; Contract grant number: 1 P30 Fonn et al., 1993; Bachmann and Myers, 1991; Kromhout et
ES05707. al., 1987; Hawkins and Evans, 1989; Post et al., 1991] and
*Correspondence to: Dr. Mark_J. NieL_Jwenhuijs_(_en, ICC_ET, 48 Prince’s Gardens, occasionally 11-point scales [Musk et al., 1989] to rate
London SW7 2PE, England; E-mail: m.nieuwenhuijsen@ic.ac.uk L
exposure levels subjectively. The presence of symptoms was
Accepted for publication 31 January 1997 a predictor for the exposure rating in a grain mill study
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[Fonn et al.,, 1993]. The subjective exposure estimatiGABLE I. Characteristics of Farms Included in a Survey of Quantitative
might in addition be dependent on the nature, level ardd Qualitative Dust Exposure Estimates: California, 1995/1996
variability of exposure, the knowledge of the process, the rating

scale, and the education level of the respondents. Although No. of
subjective exposure assessment could be useful for epidemiologi-

cal research, little has been done to explore and validate if2™ Commodities Livestock Acres
This study was carried out in California, a state that has
avery large agricultural industry, with approximately 76,000 1~ Hand harvested fruit, vegetables 30,20
farms selling an estimated $19.9 billion of farm products in 2~ Hand harvested fruit, nuts 21,5
1993 [California Department of Agriculture, 1993]. As 3  Poultry, mechanically harvested nuts 40,000 30
many as an estimated 1.5 million people were directly4  Poultry, mechanically harvested nuts 1,200
employed on these farms [Nieuwenhuijsen et al., 1996]. In>  Field crops, vegetables 2,100, 1,670
agriculture, airborne exposures have been associated with ~ Field crops 200
respiratory disease [May and Schenker, 1996]. Exposurd  Vegetables, field crops 3,390, 360
assessment in agriculture is difficult because of the varied ~ Vegetables, field crops 287, 485
and cyclic nature of the farmers’ work and the diverse®  Dairy cows, field crops 900, 120
locations of the farms. Exposures may vary with localt0  Dairy cows, field crops 450, 110

farming practices, commodities grown or raised, climate,
and other factors. The use of subjective exposure estimates
by agricultural workers would be useful for epidemiologic

studies of respiratory disease in this population, but little , '
research or validation has been done in this area. mg per filter and for the cyclone 0.067 mg per filter. In total

The aim of this study was to relate workers’ subjectivé42 inhalable dust measurements and 144 respirable dust

estimation of dust exposure levels to personal dust exposmgasurements were taken. Seven-tenths of _1% of the
measurements in an agricultural setting. inhalable dust samples and 46% of the respirable dust

