ORIGINAL ARTICLES AAEM

Ann Agric Environ Med 1997, 4, 229-232

REDUCTION OF DUST EXPOSURE BY NEGATIVE AIR IONISATION*
Torgeir Lyngtveit, Wijnand Eduard

!Department of Agricultural Engineering, Agricultural University of Norway, As, Norway
°The National Institute of Occupational Health, Oslo, Norway

Lyngtveit T, Eduard W: Reduction of dust exposure by negative air ionisatiom.
Agric Environ Medl997,4, 229-232.

Abstract: The effect of negative air ionisation was studied in three Norwegian poultry
confinement buildings with compact cages for laying hens on different farms. Total dust
was measured by gravimetry of filter samples collected with stationary pumps. A
reduction of dust levels by 13% from negative air ionisation was found and the
difference was statistically significant. Respirable dust was measured in one building
and was 20% of the total dust. Respirable dust levels measured in one building declined
by 20% during ionisation, but this difference was not statistically significant.
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INTRODUCTION Negative air ionisation systems have been developed
for reduction of dust concentrations in confinement
Farmers are mainly exposed to particles from farduildings. These systems emit usually negative ions
materials. Important sources of dust are grain, straw, hdygcause most airborne particles carry positive charge.
hair, excreta and soil. Microorganisms, such as mould3articles may then acquire negative charge and may be
bacteria and mites, may also grow on these materiatemoved from the air by electrostatic attraction to
Spores from moulds and actinomycetes (filamentouspnstructions or by flocculation with positive charged
spore-forming Gram-positive bacteria) may cause fevearticles and subsequent sedimentation.
attacks and allergic alveolitis, endotoxins (toxins from the Investigations on reduction of dust levels by negative
cell walls of Gram-negative bacteria) may cause fever amadt ionisation have mainly been published as not peer
bronchitis, and mite fragments and excreta may caussviewed papers and show diverging results. Hartung [2]
allergy (asthma, rhinitis). Thus, exposure to organic dushowed that high ion concentrations reduced the level of
may explain the high prevalence of respiratory diseaseviable microorganisms in a small pig house by 47%.
the agricultural population [3]. Respiratory disease is alddowever, he used such high ion concentrations that ozone
recognised as the most important work-related cause wés also produced. Lower levels of ionisation had no
death and the next important cause of disease in Finniffiect on the viable microorganisms level. Par&eral.
farmers [7]. Farmers are also exposed to dust from s@#], using gravimetric dust sampling, found that dust
which may containu-quartz, but silicosis has not beenlevels changed after negative air ionisation by +4% to
reported among Norwegian farmers. The prevention e£1%. Mitchell [4] found in an experimental study with
organic dust exposure on the farm should be of primese of an optical particle counter that the decay rates of
priority to prevent respiratory disease among farmers. 1-10 um particles increased 42-fold during ionisation in
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Stippled lines show the steel wires where e ——— — . . . . .
the lonisation brushes are situated. P S Table 1.T0t_a| QUSF concentrations measu_red |n.5 experiments including
one week with ionisation and one week without ionization.

A A Building Experiment lonisation Concentration of total dust, Mg/m
| | N AM* SO GM° GSD'
1 1 yes 5 087 0.23 0.85 1.30
i ﬁ o 1 1 no 4 09 012 089 115
|l | |2l | [l | 1 2 yes 7 099 0.08 0.99 1.08
L6 MY MY = T 1 2 no 7 093 026 089 144
Crsssacion o 2 1 yes 7 129 026 127 109
9t 2 1 no 7 144 045 139 1.32
_ 2 2 yes 7 189 028 186 1.18
EIESESEY 2 2 no 7 236 023 235 111
A A 3 yes 7 093 0.22 091 1.27
3 no 7 137 034 133 1.28
all all yes 33 121 044 114 141
all all no 32 145 042 132 148
i i 2 arithmetic mean® standard deviatiorf, geometric mearf geometric
standard deviation.

ITF nr. 0222

g;“"fﬁé;ezc“"" A-A Layout Table 2. Two-way analysis of variance of log-transformed total dust
concentrations.
Source of variance df Variance (MS) F-test
Experiment 4 0.3011 28.38***
lonisation 1 0.0552 5.20*
Error 59 0.0106
7 Total 64

*p < 0.05, ** p < 0.001

dust levels as uncertain and would not recommend
installation of such systems. It decided, however, to
initiate an investigation on the dust reduction potential of
the most actual negative air ionisation system.

