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The aim of this study was to investigate the microclimate and to assess its hygienic and ecological properties
(temperature/T — °C, relative humidity/RH — %, air velocity/AV — m/s, NH3 — mg/m?, H2S — mg/m?, total dust/TD —
mg/m’® and aerobic plate count/APC (x10° CFU/m?) in a farm for intensive breeding of rabbits. The rabbits (in the
amount of 595 units — mating, pregnant, does, fattening) were reared in cages, in a building (494 m?) with 4 rooms: I*
—218 m?, 11" — 134 m?, III*Y — 77 m? and IV™ — 65 m?, for 265, 160, 100 and 70 rabbits, respectively. The microclimate
parameters were determined for a year, twice per season, on 5 monitoring points (MPs): MP-1, MP-2, MP-3 and MP-
4, in the middle of each room, and on MP-5 at 5 m leeward of the barn. All monitored parameters were determined by
Bulgarian State Standard’sand other routine methods. It was found that: a) the barn provides optimal microclimate in
terms of T (16.0-25.0°C) in winter, spring and autumn, and RH (65-70%) in winter at MP-1, MP-2 and MP-3, and in
autumn at MP-3 and MP-4, and non-optimal microclimate in terms of 7 in summer (>25.0°C), RH in spring (<65%)
and summer (>70%) and AV (>2.0 m/s) in all seasons; b) the air of all rooms contains significant quantities of NH3
(14.3-41.6 mg/m?), HaS (1.59-7.15 mg/m?), TD (0.36-5.00 mg/m?) and aerobic mesophilic bacteria — AMB (22.0—
83.0 x 10° CFU/m?), which requires their standardization and animal hygiene evaluation; c) in summer, the rabbits in
Ist premise are exposed to moderate heat stress (THI = 27.8-28.9°C); d) the working environment air quality (in the
barn) meets the requirements for Ha2S (<7.0 mg/m?) and TD content (<5.0 mg/m?) and deviates from them on NH3
content (>14.0 mg/m?); ¢) ambient air quality (at MP-5) doesn’t meet the NH3 (>0.1 mg/m?), H2S (>0.003 mg/m?) and
TD (>0.25 mg/m?) content requirements; f) the working environment and ambient air contain significant quantities of
TD and AMB, which requires their standardization and hygienic and ecological assessment, respectively.
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XUI'MEHCKA 1 EKOJIOIIKA OIEHA HA MUKPOKJIMMATA BO ®APMA
3A UHTEH3UBHO OATJIEAYBAIGE 3AJALIN