samples were below the detection limit. Measurements with
values below the detection limit were assigned one-half the
value of the detection limit for statistical analyses. The
From our farm operator cohort, which is describef€asurements were assumed to be independent as required
elsewhere [Nieuwenhuijsen et al., 1996], 17 farms in Solaifi@y the statistical analyses. Both the IOM inhalable dust and
and Yolo counties, California, were randomly selected€spirable cyclone measurements could be best described
stratified for commodities; 10 farms agreed to participat&ith alog normal distribution.
(Table I). The farms were visited 8 times at periodic intervals ~ After each sampling period, workers were asked to fill
over the period April 1995-June 1996, except for farms 1, 8Ut & short questionnaire asking them to rate the dust
8, and 10, which were visited 5, 7, 3, and 9 timeg€Xposure (dust score) on a scale from 0, “being no dust
respectively. Farm 8 went out of business during the studgxposure at all,” to 10, “being dust exposure that severely
Workers on the farms were asked to wear either an Institug@stricted your view,” the entire sampling period. They were
of Occupational Medicine (IOM) inhalable dust sampleflso asked to state their age, the number of years working in
(SKC West, Fullerton, CA) or a respirable dust cyclone (BGgriculture, education level and the presence of any respira-
Inc., Waltham, MA) during various operations on the farm$ory symptoms. Both English and Spanish versions were
The IOM inhalable dust sampler contained a 25-mngvailable. The workers rated only their own exposure. Since
diameter polyvinylchloride (PVC) filter (pore size 5 um) andve measured during a particular operation, we assumed that
was connected to a personal sampling pump run attf®e dust concentration was fairly constant over the sampling
liters/minute. The respirable dust cyclone contained a 37-nf#griod. One hundred and twenty-four questionnaires were
diameter PVC filter (pore size 5 pm) and was connected tdibed out after the sampling periods when inhalable dust was
small pump run at 2.2 L/min (50% cut point diameter4 measured. One hundred and twenty-nine questionnaires
um). The membranes and filters were weighed before awere filled out after the sampling periods when respirable
after sampling on a six figure ATl Cahn C-35 microbalancdust was measured. Characteristics of the workers are given
(ATI Orion Cahn, Boston, MA) and a dust concentration wais Table Il. For 20 workers, there were two dust scores and
calculated using the difference in filter weight, after adjustwo inhalable dust measurements; for 28 workers, there
ment for blanks, and the air-sampling volume. were two dust scores and two respirable dust measurements.
The average sampling time for the IOM inhalable dust The software package SAS (SAS Institute, Cary, NC)
sampler was 157 min and for the respirable dust cycloness used for statistical analyses. Spearman rank correlation
165 min. This reflects the duration of the operations. For tlweefficients were calculated between individual measured
IOM inhalable dust sampler the detection limit was 0.03Qust concentrations and individual subjective dust estimates.

MATERIAL AND METHODS
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TABLE Il. Characteristics of Agricultural Workers Included in a Survey with the measured dust concentrations or the dust scores as

of Quantitative and Qualitative Dust Exposure Estimates: California, dependent variable and the workers as independent
1995/1996 variable, we found that the between-worker variance
explained approximately 85% of the total variability in
Inhalable dust Respirable dust  measured dust levels {S= 2.49), as well as in the dust
(n = 124) (n =129) scores (% = 0.41), implying that the differences in
measured dust concentrations and dust scores are much
Median age (yr) 33 34 larger between workers than within workers. Table 1l and
Years in agriculture 10 10 Figure 2 show that the average dust levels increased with
Highest education an increase in the dust scores, implying that grouped dust
Primary school 62% 62% scores might be a reasonable estimate for dust exposure
Secondary school 10% 9% levels and that there appeared to be a log-linear
High school 8% 7% relationship. When the geometric means were used as
Undergraduate 8% % dependent variables and dust scores as independent
College 12% 15% variables in a regression analyses, the relationship between
Respiratory symptoms 10% 10% dust scores and average inhalable dust levels could be
Spanish language questionnaire 84% 82% described as In (dust= —0.92 + 0.35*dust score

(standard error regression coefficient0.06, P= 0.0002,

R? = 0.81). When the arithmetic means were used as
dependent variables, the relationship could be described as
The coefficients could be interpreted as intermethod reliabjy (dust) = -0.51 + 0.36*Dust score (standard error
ity coefficients. Workers with two dust scores and duskgression coefficient= 0.06, P = 0.0002, R = 0.81).
measurements were used to calculate a within-worker relge, the number of years working in agriculture, education
ability coefficient (scale 0-1), using an analysis of varianqgvel, the presence of any respiratory symptoms, and the
(ANOVA) model (Proc GLM) with dust scores as dependeninguage of the questionnaire did not have a significant
variable and the measured dust exposure and the workergn@ependent effect on the relationship between dust
independent variable. This rellablllty coefficient was Ca.ICU(_joncentration and dust scores (data not Shown)_ The
lated by dividing the between-worker variance by thesgression equations were very similar if only one
between-worker variance and within-worker variance. (theasurement per worker was used, and if only the
shows how reproducible the workers’ estimates are.) Analifeasurements above the limit of detection were used.

ses of variance and regression analyses were used to explore

and describe the relation between dust scores and dust .

