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POLYCYCLIC AROMATIC HYDROCARBONS (PAHs, NITRO-PAHs,
OXY-PAHs), POLYCHLORINATED BIPHENYLS (PCBs) AND
ORGANIC CHLORINATED PESTICIDES (OCPs) IN THE INDOOR
AND OUTDOOR AIR OF PIG AND CATTLE HOUSES*

POLYCYKLICKE AROMATICKE UHLOVODIKY (PAH, NITRO-PAH,
OXY-PAH), POLYCHLOROVANE BIFENYLY (PCB) A CHLOROVANE
PESTICIDY VE VNITRNIM A VNEJSIM OVZDUSI STAJI PRASAT A SKOTU

M. Ciganek', J. Raszyk', J. Kohoutekz, A. Ansorgové3, J. Salava4, J. Palac?

Ilv'eterinar_v Research Institute, Brno, Czech Republic
2TOCOEN. Ltd., Brno, Czech Republic

3Facully of Sciences, Masaryk University, Brno, Czech Republic
District Veterinary Administration, Hodonin, Czech Republic

ABSTRACT: Forty five semivolatile gaseous-phase and solid-phase organic compounds, including polycyclic aromatic
hydrocarbons (PAHs), nitro-substituted PAHs (nitro-PAHs), oxygenated PAHs (oxy-PAHs), polychlorinated biphenyls
(PCBs), and organic chlorinated pesticides (OCPs) were quantified in samples of indoor and outdoor air collected on pig
and cattle farms. Excepting oxy-PAHs, the concentrations of all the contaminants were higher in the indoor than in the
outdoor samples. The air of the cattle houses contained higher concentrations of PAHs (40.1 to 71.5 ng/m’) (outdoor
concentration 8.4 ng/m') and that of the pig houses higher concentrations of PCBs (0.30 to 1.15 ng/m’) (outdoor concen-
tration 0.10 ng/m") and hexachlorocyclohexanes (HCHs: 0.41 to 4.33 ng/m’) (outdoor concentration 0.29 ng/m'). The
congeners 28 and 153 predominated among PCBs in the cattle and the pig houses, respectively. p,p’-DDE predominated
among DDT metabolites and HCH y-isomer (lindane) among HCHs in both the cattle and the pig houses. Of the nitro-
PAHs, only I-nitronaphthalene, 2-nitrofluorene, and 1-nitropyrene (0.04 to 0.21 ng/m’) were identified, these contami-
nants were present mostly in the gaseous phase. The solid phase contained mainly carcinogenic PAHs among which
chrysene dominated (up to 0.69 ng/m’). In all the samples, the highest concentrations were found for phenanthrene
reaching the values of 4.1 and 33.2 ng/m’ in the outdoor and indoor samples, respectively.

swine; cattle; farm; air; indoor; outdoor; pollution; PAHs; nitro-PAHs; oxy-PAHs; PCBs; chlorinated pesticides

ABSTRAKT: Na farmach prasat a krav bylo v plynné a pevné fazi vnitiniho a vnéjsiho ovzdusi analyzovino 45 orga-
nickych kontaminantu: polycyklické aromatické uhlovodiky (PAH), nitrované PAH (nitro-PAH), oxydované PAH (oxy-
PAH), polychlorované bifenyly (PCB) a organické chlorované pesticidy (OCP). Koncentrace vsech kontaminanti,
s vyjimkou oxy-PAH, byly vyssi ve vzorcich vnitiniho ovzdusi. Vnitini ovzdusi kravini obsahovalo nejvyssi koncentrace
PAH (40,1 az 71,5 ng/m") (vnéjsi ovzdusi 8,4 ng/m’), vnitini ovzdusi vepfini nejvyssi koncentrace PCB (0,30 az 1,15 ng/m")
(vnéjsi ovzdusi 0,10 ng/m') a hexachlorcyklohexanii (HCH; 0,41 az 4,33 ng/m’) (vnéjsi ovzdusi 0,29 ng/m?).
V kravinech a vepfinech byly dominantnimi PCB kongenery 28 a 153. Z metabolitt DDT dominoval v ovzdusi kravini
a vepfini p,p’-DDE a z metabolitt HCH y-isomer (lindan). Z nitro-PAH byl stanoven pouze 1-nitronaftalen, 2-nitrofluo-
ren a |-nitropyren (0,04 az 0,21 ng/m’). Tyto kontaminanty byly pfitomny hlavné v plynné fazi ovzdusi. Prachové &astice
pfitomné v ovzdusi obsahovaly hlavné karcinogennni PAH, z kterych byl v nejvyssi koncentraci stanoven chryzen
(az do koncentrace 0,69 ng/m'). Fenantren byl pfitomen ve viech vzorcich v nejvyssich koncentracich (4,1 ng/m’
ve vnéj§im ovzdusi a 33,2 ng/m’ ve vnitinim ovzdusi).

prasata; kravy; farmy; vzduch: vnitini; vnéjsi; znecisténi; PAH: nitro-PAH; oxy-PAH; PCB; chlorované pesticidy

*Supported by the Grant Agency of the Czech Republic (Grant No. 525/99/0074).
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INTRODUCTION

Polycyclic aromatic hydrocarbons PAHs), nitro-substi-
tuted PAHs (nitro-PAHs), and oxygenated PAHs (oxy-
PAHs) rank with ubiquitous air pollutants. Airborne PAHs
result from incomplete combustion of organic matter and
include also emissions from internal combustion engi-
nes. Nitro-PAHs and oxy-PAHs are believed to be prod-
ucts of reactions of PAHs with reactive compounds, such
as nitrogen oxides, and ozone, in the post-flame region
of combustion and in the atmosphere (Pitts et al., 1978;
Harada et al., 1984; Pitts, 1987). It has been well estab-
lished that many of the airborne PAHs, nitro-PAHs, and
oxy-PAHs are mutagenic and/or carcinogenic (Tokiwa
and Ohnishi, 1986; Durant et al., 1996).

The concentrations of atmospheric PAHs typically
range from < | ng/m’ in rural areas to 1 to 10 ng/m’ in
urban areas and can exceed 1000 ng/m’ in certain indus-
trial settings. The concentrations of nitro-PAHs are gene-
rally 10 to 1000 times lower than those of PAHs. The
concentrations of oxy-PAHs have been reported to range
between 0.05 and 4.0 ng/m’ in the urban air (Konig et
al,, 1983).

Although the atmospheric concentrations of polychlo-
rinated biphenyls (PCBs) and organic chlorinated pesti-
cides (OCPs) are steadily decreasing, the chemicals still
rank among relevant contaminants and their presence in
the indoor air can pose a risk to human and farm animal
health.

Our earlier studies of the farm environment included
investigations of mutagenic activity as related to the con-
tamination by PAHs (Raszyk et al., 1995), of the presen-
ce of PAHs on swine and cattle farms (Raszyk et al.,
1998a) and in feed mills (Raszyk et al., 1999a), and asses-
sment of the 1-hydroxypyrene concentration in the urine
of swine and cows as a biomarker of exposure to PAHs
(Raszyk et al., 1999b). Since 1984, we have systemati-
cally been monitoring the occurrence of PCBs and OCPs
in the human feed chain (Raszyk et al., 1996, 1998b).

The present study concentrated on the determination
of the concentrations of PAHs, nitro-PAHs, oxy-PAHs,
PCBs, and OCPs in the gaseous and the solid phases of
the indoor and outdoor air on three pig and two cattle
farms in the district of Hodonin in the eastern part of the
Czech Republic in the summer 1999. The aim of the
study was a) to compare concentrations of selected con-
taminant groups in the indoor and outdoor air; b) to es-
tablish possible differences in the occurrence and con-
centrations of the selected contaminants in the indoor air
of pig and cattle houses; ¢) to determine proportions of
the individual contaminants in the gaseous and the solid
phases of the atmosphere. As far as we know, this is the
first comprehensive information on the occurrence of the
hazardous contaminants in the indoor and outdoor air of
pig and cattle farms.
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MATERIAL AND METHODS

Chemicals

PAHs (naphthalene, acenaphthylene, acenaphthene,
fluorene, phenanthrene, anthracene, fluoranthene, pyrene,
benz[a]anthracene, chrysene, benzo[b]fluoranthene,
benzo[k]fluoranthene, benzo[a]pyrene, indeno-[123-c,d]
pyrene, dibenz[a,h]anthracene, benzo[ghi]perylene),
alpha-HCH, beta-HCH, gama-HCH, delta-HCH, hexa-
chlorobenzene, p,p’-DDE, p,p’-DDD, p,p’-DDT were
supplied by Supelco (Bellefonte, USA) and PCBs conge-
ners (IUPAC Nos. 28, 52, 101, 118, 138, 153, 155, 180
and decafluorobiphenyl) by J.T. Baker (Deventer, Hol-
land). 1-Nitronaphthalene, 2-nitronaphthalene, 2-nitro-
fluorene, 9-nitroanthracene, and 1-nitropyrene were
supplied by Aldrich (USA), and 9-nitrophenanthrene,
3-nitrofluoranthene, 6-nitrochrysene, and 6-nitroben-
zo[a]pyrene by Dr. Ehrenstorfer (Augsburg, FRG).
Fluorenone (9Hfluorenone), anthraquinone (anthracen-
9,10-dione), benzanthrone (7H-benz[de]anthracene-7-
one) and benz[a]anthracene-7,12-dione were supplied
by Aldrich (Milwaukee, USA), and anthrone (10H-an-
thracene-9-one) by Sigma (St. Louis, USA).

