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Abstract

A descriptive smdy was developed in order to assess air contamination cansed by
fungi and pardcles in seven poulmy units. Twenfy seven air samples of 25 limers
were collected through impaction methed. Air szmpling and  pamcle
CoRfenTation messrement were performed in the pavilions’ interior and also
ourside premises, smeoe this was the place regarded as reference. Simmltaneonsly,
temperamre and relatve bumidicy were also registerad.

Fegarding fimgal load m the zir from the seven poulmy farms, the highest
value obtained was 24040 CFUm® and the lowest was 320 CFU/m’. Twenty
eizht species/zenera of fungi were identified, being Scopulariopsiz brevicaulis
{39.0%) the most commonly 1solated species and RRizopus sp. (30.0%) the most
commonly isolated genus. From the Adspergilluz genus, dspergilius flavis
(74.5%) was the most frequently detectad species. There was a significant
comeladon (=0457; p=0.014) between temperamre and the level of fungal
confamination (CFU.-'m“J.

Considering contaminstion cansed by paricles, in this smdy, partdcles with
larger dimenszions (FM3.0 and PM10) have higher concentrations.

Thers was also a significant correlation berwesn relative humidity and
concentration of smoaller particles namely, PA0.S (=0.438; p=0.025) and P10
(=0.537; p=0.005).

Characterizing fypical exposure levels to these contaminants o this specific
oooupanional semng is raguired o allow 2 more detziled risk assessment analysis
and fo set exposure limifs to protect workers” health.

Eeyword:s: occupatonal health, poultry, air contamination, fungi, particies.

WIT Trascssstions 50 Eoclogy and The Esvinorsenl, Vol 157, © 2002 WIT Presa
W, wilpreis com, [EEN 1743-3520 (en-ling)
ded 10 2SRRI 326D



316 Ax Pallation 37X

1 Imtroduction

It is now appropriately recognized that exposures to biological agents in hoth the
occupattonal and residental indoor enviromrnent are associated with a wide range
of adverse health effects with major public health nmpact, including contagions
infections dizezses, acute toxic effects, allergies and capcer. Therefore, the
interest in bicasrosol exposure has increased over the last few decades. Several
vew indusmial activites have emerged in recent years in which exposures to
biological agents can be abundant [1]. However, dose—responss ralationships
have often not been described and knowledze zbout threshold values i3 not
available (with the exceprion of a few agents). This relative lack of knowladze 1=
mainly due to the lack of valid quantitative exposure assessment methods [1].

In poulmy houses, large-scale production has led to the mcrease of bird
densides within buildings [2]. Such high densities of animals kept within
confined spaces are a source of buman health problams ralated to organic dust
exposure [2, 3]. Fespmatory impairment in ponloy stockmen, which ocourrad as
a result of such exposure, includes chromic bronchins, hypersensiovity
pueumonitis (zllergic alveolins), eccupatonal asthma and toxm fever [4. 5).

Crganic dust 15 compesed by both of wizsble parmculate maner (also called
bipasrosols). Bicaerosols are comprised of arbome bactenia, fangl, virnses and
their bv-products, endotoxin and mycetoxin [2, §] and alse by nwoo-viable
particles, generated by such things as faeces, limer, feed, feather fonmmation
(which produces 2 high quantsy of zllergen dandmff).

Exzposurs to bioaercsols m broiler houses may vary depending on the stage of
the birds® zrowth, since the biomass of faces and feather dandruff mcreass
sharply during the famening peried. Moreover, during the collection of the
fattanad birds for oansportation to the slaughterhouse the sctvity of the workers
whe catch birds and put them inte boxes transtently generates a lot of
supplementary biozerosols. Furthermore, the forklift-ruck operztors, who load
the boxes of chickens inte the mansportation, alse may be exposed to those
bioasrosals.

Evidence from both epidemiclogical and experimental studies supports the
bypothesis that exposure to fungal spores is caumsally associated with the
development of hypersensitiviry poeumonitis, organic dust toexic syndrome,
decline in nng function, severity of asthma, respiratory symptoms, and airway
inflammation. Furthermore, a recent review decwment on fungzal spores suggests
an occupational exposure limit of 10° spores for diverse finzal species in non-
sensitized populations’. In addition, {1/3)--D-ghican, ghicose polvmers and
other constituents present in the mycelial and m the spores” walls of mest fungi,
have been shown to have a possible negative impact on health [1].