measurements. The adjusted &uld be interpreted as aReSpirable Dust

validity coefficient and is a measure of the strength of the

relationship between the subjective dust estimates and the Figure 3 shows thatthere was little relationship between
measured dust exposure (scale 0-1). the individual dust scores and the individual respirable dust

measurements. There is large variation in dust concentration

RESULTS within each dust score category, implying that individual
dust scores might not be a good estimate for the actual
Inhalable Dust respirable dust exposure level. The Spearman rank correla-

tion coefficient between the individual respirable dust mea-

The individual inhalable dust concentrations increaségirements and the individual dust scores was OR36<(
with an increase in dust scores, although there appears tdg@001) (and 0.29P < 0.04 when only one measurement
considerable variation within each dust score categoggr worker was used), implying that there is little correlation
implying that individual dust scores might not be a goolletween the measured dust levels and dust scores (even
estimate for the actual dust exposure level (Fig. 1). Thehen many different workers are used). The within-worker
Spearman rank correlation coefficient between theliability coefficient was very low (0.1), implying that the
individual inhalable dust measurements and the individuegliability of the estimates within workers is very low. Using
dust scores was 0.6P (< 0.0001) (and 0.65? < 0.0001) the repeated measurements and analyses of variance with the
if only one measurement per worker was used), implyingeasured dust concentrations or the dust scores as depen-
that dust scores and measured dust levels correlate faitgnt variable and the workers as independent variable, we
well if many different workers are used. The within-workefound that the within-worker variance explained 67% of the
reliability coefficient was low (0.2), implying that thetotal variability in measured dust levels%(S 1.57) and
reliability of the estimates within workers is very low.57% in the dust scores {S= 0.19), implying that the
Using the repeated measurements and analyses of variadifferences in measured dust concentrations and dust scores
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FIGURE 1. Individual inhalable dust measurements plotted against individual worker dust scores. California 1995/1996 study.

TABLE Ill. Inhalable Dust Exposure Levels (mg/m?3) by Worker Dust
Scores in a Survey of Quantitative and Qualitative Dust Exposure
Estimates: California, 1995/1996

Dust n < LOD
score n (%) AM GM GSD Min Max
0 11 1 (9%) 0.37 031 215 0.06 0.65
1 17 0 (0%) 0.87 073 196 0.12 2.06
2 21 0 (0%) 231 101 345 0.11 18.28
3 20 0 (0%) 3.73 180  3.07 0.49 18.93
4 10 0 (0%) 2.59 161 270 0.46 8.54
5 15 0 (0%) 3.57 255 239 0.65 8.94
6 6 0 (0%) 2.77 219  2.08 0.82 7.13
7 6 0 (0%) 4.49 3.07 279 0.62 11.91
8 4 0 (0%) 4.25 209 465 0.53 8.61
9 6 0 (0%) 2435 1184 377 2.03 92.12
10 8 0 (0%) 4697 3957 192 1486  103.46

n, number of dust measurements; AM, arithmetic mean; GM, geometric mean; GSD,
geometric standard deviation; Min, minimum; Max, maximum; n < LOD (%) = number
(percentage) of samples below the limit of detection.

this appears to be mainly due to dust scores 9 and 10. The
relationship between grouped dust scores and average
respirable dust levels could be described as In (dust)
—2.50+ 0.17*dust score (standard error regression coeffi-
cient = 0.07,P = 0.04, R = 0.38) when the geometric
means were used as dependent variables, and as In €dust)
—1.66 + 0.14*dust score (standard error regression coeffi-
cient = 0.10,P = 0.18, R = 0.19) when the arithmetic
means were used as dependent variables. Age, the number of
years working in agriculture, education level, the presence
of any respiratory symptoms, or the language of the
guestionnaire did not have a significant independent effect
on the relationship between dust concentration and dust
scores (data not shown). The regression equations were
similar if only one measurement per worker was used, but
different if only the measurements above the limit of
detection were used. [Using the GM: In (dust)—1.37 +
0.08*dust score, standard error regression coefficient
0.06, R = 0.14. Using AM: In (dust)= -0.95+ 0.08*dust
score (standard error regression coefficien0.10, R =
0.10.] Excluding the measurements under the limit of
detection carries the risk that many true low measurements