The organic solvents used were for organic trace analy-
sis. All the other chemicals used were of the highest
purity available.

Outdoor and indoor air sampling

Solid particles were captured in a series of glass fibre
filter (GF) and gaseous components were adsorbed in
polyurethane foam filter (PUF). Air was sucked at a de-
fined volume velocity through the filters placed in a large-
volume pump for 24 h.

Indoor air samples were collected on three pig (D, M, T)
and on two cattle farms (Na, Ne). Outdoor air samples were
collected on one pig (D) and on one cattle (Ne) farms. One
sample (cca 400 m®) was collected from one sampling site.

All the samples were collected in the summer months
of 1999 always on Wednesday using a large-volume
pump with an output of approx. 20 m’/h (PS-1 Graseby-
Andersen, USA) and the following sampling materials:
glass microfibre filters Z-5 (Filpap, Stéti, Czech Repub-
lic) with a diameter of 102 mm and thickness of 350 pm;
polyurethane foam filters of the polyether type N 2227
(Gumotex, Breclav, Czech Republic) with a density of
0.022 g/em’ put into glass thimbles with a supporting
noncorrosive grid (Graseby-Andersen, USA)

Polyurethane foam filters (PUF) were treated in a
Soxhlet apparatus with acetone for 9 h and with dichlo-
romethane for 8 h before use. The cleaned filters,
wrapped in aluminium foil and sealed in polyethylene
bags, were stored at —22 °C. Glass fiber filters (GF)
were treated with dichloromethane for 8 h and packed
and stored as given above.
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Extraction, fractionation and GC/MS analyses

The GF and PUF were extracted with 220 ml of di-
chloromethane in a Soxhlet apparatus for 8 h. The
sample aliquote intended for the determination of PAHs
was fractionated in an activated silicagel column. The
first fraction, eluted with 15 ml of hexane, was removed
and the second fraction, eluted with 15 ml of dichloro-
methane, was analysed for PAHs. Decafluorobiphenyl
was used as the internal standard. The samples were
analysed by GC/MS using the HP 6890 chromatograph
(Hewlett-Packard, Palo Alto, USA) and the capillary
column DB5-MS, 60 m, 1.D. 0.25 mm (J. &W. Scienti-
fic, Folsom, USA). PAHs were detected by monitoring
selected ions and quantified using the internal standard
method. A total of 16 polycyclic aromatic hydrocarbons,
all ranking with the U.S. EPA priority pollutant PAHs,
were determined.

The extracts intended for the determination of PCBs
and OCPs were transferred onto columns packed with
silicagel pretreated with concentrated sulphuric acid
(44 w%), and eluted with 25 ml of 5% dichloromethane
in hexane. PCB 155 was used as the internal standard.
The samples were analysed by GC/ECD using the chro-
matograph HP 5890 (Hewlett-Packard, Palo Alto, USA)
and the capillary column HP-5, 50 m, 1.D. 0.20 mm
(Hewlett-Packard, Palo Alto, USA) for 7 PCB conge-
ners (28, 52, 101, 118, 153, 138, 180), hexachloro-
benzene (HCB), 4 hexachlorocyclohexane isomers (o,
B, v, 8), and p,p’-DDT and its metabolites (p,p’-DDE.
p,p’-DDD) using the internal calibration method.

Dichloromethane of the sample extract aliquot was
replaced with 500 pl of isooctane and the sample was
analysed by GC/MS (GC - Varian, San Fernando, USA
and MS - Finnigan, Austin, USA, respectively) without
further preparation. GC separation of nitro-PAHs and
oxy-PAHs was done in a DB 5 ms fused silica capillary
column (15 x 0.25 mm i.d., 0.1 um, J. & W. Scientific, Fol-
som, USA). Helium at a column head pressure of 70 kPa
was used as the carrier gas. The temperature programme
of the GC oven was set as follows: 1 min hold at 70 °C,
to 150 °C at 20 °C/min, to 260 °C at 5 °C/min, and to
the final temperature of 280 °C at 3 °C/min followed by
a 2.5 min hold. The splitless injection volume was 2 ul
of sample in isooctane with 0.5 ul of solvent wash at the
injector temperature of 230 °C.

An ion trap detector mass spectrometer was used for
the detection and identification of the analytes. The trans-
fer line and MS were kept at 235 °C and 220 °C, respec-
tively. The mass spectrometer was operated in EI mode
at an electron ionisation energy of 70 eV. A mass range of
m/z 100-300 was scanned at a rate of | scan/s (7 uScans).

Quantification and quality assurance
Washed glassware was rinsed with acetone and hexane

and, in some cases, heated in a muffle furnace (450 °C, 4 h)
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to remove any traces of chemicals. Quality assurance
samples included spiked matrices, spiked controls, pro-
cedure blanks and calibration standards in isooctane.

The following quantification limits were determined:
0.005 ng/m® for naphthalene, acenaphthylene, acenaph-
thene, fluorene, phenanthrene, anthracene, fluorene, and
pyrene; 0.010 ng/m® for benz[a]anthracene, chrysene,
benzo[b]fluoranthene, benzo[k]fluorathene, benzo[a]py-
rene, indeno[123cd]pyrene, dibenz[ah]anthracene, and
benzo[ghi]perylene; 0.001 ng/m’ for the PCB congeners
28,101, 118, 138, 153, and 180, o-HCH, B-HCH, §-HCH,
p.p’-DDE, and hexachlorobenzene; 0.002 ng/m"
for PCB 52, lindane, and p,p’-DDD; 0.007 ng/m’ for
p.p’-DDT; 0.02 ng/m’ for I-nitronaphthalene, 2-ni-
tronaphthalene, and 2-nitrofluorene; 0.04 ng/m’ for 1-ni-
tropyrene; 0.1 ng/m’ for the remaining nitro-PAHs;
0.001 ng/m’ for fluorenone; 0.003 ng/m’ for anthra-
quinone and benz[a]anthracene-7,12-dione; 0.008 ng/m’
for anthrone and benzanthrone.

RESULTS AND DISCUSSION

Tabs. I and II show the concentrations of the indi-
vidual PAHs in the indoor and outdoor air, respectively,
and Tabs. 111 and IV the concentrations of the individual
PCBs and OCPs 1n the indoor and outdoor air, respec-
tively. A survey of the occurrence of the contaminants
under study in the indoor and outdoor atmosphere of the
pig and cattle farms is presented in Tab. V. Tab. VI
summarises differences in the indoor concentrations of
the contaminants between the pig and the cattle farms.
Tab. VII illustrates the distribution of the contaminants
in the gaseous and the solid phases of the indoor air.

