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Endotoxin concentration in poultry houses for laying hens kept in cages or in alternative housing systems
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1. Endotoxins as components of organic dust may have adverse effects on the 22 respiratory health of workers in poultry buildings. The move towards more welfare-23 friendly housing systems for layers may increase worker exposure to air contaminants 24 due to the use of litter.

25 2. The endotoxin concentrations in the inhalable fraction of airborne dust (below 100 26 µm) from cage and alternative system houses (on-floor, free range and aviaries) were 27 compared under both experimental and commercial conditions.

28 3. The endotoxin concentration was higher in experimental aviaries (median: 565 29 EU/m 3 , range: 362-1491 EU/m 3 ) than in cage housing (98 EU/m 3 (51-470)).

30

4. In field conditions, the endotoxin concentration in the air of 13 alternative houses was 31 higher (35 to 3156 EU/m 3 ) than in cage system buildings (n=8, 78-576 EU/m 3 ). It was 32 correlated to the respirable dust concentration (fraction below 5 µm) and to the 33 temperature inside the henhouse but no seasonal variation was observed. 34 5. The present study emphasises that considerable worker exposure to endotoxins may 35 occur in laying houses, especially in alternative systems.

The high frequency of respiratory health problems among workers in poultry 40 confinement buildings has often been reported (Radon et al., 2002b;Kirychuck et al., 41 2003; [START_REF] Rylander | Airways inflammation among workers in 421 poultry houses[END_REF]. The air in poultry houses is known to be 42 contaminated by various potentially hazardous materials including gases (e.g. NH 3 ), chemicals such as disinfectants, and organic and inorganic dust. Organic dust in poultry 44 houses consists of a complex combination of feed, litter, animal material such as ARELCO) operating at a rate of 1 l/min (air flow checked before and after measuring).

127

The two workers involved in the study were non-smokers; one worked in the cage 128 building and the other in the aviary system. Neither suffered from chronic respiratory 129 diseases.

130 Ambient dust was measured fortnightly when hens were 19 to 63 weeks old.

131

Samples for the respirable dust fraction (< 5µm) were collected using a stationary 132 sampler (CAP 10, ARELCO), equipped with a pre-weighed filter with a pore size of 4 133 µm. The samplers were located in the same places as the stationary air samplers for 134 endotoxin sampling. They ran for about 8 h during the day of measurement. The suction 135 pump was operated at a rate of 10 l/min and was checked before and after sampling. All Table 1. Cage buildings were characterised by their large size and forced ventilation 149 system, whereas the smaller poultry houses in free-range systems were equipped with a 150 natural ventilation system. The cages on two farms were furnished with a nest box and 151 perches. The aviary systems differed from the other alternative systems in that they had 152 a higher rearing density: median density of 13.6 hens/available m² (min: 13.1 -max: 153 18.5) versus 7.9 (5.7-10.7) in the free-range systems; a forced ventilation system; a 154 manure disposal system with belts; and no access to an open-air range. air (EU/m 3 ). The detection limit was 0.005 EU/ml and the upper limit of the standard 190 curve was 50 EU/ml. A value of half that of the detection limit (0.0025 EU/ml) was 191 assigned to samples with concentrations below the detection limit. Given that sampling 192 and analysis required the use of pyrogen-free material, the polystyrene filter holders The endotoxin concentrations in the ambient dust samples obtained from the aviary 215 house were higher than in samples from the cage building for all but one of the 216 sampling days (Table 2). The median endotoxin concentration was thus higher (P<0.05) 217 in the air of the aviary house than in the cage house. Consequently the median exposure 218 of workers to airborne endotoxins was at least three times lower in the cage system than 219 in the aviary system for a 6 h work shift. Similarly, the ambient dust concentration was 220 lower in the cage system than in the aviary system for all 23 days of measurements

221

(Figure 1). 3. As expected, the respirable dust concentrations were higher (P<0.01) in the alternative farms than in the cage farms, especially in the 227 three aviaries. The measurements showed great variability in the alternative systems 228 compared with the cage system. As shown in Figure 2, the endotoxin content of inhalable dusts was also higher and more variable in the alternative than in the cage and thus a lower clearance rate of air-borne dust and endotoxins. For example, higher 293 concentrations of bacteria and gases were found in the air of poultry houses with 294 ventilation through porous inlets than in buildings equipped with automatic ventilation 295 systems [START_REF] Radon | Exposure 414 assessment and lung function in pig and poultry farmers[END_REF].