Ienra Ha oBaa ctyauja Oere Ja ce UCIIUTA U J]a CE HANIPABU XUI'MEHCKA U €KOJIOIIKA OLleHa Ha MUKPOKJIMMATa
(remneparypara / T — °C, penatuBHaTa BiaxuocT / RH — %, 6p3unara Ha cTpyemeTo Ha Bo3ayxoT / AV — m/s, NHsz —
mg/m3, H2S — mg/m?, Bkynuara npawnna / TD — mg/m? u aepoGuuTe Me3opuianu 6akrepun / AMB (x10° CFU/m?)
BO (hapMa 3a MHTEH3MBHO OJIJIC/yBambe 3ajalu. 3ajaiure (BKynHO 595 equHKH — mapeme, OpeMeHOCT, roeme) oea
oArIeryBaHu Bo Kaesu Bo 3rpaja (494 m?) co 4 npocropun: I-ta218 m?, II-ra 134 m?, Il-ta 77 m? u IV-ta 65 m?, 3a
265, 160, 100 u 70 3ajamm, cooasetHo. [lapamerpuTe 3a MEUKpOKJIMMaTa O6ea ofpeyBaH! BO IIEPUOJIOT O €JHA TOINHA,
JIBaraTH BO CE30HUTE BO 5 TOUKH Ha MOHUTOPUHTOT (MPs): MP-1, MP-2, MP-3 u MP-4 Bo cpenunaTta Ha oieTHUTE
npocropun, a MP-5 Ha 5 MeTpu omnanedeHOCT Of HaTCTpEIIHHWIATa Ha mranata. CHTe clelleHn mapamerpu Oea
YIBpZieHH cropel byrapckwor apskaBeH cTaHmap[ W Apyrd pyTHHCKHM Meroau. Ce mokaxka Aeka: a) IITajara
00e30eyBa onTHMalIHa MUKpOKINMa Bo oxHoc Ha T (16,0-25,0°C) Bo 3uma, npoier u eceH 1 RH (65-70%) Bo 3uma
Bo MP-1, MP-2 u MP-3, u Bo ecen Bo MP-3 1 MP-4, a HeonTumaiHa MUKPOKJIMMa BO ofHoc Ha 7 Bo jeto (> 25,0°C),
RH Bo mponer (<65%) u nero (>70%) u AV (>2,0 m/s) Bo cute ce30HH; 0) BO3LyXOT OJ CUTE MPOCTOPHU COIPKH
3HauMTeNHO Konuuectso NH3 (14,3-41,6 mg/m?), HaS (1,59-7,15 mg/m?), TD (0,36-5.00 mg/m?) u AMB (22,0-83,0
x 103 CFU/m?), mopaau wto e norpebHa HUBHA CTaHJapAU3alKja U OLCHA Ha XUTHEHATA Ha JKUBOTHHUTE; B) 3ajaliuTe
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Bo I-Ta IpOCTOpHja BO TEKOT Ha JIETOTO Ce U3I0KEeH! Ha ymMepeH Tomtoten ctpec (THI = 27,8-28,9°C); r) ksanureTor
Ha BO3/yXOT BO paboTHaTa cpejuHa (BO LITAlaTa) I 3a10BoJyBa Gapamara 3a HaS (<7,0 mg/m?®) u conpkunata Ha
TD (<5,0 mg/m’), a on crammapaute oTcTamyBa coxpxkunata Ha NH3 (> 14,0 mg/m®); m) KBajureToT Ha
aMbueHTAHHOT BO3AyX (B0 MP-5) He ru 3amoBonyBa Gapamata 3a coapxuna Ha NHs (> 0.1 mg/m?), HaS (> 0.003
mg/m®) u TD (> 0.25 mg/m?®); ) paGoTHOTO ONKPYXKyBarme M aMOMEHTHAIHHOT BO3/IYX COJPYKAT 3HAYMTEIHO
konuuectBo TD u AMB, koemito 6apa HUBHA CTaHAapAM3alija K XUTHEHCKA U SKOJIOIIKA OLleHa, COOJJBETHO.

Kny4ynn 360poBu: 3ajany; IpoCTOPUN; MEKPOKIMMATCKH ITApaMETPH; XUTHEHCKO/CKOIOMIKY OLIEHI

INTRODUCTION

In recent years, the intensive production of
rabbit meat in many countries of the world is a good
alternative to other sectors of the livestock. In com-
parison to common livestock species the advantages
of rabbits are in three main directions. One of them
concerns the rabbit’s biology: small body size, early
age of sexual maturity (4—5 months), efficient repro-
ductive ability, short fattening period, diets from fi-
brous plant materials and food by-products (EI-
Raffa, 2004). The second direction concerns the
productive parameters of the rabbit: high meat yield,
good meat to bone ratio, quality meat with high
level of dietary protein, low fat (triglycerides and
cholesterol) and energy values, higher quantity of
minerals than other meats (Schlolaut, 1992). The
third direction is connected with the housing of rab-
bits: limited cost of the animals and housing facili-
ties, needless land than farms for other animals, easy
to transport and market, etc. (Lukefahr and Cheeke,
1991; Colin and Lebas, 1996). According to Kumar
et al. (2008) the design of rabbit housing is governed
by the behavioural characteristics of the animals and
their reactions to environmental temperature and
humidity.

Notwithstanding the above mentioned ad-
vantages the effective production of rabbit products
is faced with many problems, because the rabbits
are very sensitive to environmental changes. Main-
taining optimum microclimate in the production
buildings is one of them. It is well known that for
optimal productivity, an animal production system
should be capable to provide an appropriate micro-
climate, i.e. optimal air temperature, relative humid-
ity and air velocity, and low levels of noxious gases
(NH3, H»S), dust and microorganisms (Marina,
1992; Fisher, 1994). The interaction between air
temperature, relative humidity and air velocity in
the rabbit barns is the main microclimatic factor
which affects energy intake, heat production and the
efficiency of rabbit production. Ogunjimi et al.
(2008) emphasized that a combination of high tem-
perature and high relative humidity is very stressful
and detrimental to rabbit’s body thermoregulation
and productivity.

