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Abstract: An increased prevalence of respiratory problems among softwood lumber
mill workers has been observed in a number of studies. These workers are potentially
exposed to a variety of respiratory hazards including wood dust, abietic or other resin
acids, monoterpenes, and fungi, as well as endotoxins. The objectives of this study were
to determine if lumber mill workers were exposed to hazardous levels of airborne
endotoxin and to identify the factors contributing to high exposures. Personal endotoxin
samples (n =216) were collected in four lumber mills in the Canadian province of
British Columbia. The mean personal exposure concentration was 2.0%ng/®% of

the samples were above 5 ng/actors related to the personal endotoxin exposure
were type of job, use of compressed air, the percentage of time spent in a booth or cab
during a shift, and dust concentration. Log storage practices were also suspected of
playing a role. The levels of exposure observed in this study were low compared to the
levels reported for populations with respiratory problems attributed to endotoxins.
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INTRODUCTION 17, 21]. But, to date, there are no reports of respiratory
disease among lumber mill workers due to endotoxins.
The prevalence of respiratory symptoms and decreasedExposure to endotoxin has been assessed in a number
lung function among softwood lumber mill workers ha®sf industries, but relatively little data is available regarding
been observed to be significantly higher than unexposeddotoxin exposure in lumber mills. Dutkiewietzal. [9,
control groups [4, 5, 7, 12, 14]. Lumber mill workers ard0] reported the presence of Gram-negative bacteria and
potentially exposed to a variety of respiratory hazardendotoxin in samples taken from stored timber logs.
including wood dust, the chemical constituents of woodjahlqvist and colleagues [4] reported levels of airborne
moulds, and bacteria. In order to institute appropriaendotoxin were 1.5-2.5 ngfmamong Swedish wood
preventative measures it is important to determine whi¢timmers exposed to relatively low levels of wood dust
of these exposures are responsible for the respiratdrgean = 0.26 mg/ A pilot study to characterise respiratory
problems. A relationship between exposurendotoxins, hazards in a Canadian lumber mill, showed the presence
a component of the cell membranes of Gram-negatieé both endotoxins and viable Gram-negative bacteria in
bacteria, and acute and chronic changesng Ifunction accumulated dust on workplace surfaces; however,
and respiratory symptoms has been reported in otharborne concentrations of endotoxins and Gram-negative
occupational settings with exposure to organic dusts [13acteria were not measured in the Canadian study [6].
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The objectives of this study were to determine fifilter was immediately refrigerated at 4°C. Before
lumber mill workers were exposed to hazardous levels wieighing to determine dust concentration, the filters were
airborne endotoxin and to identify the factors contributingesiccated at 4°C for approximately 48 hours and then re-
to high exposures. To meet these objectives, persomeguilibrated in the climate-controlled room for 48 hours at
exposure to endotoxins was assessed in four CanadiC. After equilibration, the filters were again weighed
lumber mills. This study was a part of a large cohort study triplicate and stored in 50 ml pyrogen-free centrifuge
of lumber mill workers designed to examine the healttubes until extracted for endotoxin [8].
effects of fungicides, wood dust, and other hazards [22]. Endotoxin levels were determined using the BioWhittaker

kinetic turbidimetric Limulus Amebocyte Lysate (LAL)
MATERIALS AND METHODS assay. This is am vitro biological assay, which is based
on the reaction of LAL circulating amoebocytes of the

Study population and sampling strategy.Samples horseshoe crabl.imulus with lipopolysaccharide. The
were collected in four lumber mills in the Canadiarndotoxin was extracted from the filters for the analysis.
province of British Columbia. Each mill was located in &eflon filters were chosen for their hydrophobic
different region of the province; Northern interior, Southerproperties and their ease of manipulation for extraction
coast, Vancouver Island, and Southern interior. Samplipgocedures [20].
was conducted over a two week period in each mill, All glassware was baked at 180°C for 4 hours to render
respectively in May, June, July and August of 1997. Thie endotoxin free (depyrogenation). The buffering salts
interior mills mainly processed Engelmann spriRieda were also depyrogenated before use as described by
engelmannji or white spruce Ricea glaucg lodgepole Milton [18]. For the extraction of endotoxin from the
pine Pinus contorty and sub-alpine firAbies lasiocarpp  filters, 20 ml of a buffer solution (0.05M M&POy-