296

As described in previous studies of personal exposure of poultry workers to 297 airborne dust and endotoxins [START_REF] Thelin | Lung reactions during poultry handling 450 related to dust and bacterial endotoxin levels[END_REF]Simpson et al., 1998a;Simpson et al., 298 1998b;[START_REF] Donham | Dose-response 362 relationships between occupational aerosol exposures and cross-shift declines of lung function 363 in poultry workers : recommendations for exposure limits[END_REF], a strong correlation between dust and endotoxin 299 concentrations was observed in the field studies, although the endotoxins were 300 measured in the inhalable fraction, and not in the respirable fraction as for dust.

301

According to Simpson et al. (1998b), this correlation may be difficult to demonstrate in 302 personal exposure studies as the endotoxin concentrations in dust could vary in the 303 different rooms and sites where people were working during the sampling period. This [START_REF] Lyngtveit | Reduction of dust exposure by negative air ionisation[END_REF][START_REF] Mitchell | Reducing dust in a cage layer room: an 398 electrostatic space charge system[END_REF]Ellen et al., 314 2010). However, their application in commercial conditions is difficult on account of 315 the large volumes of air to be treated. In contrast, spraying oil or fogging with water 316 droplets are inexpensive and effective methods which are relatively easy to use in 317 commercial poultry houses. A 50% reduction in airborne dust concentration in an aviary 318 was obtained using water fogging without deterioration in the condifions of the hens' 319 feathers [START_REF] Gustafsson | Airborne Dust Control Measures for 373 Floor Housing System for Laying Hens[END_REF]. Local manual application of oil on 320 litter of an experimental aviary gave a reduction of 20 to 30% of fine dust emissions, 321 but no effect was observed when oil was applied with an automatic system (Ellen et al., 322 2010). This technique has thus to be improved before being used under commercial 323 conditions.

324

No differences in dust or endotoxin concentrations were observed in our field 325 study between the measures obtained during the autumn/winter period and during the 326 spring/summer period. This result is in line with the observations of Seedorf et al. 
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  account recent developments in hen housing systems, especially 70 in Europe. Indeed, to improve animal welfare, the European Directive 1999/74/EC performed in 2006 in two laying houses on an experimental farm located 100 in Brittany (France). In the first building, hens were kept in two identical aviaries 101 separated by a wire netting fence. Each aviary consisted of platforms on three levels and 102 housed 2,680 hens at a density of 9 hens per m² (409 cm² of litter per hen). The second 103 poultry-house was equipped with three batteries of cages on three levels. The cages 104 were conventional with 5 birds per cage (580 cm² per hen). There were 5760 hens. A 105 high-extraction forced ventilation system operated in both buildings. Hens and 106 husbandry management (feeding, watering and lighting programs) were the same in 107 both the cage and aviary houses.

  in the inhalable dust fraction (diameter < 100 µm) were 111 measured 7 times in the ambient air when the hens were between 59 and 66 weeks of 112 age. The air sampler for endotoxin sampling (CAP 10, ARELCO, Auxerre, France) was 113 placed 1.5 m above the ground in the middle corridor of the cage building, and near the 114 separating fence at the height of the second platform in the aviary house. The air flow 115 was 1 l/min as specified by the manufacturer and was checked before and after sampling 116 with a soap bubble flowmeter (BUCK Calibrator M5, ARELCOA 5% change of flow 117 two measurements was considered acceptable. Sampling took place 118 from 0800 h to 1600 h during the same working day in both the cage building and 119 aviary house. Personal exposure to endotoxin of the workers taking care of the birds 120 was assessed three times during the same period. The workers wore the air sampler in 121 the breathing zone during a 6-hour work shift. During this period, their main activities 122 were collecting and sorting eggs, and making bird and mortality checks. Endotoxin 123 samples were collected on 37 mm diameter glass fibre filters with a pore size of 0.5 µm 124 (Millipore AP4003705, St Quentin, France), aseptically placed in three-part polystyrene 125 filter holders (Millipore M000037AO) in a constant airflow pump (SKC 224-PCTX8, 126
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  exposed filters were subsequently reweighed(AG 104, Mettler Toledo, Viroflay, 137 France) after desiccation for 12 h at 37°C. The results were calculated according to air 138 volume and expressed as mg/m 3 . was carried out in 2008 on a sample of 21 laying houses stratified 143 according to housing system: 8 poultry houses where hens were kept in cages, and 13 144 buildings where they were housed in an alternative system. Ten of the 13 alternative 145 farms were specialised in free-range production, and in the remaining three houses the 146 hens were housed in aviaries. Farms were selected according to the willingness of the 147 owners to participate in the study. The main characteristics of these farms are shown in 148