PAHs

Among all the contaminants, the highest indoor and
outdoor concentrations were found for PAHs. The total
indoor concentrations of the 16 PAHs (14.4 to 71.5 ng/m’)
were three to eight times higher than the corresponding
outdoor values (8.4 to 9.5 ng/m*). Among the PAHs, the
highest indoor and outdoor concentrations were found
for the three-ring compounds phenanthrene and fluoro-
anthrene. Their maximum outdoor concentrations reached
4.1 and 1.9 ng/m’, respectively, and indoor concentra-
tions 33.2 and 9.0 ng/m’, respectively. The concentra-
tions of the four-ring and higher airborne PAHs, which
are mostly adsorbed onto solid particles, were much
lower. Therefore, the sum of the 16 PAH concentrations
was higher in the gaseous than in the solid phase (5 to
21fold and 9 to 28fold differences for pig and cattle
houses, respectively) and the percentages of the seven
carcinogenic PAHs were considerably higher in the solid
phase (28.4 to 41.5% for pig houses; 37.4 and 52.3% for
cow houses) than in the gaseous phase (0.10 to 0.33%
for pig houses; 0.20 and 1.16% for cow houses). Among
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S 1. PAH concentrations (ng/m’) in indoor air on the pig and cattle farms in the summer of 1999
<

Farm D M e Na Ne

PUF GF SUM PUF GF SUM PUF GF SUM PUF GF SUM PUF GF SUM
Naphthalene 0.39 0.27 0.65 0.58 0.24 0.83 0.28 0.17 0.45 0.24 0.19 0.43 1.34 0.23 1.57
Acenaphthylene 0.08 0.04 0.12 0.10 0.01 0.11 0.02 0.00 0.02 0.49 0.01 0.49 1.35 0.02 1.37
Acenaphthene 0.19 0.04 0.23 0.38 0.02 0.39 0.11 0.01 0.12 0.44 0.02 0.46 0.79 0.03 0.81
Fluorene 1.07 0.28 1.34 2.67 0.05 2.72 0.50 0.01 051 3.23 0.04 3.27 8.55 0.06 8.61
Phenanthrene 12.5 1.14 13.6 12.9 0.31 13.2 6.23 0.07 6.31 23.1 0.14 233 328 0.41 33.2
Anthracene 1.15 0.11 1.26 0.78 0.03 0.81 0.30 0.01 0.31 1.18 0.01 1.19 2.34 0.05 2.39
Fluoranthene 6.97 0.55 7.51 6.59 0.59 7.18 358 0.09 3.67 5.86 0.19 6.05 8.20 0.81 9.02
Pyrene 4.38 0.43 4.81 291 0.39 329 2.62 0.08 2.69 3.95 0.14 4.09 .51 0.65 8.16
Benz|a)anthracene(*) 0.10 0.27 0.37 0.02 0.12 0.14 0.03 0.00 0.03 0.05 0.05 0.10 041 0.39 0.80
Chrysene(*) 0.16 0.46 0.62 0.06 0.31 0.37 0.09 0.06 0.14 0.13 0.12 0.25 0.58 0.65 1.22
Benzo|b]fluoranthene(*) 0.05 0.38 0.44 0.02 0.22 0.23 0.01 0.06 0.07 0.02 0.08 0.10 0.13 0.77 0.90
Benzo| k)fluoranthene(*) 0.02 0.32 0.34 nd 0.14 0.14 nd 0.02 0.02 nd 0.08 0.08 0.05 0.50 0.54
Benzo(a]pyrene(*) nd 0.38 0.38 nd 0.13 0.13 nd 0.02 0.02 nd 0.08 0.08 nd 0.50 0.50
Indeno(123-cd)pyrene(*) nd 0.48 0.48 nd 0.15 0.15 nd 0.03 0.03 nd 0.09 0.09 nd 1.04 1.04
Dibenz{ahanthracene(*) nd 0.06 0.06 nd 0.02 0.02 nd nd nd nd 0.02 0.02 nd 0.07 0.07
Benzo|ghi]perylene nd 0.44 0.44 nd 0.18 0.18 nd 004 0.04 nd 0.11 0.11 nd 1.31 1.31
Z PAHs 27.0 5.6 323 27.0 29 299 13.8 0.7 14.4 38.7 1.4 40.1 64.1 7.9 71.5
X carcinogenic PAHs 0.3 23 2.7 0.1 1.1 1.2 0.1 0.2 0.3 0.2 0.5 0.7 1.2 39 5.1
Legends: PUF - gaseous phase (*) — animal carcinogens

GF - particle phase nd - not detected

SUM - sum of PUF and GF

9Z7T-L1T (8) 000T *S# "HOAZD — "AIN LIA



1. PAH coneentrations (ng/m’) in outdoor air samples on the pig farm D
and the cattle farm Ne in the summer of 1999

Farm D Ne

PUF | GF |SUM| PUF | GF |SUM
Naphthalene 0.08 | 0.08 [ 0.16 | 0.14 | 0.10 | 0.25
Acenaphthylene 0.01 [ 001 | 001 | 005 | nd | 005
Acenaphthene 0.02 | 0.01 | 0.03 | 0.03 | 0.01 | 0.04
Fluorene 047 | 002 | 049 | 032 | 0.01 | 033
Phenanthrene 368 | 019 [ 387 [ 4.02 ] 004 | 4.06
Anthracene 0.13 | 001 | 0.15 | 0.16 | 0.01 | 0.17
Fluoranthene 140 | 034 | 1.74 | 1.87 | 0.03 | 1.90
Pyrene 096 [ 031 | 1.27 | 1.22 | 0.03 | 1.25
Benz|a)anthracene(*) 0.04 [ 0.13 | 0.17 [ 0.03 | 0.02 | 0.05
Chrysene(*) 0.07 | 025 [ 0.32 | 0.04 | 0.03 | 0.07
Benzob]fluoranthene(*) | 0.01 | 0.38 | 0.39 | nd | 0.05 | 0.05
Benzo[k]fluoranthene(*)| nd | 023 | 023 | nd | 0.03 | 0.03
Benzolalpyrene(*) nd 0.11 1011 nd 0.04 | 0.04
Indeno(123-cd)pyrene(*) [ nd [ 026 | 026 | nd | 0.05 | 0.05
Dibenz|ahanthracene(*)| nd | 0.01 | 0.01 nd nd nd
Benzo|ghi|perylene nd [ 025025 ) nd | 0.06 | 0.06
X PAHs 69 [ 26 | 95| 79 | 05 | 84
X carcinogenic PAHs 0.1 1.4 15 01 [ 0203

Legends: PUF - gaseous phase
GF - particle phase
SUM - sum of PUF and GF

(*) = animal carcinogens
nd - not detected

them, the highest indoor concentrations were found for
chrysene (0.14 to 0.65 ng/m’). Benzo[a]pyrene was
found only in the solid phase and amounted only to
6 — 14% of the total indoor carcinogenic PAHs. The total
indoor concentrations of the 16 PAHs were higher in
cow houses than in pig houses (40.1 to 71.5 vs. 14.4 to
32.7 ng/m®). This difference was apparently due to the
contribution of exhaust gases from the tractors passing
along the cow houses. Another source of PAHs may
have been feeds of plant origin contaminated by immis-
sions (wet and dry deposits) during the vegetation pe-
riod. The highest total indoor concentration of the 16 PAHs
was found in the cow house of the farm Ne (71.5 ng/m’).

Significant sources of the outdoor PAHs include exhaust
gases produced by tractors, other agricultural machines.
lorries, and passenger cars, repair shops, asphalted roads,
burning of straw stacks, burning off of grass, burning of
communal waste, and atmospheric imissions (dry and wet
deposits).

No binding limits for airborne carcinogenic PAHs
have been issued in the Czech Republic. The National
Reference Laboratory at the National Health Institute,
Prague has recommended | ng/m’ as the permissible
concentration for airborne benzo[a]pyrene for daily
exposure. Our results indicate that both indoor and out-
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door concentrations of this carcinogen (0.02 to 0.50 and
0.04 to 0.11 ng/m’, respectively) were fairly below this
limit.

In some regions of the Czech Republic, such as the
district of Karvina with a high concentration of coke and
metallurgic plants, the mean annual concentration of out-
door airborne benzo[a]pyrene fluctuated around 5 ng/m’
(Andél et al., 1999) and the indoor concentrations in
metallurgic works varied between 2 and 62 ng/m’ during
a 8-hour shift (Binkova et al., 1998). No system of na-
tion-wide monitoring of airborne PAHs has been imple-
mented in the Czech Republic. Data obtained from one
district within the Program Teplice, running since 1991,
indicate only minor changes in the mean annual concen-
trations of airborne PAH during the period 19911998
(Sram et al., 1999). The winter outdoor concentrations
were several times higher than the summer values owing
to the combustion of much larger amounts of fossil fuels.

Nitro-PAHs

Tabs. V and VI shows the sum of concentrations of
nitro-PAHs. Like oxy-PAHs, nitro-PAHs are secondary
contaminants stemming from PAHs. Their occurrence
and concentrations therefore depend on the amount of
airborne PAHs.