Airborne contaminants in the rabbit’s barns
may originate from animals (fur, epidermal mate-
rial), their waste (faeces, urine), and materials used
in their maintenance (feed, bedding, disinfectants).
In a rabbit barn, NH3 and H»S are produced from the
degradation of the rabbit’s urine and excrement. The
degradation process is accelerated under high tem-
peratures (Praag et al., 2010). Under high NH3 con-
centrations in the air, rabbits can suffer anorexia,
breathing issues, cyanosis, fever (Makarenko et al.,
1992) and high mortality (Smith et al., 2004). How-
ever, there are several other factors with possible
health consequences, such as exposure to different
airborne contaminants. They may affect the respira-
tory tract of the animals bred and the personnel and
include total and respiratory dust, ammonia, endo-
toxins, bacteria and fungi. All of these occur at high
ionic concentrations in the air of farm livestock
buildings (Preller et al., 1995). Pathogenic bacteria,
viruses and fungi may also exist in the air of rabbit
units, causing a possible risk for animals and per-
sonnel. In this regard El-Raffa (2004) argued that
disease prevention is very important in rabbit
production. The author proposes to develop and im-
plement careful hygiene program in the growing of
rabbits in which the preventive hygiene is a key to
effectively control any disease which might break
out. Preventive hygiene is usually enough to prevent
major disease crises. Daily preventive cleaning will
keep the contamination and pollution levels down
and make the rabbitry viable and productive for
longer period. Many authors (Ramchurn, 1979;
Finzi and Amici, 1991; Habeeb et al., 1993;
Kacergis et al., 1996) consider that good housing
means good rabbits health.

Flores-Veldzquez et al. (2017) point out that in
Central Mexico, rabbit barns have been installed in
pre-existing naturally vented buildings, where high
concentrations of NH3 and high air temperatures se-
riously limit production, especially during the hot-
test part of the year. An alternative to control the
microclimate of these barns is through mechanical
ventilation. However, a barn should ensure signifi-
cantly lower airborne contaminants levels to safe-
guard the rabbit’s welfare.
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In Bulgaria, despite the traditions and good nat-
ural and climatic conditions the registered rabbits,
which are grown in recent years, are about 52000.
The reasons for this unsatisfactory state of rabbit
breeding are of a different nature: inadequate pro-
fessional qualification of rabbit growers, outdated
equipment, lack of direct subsidies to farmers, in-
sufficient scientific services of the sector, etc.
(ARSDA, 2016).

The aim of this paper was to investigate and to
make a hygienic and ecological assessment of the
main microclimate parameters in a farm for inten-
sive breeding of rabbits, situated in a region with
transcontinental climate of south Bulgaria.

MATERIAL AND METHODS

Study area. The study was conducted over a
period of one year (2015) in the experimental farm
for intensive breeding of rabbits at Agricultural In-
stitute, Stara Zagora, a region with altitude 196 m
and transcontinental climate with average annual
temperature 12.9°C (January: average +1.0°C, aver-
age minimum —2.1°C; July: average +24.0°C, aver-
age maximum +30.1°C) and an average annual rain-
fall 598 mm. The 595 rabbits of different categories
(mating, pregnant, does and fattening) from White
New Zealand and Californian breeds were bred in
cages (installed 1.00 m over the floor) in one pro-
duction building (55.00/9.00/3.60 m, 494 mz), re-
constructed cowshed. The building is divided into
four premises: I'' — 218 m?, II" — 134 m?, 11" — 77
m? and IV" — 65 m?, for 265, 160, 100 and 70 rab-
bits, respectively (Figure 1).

The building construction design is as follows:
walls — brickwork, plastered inside and outside with
mortar; ceiling — roof tiles, wood siding, plastered
inside with mortar; floor — concrete surface; win-
dows — 12 (3 per every premises), placed on the
building south wall, wood construction (0.50/1.00
m); doors — 2 on the building south wall, wood con-
struction (2.20/2.60 m). The ventilation system is
mixed — natural (through windows and doors) and
mechanical — by a ventilator (capacity 60000 1/h)
mounted in the middle of the south wall of the build-
ing. The rabbits were fed twice a day with dry fod-
der mixtures tailored to the requirements of individ-
ual rabbit categories. Water for watering the animals
was provided by drip drinkers. Manure was col-
lected on the concrete floor beneath cages and was
cleaned manually every day.

