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Abstract
This paper aims at analyzing the impact of pollutant dispersion and at assessing air quality
under the circumstances of a shelter functioning for 55 heads of beef cattle.
The methodology consists in determining air quality before commissioning the objective,
pollutant dispersion modeling, comparison with the limit values set by national legislation and
conclusions regarding the influence of anthropogenic farming activity on air quality in the area.
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1. Introduction
The land where livestock farming will be carried out is located in Costesti, Valcea
County, and has an area of 670 square meters; the legal status: extravilan; category of use:
hayfields.
The area of Costeşti includes hills, valleys and mountains. The climate is temperate
continental with short summers and quite moderate winters, without strong storms. The
average temperature is -80C in winter and in summer it can reach 300C. Prevailing winds
come from the west and bring rainfall.
In the target area there are no economic activities that can generate air pollution. As
customary in hill and mountain areas, the residents’ main activity is animal breeding. Air
emissions come solely from livestock activity and domestic heating. Air quality in the area
is appreciated by experts as good.
The objective to be achieved consists in building a shelter for managing 55 beef
cattle. The biological material will be made out of beef breeds and mixed breed produces
meat and milk belonging to different age categories: cows and calves. The implemented
technological process will be based on pasture feeding for approx. 6 months and foddering
in the shelter for the other 6 months. Basically, the animals will stay in the shelter for more
than 180 days - from November till April.
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During their shelter stay, as a result of digestive processes, manure is obtained, and
its management will be as follows:
 the liquid fraction is drained by gravity into two fosses located at the end of the
shelter;
 the solid fraction will be evacuated from the shelter and it will be transported to the
solid manure platform.
In conclusion there will be two sources of pollution: the cattle shelter, naturally
ventilated through windows and doors, and the solid manure storage platform.
In the case of animal husbandry, the main impact on the environment stems from the
air emissions generated by manures (SONNEVELD & al. 2008 [24]; OGINKA & al. 2013
[17]; QIU HUANGUANG & al. 2013 [18], RUSU T. & al, 2015 [16], SALTUK B. & al,
2016 [19], UNGUREANU G. & al, 2017 [26]). Damage to the air quality can also induce
harmful effects on human health (an indirect impact) for the people living in the surrounding
area (PEEL & al. 2013 [13]; SHRIKANT & al. 2013 [23]; LIDWIEN & al. 2014 [10],
SHEHRAWAT P. S. & al. 2015 [22], SÂRB G. S. & al. 2013 [20]).
Pollutants from livestock activity are: ammonia; nitrogen oxides; powders; nonmethane volatile organic compounds (NMVOC). Their impacts on environment and on
human health are illustrated henceforth:
Ammonia
The source of NH3 emissions from manure management is the azote excreted by
livestock. Typically, more than half of the azote excreted by mammalian livestock is in the
urine, and between 65 - 85 % of urine - azote is in the form of urea and other readily mineralized compounds. (JARVIS & al. 1989 [8]; KIRCHMANN & WITTER, 1989 [9];
WEBB, 2000 [27]).
Urea is rapidly hydrolyzed by the enzyme urease to ammonium carbonate
((NH4)2CO3) and ammonium (NH4+) ions provide the main source of NH3. Ammonium-N
(NH4+-N) and compounds, including uric acid, which are readily broken down to NH4+-N,
are referred to as total ammoniacal azote (TAN). In contrast, the majority of azote in
mammalian livestock faeces is not readily degradable (Van FAASSEN & Van DIJK, 1987
[6]); only a small percentage of this azote is in the form of urea or NH4+ (ETTALLA &
KREULA, 1979 [5]) so NH3 emission is sufficiently small (PETERSEN & all, 1998 [14])
for estimates of total ammoniacal azote (TAN) at grazing or in buildings to be based on
urine-N, albeit TAN may be mineralised from faecal-N during manure storage.
Ammonia is emitted wherever manure is exposed to the atmosphere; in livestock
housing, manure storage, after manure application to fields and from excreta deposited by
grazing animal (AARNINK & al. 1997 [1]).
Reviews of the different existing methods for measuring the concentration,
ventilation rate and emissions of different pollutants from livestock buildings can be found
in the literature (AROGO & al. 2001 [3]; MOSQUERA & al. 2005 [11]). Differences in
agricultural practices such as housing and manure management, and differences in climate
have significant impacts on emissions. PHILLIPS & al. 2001 [15] provided an extensive
review of measurement methods for ammonia emission rates from livestock buildings.
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Effects on humans: Ammonia can be felt in the interval 5-25 ppm; at a concentration
ranging between 50-100 ppm it may cause slight irritation on prolonged exposure; between
400-700 ppm it causes immediate irritation of eyes, nose and throat, with mild symptoms of
upper respiratory tract.
Environmental effects: Ammonia is dangerous to aquatic life.
Nitric oxide
The processes of denitrification and nitrification, which release N2O, also release NO
and dinitrogen (N2). Nitric oxide (NO) is formed through nitrification in the surface layers of
stored manure or in manure aerated to reduce odors or to promote composting (DÄMMGEN
& HUTCHINGS, 2008 [4], SCHMIDT A. & al. 2017 [21]).
Effects on humans: Nitric oxide is not toxic or irritant at concentrations below 100
ppm in breathing air. Nitrogen dioxide is known to be highly toxic for both humans and
animals. People exposed to such pollutants may complain about breathing difficulties, air
tract irritations and lung dysfunctions.
Environmental effects: Although not dangerous in concentrations below 100 ppm,
the Nitric oxide can be oxidized in the presence of oxygen thus becoming nitrogen dioxide,
which is responsible for acid rain.
Non-methane volatile organic compounds
Non-methane volatile organic compounds (NMVOCs) originate from undigested
protein that decomposes in manure. Consequently, anything that affects the rate of protein
degradation, such as the amount of straw added to the manure and the duration of storage,
will affect NMVOC emissions. Sites of emission include livestock buildings, yards, and
manure stores, fields where manure is spread and fields grazed by livestock. Emissions take
place from manure managed in solid form or as slurry (HOBBS & al. 2004 [7]).
Recent studies have measured significant emissions of NMVOCs from livestock
production (SPINHIRNE & al. 2004 [25]; NGWABIE & al. 2005 [12]), albeit emission
estimates for manure management account for 1.6 % (with 1.4 % for pigs) suggesting little
overall significance.
Effects on humans: Non-methane volatile organic compounds cause foul odor.
Environmental effects: Currently, data on NMVOC emissions from livestock do
not allow for a direct estimate on emission factors for such compounds.
Particulate matter (PM)
The main source of PM emission is from buildings housing livestock, although
outdoor yard areas may also be significant sources. These emissions originate mainly from
feeding, which accounts for 80 to 90 % of total PM emissions. Bedding materials such as
straw or wood shavings can also give rise to airborne particulates (AARNINK & ELLEN,
2008 [2]).