Only 1-nitropyrene was identified in the outdoor air
(pig farm D 0.02 ng/m’) and only low concentrations of
1-nitronaphthalene, 2-nitrofluorene, and I-nitropyrene
were found in the indoor air .The gaseous phase con-
tained !-nitronaphthalene (pig farm M 0.12 ng/m’) and
2-nitrofluorene (pig farm T 0.21 ng/m”; cattle farms Ne
and Na 0.04 and 0.1 ng/m’, respectively). Only 1-nitro-
pyrene was identified in the solid phase (pig farms M
and D 0.04 and 0.05 ng/m’, respectively). The low con-
centrations of nitro-PAHs are apparently due to their low
stability in the air and during sample processing (Tabs.
V and VI).

Oxy-PAHs

Tabs. V and VI shows the sum of concentrations of
oxy-PAHs. Unlike the other contaminant groups, the
concentrations of oxy-PAHs were generally higher in the
outdoor than in the indoor air in spite of the fact that the
highest value was recorded for indoor air collected on
the cattle farm Na (5.24 ng/m’). The highest outdoor con-
centration was 4.86 ng/m’ (pig farm D). The concentra-
tions of oxy-PAHs were higher in the gaseous than in the
solid phase (0.02 to 5.19 vs. 0.01 to 0.55 ng/m®).

The highest concentrations were found for fluorenone
and anthraquinone (0.4 to 5.24 and 0.01 to 1.76 ng/m’,
respectively). High concentrations of the former were
also found in outdoor samples (farms Ne and D 1.3 and
2.9 ng/m’, respectively). In the indoor samples, the con-
centrations of fluorenone were lower than those of fluo-
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111. PCB and chlorinated pesticide concentrations (ng/m") in indoor air on the pig and cattle farms in the summer of 1999

Farm D M T Na Ne

PUF GF SUM PUF GF SUM PUF GF SUM PUF GF SUM PUF GF SUM
PCB 28 0.05 0.01 0.06 0.04 nd 0.05 0.10 nd 0.10 0.08 0.01 0.08 0.05 nd 0.05
PCB 52 0.04 nd 0.04 0.04 nd 0.04 0.11 nd 0.12 0.05 nd 0.06 0.03 nd 0.03
PCB 101 0.05 0.01 0.07 0.06 0.01 0.07 0.37 0.02 0.39 0.03 0.01 0.04 0.03 0.01 0.04
PCB 118 0.01 nd 0.01 0.01 nd 0.02 0.11 0.01 0.12 0.01 nd 0.01 nd nd 0.01
PCB 153 0.05 0.02 0.07 0.06 0.02 0.08 0.37 0.04 0.41 0.04 0.01 0.05 0.03 0.01 0.04
PCB 138 0.03 0.02 0.04 0.04 0.02 0.05 0.28 0.04 0.32 0.03 0.01 0.04 0.02 0.01 0.02
PCB 180 0.01 0.01 0.02 0.01 0.01 0.02 0.07 0.03 0.09 0.02 0.01 0.02 0.01 0.01 0.01
I PCBs 0.23 0.07 0.30 0.26 0.06 0.32 1.40 0.14 1.55 0.26 0.04 0.30 0.16 0.04 0.20
alpha-HCH 0.08 0.02 0.11 0.02 0.01 0.03 0.06 0.03 0.08 0.05 0.02 0.07 0.06 0.03 0.09
beta-HCH nd 0.01 0.01 nd nd nd 0.03 0.01 0.03 nd 0.01 0.01 nd nd nd
gama-HCH (lindane) 4.14 0.08 422 0.38 0.01 0.39 3.29 0.02 3.30 241 0.02 242 1.41 0.02 1.42
delta-HCH nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
X HCHs 422 0.11 433 0.40 0.01 0.41 3.37 0.05 342 245 0.05 2.50 1.46 0.05 1.51
p.p-DDE 0.08 0.02 0.09 0.07 0.01 0.08 0.23 0.01 0.24 0.12 0.01 0.13 0.05 0.01 0.05
p.p-DDD nd nd nd nd nd nd 0.01 nd 0.01 nd nd 0.01 0.01 nd 0.01
p.p-DDT 0.01 0.01 0.02 0.01 nd 0.01 0.13 0.01 0.14 0.01 nd 0.01 0.01 nd 0.01
L DDTs 0.09 0.03 0.12 0.08 0.01 0.10 0.37 0.02 0.39 0.14 0.01 0.15 0.06 0.01 0.07
Hexachlorobenzene 0.05 nd 0.05 0.04 nd 0.04 0.03 nd 0.04 0.09 nd 0.10 0.07 nd 0.07

Legends: PUF - gaseous phase
GF - particle phase

SUM - sum of PUF and GF

nd - not detected




1V. PCB and chlorinated pesticide concentrations (ng/m') in outdoor
air samples on the pig farm D and the caule farm Ne in the summer
of 1999

V. Indoor and outdoor contaminant concentrations (ng/m") in selected
pig and cattle houses

Legends: PUF - gaseous phase nd - not detected
GF - particle phase
SUM - sum of FUF and GF

rene, while in the outdoor samples, the concentrations of
the two analytes were approximately equal.

Anthrone was not identified in any of the samples; the
apparent cause was its instability (data not shown here)
resulting in losses during sample extraction.

The highest concentration of anthraquinone was
found in an outdoor sample (farm D 1.8 ng/m’).

Benzanthrone was found only in one indoor sample
(cattle farm Ne 0.03 ng/m’).

Benz[a]anthracene-7,12-dione was found at low con-
centrations in both indoor and outdoor samples (0.01 to
0.04 and 0.01 to 0.02 ng/m’, respectively).

PCBs

Although the production of PCBs (Delor, Delotherm,
Hydelor) was discontinued in the former Czechoslovak
Republic in 1984 their residues can still be detected in
various environmental matrices.

The major sources of PCBs on pig and cattle farms are
coating compositions containing Delor 106. Their use in
the Czech Republic is prohibited since 1984. Another
sources include capacitors and transformers containing
Delor 103 in their fillings and hydraulic fluids containing
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Pig farm D Cattle farm Ne
Farm D Ne p F
Ce Outdoor | indoor | outdoor | indoor
PUF | GF [SUM| PUF | GF |SUM
PAHs 9.50 327 8.40 715
PCB 28 0.02 nd 0.02 | 001 nd | 0.01 Carcinogenic PAHs 15 27 03 5.1
PCB 52 0.01 nd | 0.02 | 0.01 nd | 0.01 Oxy-PAHs 4.86 0.03 1.44 0.09
PCB 101 001 nd | 0.01 | 001 nd | 0.02 Nitro-PAHs 0.20 0.05 nd 0.06
PCB 118 nd | nd | nd |[001| nd |00 PCBs 0.10 030 0.10 0:20
PCB 153 002 | 001 { 0.02 | 0.02] 001 | 0.03 HEHS U3 aHd 008 ok
DDT 0.08 0.12 0.11 0.07
PCB 138 0.01 nd | 002|002 nd | 0.02
HCB 0.02 0.05 0.02 0.07
PCB 180 0.01 nd | 0.01 | 0.01 nd | 0.01
¥ PCBs 008 | 002 | 0.10 { 008 | 0.02 | 0.10 | "~ notdetected
alfa-HCH 0.02 | 0.01 { 0.03 | 0.01 | 0.01 | 0.02
VI Differences in indoor contaminant concentrations (ng/m‘) between
- .02 ( . )
beta-HCH 0.0 nd 0.02 | 001 [ nd | 0.01 i e atile farivis
gama-HCH(Lindane) 0.07 | 0.01 [ 0.08 | 0.04 | 0.02 | 0.06
delta-HCH ad id #d aid id ad Contaminant Pig farms Cattle farms
¥ HCHs 0.11 | 002 | 0.13 | 0.06 | 0.03 | 0.09 PAHs 144-327 40.1-71:5
carcinogenic PAHs 0.30-2.70 0.70-5.10
p.p-DDE 0.05 [ 001 | 0.06 | 0.08 [ 0.01 [ 0.09
oxy-PAHs 0.03-191 0.09-5.24
BsDoR 0L o | OO | wg: | ) nitro-PAHSs 0.05-021 0.06-0.10
p.p-DDT 0.02 | 001 | 0021002 ]| nd | 0.02 PCBs 0.30-1.51 0.20-0.30
£ DDT 007 | 002 | 0.08 | 0.11 | 0.01 | 0.11 HCHs 0.41-433 1.51-2.50
Hexachlorobenzene 002 | nd | 002]002] nd |0.02 DDTs 0.10-0.39 0.07-0.15
HCB 0.04-0.05 0.07-0.10

VII. Distribution of contaminant concentrations (ng/m°) in the gaseous
and solid phases of the indoor air

Contaminant Gaseous phase Solid phase
PAHs 6.9-64.1 0.50-7.50
Oxy-PAHs 0.02-5.19 0.01-0.55
Nitro-PAHs 0.04-0.21 0.02-0.05
PCBs 0.08-1.40 0.02-0.14
HCHs 0.06-4.22 0.01-0.11
DDTs 0.06-0.37 0.01-0.03
HCB 0.02-0.10 nd

nd - not detected

Hydelor 103. A permanent source of PCBs are rendering
plant products (fat, meat-and-bone meals) used as feed
components.

