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Abstract: Many sources add to the concentration of bioaerosols in livestock buildings,
and source control is the number one priority for keeping a low concentration. Straw is
a common but dusty bedding material in livestock buildings and the present study is
focused on the dustiness of chopped straw (barley) as affected by lignosulfonate (LS) as
a dust suppressant. A LS-solution was aerosolized in a spray chamber fitted to an
existing bedding chopper to allow the chopped straw to adsorb the LS-solution. The
dustiness of straw treated with LS was compared to non-treated straw. As storage
conditions may affect dustiness, the study included treated straw kept for 4 weeks in
sealed plastic bags. Dustiness of the chopped straw was measured in terms of the
potential of the straw to emit bioaerosols in a rotating drum. The LS-treated straw
proved low in dustiness compared to the non-treated straw. The dustiness with respect
to the mass of dust was reduced by at least a factor of 6, and for fungi and endotoxin the
factors of reduction were 4 and 3, respectively. Dustiness of LS-treated straw kept in
plastic bags was reduced by a factor of 2 for mass of dust and by a factor of 4 for
endotoxin, but dustiness for fungi was increased by a factor of 3. It is concluded that
lignosulfonate has potential as a dust suppressant for chopped straw.

Address for correspondence:Niels Oluf Breum, National Institute of Occupational
Health, Lersg Parkallé 105, DK-2100 Copenhagen, Denmark. E-mail: nob@ami.dk

Key words: dustiness, straw, endotoxin, fungi, lignosulfonate.

INTRODUCTION contaminants, including the livestock, feed, bedding
material, and design of the building.

Air quality control is an important aspect of Straw is a common but dusty bedding material [11] and
environmental management of animal confinememffective measures are needed to control this contaminant
buildings. Agricultural dust contains a myriad ofsource. The bedding chopper is a mechanical device
substances, and exposure to high concentrations wafich cuts straw into short lenghts to be used as bedding
airborne dust may cause adverse respiratory effects bip livestock. This operation creates a considerable cloud
agricultural workers [3] as well as in animals [11]. The aiof dust that may include various amounts of fungi,
quality in livestock housing facilities is a function of thebacteria, and endotoxin. During bedding chopper
emission rate (source strength) of air contaminants, tbperation at dairy farms, exposure to furgsgergillus
dispersion of the contaminants, and the ventilation rateimigatu$ was 1.1 x 19 cfu/n® compared to 0cfu/n?
Control of the source strengths is the number one prioritefore the operation [9]. It is known that the addition of
for keeping a low concentration of air contaminantsmall quantities of water to the cut side of a bale of straw
Many sources may add to the concentration of amay reduce the emission of dust from bedding choppers
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[6]. The focus of the present study was on dustiness of |
chopped straw, and lignosulfonate (LS) was used as a c
suppressant. Lignin, a natural polymer consisting |
phenylpropane units, is a major component of wood. TI
lignin content of wood ranges 27-37% (softwoods) ar
16-29% (hardwoods). Two types of pulping processes
wood are common for paper making: kraft pulping an
sulfite pulping. During kraft pulping (cooking of wood
chips with sodium hydroxide and sodium sulfide) lignin
mainly undergo molecular reactions. Under sulfit
pulping conditions (cooking of wood chips with sulfite)
lignin is sulfonated and rendered water soluble. LS is us
in many chelation, binder or adhesive applications, al
some examples of large volume binder use are anin
feed binder, road dust binder, ceramics, brick and founc
cores. Therefore, LS may also have potential as a d
suppressant for chopped straw.

Bedding choppers come in different types and some ¢
designed to deliver chopped straw of low dustiness. T
present study reports the results of dustiness of chopy
straw (barley) as affected by alternative designs of
bedding chopper. Emphasis was placed on a simple spra)
system fitted to the chopper to add lignosulfonate (LS)
a dust suppressant. It was noted that the reported c
were obtained with a pilot spraying system. The sour
strength of a bedding material is affected by characterist

Breum NO, Nielsen BH, Lyngbye M, Midtgard U

Active dust separator
exhaust air and fine particles
Inactive dust separator:

no exhaust

Dust separator

Spray
chamber

N N

Top-loaded
bedding
chopper Fan

—

straw

Figure 1. Experimental set-up (not to scale). The bedding chopper was
fitted with a dust separator and a spray chamber.
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of the material itself and by the actual handling of th
material. The dustiness of the chopped straw w
measured using a rotating drum dustiness tester in -
laboratory. In this context, dustiness of the straw represe
its potential to emit bioaerosols during handling operatior
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MATERIALS AND METHODS Figure 2. Rotating drum dustiness tester. The drum was operated at 7
rpm at an airflow rate of 420 | min