The coastal mills primarily processed Western hemlodk01% triethylamine in pyrogen-free water, pH 7-7.5) was
(Tsuga heterophylla The logs processed in the twoadded to the 50 ml centrifuge tube containing the filter.
coastal mills had a much larger diameter than tho3#ne tubes were shaken for 1 hour, sonicated for 60
processed in the interior mills. Log storage prior toninutes at 20°C, and centrifuged at 1000 x g for 10
processing also varied. The Southern coastal mill storednutes. Two pyrogen-free vials were filled with 2.5 ml
the logs in salt water whereas the mills in the Southeextraction solution from each tube. One vial from each
interior and on Vancouver Island used fresh water storagample was refrigerated until analysis (within 24 h) and
of the logs. Following debarking, the Southern interior mithe other vial was stored frozen at —20°C for reference.
stored logs on land for a short time while the Northern Samples, blanks (pyrogen-free water) and standards
interior mill stored logs in fresh water as well as on land.were dispensed in 100 pl aliquots in a 96-well microtitre

The goal was to sample all production and maintenanpkate (Costar). Each assay plate included a standard curve
jobs, with the exception of administrative jobs, at least duplicate ofE. coli 055:B5 endotoxin (Biowhittaker)
once in each mill. Individuals were randomly selectethnging from 0.01-1 ng/ml. Samples were tested at full
from all available job title/shift combinations. Full shiftstrength, 1:10 and 1:100 dilutions. All dilutions were
samples (8 or 12 hours) were collected for the majority afade in pyrogen-free water. The plate was pre-incubated
samples. The minimum time for samples included in thet 37°C to bring the samples to this temperature before
analyses was 4 hours. At the end of the sampling peri@tlding 100 pl LAL reagent to each well using an eight-
participants were questioned about work tasks performeblannel micropipettor. The turbidity of the samples was
during the shift that may have influenced exposure taeasured at 1 minute intervals at 340 nm wavelength (A)
endotoxin. This included compressed air use to remousing a Molecular Devices ThermoMax plate reader at
wood dust from machinery and surfaces, and themperature controlled to 37 = @& Spectrophotometric
percentage of time spent in a booth or cab. measurements were analysed using Molecular Devices

SoftMax® pro software.

Endotoxin sampling and analysis. The airborne  The kinetic turbidimetric assay measures the time of
samples were collected using a GSP-sampler (Deha-Hasiset of increasing optical density indicating increasing
& Wittmer GmbH, Friolzheim, Germany) for inhalableturbidity. If there is no endotoxin present there is no “time
dust. Inhalable dust is the mass fraction of total airborrg onset” and samples are not assigned a numeric value by
particles that can be inhaled through mouth and nose [#e software (e.g. below the limit of detection of the
Teflon (polytetrafluorethylene) filters, 0.45 um pore sizemethod). In this series of samples there was interference
25 mm diameter, were used (Costar, USA). Filters weffom the sample matrix in the undiluted samples. This
preconditioned in a climate-controlled room (temperatuigterference disappeared in the 10-fold diluted samples.
22 + 2°C, relative humidity 65% + 5%) and weighed imhe endotoxin content was diluted beyond the sensitivity
triplicate on a Sartorius microbalance (Sartorius M3Rf the assay for the 100-fold diluted samples. Therefore,
Germany). Personal air sampling pumps (SKC modell calculations were performed on the 10-fold diluted
224-44XR, Eighty Four, PA, USA) were calibrated to &amples. This served to increase the limit of detection of
flow rate of 3.5 litres per minute. After sampling, thehe extracted samples.
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Table 1.Endotoxin concentrations (ngfymy lumber mill. 80 01<0.5 ng/m’
- [30.5-1.0 ng/m’
70 4 3
— .0-3.0 ng/l
Lumber mill Arithmetic Geometric Geometric Range 103000 nl
[3.05.0 ng/m
(samples) mean mean  Std. Dev. 60 - ,
s m>5.0 ng/m
Southern coast 1.24 0.50 2.82 <0.25-16.92 & 507
(n =56) £
S 40 -
Vancouver Island 1.00 0.55 252 <0.25-9.32 ©
(n =50) g 301
Southern interior 2.51 1.15 3.04 <0.25-34.75 * 20
(n =60)
10
Northern interior 3.60 1.52 3.73 <0.25-32.86 m
(n =50) 0 ‘ ‘
- sc VI s NI
All four mills 2.09 0.83 3.30 <0.25-34.75
(n=216) Figure 1. Frequency distribution of percentage of endotoxin samples by