Like PAHs, the concentrations of PCBs were higher
in the gaseous phase than in the solid phase of the indoor
air (3 to 10 times for pig houses and 5 to 6 times for cow
houses). Unlike PAHs, the indoor concentrations of
PCBs were higher in pig houses than in cow houses
(0.30 to 1.55 vs. 0.20 to 0.30 ng/m”). Irrespective of the
phase, the dominating congeners found in the indoor
samples collected in the pig and cattle houses were PCB
28 and PCB153, respectively. The indoor concentrations
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in both pig and cow houses were 2 to 15 times higher
than the corresponding outdoor concentrations. The
highest indoor £ PCB concentration was found on the
pig farm T (1.55 ng/m’). The difference in the domi-
nating congeners allow us to assume that the major con-
tamination source in the cow houses was leakage of
filling from capacitors and transformers containing the
lower-chlorinated PCBs and in pig houses paint coats
containing the higher chlorinated PCBs.

No hygienic indoor or outdoor limits for airborne total
PCBs or congeners have been laid down in the Czech
Republic. Of the seven indicator congeners investigated
within this study, PCB 118 with the WHO toxic equiva-
lency factor of 0.0001 (Van den Berg et al., 1998) is con-
sidered the most hazardous. Its concentration in the air
samples was very low, however (0.01 and 0.01 to 0.12
ng/m’ for the outdoor and indoor samples, respectively).

The monitoring of airborne PCB congeners 138, 153,
and 180, done in the Czech Republic in 1991-1992
demonstrated the mean summary concentration of
0.169 ng/m* (Holoubek et al., 1992). The Regional
Background Observatory, Kosetice (Czech Republic),
monitoring air concentrations of seven indicator PCB
congeners, reported the mean value of 0.194 ng/m’ for
the period 1996-1998.The concentration of airborne
PCBs in rural areas (15 km away from Chicago) fluc-
tuated within the range 0.1-1.1 ng/m’ (Zhang et al., 1999).
Our investigations showed that the outdoor concentra-
tions were at the background level and the indoor con-
centrations were 3 to 15 times higher.

Unlike PAHs, PCBs, reached higher concentrations in
the summer months. The increase was apparently due to
increased volatilisation of PCBs from soil at higher tem-
peratures (Kaupp et al., 1996).

DDT

The use of DDT-based products in agriculture is pro-
hibited in the Czech Republic since 1974. Up to that time,
the use was very intensive, however. Current DDT
sources can include some feed components, such as fish
meal or soy imported from South America or Africa
where this insecticide is still being used for the control
of vectors of malaria and sleeping disease. It is expec-
ted, however, that even there the use will be discon-
tinued within the next 10 years. Another source of DDT
on farms can be soil in close vicinity of cow and pig
houses. Our analyses, done in 1999, demonstrated mean
X DDT concentrations (6 isomers) of 0.015 and 0.013
mg/kg for soil samples collected around cow and pig
houses, respectively.

The indoor £ DDT concentrations were higher in the
gaseous than in the solid phase (3 to 17 times for pig
farms and 11 to 13 times for cow farms) and in pig houses
than in cow houses (0.10 to 0.39 vs. 0.07 to 0.15 ng/m°).
p,p’-DDE was the dominant metabolite in the indoor and
outdoor samples collected on the pig and cattle farms.
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No marked differences in the DDT concentrations
were found between the indoor and outdoor air samples.
The only exception was the pig farm T, where also the
highest £ DDT concentration in the indoor air was found
(0.39 ng/m’).

No hygienic limits for indoor and outdoor concen-
trations of airborne DDT have been laid down in the
Czech Republic. p,p’-DDE is considered the most ha-
zardous of the six DDT isomers investigated within this
study. This i1somer 1s very persistent, penetrates into the
human food chain, and cumulates in lipid tissue. Pigs are
known to be more susceptible to DDT than cattle (Piska¢
et al,, 1985).

Only few data on the occurrence of DDT in the atmo-
sphere were published in the recent years. The concen-
trations of p,p’-DDE in air samples collected in the
proximity of a farm in eastern North Dakota, USA, ranged
from 0.01 to 0.20 ng/m* (Hawthorne et al., 1996). In an-
other study, the concentrations of this isomer in air
samples collected over DDT-contaminated soil ranged
from 6 to 13 ng/m’ (Spencer et al., 1996). Indoor and
outdoor concentrations after spray treatment with DDT
within an antimalaria campaign in Sardinia in 1940
ranged from 170 to 600 and 24 to 84 mg/m’, respecti-
vely (Cocco et al., 1997).

HCH

The indoor concentrations of ¥ HCH were higher in
the gaseous than in the solid phase (pig houses 27 to 65
times, cow houses 32 to 50 times). The concentration of
y-1somer (lindane) predominated in the gaseous phase
of both the indoor (93 to 97%) and outdoor (63 to 71%)
samples. The concentrations of lindane were much higher
in the indoor than in the outdoor samples (52 times for
pig houses, 16 times for cattle houses).

The highest HCH and lindane concentrations in
indoor air samples were found on the pig farm D
(4.35 ng/m’® for £ HCH, 4.22 ng/m’ for lindane). Up to
1990, the pigs of this farm were repeatedly sprayed with
1% or 1.5% Fenoform forte containing 10% of lindane
as a therapeutic or preventive treatment against ecto-
parasitic infections. Although this insecticide has not
been distributed and used since 1991, higher concen-
trations of lindane are still present in the air of some
barns. Another source of lindane may have been the
insecticide Lindan WP 80 used up to the end of 1993
for the protection of rape cultures against the pest
Ceutorrhynchus pleurostigma. Further possible sporadic
sources may have been lindane-contaminated compo-
nents of concentrate mixtures.

No outdoor or indoor hygienic limits for lindane have
been laid down in the Czech Republic. Only sporadic data
on the concentrations of airborne lindane were published
in the last five years. Lindane at concentrations of 0.3 to
6.3 ng/m’ was identified as the major pesticide air pollu-
tant in Paris in 1992 to 1993 (Chevreuil et al., 1996). Mean
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concentrations of lindane in air samples collected in
a rural area of Québec in 1992 (Poissant and Kopriv-
njak, 1996) and in rain water samples collected in Nor-
way in 1991 to 1995 were 0.04 and 4.4 ng/m* (Wania
and Haugen, 1999).

HCB

The concentrations of HCB were very low n all the
samples analysed within this study. The outdoor concen-
trations fluctuated around 0.02 ng/m® and the indoor
concentrations ranged from 0.04 to 10.0 ng/m’. The
mean concentration reported by the Regional Back-
ground Observatory in Kosetice (Czech Republic) for
the period 1996 to 1998 was 0.181 ng/m’ (Holoubek et
al., 1999). It is evident that the concentration of HCB in
barn air was at the background level. The mean concen-
tration of HCB in the gaseous phase of air samples col-
lected in the Augsburg area, Germany, in 1992 to 1993
was 0.29 ng/m’ (Kaupp et al., 1996). The fungicide
Agronal H, containing HCB and mercury compounds as
the active components, which was very effective against
fungal spores contaminating wheat grains, 1s no more
used. No agricultural chemicals used currently in the
Czech Republic contain HCB.