Straw samples.The methods of producing, collecting
and storing straw may affect the microbiological qualit
of the straw [7]. The straw (barley) for testing wasliameter) blowing towards the floor. To allow spraying of
obtained from the same harvest of a specific area orthee chopped straw with a dust suppressant, a spray
farm in an attempt to keep a similar composition of thehamber (a vertical duct, 0.6 m internal diameter, 1.5 m
straw throughout the study. The bales of straw wetength) was fitted to the end of the existing duct. The
stored under cover at outdoor air temperatures frogpraying system had three nozzles to aerosolize the
harvest (August) until dustiness testing in the laboratosplution and the system was designed to deliver a constant
(January-February the following year). It should be notemiass of solution (25 kg) per 1000 kg of chopped straw.
that moisture content of the straw was not measuréd-solutions at two different levels (27% and 39%)
throughout the study. entered the study.

Throughout all the experiments (see: study design) the

The bedding chopper.The straw was chopped in achamber was kept as an integral part of the chopper
barn to simulate typical environmental conditions at system. The chopped straw leaving the bottom of the
farm. An existing non-portable chopper was used for ttepraying chamber settled onto a length of corrugated
study. The chopper was fed from the top (Fig. 1) and tlardboard on the floor. In an experiment the cardboard
straw was cut into short lengths by the mechanical actioras slowly moved to simulate a conveyor belt, and a
of rotating blades. A duct was fitted to the bottom of theample (approx. 2.9 kg) of chopped straw was taken for
chopper to allow the chopped straw to be blown to @ustiness testing in the laboratory. Samples were kept in
storage area. The duct included a dust separator sealed polyethylene bags in a box to minimize damage
decrease the content of dust in the chopped straw. Ndigring transport.
that it was possible to by-pass the separator. For this study
the storage area was next to the chopper, and the choppedustiness testing. By definition, dustiness of a
straw was delivered from a vertical duct (0.1 m internahaterial is the mass of dust generated per mass of
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material undergoing testing. An equivalent definition i$or the loss of particles that settled in the sampling line
also readily applied to microorganisms. The terrteading from the probe to the counter. To analyse the
“microbial dustiness” thus refers to the generated numbgenerated dust for content of endotoxin and
of airborne microorganisms (e.g. fungal spores) per masscroorganisms, 4 filter casettes were used for sampling
of material undergoing testing. at a cross-section 0.2 m from the outlet (Fig. 2). Two
A dustiness tester consists of two parts - a dust generatassettes were used for sampling “total dust” and another
and a dust sampler. A large drum (volume 3% with two cassettes for sampling airborne microorganisms. A
conical ends was used as dust generator (Fig. 2). Tdessette sampling “total dust” was placed next to one
drum was designed by scaling up the well known Warresampling airborne microorganisms. “Total dust” was
Spring Laboratory (WSL) rotating drum dustiness testeollected on teflon filters placed in closed-faced field
from a diameter of 0.3 m to a diameter of 1.34 m [1]. Th&onitors (25 mm diam., 8 um; Millipore, Bedford, USA)
drum was fitted internally with 8 vanes attached to theith a 5.6 mm inlet at an airflow of 1.9 | mirf1.25 m &
walls to lift the straw (2.9 kg) as the drum was rotateshlet velocity). Airborne microorganisms were collected
along the horizontal axis, using 7 rpm in the experiments sterile polycarbonate filters in closed-faced field
(5 min. test period). At one end of the drum a vacuumonitors (25 mm diam., 0.4 um; Nuclepore, Cambridge,
pump (420 | mift) was used to extract air from the drumMA, USA) with a 4.4 mm inlet at an airflow of 1.9 | rifin
and the other end was connected to a high efficiency dig&t07 m § inlet velocity). The mass of dust collected at
filter to clean room air entering the drum. Throughout thihe outlet of the drum and at the cross-section was
experiments air temperature was 9.6 £0.8&nd relative determined by weighing the filters before and after the
air humidity 53 + 10%. sampling. Before weighing, the filters used for collecting
Straw samples for testing were carefully lifted from théhe dust were equilibrated at constant air temperature and
polyethylene bag and placed in the drum. Dust was mablemidity for at least 24 hours. The limit of detection in
airborne in the process of rotating the drum, and dusighing the filters was 40 pug (25 mm diameter filter)
arriving at the outlet of the drum was collected onténd 100 pg (140 mm diameter filter). Samples obtained at
filters. The dust sampler was a 140 mm diameter 8 pife cross-section were analysed for content of endotoxin
cellulose nitrate membrane filter (Sartorius, Géttingerdnd microorganisms (see below).
Germany). To allow data to be obtained on the The following model was used to derive dustiness of
concentration of dust against time, an isokinetic probe the chopped straw. At the cross-section let the average
front of the filter delivered a sub-sample (1.9 | Wimf concentration of “total dust” (N =2) and some type of
the air exhausted to a particle counter (GRIMM modénicroorganism (N =2) be denotedp&G and Guicro,
1200). It is noted that the data obtained were not correct@spectively. The average (N =2) concentration of
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Figure 3. Dustiness (%) of chopped straw (barley) versus different techniques to reduce the dustiness. The factor of reduction in dustiness is given
with reference to the control sample and is presented as the geometric mean and the 95% confidence interval in parentheses.
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Figure 4. The concentration of airborne dust versus time after start of the rotating drum dustiness tester. Data are from experiment B.