Dmst concenmations in laying houses may vary according to many factors,
which inclnde extemnsl temperamre, relatve hnmidity, ventilatdon rate, presence
or absence of air cleaning technologies, amimal stocking density, type of bird,
bird age mamire managemnent methods, such as balt collection or scrapers, bird
dismrbance and lighting regnnes, as well as the sampling methods nsed [§, &, 81,
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Particles of all sizes may be deposited n the nose and pharyogeal region.
However, only particles with an serodynamic dizmeter of less than 15 pm can
enter the tracheobronchial tree and only particles with an asredynzmic diameter
of less than 7 pym can enter the alveoli Fespirable dust accounts for ~18% of
total dust mass. The fracnon of dust incloding particles less than 5 pm
asrodynamic dismetsr is the respirsble fraction [9] Approximately 0% of those
particles that enter imto the respmatory system will reach the alvecli and
farthermore, the parmicle size range with the largest percentage of depositon m
the lungs is 1-2 um in asrodynsmic diameter. Parficles smaller than 0.5 pm are
respirable, but are exhaled and pot depostted in the lungs. Therefore, interest lies
in controlling respirable dust, 0.3-5 pn, and "modified” inhalzsble dust, =3 pm m
mean serodvnamic dismeter [10].

Gathermg temporal nformation about the quantty and the composition of
broaerosols is necessary to better understand the relationship between factors thar
influence them and the adverse hezlth sympioms of both workers and animals
[1]. Therefore, the purpose of this research was fo assess alr confmination
camsed by fungi and particles in seven poultry units and alse explore possible
aszociztions with independent vanables.

2 Materials and methods

A descriprive smady was developed in order to assess sir contamuination cansed by
fungi and particles in seven poultry units. This assessment was carried out in the
winfer, when ventilation rates ware low, in order to measure the highest extent of
ENPOEITE.

Twenry eight air samples of 25 hters were collected through impaction
method. Air samplmg and pamcles concenmanon meaasursment were performed
in pavilions’ mierior and zlso outside premises, since this was the place regarded
as rafarence.

Simultanecusly, tempersture and relative burmidity were also monitored
through the equipment Babouc, L5I Sistems and according to the International
Standard ISO 7726 - 1998,

Air samples were collected at cne meter tall with 2 flow rate of 140 L'minute,
onto malt extract agar (MEA) supplemented with the antibiotic chloramphenicol
(0.05%). After laboratory processing and incubation of the collected samples,
guantitative (colony forming umits - EPL'-'u:u"} and qualitative results were
cbiained, with identification of the isolated fungzl spectes. Whenever possible,
filamentouns funzi were identfied to the species level since adversa health
effects vary according to fungzal species within the same genera [11. 12]
[deprification of filamnentons fungi was carded owr by macroscopic and
microscopic observations, using lactopbanol blue swin and achieved through
companson of morphological characteristics listed in illustrated Literatare [12].

Concernmg  particles, besides messurement of their conceniranon
differentiation between size fractions was alse performed (PMO.S; PMI1.0;
EMII5; PAISO; PMID) due to the importance in health smdies, siming to
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esfimate dust penetration within the respiratory system and, consequently, their
potental bealth affect

Tzbles with frequency diswibuton of the isolated fungal species were mads
with the obtained dzta. Fungal concentration dependence of the two monttored
environmental parameters — temperamre and relamve humidicy — was analyzad
For each parmicle size, the dependence of particles’ concentration and relafive
kumidity was studied Diam analysis was performed with the stanstcal software
SP35 19.0 nsing the correlation svalysis.

3 Results

Fegarding fungal load i the air from the seven poultry farms, the highest valie
ohiained was 24040 CFU/m” and the lowest was 320 CFU i (Table 1}

Table 1: Quannfication of the fimgzal air load in the seven poulmies studied.
Poulerr N Highest valoe Lowest valoe Meam valus

farm CFU/m" CFU/m' CFU/m"
1 E] &80 £ 16033
2 1 4040 F040 4040
3 3 a'] JE66
4 3 ix TOS.6
h] + 24040 128D 14350
] 3 3600 2000 25440
7 2 8130 ] 13X

* Mumber of samples measurements.

