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Air emission of merkaptans and other sulfur compounds
from poultry farm

Emisja merkaptanow i innych zwiazkow siarki z fermy drobiu

Summary. The air chromatographic analysis conducted at the poultry farm and its surrounding
area aimed at determination of organic and inorganic sulfur compound concentration. The studies
revealed the presence of air sulfur compounds of a markedly odourgenic nature, such as hydrogen
sulfide, sulfides, disulfides and merkaptans. The average concentration of sulfur compounds (in-
cluding unidentified ones) in the air of the hen house reached 73.06 pg-m™. Besides, the increased
gaseous pollutant level in the air was established. The content of the determined contaminants was
subject to a sampling site and time, in that atmospheric air temperature. The concentration of the
identified merkaptans sum exceeded the average reference values in the air for a calendar year.
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INTRODUCTION

The environment degradation process has been observed to rise so rapidly that the
only chance for further economic advance is the effective environmental management
program to control the actual quantity of pollutants released to the atmosphere. That
refers to all the sectors of economy, both industry and municipal economy as well as
agriculture.

Out of breeding farms, the poultry ones are recognized the major source of emissions
[Koerkamp et al. 1998; Tymczyna et al. 2000]. The poultry industry has become increas-
ingly consolidated, specialized and automated, consequently, it generates large amounts of
by-products, including that high loads of organic and inorganic off-gases. The compounds
released through the microbiological processes often show toxic and odorogenous proper-
ties that pose a threat to animal health and discomfort of neighboring residents.

The objective of the present research was to assess air hygiene in the hen houses of
meat-type hens and within the poultry farm.
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MATERIAL AND METHODS

The investigations were conducted in the farm of meat-type hens Cobb and Ross
lines of total 60 thousand stock and annual production of over 10 million eggs, near Géra
Kalwaria in 2006 and 2007.

In the present study, air hygiene evaluation included the analysis of indoor (breed-
ing) and outdoor (atmospheric) air pollutant concentration. The air for analysis was col-
lected at three measurements sites: 1) hen house, 2) between the hen houses (atmos-
pheric air), 3) 100 m off the farm boundary. At each measurement site, 2 air samples
were taken in 5 consecutive series. Totally, 30 air samples were obtained throughout the
7-month research period (April — October).

Volatile organic air pollutants were determined using the gaseous chromatography
procedure. The air samples (2-3 1) were collected with an electrical pump into Tedlar
bags. Organic compounds present in the air samples were concentrated through adsorp-
tion then desorbed using the kit for thermal desorption TDV Model 890, Dynatherm
Analytical Instruments Inc. for the chromatography system HP 5890 series II, Hewlett
Packard equipped with a selective flame photometric detector (FPD) combined with
S-filter of 393 nm wave length.

The air samples were withdrawn to bubblers in order to determine their inorganic
compound contents using a Water's liquid chromatograph connected with analytical
column IC-PAK Anion HR combined with a conductometric detector and UV.

Besides the air chromatographic analysis, there were monitored the thermal and
moisture properties of atmospheric air that were maintained at a constant level 18
+ 0.5°C and 45 £ 0.5% in the hen house.

The obtained data were analyzed statistically with Student's t test.

RESULTS AND DISCUSSION

The air chromatographic analysis conducted at the hen farm and its surroundings
aimed at determination of the odorogenous inorganic and organic sulfur compound con-
tents. The mean concentration of indoor (hen house) air sulfur compounds (including
unidentified ones) was found to reach 73.06 ug-m> (Tab. 1). The established pollutant
levels tended to decrease with the distance downwind from the poultry houses. The de-
pendence was not confirmed statistically.

The analyzed air samples showed the presence of hydrogen sulfide and sulfur diox-
ide as well as sulfide, disulfide and merkaptans. The highest contents of nearly all gase-
ous pollutants were detected in the hen house. The reported differences were statistically
significant only for diethyl sulfide and ethyl merkaptan, whose mean air concentrations
in the poultry house averaged 1.83 pg-m™ and 13.22 ug-m>, respectively.

Some pollutants had the highest levels recorded between the poultry buildings due to
poultry manure stored in this place that constituted the source of air pollution with
odorogenous compounds. Hence, the highest contents of hydrogen sulfide, SO, and
methyl ethyl sulfide were detected there. However, higher concentrations of the identi-
fied compounds recorded off-farm were likely to emerge through these compounds re-
lease to the atmosphere from the ventilation system.