endotoxin is denoted asgfg, A study on dustiness of determine the concentrations in terms of endotoxin units
household waste [2] indicated an even (+15%) distributi¢iU) per ni of air (1 ng = 14.0 EU).

of the dust concentration at the cross-section of sampling.

It therefore seems reasonable to characterize the dust ifMicroorganisms. Microorganisms were quantified by
terms of number of microorganisms per mass of dugtmodified CAMNEA-method [8]. Basically, this method
(Pwicro) OF content of endotoxin per mass of dush,¢Pas involves resuspension of the aerosols collected on the

derived from the following equations: polycarbonate filter followed by an appropiate micro-
_ Cuieo g _ Cendo biological analysis. For the resuspension, 5 ml sterile
Pico ™25 AN Pneg= 2 0.05% Tween 80 aqueous solution was added to the filter

The indices of dustiness for dust {B), endotoxin cassette followed by a 15 min shaking period (500 rpm) at
(Dengd, and microorganisms (R,) expressed as massfoom temperature. For the r_mcro_blologlcal ar_1aIyS|s, the
(or number of microorganisms) per mass of choppetgrosols were only characterized in terms of viable counts

straw were estimated as follows: of fungi (moulds). It should be noted that the analysis did
Doz Mow [ MouXPento 5 = MouXPuies not include total counts of microorganisms by
" Msraw 0 Mswaw e M swaw fluorescence microscopy. The samples were plated (at 10-

where My denotes the mass of dust collected at the drufold dilutions) immediately after the collection on
outlet and M., denotes the mass of chopped strawichloran Glycerol agar (DG 18 agar, Oxoid, Basingstoke,
undergoing testing. In the use of the equations it Bngland) to enumerate mesophilic fungi after incubation
assumed that the particle size distribution at the crogsr 7 days at 2%C.
section is identical to the particle size distribution at the
drum outlet. Study design.For practical reasons, it was not possible
to test the dustiness of more than 5 straw samples per
Endotoxin. For analysis of endotoxin the collectedveek in the laboratory. The bedding chopper allowed
“total dust” was resuspended in 10.0 ml sterile 0.05%raw to be chopped with alternative techniques to reduce
Tween 20 aqueous solution by orbital shaking (250 rprilustiness of the chopped straw. Below are listed the
60 min) at room temperature and centrifuged (x1000) fégchniques utilized in the study and it should be noted that
15 min. The supernatant was analysed (in duplicate) fexperiment E was included to evaluate the dustiness as
endotoxin by the kinetic Limulus Amebocyte Lysate testffected from extreme storage conditions.
(Kinetic-QCL endotoxin kit; BioWhittaker, Walkersville, * Experiment A. The chopper fitted with the dust
Maryland, USA). A standard curve obtained from an separator and the spraying chamber (no active
Escherichia coli055:B5 reference endotoxin was used to spraying).
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Figure 5. Dustiness of chopped straw (barley) in terms of colony forming units (cfu) of fungi emitted per unit mass (kg) of straw. Dustiness is given
versus techniques to reduce the dustiness. The factor of reduction in dustiness is given with reference to the control sample and is presented as tt
geometric mean; 95% confidence interval in parentheses.