2. Materials and Methods
According to current legislation, the establishment of a livestock shelter may be
made only by respecting the very strict rules, especially regarding the proximity, but also the
conditions of storage of solid waste. Farmers who want to set up a farm should know that
there are specific regulations that prohibit location of livestock farms near to inhabited areas.
Under the legislation on hygiene and public health on the living environment of population
(Ministry of Health Order no. 119/2014), the minimum distance between the territory
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inhabited and an animal shelter with a number 50-100 heads must be at least 100 m. Given
that the legislation requires a minimum distance of 100 m between animal shelter and
inhabited area and in reality the distance is only 73 m, is required an impact study approved
by the Institute of Public Health, who may approve reduce the distance according to effect
pollutants on the environment.
In order to analyze pollutant dispersion it is necessary to calculate the amount of
emissions from the process and to simulate the dispersion using a dispersion model.
A) Calculation of amount of emissions from process
The main pollutant to be taken into account in animal husbandry is ammonia.
Emission calculation was made according to Order no. 3299/2012 (Methodology for
reporting inventories and emission of pollutants in the atmosphere). In the section entitled
"Activities in the Agriculture Group" the Order indicates the categories "Animal husbandry
and manure management". The emission factors for the category of fattening cattle were
used in accordance with EMEP / EEA 2009 [28].
Table 1: Default values for length of housing period, annual straw use in litter-based manure
management systems and the N content of straw
Housing period
Straw
N added in straw
(days)
(kg /animal/year)
(kg/animal/year)
Beef cattle
180
500
2,0
Source: EMEP/EEA emission inventory guidebook 2009, updated June 2010 - 4.B Animal husbandry and
manure management
Livestock

Table 2: Default Tier 2 NH3-N emission factors (EF) and associated parameters for the Tier
2 methodology for calculation of the NH3-N emissions from manure management
Total
annual
N
excretio
n