CONCLUSIONS

a) Indoor and outdoor contaminant concentrations
on selected pig and cattle farms

Except for oxy-PAHs, the indoor concentrations of all
the contaminants under study were higher than the out-
door concentrations (Tab. V). The ventilation of all the
pig and cattle houses was effective enough to prevent
any accumulation of contaminants penetrating from the
outer environment. Hence, the sources of the contami-
nants must have been in the indoor environment. Their
sources are discussed separately for each group of the
contaminants. The most significant source of oxy-PAHs
is the atmospheric PAH oxidation.

b) Differences in indoor concentrations
of contaminants between pig and cattle houses

The most marked differences in indoor contaminant
concentrations between pig and cattle houses were found
for PAHs, Oxy-PAHs, PCB, and HCHs (Tab. VI). The
higher concentrations of PAHs and oxy-PAHs in cow
houses were due above all to the contribution of tractor
exhaust gases. On the other hand, the higher concentra-
tions of PCBs and HCHs resulted apparently from the use
of PCB-containing paint coats and lindane-containing
insecticides, respectively.
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¢) Distribution of indoor contaminant concentration
in the gaseous and solid phases

Due to the rather high volatility, the major part of the
indoor contaminants was present in the gaseous phase
(Tab. VII). The solid phase contained largely the carcino-
genic PAHs with the highest toxic potential.

The information on the occurrence and concentra-
tions of hazardous contaminants in barn air are relevant
to both veterinary medicine (animal health and food
chain protection) and human preventive and occupa-
tional medicine (health of farm personnel). In 1998
the American Thoracic Society summarised the avail-
able information on respiratory health hazards in agri-
culture paying considerable attention to the relatively
new area of chemical exposure and the lung (Schenker,
1998).

Increased attention to bioaccumulative and toxic sub-
stances is currently paid also in Central and East Euro-
pean countries (Holoubek et al., 1999). Agriculture
ranks with the most important contamination sources
and therefore sources of such compounds should be
identified and their concentrations monitored.

REFERENCES

Andél K., Kolafova E., Cizkova M. (1999): Benzo[a]pyrene in
ambient air in the district of Karvina (in Czech). Ochrana
Ovzdusi, /7, 22-24.

Binkova B., Topinka J., Mrackova G., Gajdosova D., Vidova
P, Stavkova Z., Peterka V., Pil¢ik T., Rimaf V., Dobias L.,
Farmer P. B., Sram R. (1998): Coke oven workers and
GSTMI and NAT2 genotypes on DNA adducts levels in
white blood cells and lymphocytes as determined by
32P-postlabelling. Mutat. Res., 4/6, 67-84.

Chevreuil M., Garmouma M., Teil M. J., Chesterikoff A.
(1996): Occurrence of organochlorines (PCBs, pesticides)
and herbicides (triazines, phenylureas) in the atmosphere
and in the fallout from urban and rural stations of the Paris
area. Sci. Total. Environ., /82, 25-37.

Cocco P, Blair A, Congia P., Saba G, Flore C., Ecca M. R,
Palmas C. (1997): Proportional mortality of dichloro-diphe-
nyl-trichloroethane (DDT) workers: a preliminary report.
Arch. Environ. Health, 52, 299-303.

Durant J. L., Busby Jr. W. F,, Lafleur A. L., Penman B. W,
Crespi C. L. (1996): Human cell mutagenicity of oxygenated,
nitrated and unsubstituted polycyclic aromatic hydrocarbons
associated with urban aerosols. Mutat. Res., 37/, 123-157.

Harada T., Yamauchi T., Sawai K., Yamamura T., Koseki Y.,
Ishii T. (1984): In situ emission levels of carcinogenic and
mutagenic compounds from diesel and gasoline engine vehi-
cles on an expressway. Environ. Sci. Technol., /8, 895-902.

Hawthome S. B., Miller D. J., Louie P. K. K., Butler R. D.,
Mayer G. G. (1996): Vapour-phase and particulate — associ-
ated pesticides and PCB concentration in eastern north Da-
kota air samples. J. Environ. Qual., 25, 594-600.

225



Holoubek 1., Ko¢an A., Pettik J., Chovancova J., Bilikova K.,
Kotinek P., Holoubkova I., Pekarck J., Kott F., Pacl A.,
Bezacinsky M., Neubauerova L. (1992): Project TOCOEN
— The fate of selected organic compound in the environ-
ment. Part XI. The PAHs, PCBs PCDDs/Fs in ambient air at
area of background GEMS station. Seasonal variations.
Toxicol. Environ. Chem., 36, 115-123.

Holoubek I., Kogan A., Holoubkové I., Kohoutek J., Falan-
dysz J., Roots O. (1999): Persistent, bioaccumulative and
toxic chemicals in central a eastern European countries-
State-of-the-Art report. TOCOEN Report No. 150, http://
recetox.chemi.muni.cz/.

Kaupp H., Dorr G., Hippelein M., McLachlan M. S., Hutz-
inger O. (1996): Baseline contamination assessment for a new
resource recovery facility in Germany. 4. Atmospheric con-
centrations of polychlorinated biphenyls and hexachlo-
robenzene. Chemosphere, 32, 2029-2042.

Kénig J., Balfanz E., Funcke W., Romanowski T. (1983): De-
termination of oxygenated polycyclic aromatic hydrocar-
bons in airborne particulate matter by capillary gas chroma-
tography and gas chromatography/mass spectrometry. Anal.
Chem., 55, 599-603.

Piska¢ A., Kaémar P., Bartik M., Prochazka Z., Svobodova Z.,
Sikula J. (1985): Veterinary Toxicology (in Czech). Ist Ed.,
Prague, State Agricultural Publishing. 256 pp.

Pitts Jr. J. N. (1987): Nitration of gaseous polycyclic aromatic
hydrocarbons in simulated and ambient urban atmospheres:
A source of mutagenic nitroarenes. Atmos. Environ., 2/,
2531-2547.

Pitts Jr. J. N., VanCauwenberghe K. A., Grosjean D., Schmid
J. P, Fitz D. R. (1978): Atmospheric reactions of polycyclic
aromatic hydrocarbons: facile formation of mutagenic nitro
derivatives. Science, 202, 515-519.

Poissant L., Koprivnjak J. F. (1996): Fate and atmospheric
concentrations of alpha- and gama-hexachlorocyclohexane
in Quebec, Canada. Environ. Sci. Technol., 30, 845-851.

Raszyk J., Pokorna Z., Strnadova V., Gajdiskova V., Ulrich
R., Jarosova A., Salava J., Palac J. (1995): Mutagenity of sta-
ble dust and drinking water on swine and cattle farms. Vet.
Med.— Czech, 40, 273-278.

Raszyk J., Gajduskové V., Ulrich R., Nezveda K., JaroSova A.,
Sabatova V., Docekalova H., Salava J., Palic J., Schondorf
J. (1996): Evaluation of the presence of harmful pollutants
in fattened pigs (in Czech). Vet. Med.— Czech, 4/, 261-266.

Raszyk J., Ulrich R., Gajduskova V., Salava J., Palac J.
(1998a): Occurrence of carcinogenic polycyclic aromatic
hydrocarbons (PAH) on pig and cattle farms (in Czech). Vet.
Med.-Czech, 43, 17-25.

Raszyk J., Gajduiskova V., Ulrich R., JaroSova A., Napravnik
A., Salava J., Palac J. (1998b): Evaluation of the occurrence
of some harmful pollutants on cattle farms (in Czech). Vet.
Med.~Czech, 43, 233-238.

Raszyk J., Ulrich R., Salava J., Palac J. (1999a): Evaluation
and occurrence of carcinogenic polycyclic aromatic hydro-
carbons (PAHs) in animal feed factories. Vet. Med.-Czech,
44, 295-300.

Raszyk J., Neca J., Salava J., Palac J. (1999b): A pilot study of
1-hydroxypyrene in the urine of pigs and cows. Vet. Med.—
Czech, 44, 359-363.

Schenker M. B. (Ed.) (1998): Respiratory health hazards in
agriculture. Am. J. Respir. Crit. Care Med. (Suppl.), /58,
S1-876.

Spencer W. F,, Singh G., Taylor C. D., LeMert R. A., Cliath
M. M., Farmer W. J. (1996): DDT persistence and volatility
as affected by management practices after 23 years. J. Envi-
ron. Qual., 25, 815-821.

Sram R. (Ed.) (1999): Teplice Program II — Results 1998 (in
Czech). Prague, Czech Environmental Institute. 90 pp.