mill. SC — Southern coast, VI — Vancouver Island, SI — Southern
interior, NI — Northern interior.

Results were expressed as the nanograms of @5 or less. The correlation between the endotoxin
standard endotoxiB. coli. B5 per cubic metre of air (1 ng concentration and the dust concentration was also calculated
equal to approximately 10 Endotoxin Units, EU). Fieldising the log-transformed concentrations.
blanks were pre-weighed filters taken to the field and
treated identically to sample filters, except that no air was RESULTS
drawn through the filter. Twenty-one field blanks were
extracted and analysed in parallel with the sample filters.General characteristics. There were 223 samples
The interference effect was present in the field blank filtellected. Six samples were excluded because the sample
extracts in the undiluted samples and was overcome in tiree was shorter than 4 hours and one sample was
10-fold dilution. The 1:10 dilution of field blank extractsexcluded because the worker performed jobs in different
was identical to the pyrogen-free water blanks. The limgroups during the shift. The total number of analysed
of detection (LOD) of the method was calculated from theamples was 216.
lowest value of the standard curve. The LOD for samplesEleven plates were used for the determination of the
up to 8 hours was 0.400 ng’nand for samples up to 12 216 endotoxin samples. A standard dilution series was made
hours was 0.250 ngfn in duplicate on every plate. Based on the 11 duplicates of

the 0.1 ng/ml endotoxin standard, the coefficients of

Statistical analysis. Samples were divided into thevariation (relative standard deviation) were 1.6% (within
following job groups for analysis: front sawmill, otherplate), 6.8% (between plates), and 8.4% (total).
sawmill, planer mill, clean-up, maintenance, and Of the 216 samples, 51% were below the LOD. The
miscelaneous jobs. The “front sawmill” group consistegdersonal mean endotoxin exposure ranged from the LOD
of jobs responsible for cutting logs to usable lengthy 35 ng/m, with a geometric mean of 0.83 and a
removing the bark, and removal of the rounded outgeometric standard deviation of 3.30. 20 samples (9%)
portions of the log. The “other sawmill” group consisteavere above 5 ng/frand 9 samples (4%) were above 10
of jobs responsible for cutting the lumber to theg/n?. The distribution of the exposure measurements
dimensional widths and lengths as well as grading amagpeared to be log-normal.
sorting. Sawmill workers were separated into two groups
based on the priori hypothesis that potentially higher Endotoxin concentration by mill. The endotoxin
levels of endotoxin could be present in the front end abncentration in each mill is presented in Table 1. A
the sawmill because this is where whole logs or slafiequency distribution by mill is presented in Figure 1.
(parts of the outside of the log) are handled. The twbhe difference between the endotoxin concentrations in
interior mills and the Vancouver Island mill each had the interior (Northern and Southern interior, combined)
separate planer mill where the surfaces of boards wexed in the coastal mills (Southern coast and Vancouver
smoothed. Clean-up and maintenance jobs (including séstand, combined) is statistically significant (p = 0.001,
filers, welders and industrial mechanics) were also plac®dilcoxon two sample test). The differences between the
in separate groups. The remaining jobs, primarily those two coastal mills and between the two interior mills were
the yard and on the water where logs and/or lumber aret significant. The Northern interior sawmill had the
stored, were included in the “miscellaneous” group. highest number of samples above 5 nig/@4% of