ITF nr. 0223

Cross-section A-A Layout MATERIALS AND METHODS

uilding

Figure 1. Cross-section and layout of the poultry confinement buildings. The effect of negative air ionisation was studied in
three poultry confinement buildings (1-3) with hens in
compact cages, on three different farms situated on the

an empty animal house. In a Danish study [1] of a swiféorwegian south coast (Fig. 1). Each building was
confinement building, reductions of the particleequipped with the same ionisation system, lonic 2
concentration by 28-68% were observed for particld§ristamat, Langeskov, Denmark). The systems were
with different sizes using an optical particle counter, bugstalled at a height of 2.2 m by the manufacturing
dust concentrations measured by gravimetry showed ofigmpany. This system emits negative ions from
a reduction by 10% for total dust and 30% for respirabkarbonfibre brushes mounted on steel wires at -7000 V.
dust. In another study from the same institute [5] total Total dust was measured by gravimetry of filter
dust levels in an experimental swine confinement buildinggmples collected with stationary pumps with a sampling
were by 23% lower and respirable dust by 26% lowdime of at least 6 hours during daytime, including all work
during ionisation, as measured by gravimetry. activities by the tender. Samples were collected on
Negative air ionisation systems have been market&@embrane filters with 0.8m pore size and 37 mm
since 1990 for dust abatement in animal houses ¢hameter in standard aerosol cassettes at a flow rate of
Norway. The Health and Safety Executive in Norwa? I/min. The sampler was placed on a fixed position in the
considered the effect of negative air ionisation systems 6antral part of the confinement building. An experiment
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Figure 2. Dust concentrations measured during periods with and without ionisation. TotalAdustilding 1, 1st experimentBj building 1, 2nd
experiment, €) building 2, 1st experimentD] building 2, 2nd experimentf building 3. Respirable dus&) building 2, 2nd experiment.

consisted of one week with ionisation and one weelariables. The data were log-transformed as the standard
without ionisation and measurements were carried odeéviation increased with the dust concentration. The
daily. The experiment was repeated once in two buildingsffect of ionisation was estimated by the relative
In one building respirable dust was measured with a cyclodé&ference between the geometric means of dust
(Model T 13026/2, Casella London Ltd., Bedfordshire, UK).concentrations with and without ionisation. Respirable

Levels of total dust were analysed by two-wayust levels were compared by the non-parametric
ANOVA with ionisation and experiment as explanatoryilcoxon-Mann-Whitney test.
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RESULTS Another experimental study using an optical particle
counter showed larger reductions in dust levels [4].
Total dust concentrations are shown in Figures 2A-However, this study was conducted in an empty animal
and summarized in Table 1. The largest differences in theuse and cannot be regarded as representative for the
concentration of total dust were found between buildingsnvironment in confinement buildings. The activity of the
and periods. The overall effect of ionisation was animals and the animal tender should be similar during
reduction by 13% which was statistically significant, seeomparative measurements as they generate and whirl up
Table 2. Changes in total dust levels within a broad rangest. Similar activity levels are difficult to achieve if
of +11 to -32% were observed within experiments. measurements are carried out on successive periods
The concentration of respirable dust during the secodiring a day. It was therefore chosen to measure dust
experiment in building 2 was 0.390.07 mg/m with exposure during a week which constituted a natural work
ionisation and 0.4%20.24 mg/m without ionisation cycle.
(arithmetic meant standard deviation), see Figure 2F.
The Wilcoxon-Mann-Whitney test was not significant.
Respirable dust was 20% of the level of total dust.

CONCLUSIONS

Gravimetric measurements of dust levels over
DISCUSSION prolonged periods give probably reliable results in studies
on the effect of negative air ionisation systems on dust

The present study included three confinement building{;@/els in confinement buildings. A small reduction of dust
els from negative air ionisation was found in the

on different farms and experiments were also repeated fY . : :
order to improve the reliability of the findings compare resent and fO”T‘ef stgdu_es._lt IS therefore likely that t_he
to previous studies. In 4 of 5 experiments Iowef"ﬁce‘?t of negative air ionisation on dust levels in

concentrations of total dust were found in poultnyroninement buildings is small.

confinement buildings when a negative air ionisation was
in use than when the system was switched off. Although
there were differences between the confinement The authors wish to thank the Norwegian Agricultural

buildings, the reduction of the dust level was never largBesearch Council for financial support and the farmers for their
The small effect of negative air ionisation found in th&ooperation.

present study is in agreement with all former studies of

negative air ionisation systems using gravimetric dust REFERENCES

measurements [1, 5, 6].
[ ] 1. Anonymous:IONIC 2 loniseringsanleeg. (IONIC 2 lonisation

In two studies _optlcal partICIe counters had been gsggstem)vaereport nr 693, Statens jordbrukstekniske forsgg, Horsens,
[1, 4]. These instruments can carry out real-tim@enmark 1991 (In Danish).

measurements of particles with different sizes, which 2.Hartung J: Luftuntersuchungen in einem Schweinstall beim Einsatz

provide information that cannot be obtained b ines Gerates fir Luftionisation. (Investigations on air quality in a pig
. . . . . _house with air ionisation equipmer®jaktische Tierarz1982,63, 1059
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biased as dust had been sampled through a plastic tubé- Maller F:Stavreduktion i Stald Ved lonisering. (Dust Reduction in
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- - . . . 7.Terho EO, Heinonen OP, Lemmi S, Laukkanen V: Incidence of
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