Monitoring points (MPs). Inside and outside
of the barn 5 monitoring points (MPs) for sampling
air were identified, as follows (Figure 1):
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e Inside: MP-1, MP-2, MP-3 and MP-4, over
the servicing trail in the relevant premises of the
building, respectively I*, II"%, TIT" and TV™.

e QOutside: MP-5 at 5.00 m from the leeward
side of the building.
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Fig. 1. Scheme of the longitudinal section of the rabbit’s barn

Microclimate parameters and methods for de-
termination. The following microclimate parame-
ters were measured, once per two months between
10.00 and 12.00 AM of the day, at a height of 1.00
m from the floor/ground surface:

— Physical parameters in situ: Air temperature
(T, °C) and relative humidity (RH, %) — by a com-
bined instrument ,,Lutron MCH-383SDB” with a
range for temperature from O to 50 °C and for RH
from 10 to 100%, respectively; air velocity (AV,
m/s) — by the combined instrument ,,Lutron EM-
9300SD” with diapason between 0.1 and 25 m/s.

— Chemical parameters: Ammonia (NHjs,
mg/m3) — by titrimetric method with HCI (Balanin,
1979); hydrogen sulfide (H.S, mg/m3) — by titrimet-
ric method with NaOH (Balanin, 1979); total dust
(TD, mg/m3) — by gravimetric method (Bulgarian
State Standard 17.2.4.20-83).
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— Microbiological parameters: Aerobic meso-
philic bacteria — AMB (x10° CFU/m?® air) — by sed-
imentation method of Matusevich (1975, quoted by
Petkov et al., 1999). Briefly the essence of the
method is as follows: at any MP were taken two par-
allel samples, using Petri dishes with Nutrient Agar
(BBL™, USA); the sampling was performed in ster-
ile cardboard cylinders of 1 liter which was placed
on sterile Petri dishes and the other side of the
cylinder was covered with the lid of the Petri dish;
the cylinders remained in vertical position for 15
min, during which time the microorganisms from air
sample sedimented on the agar medium; after that,
cardboard cylinders were removed and Petri dishes
were covered with their lids; the plated Petri dishes
were transported to the microbiological laboratory
in a cool bag (at 4-6°C) and were incubated for 2
days at 37+1.0 °C. The colonies were counted as
colony forming units (CFU/m”).

— Temperature-humidity index (THI): It is used
as an indicator of thermal comfort level for animals
and was calculated according to LPHSI (1990) with
modification for rabbit equation by Marai et al.
(2002):

THI = t — [(0.31 —0.31 x RH)-(t — 14.4)],

where:
RH is relative humidity (%)/100.

The values of THI are classified as follow:

® < 27.8 °C = absence of heat stress;
©27.8-28.9°C = moderate heat stress;
©28.9-30°C = severe heat stress;

¢ above 30°C = very severe heat stress.

Methods for hygienic assessment of microcli-
matic parameters. A method of comparative analy-
sis was used, in which the results obtained were
compared with the hygienic norms for air quality
stipulated in Bulgarian legislation in three directi-
ons as follow:

— Animal hygiene assessment of microclimate
in the barn: according to Regulation No. 44 (2006)
for veterinary medical requirements to animal
holding.

— Air quality in the work environment (in the
barn): according to Regulation No. 13 (2003) - to
protect workers from the risks related to exposure to
chemical agents at work.

— Ambient air quality (outside the barn): ac-
cording to Regulation No. 14 (1997) — norms for
maximum permissible concentrations of harmful
substances in the air of settlements.