» Experiment B. The chopper fitted with the dust separatanalysis. The factors within an experiment were tested for
and the spraying chamber (27% LS-solution for sprayingpormality by Anderson-Darling test. Variance homogeneity
« Experiment C. The chopper fitted with the dust separatbetween experiments was tested by Bartlett’s test. Minitab
and the spraying chamber (39% LS-solution for sprayingyoftware was used for the statistical analysis (Minitab
« Experiment D. The chopper fitted with the sprayingelease 10Xtra, 1995).
chamber (27% LS-solution for spraying); the dust
separator was inactive (by-passed). RESULTS
» Experiment E. The chopper fitted with the dust ] . )
separator and the spraying chamber (39% LS-solutionDustiness in terms of massThe data obtained on
for spraying). Prior to the dustiness testing, the chopp84Stiness of chopped straw are shown in Figure 3 versus
straw was kept for 4 weeks at extreme conditions (me technique used to reduce the dustiness. Ideally, all

sealed polyethylene bags at outdoor air temperature).results for the control samples should have been identical,
but in reality some variation was observed in the data

The straw for a given experiment was chopped on gbtained (Fig. 3). In an attempt to cancel out the variation
Tuesday and 4 sub-samples (i = 1, 2, 3, 4) were taken fasm one experiment to another, dustiness data for a given
dustiness testing in the laboratory on Wednesday agflperiment (A-E) were held against the dustiness of the
Thursday. The period of chopping ranged over Bctual control sample, and the factors of reduction in
consecutive weeks in the winter (January-February). Tustiness, f~were calculated. At a 5% level of statistical
control the quality of the straw throughout the period ongignificance the log-transformed factors were normally
sample (control) of straw was also produced (on Tuesdayitributed within an experiment. The data on dustiness
with the chopper fitted with the spraying chamber (neor some of the techniques had a large variation because
active spraying) and by-passing the dust separator.  of insufficient control of the spraying system (see

Analysis of variance (Fisher's multiple comparisongiiscussion), and Bartlett's test indicated (p = 0.006)
was used to study the effect of the cyclone and theterogeneous variances between the experiments.
spraying system on the dustiness of the chopped strayémogeneous variances and normally distributed data are
Within the given experiments A-E data were normalisegquired for an analysis of variance to be valid. Considering
to calculate the factors, & =1, 2, 3, 4), of reduction in experiments D and E as outliers (see Fig. 3), Bartlett’s test
dustiness. The factor,,Fvas defined as;E Dc/Dsi. In indicated (p = 0.45) homogeneous variance for the
this equation, B is the dustiness of the control sampleemaining experiments. Fisher's multiple comparison
and D is dustiness of the actual sample. The calculatgddicated that the factor of dust reduction was small
factors were log-transformed prior to the StatiStiC{:(Ip < 0.001) for experiment A compared to experiments B
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Figure 6. Dustiness of chopped straw (barley) in terms of endotoxin units (EU) emitted per unit mass (kg) of straw. Dustiness is given versus
techniques to reduce the dustiness. The factor of reduction in dustiness is given with reference to the control sample, presented as the geometric mee
95% confidence interval in parentheses.