are much larger within workers than between workergre excluded, and not only those that are under the limit of
Figure 4 and Table IV show that the average respirable dukttection because of the short sampling time and might
levels increase slightly with an increase in dust scores atiterefore be biased.
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FIGURE 2. Average inhalable dust levels plotted against grouped worker dust scores. California 1995/1996 study.
DISCUSSION Several studies have explored the relationship between

subjective dust estimates and measured dust levels [Halpin

This study relates subjective dust estimates to persoedhl., 1994; doPico et al., 1983; Fonn et al., 1993; Bachmann
inhalable and respirable dust measurements in Califorrdad Myers, 1991; Kromhout et al., 1987; Teschke et al.,
agricultural workers. Individual subjective dust estimates989; Hawkins and Evans, 1989; Post et al., 1991; Musk et
showed weak to moderate correlations with measured dast 1989]. Expert opinion appeared to be better at estimating
concentrations for both the inhalable and respirable duestposure levels [Hawkins and Evans, 1989; Post et al.,
fraction. The within-worker reliability coefficients were very1991], it appeared to be dependent on the type of exposure
low. Grouped subjective dust estimates performed better diRibst et al., 1991], and grouped exposure estimates showed a
showed a consistent increase with measured dust levelscamsistent increase with measured dust exposure levels
particular for the inhalable dust fraction. Age, the number ¢Halpin et al., 1994; Fonn et al., 1993; Bachmann and
years working in agriculture, education level, the presenddyers, 1991; Kromhout et al., 1987; Musk et al., 1989]. In
of any respiratory symptoms, or the language of théis study, only workers estimated dust exposure levels and
guestionnaire did not have a significant independent effébey estimated only their own exposure. Grouped dust
on the relationship between dust concentration and destposure estimates appeared to be better than individual dust
scores. California agricultural workers appear to be reas@xposure estimates because the latter showed a large range
ably good at estimating inhalable dust levels, in particulariii measured exposure for individual estimates, resulting in
an average of many different workers is taken, but they al@ver correlation coefficients. Grouped subjective dust level
unable to provide good estimates of respirable dust leveéstimates showed a consistent increase with measured dust
Measuring dust levels remains the preferred option. levels, in particular for the inhalable dust fraction.
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FIGURE 3. Individual respirable dust measurements plotted against individual worker dust scores. California 1995/1996 study.

Using experts has the advantage that they can bwany different reasons why workers, but also experts, might
trained, while this is fairly difficult for workers, mainly not be good at estimating dust levels. There might be number
because of time constraints. In this study, we gave tipeeferences, sensory differences, a wide variation in indi-
workers only a brief, but consistent, explanation. Workerddual sensitivity, or the desire to go home straight after
might only be able to detect larger differences in dust levelsprk, among many other possibilities. Also, subtle differ-
while experts can be trained to observe smaller differencesces at low exposure levels are not likely to be estimated
and they can compare many different situations leading tanell, but large differences at high exposure exposure levels
more consistent rating of exposure. There is most likely to lage perceived reasonably accurately.

a learning curve and experts might have done many pilot The subjective dust estimates appeared to be dependent
ratings before they start the actual study. On the other sidm the size fraction of the dust. Grouped subjective dust
various studies have shown that there are differences in #stimates for the inhalable dust fraction were better corre-
ratings of experts and that even they might not be able leted with measured dust levels than the respirable dust
come up with acceptable estimates [Hawkins and Evarisaction. This might be due to the large proportion of
1989; Post et al., 1991]. The advantage of using workersiigeasurements under the limit of detection for the respirable
that one can use many different workers to get margaction, or because the inhalable dust fraction is more
estimates for, for example, an operation, and then take @gible and workers estimate the inhalable, rather than the
average and average out the unwanted variation. Sonespirable, dust fraction. Another explanation might be that
workers are better at estimating the exposure levels thdaere was more variation in dust exposure between opera-
others, some will overestimate and others underestimate tlms for the inhalable dust fraction compared with the
exposure levels. Of course, one has to realize that there cagpirable dust fraction, something that was also noted by
be true differences in exposure levels between workeéfsomhout et al. [1987], even though the overall variability
within operations, and this should be taken care of. There dretween all the dust measurements was the same (inhalable
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FIGURE 4. Average respirable dust levels plotted against grouped worker dust scores. California 1995/1996 study.