Determination of the synergistic effect of the
simultaneous presence in the air of NH3 and H»S
according to formula (Regulation No. 14, 1997;
Regulation No. 13, 2003):

C1/Cy = NH3a2/PLxnyar) + HaSany/PLuysam) < 1,

where:

Ci and C; are the coefficient values for air
quality of the working environment (C) and for out-
side air ((), respectively;

NHai2) — concentration (mg/m3) in the barn-
working environment (1) and in outside air (2);

PLnu,12) — permitted limit for NH3 concentra-

tion (mg/m’) in the barn-working environment (1,
14.0 mg/m?) and in outside air (2, 0.1 mg/m?);

PLu,s (112)— permitted limit for H>S concentra-

tion (mg/m?) in the barn-working environment (1,
7.0 mg/m?) and in outside air (2, 0.003 mg/m®).

Statistical analysis. The data were processed
and the figures were performed by using Excel (Mi-
crosoft Office 2007) and Statistica 6.1 (Statistica for
Windows, Statsoft. Inc., Tulsa, OK, USA, 1984—
2002).

RESULTS AND DISCUSSION

Animal hygiene assessment of microclimate

Air temperature. The temperature values did
not differ significantly between the different MPs in
the building (Table 1).

For average temperatures the variance between
the largest and lowest value was 1.4°C, for mini-
mum 2.1°C and for maximum 2.4°C, respectively.
More pronounced were the differences between in-
side (MP-1, MP-2, MP-3, MP-4) and outside air
temperature (MP-5): for average values 1.7-3.1°C,
for minimum 4.0-6.1°C and for maximum 0.1-
2.5°C. All values of the air temperature in the barn
were in the optimal range for rabbits (16.0-25.0°C),
according to Regulation No. 44 (2006). Exceptions
were the temperatures in the summer when across
all MPs in the building the values were higher
(26.3-29.4°C) than the upper permitted limit. Da-
myanova and Derebanov (1975) recommended
wider range of the optimum temperature for rabbits
(8.0-25.0°C), but with respect to the lower permit-
ted limit. Kumar et al. (2008) noted that the air tem-
perature over 30°C suppresses the reproductive abil-
ity of rabbits. Such an effect would be expected only
in does at the I and II™ premises where the temper-
atures were close to 30°C.

Maced. J. Anim. Sci., 7 (2) 97-105 (2017)
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Table 1
Average, minimum and maximum values of the investigated microclimate parameters by monitoring points
Monitoring points
Parameters n==6 Inside the building Outside the building
MP-1 MP-2 MP-3 MP-4 MP-5
T Mean+SD :  23.1+4.45 22.6+4.03 21.7+4.78 21.8+4.13 24.8+5.59
°C min 12.2 114 10.1 10.2 6.1
max 29.2 28.5 27.6 26.8 29.3
Relative humidity, Mean+SD | 75.0+£12.7 77.1+£12.4 80.5+11.3 80.5+11.1 69.0+15.6
%o min 583 59.1 67.3 64.7 48.9
max 93.0 89.1 94.6 98.9 87.3
Air velocity, Mean+SD | 0.45+0.29 0.38+0.23 0.29+40.05 0.26+0.11 0.51+0.16
m/s min 0.28 0.12 0.23 0.18 0.33
max 0.71 0.68 0.34 0.42 0.68
NH3, Mean+ SD | 18.94£0.93% 37.842.82¢ 19.1+5.78 30.5+4.16% 16.1+0.18%
mg/m’ min 18.3 35.2 14.3 27.5 13.9
max 20.3 41.6 27.4 36.6 18.7
HaS, Mean+SD ;| 3.70+1.83 5.83+1.08* 4.02+1.16 2.84+1.39 2.51+0.75%
mg/m’ min 2.39 4.62 2.93 1.59 1.39
max 6.39 7.15 5.54 4.62 2.87
Total dust, Mean+SD 1.00+0.38 1.314£0.26 1.95+1.36 1.51+0.73 0.67+0.43
mg/m’ min 0.49 1.02 0.36 0.98 0.14
max 1.37 1.65 5.00 2.54 1.16
Aerobic mesophilic Mean+SD | 47.1%£18.3 74.5£9.9 42.0£14.5 52.4+23.2 35.1+17.9
bacteria; \ min 31.0 61.5 28.0 22.0 19.5
CFU/m” (x 10°) max 62.5 83.0 55.5 75.0 55.0

*Differences in the values by rows are significant at: P < 0.05 — aa, bb; P < 0.01 — cc; P < 0.001 —dd.