Emissio
Emission
n
Housing
Manure
factors
Livestoc
factors
k
period
type
grazing/
spreadin
outdoor
g
Slurry
0.2
0.53
0.2
0.55
0.06
Beef
180
41
0.6
cattle
Solid
0.19
0.53
0.27
0.79
0.06
Source: EMEP/EEA emission inventory guidebook 2009, updated June 2010 - 4.B Animal husbandry and
manure management
TA
N
(%)

Emissio
n
factors
housing

Emissio
n
factors
yard

Emissio
n
factors
storage

Table 3: Default values for other losses needed in the mass-flow calculation
Specification
Proportion of TAN
EFstorage_slurry NO
0.0001
EFstorage_slurry N2
0.003
EFstorage_solid NO
0.010
EFstorage_solid N2
0.003
Source: EMEP/EEA emission inventory guidebook 2009, updated June 2010 - 4.B Animal husbandry and
manure management

We used Apendixb computer software with the emission factors corresponding to the
targeted animal category – beef cattle – and we took into account the existence of two
pollution sources – the shelter and the solid manure platform; hence we obtained the
following results:
a) at the shelter, the total ammonia emissions on location is given by: emissions
generated by solid manure + ammonia emission from the liquid fraction + ammonia
emission released when the animals are in the courtyard + ammonia emission from the two
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urine storage pits at the end of the shelter = 50.04 + 47.54 + 101.48 + 95.236 = 294.295 kg
(68.1g/h).
b) at the platform for solid manure storage the ammonia emission is 14.924 kg
(3.5g/h)
Calculation of nitrogen oxides
The program has calculated the amount of NOx released while storing liquid and
solid manure as a result of nitrification.
Very little data are available on NO emissions from manure. NO emissions are
estimated to quantify the nitrogen mass balance in Tier 2 methodology for calculating
ammonia emissions.
a) at the shelter, in liquid manure storage, the total N2O emission is 0.476 kg
(0.11g/h), and the total emission of NO is 0.048 kg (0.01g/h).
b) at the solid manure storage platform the total N2O emission is 4.422kg (1.02/h),
and the total emission of NO is 0.442 kg (0.1g/h).
Calculation of NMVOC
Non-methane volatile organic compounds (NMVOC) generate odor. Currently, data
referring to NMVOC emissions from animal husbandry do not allow a direct estimate of
emission factors for these compounds. EMEP/EEA emission inventory guidebook does not
indicate emission factors for NMVOC.
Calculation of powders
EPMi = AAPanimal · xhouse · β · (xslurry · EFslurry + (1-xsolid_i) · EFsolid)
where:
EPM - PM10 or PM2,5 emission for an animal category (in kg a-1),
β - mass units conversion factor (β = 1kg kg-1),
xhouse - share of time the animals spend in the animal house (in a a-1),
xslurry - share of population kept in slurry based systems,
EFslurry - PM10 or PM2.5 EF for slurry based system (in kg AAP-1 a-1),
EFsolid - PM10 or PM2.5 EF for solid manure based system (in kg AAP-1 a-1).
Table 4: Tier 2 emission factors for source category: manure management, cattle
EF PM10
EF PM 2,5
(kg/ animal /year)
(kg/ animal / year)
Slurry
0.32
0.21
Solid
0.24
0.16
Source: EMEP/EEA emission inventory guidebook 2009, updated June 2010 - 4.B Animal husbandry and
manure management
Specification