Non-parametric tests were used to assess the impacsamples compared to 5%, 4%, and 7% samples in the
potential determinants of exposure. A difference wé&Southern coastal, Vancouver Island, and Southern interior
considered statistically significant when the p-value wasills, respectively.
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Table 2. Mean endotoxin concentrations (nd)ry job group. 120 4
0>1 ng/m®

Job group Arithmetic Geometric Geometric Range 100 4 ®>5 ng/m
(samples) mean mean Std. Dev. =

< 80 4
Front sawmill 1.51 0.71 3.32 <0.25-850 2
(n=23) 5 60|
Other sawmill 2.59 0.90 3.81 <0.25-34.75 =
(n=46) % 40 4
Clean-up 6.23 4.77 229 1.09-14.39
(n=8) 207
Planer mill 0.87 0.59 230 <0.25-3.71 0 ‘ ‘ ‘
(n=27) Clean-up Front Other  Planer Mill  Maint. Misc.
Maintenance 2.88 1.12 3.42 <0.25-32.86 sawmil - Sawmill
(n=62)
Miscellaneous 0.90 0.53 234 <0.25-7.96 Figure 2. Percentage of samples above 1 and 5 hgfidotoxin by job
(n =50) group. Maint. — Maintenance, Misc. — Miscellaneous.

Endotoxin concentration by job group. The mean Dust concentration and endotoxin concentration.
endotoxin concentrations in each job group are presenfgable 3 presents the geometric mean dust concentrations
in Table 2. The exposure to endotoxin in the planer miind endotoxin concentrations in each lumber mill. The
was very low as was the exposure in the miscellaneodsast concentrations were significantly lower for the
jobs. The clean-up workers had clearly the highesbastal mills in comparison with the interior mills (p =
exposure to endotoxin. This mean is based on 8 sampleB801, Wilcoxon two sample test). The difference
while the numbers of samples for the other work grougmetween the coastal mills was not significant. The dust
were larger. Maintenance workers and “other sawmilléoncentration was significantly higher for the Northern
also had a relatively high exposure. The percentage ioferior mill compared to the Southern interior mill
samples above 1 and 5 nd/im each work group are (p =0.0034, Wilcoxon two sample test). Endotoxin
presented in Figure 2. concentration was correlated with dust concentration

Endotoxins are expected to be mainly present on t(leig. 3). The correlation coefficient from the log-
outside of the log. Thus, it was predicted that endotoxiransformed endotoxin concentration and the log-
exposure among front sawmill jobs would be higher thamansformed dust concentration was 0.69 (p < 0.0001).
other sawmill jobs. However, the mean concentration in
the other sawmill group was slightly higher (0.71 Use of compressed air and endotoxin concentration.
compared to 0.90 ngfn endotoxin). On closer Compressed air was used in all four lumber mills to
examination it was found that 83% of front sawmill andemove accumulated dust from machinery and other
only 28% of other sawmill workers spent more than 50%orkplace surfaces. Am priori hypothesis was that
of their shift in an enclosed booth. Among workers whaccumulated dust would provide a medium for the growth
spent less than 50% of shift in an enclosed booth, théGram-negative bacteria and that the use of compressed
geometric mean exposures were 2.96 rigand 1.11 air would result in increased exposure to endotoxins.
ng/nt endotoxin among front and other sawmill workers,
respectively. Among workers who spent more than 50%
of shift in an enclosed booth, the corresponding geometric 1 7
means were 0.53 ngfmand 0.52 ng/th endotoxin, . .
respectively.

-
o
L

Table 3. Mean endotoxin and dust concentrations by lumber mill.

Lumber mill Endotoxin (ng/M Dust (mg/m) Correlation
Geometric Mean Geometric Mean Coefficient

o
-
L

concentration dust (mg/m®)
[N
L

r=0.69

p =0.0001

Southern coast 0.50 0.48 0.80*

) 0.01 : : ‘
Vancouver island 0.55 0.52 0.53* o1 1 10 100
Southern interior 1.15 1.21 0.62* concentration endotoxin (ng/m°)

Northern interior 1.52 214 0.52* Figure 3. Relationship between the endotoxin and dust concentration.