Twenty eight species/gensra of fungi were idennfied, being Scopulariopriz

brovicaulis (39.0%) the most commonly iseolated species and Ridzopur sp
{30.0%) the most commonly 15o0lated gevns (Table 2)
Table 1: Most frequent fumgi idendfied in air.
Afr Fregquency (%)
Fropwlaniopss brevicmidls 0.5
Rhizops sp. 30.0
Fariciliim sp. 101
Azpergilus sp. c
Oithars 2.7

From the Aspergilius genus, dspergiiius flaver (74.5%) was the most
frequently isolated species, followed by Aspermilus versicolor (19.4%). Other
spectes (6.1%) werzs also identified nzmely 4. fumigans, 4 niveus,
A. glaucus and A, miger

A positive correlanon was abserved (r=0.487; p=0.0J/4) between femupersra
and the level of funzal contamination (CFL m*), therefore our study showed that
in the seffings with higher remnperatures the fungzl load was higher. Temperatuore
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Figmre 1: Caorrelanion between temperature snd fangal load.

varation couwtributes 23.7% to the explanation of the oumber of CFUm’
wvanation.

Considering particles” contamimation, the cones with larger size were detected
in bigher concenmations, parncularly BM3.0 (pamicles of dimsnsion 5.0 pm or
less) and PAI10 (partcles of dimmension 10 pm or less). Median results are shown
for the 7 poultry farms (Table 3).

Table 3: Medizn valnes for particles concentration in each size.
Poultry Uit PAOS PM1.0 Phi2.5 PMI0 PALI0

[mg'm®) {mmm") {mn/m™) {mgm") {mg'm®)

A 3.4x10 & Tx10™ 39.3x107 1.0 x10* 5.0 =10

5] 8.4x10 1E.5 x10 2B =10 &

[+ 6.8 x10* 12x107 T4 =l

] 1710 4+ 6x10™ 19 =10

E 14 x107 312107 216107

F 23 x107 2Ex10" 79510

G i0=10” T.5x10” 23xl0”

Paricularly, in umirs A B, C and E sizes PAM3.0 and PM10 were mainty responsible
for contamington.

Higher levels of relanve bumidity lead to lower numbers of parficles.
Mevertheless, a postive comelzton was found between relztive mmidity and
concenmanon of some particles sizes, namely PMO.3 (=0.438; p=0.015) and
BEM1.0 (r=0.537; p=0.005%) meaning that relative mmidity variation contmibutes
19.2% to explain PMO 5 variation and 28 8% for PM1.0 vadations.
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4 Discuszion

Fungi pose poteotal bealth risks because of the producdon of allergens, a wide
range of mycotoxms, and inflammarory substances such as beta-D-glucan In
fact, several smudies have demonstratad the relatonship between increased spors
conpts znd fupgal sprigen levels with the pressoce of allargic [13] Mot
surprisingly, respiratory symptoms &re present among the fungi-exposed
workers, such as the poultry workers. Early reports from pouloy rearmg or
slamghrer houses described cases of byperssnsitiviry poemmonins and later
epidemiglogical smdies revealed the presence of extensive chest sympioms and
changes m the respiratory functon [3]. Considering the fongal losd detected, 2
smudy performed in two pouloy farms in Zagreb [14] presented much higher
counfs than the cnes found m the seven pouloy farms apalyzed in our smudy
(31200 CFUm® — 4000 CFU/m® and §8400 CFU/m® — 7600 CFUm® versus
240 CFU'~ 24040 CFU.-'m'ﬁ. These gunantitative differences may be due
many factors such as environmental variables, venmnlation rate, presence or
absence of air cleaning technologies, animal stockmg deasity, vpe of bird, bird
age mawnre management methods and others [2]. In accordance with our results,
also in Bimac er ai. [14] species belonging to the genera Scopuleropsis,
Ripzopus, Aspergillus and Pemiciilium were the most prevalent. Moreover, some
of the most prevailing fongal species identified In our study (Pericillivm and
Arpergillus spp.) have been described fo cause hypersensidvify reactions
bumans, with clinical mamifestations such as allergic rhinins, asthma and
extrmsic alveolitis.

Regarding the dspergilius gemnns, 4 favus (74.5%) was the most frequent
species isolated and it is a well-known producer of potent mycotoxims
(aflatoxing) [13] Also noteworthy in these semings, is the detecdon of
Aspergtlluz flomigarus, ona of the saprophytic fungi most widespread in air bur
capable of causing severe or somemmes fatal asperzillosis [16] Furthermore,
according to American Indusmizl Hygiene Association (ATHA), in 1994, for
determination of biclogical contamination in eovioomental samples, the
confirmed presence of the species Aspergiiius fimus, dspergillus verzicolor and
Aspergiling fiomigarus requires implementation of corrective measures [17].