dust GM = 1.8 mg/n3¥, GSD = 4.4, respirable dust GM=  tion. Instead, we asked the subjects in the cohort to rate the
0.17, GSD= 4.4). In this population, 60% of the variation indust exposure for the operations they did during the past year
inhalable dust levels could be explained by the type oh the same rating scale as in this study. We calculated an
operation, the type of commodity and the presence of amerage rating for the various operations. To obtain exposure
enclosed tractor cabin, while only 40% of the respirable dusidices for the subjects in the epidemiologic study, we
levels could be explained by these factors. In a smatiultiplied the number of days a worker reported for a
subgroup of this population for whom we had repeategghrticular operation over the past year with the average
measurements, the between-worker variance was muaimber of hours they reported doing it, and multiplied this
larger than the within-worker variance of dust exposure favith an exposure intensity estimate. This exposure intensity
the inhalable dust fraction, and the within-worker variancestimate was either the measured (or assigned for some
was much larger than the between-worker variance for tbeerations) exposure level for that particular operation, or an
respirable dust fraction. This might partly explain why therestimate obtained from the regression equations in this
was a fairly reasonable correlation between measured dpaper. The average exposure rating of the cohort members
levels and the individual dust scores for the inhalable dufstr each operation was used in the regression equation to
fraction, but not for the respirable dust fraction. calculate an estimated exposure level in mgfor that
The information presented in this paper is used to deriweperation. Subsequently, all estimates (day*hr*ny/for

dust exposure indices for a cohort of California farmers, ithe various operations were summed and a dust exposure
which the relation between dust exposure and adveliselex for the past year derived for each cohort member. This
respiratory health effects is explored. For this cohort, it iwas done for inhalable as well as for respirable dust. The
impossible to measure the exposure levels for all operatioc@rrelation between “regression equation/subjective esti-
and obtain a sufficient number of measurements per openaates” derived indices and “measured” derived indices was
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TABLE IV. Respirable Dust Exposure Levels (mg/m3) by Worker Dust it is very likely that there are hazardous exposures in

Scores in a Survey of Quantitative and Qualitative Dust Exposure California agriculture for which this might not work. Also,

Estimates, California 1995/1996 levels for dust constituents such as endotoxin or crystalline
silica are most likely difficult to estimate subjectively.

Dust n < LOD In cases where subjective exposure assessment seems to

score n (%) AM GM GSD  Min Max  work, we encourage its use, in particular in California

agriculture with its large agricultural population and evi-
4(50%) 019 014 254 002 1.08 dence of increased respiratory morbidity and mortality
7(54%) 029 015 310  0.02 170 among agricultural workers. Relatively little has been pub-
4(67%) 038 010 421 002 170 lished on exposures and exposure levels experienced in
2(44%) 038 018 379  0.02 189  California agriculture, but this information is essential to set
9(69%)  0.09 007 231 002 0.20 health and safety priorities. Subjective exposure estimation
10 3(30%) 047 019 363 0.3 301 by those who work in California agriculture could be
2(25%) 201 020 685 004 1501 successful in estimating exposure levels, as was shown in
4(57%) 018 010 332 003 056 this paper, and could be used to evaluate high-risk environ-
1(20%) 015 014 164 006 022 ments.
0(00%) 051 048 152 032 0.74
0(00%) 368 196 348 023 1354 ACKNOWLEDGMENTS
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