Both endotoxin and dust concentrations are presented on logarithmic
*p<0.001 scales.
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Overall, 32% of all sampled workers reported the use ®#ble 4.Endotoxin concentrations (nginirom different studies.
compressed air for clean-up. The geometric mean exposure

among workers reporting the use of compressed air w2 ?grence] N Qrggh GMeg;“n' Range
1.18 ng/mi and for those reporting no use was 0.68 Ag/m
This difference was statistically significant (p = 0.0005Srain industry 376 369 1265 <LOD-17,653
Wilcoxon two sample test). The clean-up workers had tl%ennedyet al. 1997]
highest exposure of all the work groups. However, onlig farmers 350 130 92 6-1,503
50% of the clean-up workers reported the use dfrelieretal, 1995]
compressed air and those who did had similar exposuresato processing 195 130 20 1-2,908
to those who did not (6.0 vs. to 6.5 nd/endotoxin, industry
respectively). [Zock et al, 1995]

Animal feed industry 530 25 n/a 0.2-470

DISCUSSION [Smidet al, 1992]
Sawmill industry 216 2 0.83 <0.25-35

In this study, thefr:lghest endotoxin concentratiofpresent study]
observed was 35 ng/mand 9% of the samples were o . _ :
above 5 ng/m Significant factors related to increased ©P = !imit of detection, n/a = not available
endotoxin exposure were level of dust exposure, use of
compressed air for clean-up, and employment in jolj$5]. In this study, the filter media used were found to
responsible for clean-up and maintenance. Work in @mroduce interference with the kinetic turbidimetric LAL
enclosed booth appeared to have a protective effect witkigsay. It was possible to negate the effect of the
the highest exposed areas of the sawmills. interfering substance by diluting the samples, but this also

The mean level of exposure varied considerabkerved to raise the level of detection, and may have
between lumber mills. The Northern interior lumber millpbscured some sample values that would have been
with fresh water and dry land storage of logs, had thaeasurable using another filter medium.
highest endotoxin concentrations. The southern coastalThe endotoxin concentrations observed in this study are
lumber mill, with salt water log storage, had the lowestlatively low compared to the concentrations found in
concentrations of endotoxin. Because immersion in watstudies where adverse health effects have been observed
may inhibit the growth of some forms of Gram-negativ@l9, 21, 23]. The endotoxin concentrations from other
bacteria on logs, it was hypothesisadpriori, that log studies in which a large number of personal samples were
storage techniques may be an important factor in thkellected are presented in Table 4. It is important to be
variability of endotoxin levels between lumber mills. Incautious when comparing studies where endotoxin
addition, fresh water may be more conducive to bacteri@ncentrations have been analysed in different laboratories.
growth than salt water. While the mean exposures in thiere is no internationally accepted and standardised
four lumber mills fit this general pattern, there are too fewmethod for extraction and analysis of Gram-negative
mills in this study on which to base firm conclusionshacterial endotoxins from environmental samples. The
Additional differences between the regions, such asost commonly accepted method is based on the
temperature extremes, relative humidity, age of the logipopolysaccharide-induced clotting mechanism of Limulus
and length of storage time may also play a role. amoebocyte lysate due to the sensitivity of this reaction.