It is noteworthy that in summer the air tempe-
rature in all MPs in the barn were lower than outside
temperature. This can be explained by the design
and the construction materials used to build the
barn, which provides good protection against solar
radiation in the summer months. Kumar et al. (2008)
reported similar trend in the summer regarding cage
reared rabbits in conventional rabbit houses in India.
The authors established negative temperature gradi-
ent between outside and inside air temperature in the
order of 0.3-0.9°C.

Relative humidity (RH). Indicator's values
showed a higher dynamics of variation as compared
to the air temperature. In the MPs in the barn the
difference in mean relative humidity was 5.5%, at
minimum 9.0% and at maximum 9.8%, respecti-
vely. More pronounced, but not statistically signifi-
cant were the differences between inside and out-
side RH: for average values 6.0-11.5%, for mini-
mum 9.4-18.4% and for maximum 0.8-10.6%.
Only a small part of the measured values of RH in
the barn were in the optimal range by Regulation
No. 44 (2006) — 65-70%: in winter at MP-1, MP-2

Maced. J. Anim. Sci., 7 (1=2) 97-105 (2017)

and MP-3, and in autumn at MP-3 and MP-4.
Higher than the norm were the values in winter at
MP-3 and MP-4; in spring at all MPs and in summer
at MP-2, MP-3 and MP-4. Lower than the norm
were the values in summer at MP-1 and MP-5, and
in autumn at MP-1, MP-2 and MP-5. The uneven
distribution of RH in the air of different premises of
the barn indicates that the ventilation system is not
working effectively, especially in winter and sum-
mer.

Some authors defined a wider range of the op-
timum RH in the rabbit’s barns (60-80% — Damyan-
ova and Derebanov, 1975; 60-75% — Utkin, 1987;
80-86% — Nguyen Quang Suc, 1985, quoted by Ku-
mar et al., 2008), which is more realistic than the
Bulgarian standard. In the evaluation of this param-
eter should always be taken into account the air tem-
perature, since their combining at different values
affect differently the rabbit’s organism.

Temperature-humidity index (THI). Thermal
comfort level of rabbits, evaluated by THI shows
that in II™ (MP-2), I (MP-3) and IV" (MP-4)
premises there is absence of heat stress (THI values
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<27.8°C) (Table 2). The rabbits are subjected to
moderate heat stress only in I (MP-1) premises,
where the air temperature was between 27.8 and
28.9°C (Ogunjimi et al., 2008). Further research is
needed to verify the design of rabbit facilities which
will provide an all year round thermally conducive
environment for the rabbit’s productivity.

Table 2

Temperature-humidity index (THI) values
in summer 2015 by monitoring points
in the production building

Monitoring Air Relative THI,
points temperature, humidity,

°C % °C
MP-1 29.2 76.3 28.2
MP-2 28.5 85.1 27.8
MP-3 27.6 77.8 26.6
MP-4 26.8 71.7 25.8

Air velocity. All measured values of the air ve-
locity in the barn exceed the maximum permissible
air velocity according to Regulation No. 44 (2006)
—<0.2 m/s (from 1.30 to 2.25 times for average and
from 1.70 to 3.55 times for maximum values). Ex-
ceptions were two MPs — MP-2 in spring and MP-4
in summer, where air velocity was in the norm. The
results obtained are slightly lower than the results
reported by Kumar et al. (2008) for conventional
rabbit sheds (0.61-0.81 m/s) in India. In respect of
maximum permissible air speed in the rabbit’s barns
Damyanova and Derebanov (1975) and Utkin
(1987) considered that it may be up to 3.0 m/s, while
Morisse (1981, quoted by Kumar et al., 2008) rec-
ommended an air speed of 0.30 to 0.40 m/s at a tem-
perature of 22 to 25 °C.

Differences in air velocity between MPs in the
barn — on the one hand and between inside MPs and
outside MP — on the other hand, are well marked,
but not statistically significant. The indicator can be
evaluated both independently (higher air velocity in
the barn, more dust and microorganisms in the air)
and in combination with the temperature and hu-
midity of the air (influence on rabbit body ther-
moregulation).