For:
xhouse = half a year (180 days)
xslurry =1
xsolid = 0.5
We have:
EPM10 = 55 x 0.5 x 1 x ((1 x 0.32 + (1 – 0.5) x 0.24) = 12.1 kg/180 days = 2.80 g/h
EPM2,5 = 55 x 0.5 x 1 x ((1 x 0.21 + (1 – 0.5) x 0.16) = 7.975 kg/180 days = 1.84 g/h
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B) Dispersion Modeling
Modeling pollutants in the air quality assessment is an important instrument for
developing action programs to improve air quality. By means of modeling we can identify
the contribution of various pollutant categories to exceeding the limit values. A major
advantage is that the use of modeling pollutants leads to the identification of areas where the
limit values are exceeded.
The determining factors are the wind direction and speed. Wind direction is
measured at the height where the pollutant is discharged, and the average direction is the
pollutant transporting path. The wind direction, as defined in meteorology, is the direction
from which it blows and, therefore, a wind from the N-W will carry pollutants to the S-E.
Wind speed has a double effect, namely:
 wind speed will determine the travel time from source to receiver
 wind speed will affect dilution in the direction of the wind.
In general, the concentration of air pollutants in the direction of the wind is inversely
proportional to the wind speed. Assessing atmospheric stability by measuring temperature
differences has frequently been used as an indirect measurement method.
The description of the concentrations range can be performed with accuracy, but
laboriously, by differential equations which model the turbulent diffusion process, or
statistically, based on observations, by considering a distribution function, among which the
most used is Gauss.
The distribution depends on two parameters:
 average deviation, which shows the position of the distribution center;
 standard deviation, which specifies the width of the Gaussian bell.
The most common set of dispersion coefficients is:
 Pasquill-Gifford coefficients, also called rural Pasquill coefficients;
 McElroy-Pooler coefficients, also called urban Briggs coefficients.
The standard deviations or the dispersion coefficients depend on the horizontal
distance in the wind direction, on the land configuration (rural area with smooth land, open
or urban areas with tall buildings), on atmospheric stability (tendency to vertical mix due to
natural convection currents).
By convention, atmospheric stability has been divided into six classes by Pasquill,
from A (extremely unstable) to F (the most stable), in order to represent the progressive
growth of atmospheric stability which influences the lateral and vertical dispersion.
The characteristics of the stability classes are:
 A – highly unstable, temperature gradient < -1.5°C/100 m, the trail of smoke
shows a strong swing, describing loops;
 B – moderately unstable, temperature gradient between -1.5÷-1.0°C/100 m, the
trail of smoke oscillates powerfully, with turbulence;
 C – slightly unstable, temperature gradient between -1.0÷-0.5°C/100 m, the trail
of smoke is definitely conical, with an easy swing;
 D – neutral (adiabatic), temperature gradient between -0.5÷+0.5°C/100 m, the
trail of smoke is conical, without convective turbulence;
 E – isotherm, temperature gradient between +0.5÷+1.5°C/100 m, the trail of
smoke is conical, without convective turbulence;
 F – inversion, temperature gradient >+1.5°C/100 m, the trail of smoke has a flag
shape with a trend downwards.
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3. Results and Conclusions
For the gaseous pollutant dispersion simulation the Meti-Lis modeling software
developed by Japanese researchers was used. Scenarios with pollutants lighter or heavier
than the air can be made at definite time intervals and at various gas concentrations in the
dispersion trail. Dispersion calculations are based on atmospheric conditions (wind direction
and speed, atmospheric stability, the level of solar radiation). Immission can be set for
different receptors located at various distances from the source. Receptors position is
selected so as to achieve pollutants concentration forecasts in the targets to be protected. The
software uses a Gaussian distribution of the density of probable concentrations on the wind
direction and vertically.
The pollutant dispersion modeling for the cattle breeding activity took into account
several factors:
 The technological process of growth for beef cattle - the shelter is ventilated
naturally by windows and doors, animals stay in the shelter 180 days / year;
 weather conditions in the area;
 the use of the emission factors in Minister Order no. 3299/2012 for bovine meat.
To simulate pollutant dispersion in areas adjacent to the location, a wide range of
parameters were used. For the duration of the operation EMEP/EEA emission inventory
guidebook 2009, updated June 2010 - 4.B Animal husbandry and manure management was
used, and a period of 180 days - during which the animals live permanently in the shelter. A
map scale of 1: 5000 was used. The receptor height at which imission measurement is made
is 1.7 m.
The following classes of atmospheric stability were used for modeling:
 A – extremely unstable, the trail of pollutant strongly oscillates, describing loops;
 B – moderately unstable, the trail of pollutant strongly oscillates, with turbulence;
 C – slightly unstable, the trail of pollutant slightly oscillates.
 D – neutral, the trail of pollutant is conical, without convective turbulence.
Modeling was done for extreme conditions in the area, both in terms of weather and
technology. It took into account weather data: the fact that the wind blows mainly from the
west and North West and probable temperatures for the interval November to April.
Modeling was conducted for ammonia and particulate PM10, for which the
maximum permissible limits are set. Dispersion modeling was done for NH3 which is the
main pollutant. Whereas the program applies to stationary directed sources and our sources
are fixed and undirected, in this model we considered as pollutant emission sources the
cattle shelter and the solid manure storage platform. We used the calculated 68.1 g/h amount
of ammonia for the cattle shelter and 3.5 g/h for the manure platform and then we compared
the values obtained with the limits imposed by STAS 12574-87 - Air in protected areas;
quality conditions.
Dispersion modeling for suspended particles PM10 was made. It used the calculated
particulate amount of 2.8 g/h and then the values obtained were compared to with the limit
imposed by Law no. 104/2011 [29] on ambient air quality.
In the case of NOx (NO and NO2) modeling was made for NO, as NO2 was not
determined. We used the calculated NO amount of 0.01g/h for the cattle shelter and 0.1 g/h
for the manure platform and afterwards we compared them to the value of 30 µg/mc – the
annual critical level for vegetation protection provided by Law 104/2011.
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Table 5: Modeling of the main pollutants from farming activity
Win
Durati
Wind
d
T
on
0
directi
spee
minute
on
d
C
s
m/s
Modeling ammonia emission
1
NNE
1.5
1
30
5
2
N
2
1
1440
5
3
NE
3
30
5
4
S
5
30
1
0
5
SV
6
0
30
6