  of the respirable dust fraction and one stationary sample of the 158 inhalable endotoxins were collected twice from each poultry house: once during the 159 autumn/winter period (from October to March) and once during the spring/summer 160 period (from April to September). Thus, two dust samples and two endotoxin samples 161 were taken on each farm with the exception of two free-range farms and the three 162 aviaries, which were only visited once during the autumn/winter period. This was due to 163 veterinary problems in the two free-range farms in the spring/summer period; and to the 164 fact that the three aviaries were recruited for the study later than the other farms. The samples were collected using the same methods as those used for 166 ambient air in the experimental assay. No personal exposure measures for endotoxins 167 were performed in the field study because the equipment required for this was too 168 cumbersome to be worn by the farmers during a working day under field conditions.

  193were cleaned by sonication in 0.05 ‰ triethylamine for 10 min, rinsed three times in 194 pyrogen-free water and dried at 50°C in an oven. The glass fibre filter and glassware 195 were heated at 250°C for 90 min. Each set of 20 filter holders and filters was tested in 196 order to exclude sets with endotoxin levels higher than the detection limit. Blank field 197 filters were used as controls for endotoxin contamination during transport and sampling 198 at each sampling campaign. in the field study were not normally distributed and therefore results 202 are presented as median and range. Seasonal effect and correlation between respirable 203 dust concentrations and endotoxin concentrations were assessed using rank-based tests 204 (Spearman coefficient for correlation analysis, Kruskal-Wallis test for rank 205 comparison). The 5 farms where measures were obtained only during the autumn/winter 206 period were excluded from the seasonal-effect analysis (Wilcoxon test for rank 207 comparison on paired data). One sample, taken from a cage house during the 208 spring/summer period, was invalidated due to the high blank concentration and 209 consequently, this farm was also excluded from the seasonal effect study. Statistical 210 calculations were performed with SAS® 9.1 software.

  dust concentrations and endotoxin concentrations in each 225 housing system are given in Table

  230houses: the median concentration was 684 EU/m3 (35-3156) in the alternative systems 231 compared with 204 EU/m 3 (78-576) in the cage systems (P<0.01). No seasonal effect 232 was observed on respirable dust concentrations or on endotoxin concentrations (Table2334), although the temperatures measured inside the buildings were actually lower during .03). The inhalable endotoxin concentration was positively correlated to the 238 respirable dust concentration (Spearman coefficient r=0.53, P<0.01) and was negatively 239 correlated to the average temperature inside the poultry house during the sampling 240 period (r=-0.40, P<0.01). that high dust and endotoxin concentrations can occur in the air of 245 experimental and commercial laying houses. The endotoxin concentrations in the 246 ambient air, and to which workers were exposed, appeared to be high in comparison 247 with the threshold of 50 EU/m 3 over 8 h proposed by the Dutch Expert Committee on 248 Occupational Standards. The American International Commission on Occupational 249 Health (Schenker et al., 1998) identified that short-term exposure to concentrations less 250 than 10 ng/m 3 (100 EU/m3 assuming a conversion factor of 10 EU/m3 for 1 ng/m3) had 251 no impact on workers' health, while a concentration above 10 ng/m 3 was associated 252 with inflammatory symptoms of the airways; a concentration above 100 ng/m 3 (1000 253 EU/m3) with systemic effects on health; and a concentration higher than 200 ng/m3 254 (2000 EU/m3) with ODTS. The effect of exposure to endotoxins on the health of 255 stockmen, particularly in alternative housing systems, may thus give cause for concern 256 because the common concentration limits (not specific to poultry working 257 environments) are regularly exceeded in these buildings. However, the exposure-258 response threshold of 614 EU/m 3 for workers in a poultry environment, proposed by 259 Donham et al. (2000), only appeared to have been exceeded for one working day in the 260 aviary system. Indeed, the exposures of workers to endotoxins in the experimental Europe and to have altered air quality in poultry houses. Our study 286 thus confirms that air quality may deteriorate after the adoption of modern alternative 287 housing systems which comply with the recent European regulation. Differences in dust 288 and endotoxin concentrations between the cage and alternative systems may be due to 289 the presence of litter and to the greater activity of the hens in the on-floor buildings. In 290 addition, the natural ventilation systems in the alternative houses, in contrast to the 291 forced ventilation systems in the cage buildings, could lead to a lower ventilation rate 292
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  problem does not occur in ambient exposure studies with stationary samplers. The 305 correlation between dust and endotoxin concentrations in layer houses could be useful 306 for implementing monitoring programs and corrective measures; assessment of 307 exposure could be limited to measurements of dust concentration, and control measures 308 taken to reduce dust concentration should also reduce the endotoxin concentration. High 309 dust concentration inside the house, but reduce ambient 310 temperature leading to thermal discomfort for birds and to discharge of airborne 311 pollutants in the environment. Various methods of air treatment to reduce dust 312 concentrations (physical and electrical filtration) have been tested with success under 313 experimental conditions