Air emission of merkaptans and other sulfur compounds from poultry farm 15

Table 1. Air sulfur compound concentration in each site (ug-m™)
Tabela 1. Koncentracja zwiazkow siarki w powietrzu w poszczegolnych miegjscach (pug-m™)

Place, Miejsce

between poult 100 m from the
C poultry house POUY 1 farm boundary
ompound . houses :
. kurnik . . .| 100 m od granicy
Zwiazek migdzy kurnikami fermy
M SD M SD M SD
Hydrogen sulfide 3804 | 2.761 | 4.417 | 1.420 | 2.745 | 1.474
Siarkowodor
SO, 15.999 | 10.083 | 19.492 | 13.095 | 14.317 | 13.845
Cs, 10262 | 5.005 | 8.072 | 2.246 nd
Diethyl sulfide 1.839 A, B| 0.001 [0.688B| 0437 |1.174 A| 0.000
Siarczek dwuetylowy
Methyl sulfide 9.731 | 0.010 nd 6.970 | 10.587
Siarczek metylowy
Dipropyl sulfide 2738 | 4587 | 0.886 | 0.173 | 0977 | 0.324
Siarczek dwupropylowy
Methyl ethyl sulfide 1680 | 0710 | 2.121 | 0715 | 1.393 | 1.305
Siarczek metyloetylowy
Methyl propyl sulfide 0271 0.010 nd nd
Siarczek metylopropylowy ) )
Dimethyl disulfide 0776 | 0.010 nd 0.045 | 0.008
Dwusiarczek dwumetylowy
Ethyl merkaptan 13222a | 7505 | 7.018 | 2.925 | 3.640a | 4.027
Merkaptan etylowy
Methyl merkaptan 0.128 | 0.010 nd 0.830 | 0.000
Merkaptan metylowy
Isopropyl merkaptan 6.881 | 0.010 | 1.123 | 1380 | 2722 | 1.875
Merkaptan izopropylowy
Butylic merkaptan 1.092 | 0010 | 0762 | 0.010 | 0.081 | 0.001
Merkaptan butylowy
Total, including unidentified 73.063 | 49.653 | 58.948 | 15596 | 51.12 | 109.39
Razem (w tym niezidentyfikowane)

a,b... — values denoted with the same letters differ significantly at p <0.05 (a, b...) and p<0.01 (A, B...),
wartosci zaznaczone tymi samymi literami rdznia sig statystycznie dla p < 0,05 (a,b...)ip<0,01 (A, B...)

nd — not detected, nie wystgpuje

The concentration of air gaseous pollutants showed marked fluctuations. The micro-
bial change rate of sulfur compounds, and consequently the air pollutant level, was sig-
nificantly affected by the outdoor air temperature.

The content of merkaptans and sulfides was observed to increase over the research
period with the peak in IV study series when the atmospheric air temperature recorded
was over 15°C (Tab. 3). Only for methyl ethyl sulfide, this difference proved to be statis-
tically significant (p < 0.01). In IV study series, its highest concentration — 2.556 pg-m™
was determined, which was three times the lowest value — 0.79 pg-m™ established in IIT

series.



16

A. Chmielowiec-Korzeniowska, L. Tymczyna, R. Wigch

Table 2. Air sulfur compound level in each series (ug-m™)
Tabela 2. Koncentracja zwiazkow siarki w powietrzu atmosferycznym w poszczegdlnych
seriach (pug-m™)

Serie, Seria

Compound

11

111

vV

Zwiazek

SD

SD

M

SD

SD

SD

Hydrogen sulfide
Siarkowodor

5.05A

0.64

536B

1.09

3.57

1.83

2.38

1.30

1.42
AB

1.05

SO,

2691 A

6.49

15.58

5.83

18.50

14.36

19.50

14.32

2.51 A

0.46

CS,

11.32

2.59

11.67

2.07

7.35

0.01

4.85

0.53

nd

Diethyl sulfide
Siarczek dwuetylowy

1.36

0.41

1.35

0.41

0.27

0.01

0.35

Methyl sulfide
Siarczek metylowy

2.40

0.01

0.01

5.04

6.63

22.78

0.01

nd

Dipropyl sulfide
Siarczek dwupropylowy

0.72

0.17

0.78

0.11

0.83

0.28

1.04

0.30

10.94

0.01

Methyl ethyl sulfide
Siarczek metyloetylowy

1.98 A

0.31

1.98 B

0.31

0.79ABC

0.35

255C

0.30

nd

Methyl propyl sulfide
Siarczek metylopropylo-

wy

0.27

0.01

nd

nd

nd

nd

Dimethyl disulfide
Dwusiarczek dwumetylowy

nd

nd

0.03

0.01

0.41

Ethyl merkaptan
Merkaptan etylowy

7.06

5.16

6.85

4.84

0.01

13.13

0.01

12.54

11.62

Methyl merkaptan
Merkaptan metylowy

0.83

0.01

0.83

0.01

0.01

Isopropyl merkaptan
Merkaptan izopropylowy

nd

nd

1.74

0.49

nd

Butylic merkaptan
Merkaptan butylowy

nd

nd

0.76

0.01

0.58

0.71

nd

Total, including
Unidentified ones
Razem (w tym
niezidentyfikowane)

51.92

18.24

51.80

18.14

41.30

27.66

85.92

139.33

67.81

80.42

nd — not detected, nie wystgpuje

Table 3. Results of air measurements over the study period
Tabela 3. Wyniki pomiaré6w powietrza atmosferycznego w okresie badawczym

Serie Temperature, °C Relative humidity, %
Seria Temperatura, °C Wilgotnos¢ wzgledna, %
1 7.4 72
1T 7.9 72
111 8.6 76
I\% 15.2 76
\% 8.8 85

The present research revealed a significant decline in the rate of air pollution with
hydrogen sulfide and sulfur dioxide (p < 0.01). The highest level of these substances was
noted in I study series, while the lowest in the last, i.e. V series.