V

6

7

V

6

8

E

9

NE

Atmosphe
ric
stability
class.

Pollutant concentration at receiver
R1

R2

R3

R4

R5

R6

R7

A

0

0

0

C

0

0

C

0

0

mg/mc
0.00
6
0
0.00
6
0
0

0.00
1
0

0

0

0

0

0

0

0

0.00
3
0

B

0

0

0

0

0

DD

0

0

0

0

0

0

0.00
2
0

1440

C

0

0

0

0

0

0

30

C

0

0

0

0

0

30

C

0

0

0

30

A

0.01
9
0

0

0

0.03
1
0.00
1

0.00
1
0

0

2

2
0
5
0

0

0

0

0

0

A

0

0

0

0

A

0.05
4

0.01
3

0

0

C

0.00
3

0.00
2

0

0

Powders emission modeling
1
NNE
1.5
1
1440
0
5
1
NE
0
0
1440
1
Nitrogen oxides emission modeling
1
N
3
1440
2
5

µg/mc/day
0.13
0.03
5
3
0.00
0.00
0.00
3
3
1
µg/mc/day
0.00
0.00
0.00
4
2
1
0

0

As sensitive receptors we considered:
 R1 - the owner's house located 73 m away from shelter;
 R2 - neighbor to the west of the owner’s house;
 R3 - neighbor north of the owner's house, 200 m away from the solid manure
platform;
 R4 - neighbor south of the owner's house;
 R5 - house SW from the shelter;
 R6 - house E of the shelter;
 R7 - house NE of the shelter;
The figure below shows the results of modeling potential factors that contribute to
the movement of pollutants in the region: wind direction, wind speed, air temperature, wind
duration and atmospheric stability class.
Each image shows the effect of two sources of pollution (animal shelter and storage
platform) on the 7 receptors analyzed. According to variables analyzed we see that the effect
of pollution on the environment and human health is below maximum levels allowed.
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Modeling 1

Modeling 2

Modeling 3

Modeling 4

Modeling 5

Modeling 6
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Modeling 7

Modeling 8

Modeling 9

Modeling 10

Modeling 11

Modeling 12

In the case of the mathematical modeling of pollutants emitted by sources in various
weather conditions of temperature and atmospheric stability, wind direction and speed, we
found:
a) for ammonia: ammonia concentrations in sensitive receptors are below the
maximum admissible limit stipulated in STAS 12574-87 – Air in protected areas – quality
conditions in all weather conditions from November to April.
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b) for powders: concentrations of PM10 powders in sensitive receptors are below the
maximum admissible limit stipulated in Law 104/2011 on ambient air quality of 50
µg/mc/day.
c) for NO: NO concentrations in sensitive receptors are below 30 µg/mc - annual
critical level for vegetation protection stipulated in Law 104/2011 on ambient air quality;
d) given the presence of ammonia, under certain atmospheric conditions, the smell
may be discernible.
To prevent discomfort in the area, it is necessary:
 to maintain cleanliness inside the shelter by removing manure daily;
 the liquid manure fossa will be kept covered except when being emptied;
 to maintain cleanliness around the shelter;
 transporting to the solid manure storage platform will be made with appropriate
means to avoid littering on the road.