Ammonia. Air ammonia levels in the barn
were between 18.3 mg/m® at MP-1 and 41.6 mg/m’
at MP-2. The differences between the MPs are well
marked and in some cases statistically significant

(between MP-1 and MP-2 at P<0.001; MP-1 and
MP-4 at P < 0.05; MP-2 and MP-5 at P < 0.001;
MP-4 and MP-5 at P < 0.01, respectively). Since in
Bulgarian legislation there is no norm for this indi-
cator, the assessment was made on standards of
other countries or recommended by other authors —
Russia, up to 10.0 mg/m3 (Utkin, 1987); up to 20.0
mg/m* (Damyanova and Derebanov, 1975) and up
to 18.0 mg/m’ (Perkins and Lipman, 1995). All the
measured ammonia concentrations were higher than
the above suggested norms. Particularly worrying
were the air ammonia content in MP-2 (I prem-
ises) and MP-4 (IV" premises). Bearing in mind that
the waste is cleaned daily in the building, uneven
and above the norms concentrations of NHs in the
different premises are indirect evidence of ineffi-
cient operation of the ventilation system. Appar-
ently, NH3 is a problem for the adopted rabbits
breeding system.

Hydrogen sulfide. The parameter values
varied within a wide range (1.59 — 7.15 mg/m’)
inside and in a significantly narrow range (1.39 —
2.87 mg/m?) outside the building. The differences in
H,S concentration between all MPs are well
defined, but not statistically significant, with one
exception between MP-2 and MP-5 (P < 0.05). This
indicator has no norm in Bulgarian legislation. The
parameter was not commented often in the scientific
literature for rabbits. We believe that this indicator
should not be underestimated, because this gas is
not only harmful but also very toxic. These
properties are enhanced in the presence of ammonia
in the air, which brings about a synergetic effect.

Total dust (TD). The total dust levels in the air
of the controlled MPs fluctuated over a very wide
diapason (0.36 — 5.00 mg/m?) — the range is 13.9
times. By MPs in the barn the dust quantity demon-
strated significant dynamics. The differences be-
tween the maximum and minimum values are 1.95
times for the average values, 2.83 times for mini-
mum and 3.65 times for maximum values, respec-
tively. Dust content in the outside air, at 5 m from
the building (MP-5) was 1.18 to 7.28 times lower
than that in the building, but the influence of the air
dust emission from the building on the outside air in
the test zone is well expressed. This indicator is not
standardized in Bulgarian legislation. We also did
not find information on the issue in the accessible
literature. For this reason assessment of air quality
in the studied building on the base of TD content
was not made. Accumulation of more scientific in-
formation is necessary in order to substantiate rele-
vant standards for dust in the air of rabbit’s barns.

Maced. J. Anim. Sci., 7 (2) 97-105 (2017)



Hygienic and ecological assessment of the microclimate in a farm for intensive breeding of rabbits 103

Aerobic mesophilic bacteria (AMB). The total
concentrations of AMB in the barn were between
22.0x10° CFU/m’ at MP-4 and 83.0x10° CFU/m” at
MP-2, while in the outside air (MP-5) it was from
19.5%x10° CFU/m’ to 55.0x10° CFU/m’. The aver-
age values in barn MPs are relatively equalized with
the exception of MP-2, wherein the number of bac-
teria is considerably larger (from 1.41 to 1.77 tim-
es). However, these values are much higher those
reported from Kaliste et al. (2002) for conventional
laboratory rabbit rooms (6400 — 9000 CFU/m’) and
well below for other animal facilities, such as poult-
ry buildings (84.0 — 265.0x10° CFU/m’, Kostadino-
va et al., 2014) or swine buildings — for sows and
litters (89.0 — 428.0x10° CFU/m’) and for fattening
pigs (13.0 — 120.0x10° CFU/m®) (Petkov et al.,
2010). Average AMB values at MP-5 (outside the
barn) was 1.12 to 2.12 times lower than in the
building, but remained relatively high. For this indi-
cator, there is no norm, which is why animal hy-
giene assessment cannot be done. Dennis (1999) re-
ported that opportunistic pathogens and zoonotic
microrganisms may also be present in the air. For all
these reasons, airborne contaminants should be
considered as potential residential health risks both
for farm animals bred and for the personnel and ap-
propriate monitoring and preventive measures have
to be adopted.