327(

  1998). By contrast, Schriel et al. (2007) noted a higher concentration of endotoxins in 328 the dust samples taken in winter than in those taken in summer and spring. Although the 329 seasonal effect was not significant in our study, a negative correlation was observed 330 between the average temperature inside the house and the endotoxin concentration. The 331 temperature inside the building, and the ventilation control measures taken in response , are likely to influence the endotoxin concentration more than the 333 season. 334 The present study highlights that considerable exposure to endotoxins may occur 335 in laying houses under both experimental and field conditions. The personal exposures 336 to endotoxins recorded in the experimental houses exceeded the limits proposed by the 337 Dutch Expert Committee on occupational standards on all measurement days, and thus 338 give grounds for concern about the health of poultry workers. Effective methods to 339 reduce worker exposure to air contaminants in laying houses still need to be developed. 340 Higher dust and endotoxin concentrations were measured in alternative housing systems 341 than in cage houses under commercial conditions. Therefore further research is required 342 to focus on working conditions in these alternative systems because of the ban on 343 conventional cages in European Union from 2012.
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Table 1 .

 1 Characteristics of cage houses and alternative systems monitored in the field464 study. The median (range) is given for continuous variables.

	465			
			Alternative systems
	Variable	Cage		
			Free-range	Aviary
	Number of houses studied	8	10	3
	Area (m²)	1,426	625	350
		(1062-1650)	(412-864)	(350-784)
	Volume of the henhouse (m 3 )	9,600	2,040	1,600
		(4400-11700)	(1600-3500)	(1600-5800)
	Housing capacity (hens/house)	46,400	4,600	4,700
		(32000-65000)	(2900-4900)	(4600-16100)
	Density (hens/m²)	31.9	7.9	
		(26.1-54.2)		

Table 2 .

 2 Median (range) of endotoxin concentrations (EU/m 3 ) of inhalable dust

	1				
	2	fraction per housing system in the experimental trial.	
		Housing		Ambient air (8 h)	Personal exposure (6 h)
		system	n	Concentration	n	Concentration
		Cage	7	98 (51-470)	3	90 (88-97)
		Aviaries	7	565 (362-1491)	3	450 (181-667)

Table 3 .

 3 Respirable dust and endotoxin concentrations (median and range) in the1 inhalable dust fraction in laying houses for each housing system in the field study Probability for the Kruskal Wallis test for comparison of cage and alternative housing

	2			
			Respirable dust concentration	Endotoxin concentration
	Housing system	n 1		
			(mg/m 3 )	(EU/m 3 )
	Cage	15	0.125 (0.000-0.264)	204 (78-576)
	Alternative	21	0.438 (0.020-2.850)	684 (35-3156)
	-Free-range	18	0.386 (0.020-1.010)	669 (35-3156)
	-Aviary	3	1.200 (0.825-2.850)	771 (465-1543)
	P 2		<0.01	<0.01
	4			
	systems.			

1 Number of measures. 3 2

Table 4 .

 4 Respirable dust concentrations and endotoxin concentrations in the inhalable1 dust fraction in laying houses for each season in the field study(median and range) 
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	2			
	3			
		Season	n 1	Respirable dust concentration	Endotoxin concentration
					(mg/m 3 )	(EU/m 3 )
		Autumn/winter 15	0.189	320
					(0.000-0.599)	(135-1822)
		Spring/summer 15	0.143	385
					(0.000-0.733)	(35-2329)
		P 2			0.55	0.65
	4	1 Number of measures
	5	2	Probability for the Wilcoxon test for comparison between seasons
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At the end of sampling, the filters were sent in their holders to the Laboratoire