References
1. AARNINK, A.J.A., CAHN, T.T., MROZ, Z. (1997). ‘Reduction of ammonia volatilization by housing
and feeding in fattening piggeries’. In: Voermans, J.A.M. and Monteney, G.J. (Eds). Ammonia and
Odour Emission from Animal Production Facilities, pp. 283–291, Vinkeloord, the Netherlands.
2. AARNINK, A.J.A., ELLEN, H.H. (2008). ‘Processes and factors affecting dust emissions from
livestock production’. In: Dust Conf 2007. How to improve air quality. International conference, 23–
24.4.2008, Maastricht, The Netherlands
3. AROGO J., WESTERMAN P.W., HEBER A.J., ROBARGE W.P., CLASSEN J.J. (2001), ‘Ammonia
in animal production. A review‘, ASAE Annual International Meeting, Sacramento, California, USA
4. DÄMMGEN, U., HUTCHINGS, N.J. (2008). ‘Emissions of gaseous nitrogen species from manure
management — A new approach’, Environmental Pollution
5. ETTALLA, T., KREULA, M. (1979). ‘Studies on the nitrogen compounds of the faeces of dairy cows
fed urea as the sole or partial source of nitrogen’. In: M. Kreula, ed. Report on metabolism and milk
production of cows on protein-free feed, with urea and ammonium salts as the sole source of nitrogen,
and an urea-rich, low protein feed. Biochemical Research Institute, Helsinki, pp. 309–321
6. VAN FAASSEN, H.G., VAN DIJK, H. (1987). ‚Manure as a source of nitrogen and phosphorus in
soils’. In: H.G. Van Der Meer, R.J. Unwin, T.A. Van Dijk and G.C. Ennik, eds. Animal Manure on
Grassland and Fodder Crops. Fertiliser or Waste? Developments in Plant and Soil Science, Volume
30, pp. 27–45, Martinus Nijhoff, The Hague.
7. HOBBS, P.J., WEBB, J., MOTTRAM, T.T., GRANT, B., MISSELBROOK, T.M. (2004). ‘Emissions
of volatile organic compounds originating from UK livestock agriculture’, Journal of the Science of
Food and Agriculture, 84, pp. 1414–1420
8. JARVIS, S.C., HATCH, D.J. AND LOCKYER, D.R. (1989). ‘Ammonia fluxes from grazed
grassland: annual losses from cattle production systems and their relation to nitrogen inputs’, Journal
of Agricultural Science (Cambridge), 113, pp. 99–108.
9. KIRCHMANN, H., WITTER, E. (1989). ‘Ammonia volatilization during aerobic and anaerobic
manure decomposition’, Plant and Soil 115, pp. 35–41
10. LIDWIEN A.M. SMIT, MARIËTTE HOOIVELD, FEMKE VAN DER SMAN-DE BEER,
ANNEMIEKE W J OPSTAL-VAN WINDEN, JOHAN BEEKHUIZEN, INGE M WOUTERS, C
JORIS YZERMANS, DICK HEEDERIK (2014). ‚Air pollution from livestock farms, and asthma,
allergic rhinitis and COPD among neighbouring residents’, Occupational Environmental Medicine,
nr. 71, pp. 134–140
11. MOSQUERA J., MONTENY G.J., ERISMAN J.W. (2005), ‘Overview and assessment of techniques
to measure ammonia emissions from animal houses: the case of the Netherlands‘, Environmental
Pollution, Vol. 135, pp. 381–388
12. NGWABIE, N.M., CUSTER, T.G., SCHADE, G.W., LINKE, S., HINZ, T. (2005). ‚Mixing ratio
measurements and flux estimates of volatile organic compounds (VOC) from a cowshed with
conventional manure treatment indicate significant emissions to the atmosphere’, EGU05-A-01175,
EGU General Assembly, Vienna, Austria, 24–29.4.2005