Tokiwa H., Ohnishi Y. (1986): Mutagenicity and carcino-
genicity of nitroarenes and their sources in the environment,
CRC Crit. Rev. Toxicol., /7, 23-60.

Van den Berg M., Birnbaum L., Bosveld A. T. C., Brunstrém
B., Cook P, Feeley M., Giesy J. P., Hanberg A., Hasegawa
R., Kennedy S. W., Kubiak T., Larsen J. C., Rolaf van Leeu-
wen F. X, Djien Liem A. K., Nolt C., Peterson R. E., Poel-
linger L., Safe S., Schrenk D., Tillitt D., Tysklind M.,
Younes M., Waern F., Zacharewski T. (1998): Toxic equiva-
lency factors (TEFs) for PCBs, PCDDs, PCDFs for humans
and wildlife. Environ. Health Perspect., /06, 775-792.

Wania F., Haugen J. E. (1999): Long term measurements of wet
deposition and precipitation scavenging of hexachlorocyclo-
hexanes in Southern Norway. Environ. Pollut., /05, 381-386.

Zhang H. X, Eisenreich S. J., Franz T. R., Baker J. E., Offen-
berg J. H. (1999): Evidence for increased gaseous PCB
fluxes to Lake Michigan from Chicago. Environ. Sci. Technol.,
33, 2129-2137.

Received: 00-04-21
Accepted after corrections: 00-06-23

Contact Address:

RNDr. Miroslav Ciganek, Vyzkummny tstav veterinarniho lékafstvi, Hudcova 70, 621 32 Brno, Ceska republika
Tel. +420 5 41 32 12 41, fax +420 5 41 21 12 29, e-mail: ciganek@vri.cz

226

VET. MED. - CZECH, 45, 2000 (8): 217-226


recetox.chemi.muni.cz/
mailto:ciganek@vri.cz

PREVALENCE OF ANTIBODIES TO BORRELIA BURGDORFERI
IN HORSES OF EAST SLOVAKIA*

VYSKYT PROTILATOK BORRELIA BURGDORFERI U KONI
NA VYCHODNOM SLOVENSKU

A. Stefantikova', G. Stepanova’, B. Petko', D. Nadzamova', E. Szestakova’, I. Skardova’,
R. Leinstein®

lParasilologica/ Institute of Slovak Academy of Sciences, Kosice, Slovak Republic
“University of Veterinary Medicine, Kosice, Slovak Republic
“Parasitological Institute of Czech Academy of Sciences, Ceské Budéjovice, Czech Republic

ABSTRACT: In studying the circulation of antibodies to Borrelia burgdorferi in animal population, sera of 207 clinical-
ly healthy horses from 11 districts of East Slovakia were examined by ELISA. Of all the sera examined anti-Borrelia IgG
antibodies were detected in 99 horses, i.e. in 47.8%. The highest seroprevalence was observed in the districts Presov
(59.1%) and KoSice (55.2%). A slightly lower seroprevalence was recorded in the districts Stropkov (43.7%) and Poprad
(33.3%). A significantly lower seroprevalence relative to the districts Pre3ov and Kosice was recorded from Michalovee
district (23.8%) (X’-test, P < 0.05). In the remaining districts (Bardejov, Kezmarok, Levoéa, Stara Luboviia, RoZnava
and Spisskd Nova Ves) the seroprevalence was 25-100%, but the number of animals examined was low (2-5 horses). An
analysis of seroprevalence made with respect to the age showed that there was no significant difference between 1-3-year-
old horses (40.9%) and older horses (48.5, or 48.7%). Scroprevalence showed the same pattern of its occurrence as
regards the exploitation of horses. Considering the months of taking blood samples, a significantly lower seroprevalence
was 1dentified in spring season (40.0%) than in summer (62.0 %) (X*-test, P < 0.05). The occurrence of Borrelia burg-
dorferi antibodies in horses in East Slovakia alerts veterinarians to consider this disease in their clinical practice and not
to disregard it in differential diagnosis.

Borrelia burgdorferi sensu lato; antibodies; ELISA; horses

ABSTRAKT: Pri studiu cirkulicie Borrelia burgdorferi v animalnej populacii sme vy3etrili séra 207 klinicky zdravych
koni z 11 okresov vychodného Slovenska metédou ELISA. Z celkového siiboru vySetrenych sér sa antiboreliové IgG pro-
tilatky zistili u 99 koni, tj. 47,8 %. Najvyssia séroprevalencia bola v okresoch Prefov (59,1 %) a Kosice (55,2 %).
Mierne nizsia bola v severnych okresoch Stropkov (43,7 %) a Poprad (33,3 %). Signifikantne niZ§ia séroprevalencia
v porovnani s okresmi Presov a Kosice bola v Michalovciach (23,8 %) (X*-test, P < 0,05). V ostatnych okresoch (Barde-
jov, Kezmarok, Levoca, Stara Luboviia, Rozhava a Spisska Nova Ves) séroprevalencia bola zistena u 25 az 100 % koni,
aviak pocet vySetrenych zvierat bol nizky (dva az pit koni). Na zaklade analyzy séroprevalencie podl'a veku sa nezistili
signifikantné rozdiely medzi jeden- az trojroénymi (40.9 %) a star§imi koiimi (48.5, resp. 48.7 %). Rovnaky priebeh
vyskytu antiboreliovych protilatok sme zistili pri hodnoteni pracovného vyuzitia koni. Signifikantne niZsiu séroprevalen-
ciu sme zistili na jar (40,0 %) ako v lete (62,0 %) ((X’-test, P < 0,05). Vyskyt antiboreliovych protilatok u koni na vy-
chodnom Slovensku je signalom pre veterinarnych lekarov, aby sa na toto ochorenie myslelo v klinickej praxi a nebolo
opomenuté pri diferencialnej diagnostike.

Borrelia burgdorferi sensu lato; protilatky; ELISA; kone

*Suportet by the Scientific Grant Agency of the Slovak Republic - VEGA (Grant No. 2/4165/98).
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INTRODUCTION

Lyme borreliosis is an important multisystemic infec-
tion of humans and animals. The main link in the epide-
miology of this disease is an infected tick, harbouring
borreliae for a long time, transmitting them through the
developmental stages and in case of the overall infection
most likely also transovarially (Lane and Burgdorfer,
1986). Unlike in geographically defined areas with the
focal occurrence of tick-borne encephalitis virus,
B. burgdorferi is more dispersed and bound to the areas
where ticks find suitable conditions for their existence
(Zeman et al., 1990).

Our concern for the problems of Lyme borreliosis has
been elicited by reports on its incidence in the neigh-
bouring countries. In Austria, Stanek and Flamm (1985)
reported the first findings of this infection in humans.
The occurrence of erythrema chronicum migrans
(ECM) in humans in Hungary was reported by Bozsik et
al. (1986), in Italy by Trevisan et al. (1986), in the
Czech Republic by Doutlik et al. (1985). The initial sur-
veys of ticks in the territory of Slovakia proved their ex-
tensive infestation with borreliae (Kmety et al., 1986,
1990). Borrelia infection rate in ticks in Slovakia has
also been confirmed by other authors (Rehacek et al.,
1991; Prokopcékova et al., 1992; Drgofiova and Rehi-
cek, 1995; Petko et al., 1996). The first results about the
presence of anti-Borrelia antibodies in dogs from urban
and suburban areas of Kosice suggest their considerable
exposure to this zoonosis (Stefangikova et al., 1996).

Within the complex research of Lyme borreliosis in
Slovakia in a veterinary field, we present the first find-
ings on seropositivity of horses from selected districts of
East Slovakia.

MATERIAL AND METHODS

Serum samples

Over the years 1996-1998, serum samples from 207
horses were examined for anti-Borrelia antibodies.
Blood sera were collected from 39 herds from 11 dis-
tricts of East Slovakia: KoSice sera 76 from 10 herds,
Predov 54/9, Stropkov 16/2, Poprad 30/7, Michalovce
21/5, Bardejov 2/1, Roznava 2/1, Spisska Nova Ves 2/1,
Levoca 5/1, Stara Luboviia 5/1 and KeZmarok 4/2. The
sera were provided by State Veterinary Institutes in
Kosice and Presov, Veterinary Department of the Uni-
versity of Veterinary Medicine in Kosice and the Mili-
tary Training Camp in Poprad district.