The gaseous pollutants being the source of noxious odors, mostly appear as mixtures
of a large number of contributing compounds, whose qualitative composition still re-
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mains unknown. They include sulforganic compounds, widely occurring in the environ-
ment where rapid decomposition of organic matter comprising sulfur proceeds [Rosen-
feld et al. 2001]. An offensive rotten odor is detectable at low concentrations, e.g. ethyl
merkaptan odor strength detectability is only 0,04 pg-m [Chyba 1975].

Exposure to malodor involves a subjective response of organism and thus is a factor
producing development or enhancement of psychic discomfort that may lead to some
disorders of the somatic system. The long-term exposure, however, has serious effects
like immunity impairment, reduced performance and a higher rate of disease prevalence
[Wood 1978].

The chemical characteristics of sulforganic substances frequently resemble those of
hydrogen sulfide which is recognized to possess highly toxic properties. The com-
pounds paralyze the respiratory and the central nervous system, while at high levels may
damage pulmonary alveolus walls and cause necrosis [Roh ef al. 1998; Sills et al. 2005].
Carbon dioxide is the main contributor to the atherosclerosis-based cardiovascular
changes producing myocardial ischemia and hypertension. As a lyophillic compound, it
penetrates the central and peripheral nervous system. Workers occupationally exposed to
carbon dioxide were commonly reported to have gastrointestinal disorders, i.e. gastritis
and bile ducts dysfunction [Senczuk 2005].

According to the regulations laid out in the Act on Environmental Protection dated
2001 [Ustawa... 2001], no emission standards or acceptable levels of substances in the
air impose establishment of acceptable quantities of gaseous air components so that they
do not exceed the reference values which are specified by the Regulation of the Ministry
of Environment of 2002 [Rozporzadzenie... 2002]. Comparison of the data obtained for
gaseous pollutants in the analyzed air revealed that only the concentration of merkaptan
sum surpassed the average reference values for a calendar year 2.0 pgm® and
20.0 pg-m” for an hour. On the other hand, the levels of sulfur dioxide, carbon disulfide
and dimethyl disulfide under the same air emission regulation did not exceed the estab-
lished reference values.

Toxicity, a clear odorogenous character and emission rate of these compounds re-
leased from the poultry farm as well as their persistent high concentration in the air, even
100m downwind from the farm boundary, may be a useful indicator considered when
setting up the protective zone (shelterbelt) around the animal farm. The type of odor
constituents and their strength is dependent on birds' health, nutrition, kind of rotting
and fermentative processes occurring in the litter bed. Efficient control strategies con-
cerning the above mentioned factors, stringent compliance with the zoohygienic proce-
dures as well as a good management plan for manure application effectively reduce odor
production and emission over the area neighboring with a poultry farm.

CONCLUSIONS

1. Air chromatographic evaluation conducted at the poultry farm revealed the pres-
ence of sulfur compounds of a strong odorogenous nature, including hydrogen sulfide,
sulfides, disulfides and merkaptans. In the hen house air, the concentration of air pollu-
tion with sulfur compounds (in that unidentified) reached 73.06 pg-m™. Besides, an
increased level of air gaseous pollutants was also detected outside the poultry buildings.
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2. The levels of the determined pollutants were affected by a sampling site and time,
including ambient temperature.

3. Concentration of all the identified merkaptans exceeded the reference values in
the average atmospheric air for a calendar year.
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Streszczenie. Analiza chromatograficzna powietrza zaré6wno na fermie kur, jak i w jej otoczeniu,
przeprowadzona zostala w celu okreslenia warto$ci stezen zwiazkow siarki pochodzenia organicz-
nego i nieorganicznego. Badania wykazaly obecno$¢ w powietrzu zwiazkow siarki o wyraznie
odorotworczym charakterze, wsrdd nich: siarkowodoru, siarczkow, dwusiarczkéw 1 merkaptanow.
W powietrzu kurnika $rednia koncentracja zanieczyszczen zwiazkami siarki (w tym niezidentyfi-
kowanymi) wyniosta 73,06 pg-m™. Stwierdzono réwniez zwigkszona koncentracje gazowych zanie-
czyszczen w powietrzu atmosferycznym poza budynkami inwentarskimi. Na ksztattowanie si¢ po-
ziomOw oznaczonych zanieczyszczen wptyw mialy miejsce i czas pobierania prob oraz temperatura
powietrza atmosferycznego. Koncentracja sumy zidentyfikowanych merkaptanow przekraczata
warto$ci odniesienia w powietrzu atmosferycznym usrednione dla roku kalendarzowego.

Stowa kluczowe: powietrze, zwiazki siarki, fermy kur
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