and C. The estimated factors (mean and 95% confiden&&g. 5) an increase in the dustiness factor for this
interval) are given in Figure 3 for all experiments. Althougbxperiment.
experiments D and E were excluded from the statistical
analysis, the data (Fig. 3) suggest that the factor of dustDustiness in terms of endotoxin.The dustiness in
reduction for experiment D was at a level comparable terms of endotoxin units (EU) emitted per mass (kg) of
the factors seen in experiments B and C. Tharaw is shown in Figure 6 versus the different techniques
concentration of dust was measured against time at theed to reduce the dustiness. The factqrsgfFFeduction
outlet of the rotating drum, and the emission of dust fromere estimated as mentioned above, and Bartlett's test
the straw appeared to be a continuous process (Fig. 4). indicated (p = 0.21) homogeneous variance for all the
experiments (A-E). For the factor in dustiness reduction,
Dustiness in terms of fungi.The obtained data on Fisher's comparison by pairs indicated (at 5% level of
dustiness in terms of colony forming units (cfu) of fungsignificance) no difference between the experiments. The
emitted per mass (kg) of the chopped straw are showndstimated factors (mean and 95% confidence interval) are
Figure 5 versus different techniques used to reduce thigen in Figure 6 for all experiments.
dustiness. The factors of reduction in dustinegswEere
estimated, as mentioned above. For the factors Bartlett's DISCUSSION
test indicated (p = 0.005) heterogeneous variance among
the experiments (A-E). Visual inspection of the data (Fig. The present study focused on a pilot spraying system to
5) indicated an abnormal variance for experiment E, amdld LS as a dust suppressant to chopped straw. In the
considering this test as an outlier, Bartlett's test indicatgtocess of chopping the straw, it proved difficult to
(p = 0.45) homogeneous variance for all the experimentontrol the spraying system and occasionally blockage of
At a 5% level of statistical significance, Fisher'sone or more of the nozzles was observed. The blockage
comparison by pairs indicated a low factor of dustinessay explain the large variation in dustiness within some
reduction for experiment A compared to the high factosf the experiments (D and E). Consequently, a more
seen for experiments B and C (no difference betweenddreful design of the nozzles is required for the next
and C). The factor for experiment D was intermediatgeneration of the spraying system.
The estimated factors (mean and 95% confidenceln terms of mass, the dust separator reduced dustiness
interval) are given in Figure 5 for all experimentsof the straw by a factor of 1.9 and a significant further
Although experiment E was excluded from the statisticatduction was seen from the spraying system. Spraying
analysis, it has to be emphasized that the data suggeih LS alone reduced dustiness by a factor of 5.8, and in
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combination with the dust separator dustiness wasd analytical procedures make it difficult to compare the
reduced by a factor of 10. No significant effect on the dussults.
reduction factor was seen from increasing the The data obtained on dustiness in terms of endotoxin
concentration of the LS-solution, and this finding magmitted per mass of straw (Fig. 6) indicated that LS had
suggest that further studies are needed to find an optirsame potential as a dust suppressant. The dustiness was
concentration for the LS-solution. The dustiness akduced by a factor of 3 (experiment D). No data from the
chopped straw kept for 4 weeks in a sealed plastic bltgrature seem available for comparison, but recently
was at a level comparable to the data of experiment $iegelet al [10] analyzed 3 different bulk samples of hay
(active dust separator, inactive spray chamber), but it hiss content of endotoxin and demonstrated that the
to be noted that the low dust reduction factor wasontent can vary greatly from one sample to the next.
presumably caused by blockage of the spray nozzles. IfTisree examined samples ranged in the endotoxin content
known that the addition of small quantities of water to thigom 9 x 10 EU to 6.1 x 18EU per kg of hay.
cut side of a bale of straw may reduce the emission ofSource control is a number one priority to maintain an
dust from bedding choppers [But no data from the acceptable air quality in livestock buildings. The present
literature seem available on lignosulfonate as a dustudy focused on straw as an important contaminant
suppressant for straw. It is well known that additives (e.gource, but it has to be emphasized that other sources (e.g.
fat) are useful for dust suppression of animal feed [5]. food) are also of importance. The data from the study
The dust separator on its own had little influence on thiedicated that lignosulfonate has potential as a dust
dustiness in terms of fungi (experiment A). The dustinessippressant for straw and the study calls for an optimized
was reduced by a factor of 1.2. Compared to experimesystem for adding lignosulfonate to the straw. However,
A, a significant reduction in dustiness was seen from tlsenall quantities of water (no lignosulfonate) may also be
spraying system on its own (experiment D). The reductiarseful as a dust suppressant [6], and in optimizing the
was by a factor of 4.3 and a significant further reductiosystem experiments should include straw treated with
was seen from the combined system (experiments B goldin water. As a hypothesis, the short term (days)
C). As for dustiness in terms of mass, no significanbfluence on dustiness from lignosulfonate or water may
influence was seen from the concentration of the L®e rather similar, but perhaps only lignosulfonate has a
solution on the dustiness in terms of fungi. For choppddsting (months) influence. As it is impossible to
straw kept for 4 weeks in a sealed plastic bag, thextrapolate from the laboratory test conditions in the
combined system (active dust separator, active sprayimgesent study to natural conditions, a comparative field
caused an increase in the dustiness by a factor of 3.2. study is needed in order to assess the effectiveness of LS-
Gregory and Lacey [4] used a perforated rotating drutreated bedding material in lowering the bioaerosol
in a wind tunnel to generate bioaerosols from differemoncentration in animal housing facilities.
batches of hay. The aerosols collected were analyzed for
content of microorganisms and the microbial dustiness CONCLUSION
was estimated. In terms of culturable fungi, 28 batches
classified as ‘good hay’ gave up to 3 ¥ Tu/kg, while The present study focused on lignosulfonate as a dust
the microbial dustiness of 17 batches of ‘mouldy haysuppressant for chopped straw. A non-optimized pilot
ranged from 5 x 10cfu/kg to 2.5 x 18 cfu/kg. Except spraying system was used and the data obtained indicated
for experiment E (extreme storage conditions) data of tiieat lignosulfonate has potential as a dust suppressant.
present study were similar to the data for ‘good hay’ adowever, the extent to which the use of LS-treated
reported by Gregory and Lacey [4], and the data fdredding material may reduce the bioaerosol concentration
‘mouldy hay’ were similar to our data for experiment E. lin animal housing facilities has to be addressed in
is noted that Gregory and Lacey [4] supply detailedomparative field studies.
information on the composition of the collected
microorganisms including data on the emission of REFERENCES
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