There are some limitations that should be borne iThe lipopolysaccharide-induced reaction can be measured
mind when interpreting the results of this study. Eacturbidimetrically or chromogenically, either kinetically or
lumber mill was sampled in a consecutive month frorby endpoint assay. Due to the variation in measurement
May through August and all endotoxin extractions anghethods, results from different studies are difficult to
analyses were performed in September. The filters wetempare. Based on the results of an inter-laboratory round
stored at 4°C. A study by Douwes al. [8] showed that robin endotoxin assay, Chut al. [3] concluded that the
storage at refrigerator temperatures for a period of 1 yaasults from different laboratories can vary by as much as
had no effect on endotoxin levels. The Northern intericin order of magnitude, but that intra-laboratory variations
mill, which was sampled first and where the filters werevere small. Therefore, the most valid comparison may be
stored for the longest time, had the highest endotoxinade with the grain industry study by Kennedal. [16]
concentration of the four mills. The next mill to bewhose endotoxin analyses were performed in the same
sampled was the Southern coastal mill, which had th&boratory but using different filter medium (depyrogenated
lowest endotoxin concentration of the four mills. Thigjlass fibre). The results of that study showed mean
would argue against time of storage being responsible femdotoxin concentrations 10 times higher than the highest
apparent regional differences between endotoxtoncentrations observed in the current study.
concentrations. There is no standard occupational exposure limit for

It has been noted by other researchers that interferisgdotoxin, but the Dutch Expert Committee on
substances can be present in samples which may resulDigtupational Standards (DECOS) of the Health Council
under or over estimation of the endotoxin concentratiast the Netherlands has proposed an exposure limit of 50
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Endotoxin Units/m (equivalent to approximately 5 ngfm 6. Demers PA, Kennedy SM, Teschke K, Leung V, Bartlett K, Davies

; ; jrfang C:Study of Respiratory Health among Sawmill Workers. Final
endotoxin) for personal inhalable dust exposure measu»‘%ﬂport_ Pilot Study Sampling Re rkers Compensation Board of

as 8 hour time weighted average [11]. A dec_rease in FENfitish Columbia, Richmond, BC, Canada 1997.
(forced expiratory volume in 1 second) is the mMOSt 7.Demers PA, Kennedy SM, Teschke K, Davies H, Bartlett K, Leung
consistent parameter that has been reported to be aﬁedte@t;espirﬁtgy health in felat(iﬂon th Cugent G)XDOSUVGS in a softwood
; ; er mill. Occup Environ MedSubmitted 4-99).
b]}’ enC.IOtOXIn e?pﬂsulres [Ill]' Tnet’he hasdbeen aWI.de rad .Douwes J, Versloot P, Hollander A, Heederik D, Doekes G:
of estimates of the level at which no decrease IniFEY\quence of various dust sampling and extraction methods on the
would be observed. Based on the results of afieasurement of airborne endotoxppl Environ Microbiol1995,61,
experimental study of short-term exposure to endotoxin63-1769. _
Castellaret al.[2] showed no effects at 9 ngs)«m\ study 9. Dutkiewicz J, Sorenson JG, Lewis DM, Olenchock SA: Levels of
. ' . bacteria, fungi, and endotoxin in stored timbkt Biodeterioration
by Smidet al. [21] of animal feed workers suggested &jogegradatior1992,30, 29-46.
threshold of 3-7.5 ngfin Other studies have also 10. Dutkiewicz J: Bacteria, fungi, and endotoxin in stored timber
and airborne sawdust in PolafBlodeterioration Red ,2, 533-547.
observed effects at levels below 20 ny/such as the and airb dust in Polaiodeterioration Re4989,2, 533

; ; 11. Dutch Expert Committee on Occupational Standards (DECOS):
study of pig farmers by Heederdt al. [13] and cotton Endotoxins, Health-based Recommended Occupational Exposure Limit

workers by Kenned?t al. [17]- Gezondheidsraad, The Netherlands 1998.
12. Halpin DMG, Graneek BJ, Lacey J, Nieuwenhuijsen MJ,
CONCLUSION Williamson PAM, Venables KM, Newman-Taylor AJ: Respiratory

symptoms, immunological responses, and aeroallergen concentrations at

Work . f d | b il iall a sawmill.Occup Environ Med 994,51, 165-172.
orkers In softwoo umber mills are potentially 13. Heederik D, Brouwer R, Biersteker K, Boleij JSM: Relationship

exposed to a variety of respiratory hazards, including airborne endotoxin and bacteria levels in pig farms with the lung
wood dust, abietic or other resin acids, monoterpenes, etw@lttiﬁggznldgzessp;rsatgé{ symptoms of farmdrg. Arch Occup Environ
; ; al ,62, 595-601.