Thers was a sigmificant correlaton (=0.487; p=0.014) berween femmperature
and the level of fungal contamination (C PU.'].‘I:I.":I. similar to other smadies [13, 18],
and comoborating the temperamurs influence m the fngal growth.

Parficles measuremeant was performed 1o our stdy allowing the achievement
of mformadon sbout partcles size diswbutdon in these semings. This
characterizanon is a key factor in dust production m pouloy facilines since rate
of aeroselization, setfing velocity and resuspension rate of amborne particles
differ depending on particle size [20].

Ellen and colleagnes [B] have wverified that dust concenmatons m thess
seflings can range from 0.02 to 8133 mg,-m"'ﬁm inhalable dust apd 0.01 w
6.5 mg,-'m."' for respirable dust. Our results showed the same tendency: higher
density in size PARIS.0 and mainly m size PM10. The presence of particles
belonging to the respirsble range (<5-7 pm) mezns that the found poulory dust
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pariicles can penetrate into the region of the lung where gas exchange occurs.
Larger pardcles (PMI10) can zlso canse disease by impacting in the upper and
larger airwavs balow the vocal cords. Donkam and colleagues reported evidence
of a dose-relzted decline in lung function in poultry workers. Dose-responss
trends were found for cross-shift declines in FEV, with total (PM10) and
respirable dust (PAM5.0 and lower sizes) [21].

A smdy developed in nins different settings invelving the textile ndustry
(cotton spinning, wool combing and weaving), agmoultural activitdes (mushroom
cultivation and picking, saw mills, zrain bandling apd animal feed manufzonare)
and znimal hzpdling (swmme confinement and poultry catching apd shackling)
obisined the highest median exposures to particles in the animal handling
industrias (poulmy:11.5 mgm®, swine: 6.7 mgm® [22]. Our results regarding
particles count were lower than those, probably due to the fact that the tasks
mentioned in this study were not possible 1o define w our study.

The significant correladon found between the small dimension parncles
(PM0O.5 and PA1.0) and the relative bumidity may be explamed by the fact thar
relative humidity affects the mhalable dust {increase in relative humidity levels
decreases dust contamination), but not the respirable dust (the faction below
3 um) [8]. Considermg that low ventlated buildings (pormally in winter season)
have higher ralative bumidity levels and lower dust zerosolization than highly
venfilated buoildings [§, 20] we demnonstrate that this is not observed for smaller
particles in our results.

A smdy developed m Texas [23] reported covcentrations for PMILO ranging
from 0.1 to 0.3 mz/m?. Our results showed higher concenrmations in paricles of
these sizes probably due to the lower ventilaton rates detected in our poulmry
facilines. These lower ventilaton rates in the winter season are crested anming to
protact the birds® health. In Texas, higher venfilation rates are fypically used, as
well a5 evaporative cooling systems. Higher venfilation rates may dilute the
BEMI10, and the ewvaporative coolers may suppress PM10 emissions by
maintaming a higher relative mmidity m the buildings. Consequently, seasonal
effects on concentration and, vennlation rate should be more closely evaluared
by collecting addinonal data during sumumer season.

Some previons smdies [24, 25] have mentoved that there 13 a less zround
disturbance m the facilities where birds are not housed on the floor and their
movement is resmicted Our smdy only relates to pouloy units where the
movement was not restricted and this facr probably alse contributes to the
obiained resnls regarding parmicles of higher sizes (PAI5.0 and FM10).

Additionally, it should be noticed that environmental monitoring for this
study was limited to a single dav measuremsent in each poultry unit, and
wvanations in the levals of the measured pollutants (fungi and particles) should be
expected due to vartations o animal and working sctivites.

5 Conclusions
Characterizing tvpical exposure levels to bicaerosols and non-viable pardcles in

thiz occupstonal seffing are required fo establish exposure lmirs snd to find
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means of reduction o their exposure. Moreover, for health risk sssessment
smdies, we need to consider that simmltanecus exposure o more than ons
contaminant, such as exposure to fungi and particles, is common in this setting.
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