Air quality in the work environment (in the
barn). This assessment was made on the base of
three indices — NH3, H>S and TD content, included
in Regulation No. 13 (2003). The levels of these pa-
rameters in the rabbit premises were: for NH3 from
1.02 to 2.97 times higher than the permissible limit
(up to 14.0 mg/m?), for H>S from 4.40 times lower
to 1.02 times higher than the permissible limit (up
to 7.0 mg/m?) and for TD 13.9 times lower than the
limit value (up to 5.0 mg/m’). With regard to am-
monia, U.S. and Finnish regulation indicates that
workplace exposure to ammonia should not exceed
25 ppm (= 19 mg/m®) during an 8-hour period
(NIOSH, 2011). Perkins and Lipman (1995) recom-
mended these standards should also be applied to
animal environments. Since the rabbits are exposed
to ammonia 24 h every day, a constant source of
NH3 lower than 25 ppm was simulated to estimate
the spatial distribution of this gas. Concerning the
total dust, Donham et al. (1995) suggested that con-
centrations of TD <2.8 mg/m’ (as in our case, with
the exception of MP-3, where the maximum value
is 5.00 mg/m*), does not significantly affect the pul-
monary FEV1 (forced expiratory volume/s) at farm
workers. According to this criterion the dust levels
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in the rabbit premises were unlikely to be a great
health risk.

Since in the air of the barn was found the
presence of both NH3 and H»S, the assessment was
made by that composite coefficient (C)), calculated
by formula according to Regulation No. 13 (2004).
The results showed that in all MPs in the building
the calculated coefficient values (C;) were between
1.77 at MP-1 in the winter and 3.74 at MP-2 in the
summer, i.e. all values of were over the permitted
limit (C; < 1, suggesting a synergistic effect of the
two gases. Therefore, there is a potential health risk
for the personnel.

Ambient air quality. The assessment of the
outside air quality was made on NH3, H,S and TD
content according to Regulation No. 14 (1997). The
concentrations of these parameters in outside air, at
5.0 m from the barn (MP-5), were higher by the rel-
evant daily average limit value (0.1, 0.003 and 0.25
mg/m?) as follows: for NH; from 139 times in winter
to 187 times in spring, for H,S from 463.3 times in
winter to 956.7 times in summer, and for TD from
1.52 times in autumn to 4.64 times in spring. Only
in the winter the TD levels were in the norm (0.14
mg/m?).

Assessment of ambient air quality was made
also by composite coefficient (C;) for the determi-
nation of the synergistic effect of the simultaneous
presence in the air of NH3 and H»S, calculated by
formula according to Regulation No. 14 (1997). The
results showed that C; values were between 602.3 in
the winter and 1099.7 in the summer, i.e. they have
repeatedly exceeded the exposure limit (C, < 1).
Therefore, at distances up to 5 m from the barn (MP-
5) there is a potential health risk for the personnel.

CONCLUSION

It was found that: a) the studied reconstructed
cowshed, divided into 4 premises, used for cage
breeding of rabbits, provides optimal microclimate
parameters in terms of temperature (16.0 — 25.0°C)
in winter, spring and autumn and relative humidity
(65 —70%) in winter at MP-1, MP-2 and MP-3, and
in autumn at MP-3 and MP-4, and non-optimal val-
ues for temperature in summer (>25.0°C), for rela-
tive humidity in spring (<65%) and summer (>70%)
and for air velocity (>2.0 m/s) in all seasons; b) the
air of all premises contains significant quantities of
NH; (14.3-41.6 mg/m?), HS (1.59-7.15 mg/m’?),
total dust (0.36-5.00 mg/m®) and aerobic meso-
philic bacteria (22.0 — 83.0x10° CFU/m?*), which re-
quires their standardization and animal hygiene
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evaluation; c) the working environment air quality
(in the barn) meets the requirements for H,S (<7.0
mg/m?) and total dust content (<5.0 mg/m?) and de-
viates from them on NH; content (>14.0 mg/m®); d)
ambient air quality (at 5.0 m distance from the barn)
does not meet the NH; (>0.1 mg/m*), H.S (>0.003
mg/m’) and total dust (>0.25 mg/m’) content re-
quirements; d) the working environment air and am-
bient air (up to 5.0 m from the barn) contains signif-
icant quantities of total dust and aerobic mesophilic
bacteria, which requires their standardization and
hygienic and ecological assessment, respectively.
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