fungi, a.s well as endOtOXInS'. The levels of eXpos.ure .{-5514. Hessel PA, Herbert FA, Melenka LS, Yoshida K, Michaelchuk
endotoxins among lumber mill workers observed in thll§, Nakaza M: Lung health in sawmill workers exposed to pine and
study appear to be low in comparison to other populatioBsruce Chest1995,108 642-646.
in which respiratory problems have been attributed to 15. Hollander A, Heederik D, Versloot P, Douwes J: Inhibition and
endotoxins. However, a small number of samples We?ghancement in the analysis of airborne endotoxin levels in various

o ’ ! . occupational environmentdm Ind Hyg Assoc 1993,54, 647-653.
within the range in which health effects have been ;5 kennedy sm, Bartlett K, Keefe A, Ward H, Chan-Yeung M:
observed in other studies. While it is unlikely thatrain and endotoxin exposure monitoring. Report to Labour Canada.
exposure to endotoxin is solely responsible for théine 1997.

; i1 17. Kennedy SM, Christiani DC, Eisen EA, Wegman DH, Greaves
respiratory problems observed among lumber ml”k, Olenchock SA, Ye TT, Lu PL.: Cotton dust and endotoxin exposure-
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135 194-200.
REFERENCES 18. Milton DK, Gere RJ, Feldman HA, Greaves IA: Endotoxin

measurement: aerosol sampling and application of a new Limulus

method Am Ind Hyg Assoc 1990,51, 331-337.

Hygiene of Chemical and Biological AgentSlsevier, Amsterdam, 19. _Preller L, Heederik D, Kromhou_t H, Boleij JSM, T'EI.en MJIM: .
Determinants of dust and endotoxin exposure of pig farmer:

1995. - o
. . . evelopment of a control strategy using empirical modeAmg. Occup
2. Castellan RM, Olenchock SA, Kinsley KB, Hankinson JL: Inhaletﬂyg 1995 39, 545-557.

endotoxin and decreased spirometric valde€ng J Med1987, 317, 20. Reynolds SJ, Milton DK: Comparison of methods for analysis of

605-610. airborne endotoximAppl Occup Environ Hyd993,8, 761-767.

3.Chun DT, Han;,son RE, _Chew Vi Secqnd collection of unlfor_m, 21. Smid T, Heederik D, Houba R, QuanjerCRist and endotoxin
card generated, vertically elutriated dust for interlaboratory comparison,

of dust endotoxin assayi: Dugger P, Richter DA (E)is1999 Proc. felated respiratory effects in the animal feed indusim. Rev Respir

- - Dis 1992,146, 1474-1479.
Beltwuje Cotton_ Conferenqes, January 3-7, OrlanNational Cotton 22. Teschke K, Ostry A, Hertzman C, Demers PA, Barroetavena
Council of America. Memphis, 1999.

4. Dahlgvist M, Johard U, Alexandersson R, Bergstrom B, Ekholm C, Davies HW, D|m|ch-Ward H, Heacock H, Mar.lon S:_Opportunmes
; - . ; . or a broader understanding of work and health: multiple uses of an
Eklund A, Milosevich B, Tornling G, Ulfvarson U: Lung function and occupational cohort databagganadian J Public Healtli998,89, 132-
precipitating antibodies in low exposed wood trimmers in Swelden) P T

Ind Med1992 21, 549-559. 136.

5. Demers PA, Teschke K, Kennedy SM: What to do about soﬁwoo&jnje;ﬁicfgg:( ilrali’sHmesei?]etw; g’uﬁﬁ mgg:; H:roi)ézgisr:] r.air:gltsrmydUSt’()ecr(]:cljJOtoxm
dust? A review of respiratory effects and recommendations regardi 9 P P 9 ’ P

exposure limitsAm J Ind Med 997,31, 385-398. P91995,39, 841-854.

1.Boleij J, Buringh E, Heederik D, Kromhout HDccupational