Romanian Biotechnological Letters
Copyright © 2018 University of Bucharest

Vol. xx, No. xx, 2018
Printed in Romania. All rights reserved
ORIGINAL PAPER

13. PEEL, J.L., HAEUBER, R., GARCIA, V. ET AL. (2013), ‚Impact of nitrogen and climate change
interactions on ambient air pollution and human health’, Biogeochemistry, Vol. 114, Issue 1, pp 121–
134
14. PETERSEN, S.O., SOMMER, S.G., AAES O., SØERGAARD, K. (1998). ‚Ammonia losses from
urine and dung of grazing cattle: Effect of N intake’, Atmospheric Environment, 32, pp. 295–300.
15. PHILLIPS V.R., SCHOLTENS R., LEE D.S., GARLAND J.A., SNEATH R.W. (2001), ‘A review of
methods for measuring emission rates of ammonia from livestock buildings and slurry or manure
stores. Part 2: Monitoring flux rates, concentrations and airflow rates‘, Journal of Agricultural
Engineering Research, Vol. 78, Issue 1, pp. 1–14
16. RUSU T., BOGDAN ILEANA, MARIN D. I., MORARU PAULA IOANA, POP A. I., DUDA B. M.
(2015), Effect of conservation agriculture on yield and protecting environmental resources. Scientific
Papers. Series "AgroLife Journal", Vol. 4 ISSUE 1, PRINT ISSN 2285-5718, 141-145
17. OGINKA N.W.M., MOSQUERAA J., CALVETB S., ZHANG G. (2013), ‘Methods for measuring
gas emissions from naturally ventilated livestock buildings: Developments over the last decade and
perspectives for improvement’, Vol. 116, Issue 3, pp. 297–308
18. QIU HUANGUANG; JING YUE; LIAO SHAOPAN; CAI YAQING (2013), ‘Environmental
pollution of livestock and the effectiveness of different management policies in China’, China
Environmental Science 2013 Vol.33 No.12 pp. 2268-2273
19. SALTUK B., ATILGAN A., AYDIN Y., KOCA Y.K., KÖSE N. (2016), Manure From Livestock
Farming In The Euphrates Basin And Its Potential Environmental Impact On Water Resources.
Scientific Papers. Series D. Animal Science, Vol. LIX, ISSN 2285-5750, 251-257.
20. SÂRB G. S., MATEDOC T., MATEDOC SIRB N., DUMA-COPCEA A., GRAD I., ȘUSTER G.
(2013), Study Considering The Environmental Protection And Life Quality In Romania In The Context
Of Sustainable Development. Scientific Papers. Series "Management, Economic Engineering in
Agriculture and rural development", Vol. 13 ISSUE 3, PRINT ISSN 2284-7995, 257-262.
21. SCHMIDT A., SMEDESCU D., MACK G., FÎNTÎNERU G. (2017), Is There A Nitrogen Deficit In
Romanian Agriculture?. AgroLife Scientific Journal, Volume 6, Number 1, ISSN 2285-5718, 243248.
22. SHEHRAWAT P. S., SINDHU N., DEVI P. (2015), Agricultural Waste Awareness And Utilization
For Healthy Environment And Sustainable Livelihood. Scientific Papers. Series "Management,
Economic Engineering in Agriculture and rural development", Vol. 15 ISSUE 2, PRINT ISSN 22847995, 371-376.
23. SHRIKANT B. KATOLE, PUNEET KUMAR, RAJENDRA D. PATI (2013), ‘Environmental
pollutants and livestock health: a review’, Veterinary Research International, July-September, Vol 1,
Issue 1, pp. 1-13
24. SONNEVELD M.P.W., SCHRÖDER J.J., DE VOS J.A., MONTENY G.J., MOSQUERA J., HOL
J.M.G., LANTINGAE E.A., (2008), Verhoevenf F. P. M., Bouma J. ‘A whole-farm strategy to reduce
environmental impacts of nitrogen‘, Journal of Environmental Quality, Vol. 37 , pp. 186–195
25. SPINHIRNE, J.P., KOZIEL, J.A. AND CHIRASE, N.K. (2004). ‘Sampling and analysis of volatile
organic compounds in bovine breath by solid-phase microextraction and gas chromatography-mass
spectrometry’, Journal of Chromatography A, 1025(1), pp. 63–69
26. UNGUREANU G., IGNAT GABRIELA, VINTU C. R., DIACONU C. D., SANDU I. G., (2017),
Study of Utilization of Agricultural Waste as Environmental Issue in Romania, Revista de Chimie, nr.
3, pg. 570-575
27. WEBB, J. (2000). ‘Estimating the potential for ammonia emissions from livestock excreta and
manures’, Environmental Pollution, 111, pp. 395–406
28. *** EMEP/EEA emission inventory guidebook 2009, updated June 2010 - 4.B Animal husbandry and
manure management
29. *** Legea nr. 104/2011 privind calitatea aerului înconjurător, publicată în Monitorul Oficial al
României nr. 452/28.06.2011