Antigen
Our own endemic strain of Borrelia burgdorferi

sensu lato isolated from ticks /. ricinus in Kosice city
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was used as antigen, prepared by the method of Tresova
et al. (1997). The protein content was assessed by the
method of Lowry et al. (1951). The working dilution of
antigen was determined by box titration.

Enzyme — linked immunosorbent assay (ELISA)

The sera were examined by a modified ELISA, com-
mercially provided by the Institute of Sera and Vaccines
(USOL, Praha) as a medical kit for human diagnosis of
Lyme borreliosis in the following way: Microplates were
filled with 100 pl antigen diluted in carbonate buffer at
pH 9.6 (5 pg/ml) and incubated overnight at 4 °C. After
washing three times with phosphate buffer (pH 7.2)
100 pl portions of sera diluted at 1 : 400 in phosphate
buffer with 0.05% Tween 20 and 1% BSA were added to
each well and incubated at 37 °C for 30 min. After a triple
washing of the plates 100 pl portions of anti-horse IgG
peroxidase conjugate (Sigma) were added per well, di-
luted at 1 : 2000. After 30 min of incubation and a sub-
sequent washing 100 pl of substrate solution (pH 5.0 )
with orthophenylene diamine were added per well. The
reaction was stopped with 5% H,S0, after 15 min of in-
cubation. Absorbance was measured at a wave length of
492 nm. Horse serum that proved positive in repeated ti-
trations was used as a positive control. Horse sera that
proved negative in repeated titrations, with their absor-
bance value less than 0.4, served as negative controls.
Cut-off was determined as a value of 3 standard devia-
tions above the mean optical density (OD) for negative
serum samples. Sera with the absorbance value higher
than 0.6 were evaluated as positive. Anti-horse peroxi-
dase conjugate (Sigma) was used.

The reproducibility of ELISA

Six sera samples were repeatedly examined (10 times),
two of them being positive with absorbance value higher
than 1.2, two with absorbance 0.7-0.9 and two with ab-
sorbance less than 0.4. All the sera from 207 horses
were duplicately examined after 6 months’ time.

Statistical evaluation was done by X’-test and coeffi-
cient of variation (¥%) (Reisenauer, 1970).

RESULTS

In the set of sera from 207 horses IgG antibodies were
detected in 99 horses, i.e. 47.8% (Tab. I). The highest
seroprevalence was found in PreSov and Kosice dis-
tricts, 59.1 and 52.6%, respectively. A lower seropreva-
lence was recorded in Stropkov and Poprad districts,
43.7 and 33.3%, respectively. A significantly lower
seroprevalence relative to districts PreSov and KoSice
was observed in Michalovce district (23.8%) (X’-test,
P <0.05). In the districts Bardejov, Kezmarok, Levoca,
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1. Seroprevalence in horses for B. burgdorferi in regions studied

Years
Total
Region 1996 1997 1998
examined | positive % |examined | positive % | examined | positive % | examined | positive %

Bardejov - - - - - - 2 1 50.0 2 1 50.0
Kezmarok - - - - - - 4 1 250 4 1 25.0
Kogice* - - - 38 19 50.0 38 21 55.2 76 42 552
Levota - - - - - - 5 2 40.0 5 2 40.0
Michalovce* - - - 4 1 25.0 17 4 235 21 5 238
Poprad* 15 5 333 5 2 40.0 10 3 30.0 30 10 333
PreSov* - - - 29 15 51.7 15 11 733 44 26 59.1
Roznava - - - - - - 2 2 100.0 2 2 100.0
i . - - . . . 2 2 |1000 2 2 [1000
Stard Lubovia - - - - - - 5 3 60.0 S 3 60.0
Stropkov - - - 9 4 444 7 3 428 16 7 437
Total 15 5 333 85 41 48.2 107 53 49.5 207 99 48.7

Michalovee differs from KogSice, PreSov and Poprad (P < 0.05)

Stara Lubovna, Roznava and Spisska Nova Ves the
seroprevalence was 25-100%, but the number of ani-
mals examined was low. An analysis of seroprevalence
by age (Tab. II) showed that there was no significant dif-
ference between 1--3 year-old horses (40.9%), compared
with the groups of older horses (48.5, or 48.7%). Sero-
prevalence showed the same pattern of occurrence as re-
gards the utilization of horses. A significantly lower sero-

11. Seroprevalence in horses for B. burgdorferi by age and their utilization

prevalence was recorded in spring (40.9%) than in sum-
mer time (62.0%), (X*-test, P < 0.05) — Tab. III.

ELISA reproducibility: Coefficient of absorbance
variation in highly positive sera reached higher values
(15.4-20.2%) than in less positive (11.6-16.4%) or nega-
tive sera (12.6-14.9%). Duplicate examinations of all sera
after 6 months’ time showed a 100% reproducibility (posi-
tive sera remained positive and negative remained negative).

11I. Seroprevalence in horses for B. burgdorferi by the months of

sampling
Months Examined Positive %
*April 65 26 40
*May 65 27 41.5
**June 50 31 62
**July 27 15 55.5
Total 207 99 47.8

P < 0.05 for each pair of months except April - May (*) and April -

July (*%)

VET. MET. - CZECH, 45, 2000 (8): 227-231

Agelyears Examined Positive Group of horses Examined Positive
1-3 22 9 409 Breeding 15 5
4-9 103 50 48.5 Race 55 32

10-16 82 40 48.7 Draft 137 62
Total 207 99 47.8 Total 207 99
DISCUSSION

Our results on seroprevalence of Lyme borreliosis in
horses suggest that out of 207 serum samples taken in
East Slovakia districts almost the half was positive
(47.8%), with seroprevalence differing with individual
districts. Although it is the dog that plays a very impor-
tant epidemiological role in this serious disease as a con-
stant companion of man to tick-infested areas (Eng et
al., 1988), the international literature also presents data
on such exposure of free-living animals (Isogai et al.,
1991) and farm animals, including horses (Burgess and
Mattison, 1987; Bernard et al., 1990; Parker and White,
1992). A seroepidemiological survey conducted in the
U.S.A. has proved that in the north-eastern part of the
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country some 14-25% of horses are seropositive (Marcus
et al., 1985; Magnarelli et al., 1988), in the western
U.S.A. 6-35% or more (Magnarelli and Anderson, 1989).
In Japan seropositivity in horses 1s only 2.6-4.6%
(Tassai et al., 1993) and in the Czech Republic 7.8%
(Treml, 1993). Horses in Texas have no record of sero-
positivity (Cohen et al., 1992). Clinical symptoms were
recorded in only 10% of seropositive horses (Marcus et
al., 1985; Magnarelli and Anderson, 1989).

The differences found in seroprevalences have been
caused by several factors. They may include the use of dif-
ferent methods (indirect fluorescent-antibody assay — IFA,
indirect enzyme-linked immunosorbent assay — ELISA
and Western immunoblot — Wb) or their various modifi-
cations, which give different interpretations of results in
terms of determining the reaction positivity. Further-
more, it is the geographical variability of Borrelia burg-
dorferi sensu lato that is reflected in the antigenic diversity
of isolates used as antigens for serological diagnosis of
this serious zoonosis and consequently in a different sen-
sitivity of the method (Anderson et al., 1989; Baranton
et al., 1992; Park et al., 1993). Most of the previous stu-
dies (Bunikis et al., 1995; Norman et al., 1996; Stefan-
¢ikova et al., 1998) have proved that antigens prepared
from local Borrelia isolates give a higher sensitivity of
reaction, disclosing a higher seroprevalence. We found
seropositive horses in 35 out of 39 herds. Considering
the fact that sonicated antigens contain more than 100 pro-
teins (Luft et al., 1989) some of which are equivalent to
antigens of more than 60 different bacterial species, is
not possible to rule out cross reactions if clinical symto-
matology is unavailable. Nevertheless, the prevalence of
anti-Borrelia IgG antibodies in almost every herd exa-
mined suggests a distribution of agents and their possible
contact with horses from the eastern part of Slovakia.

The differences in seroprevalence are extensively in-
fluenced by the occurrence and different degree of tick
infection in the particular territory. Ticks /. ricinus are
infected with Borrelia burgdorferi almost all over the
territory of Slovakia with differences between individual
localities (Kmety et al., 1990) as well as between indi-
vidual localities within one particular district (Petko et al.,
1996). In addition to ticks, the secondary role in trans-
mission of Lyme borreliosis may also be played by other
blood-sucking insects such as horseflies, mosquitoes,
mites (Magnarelli et al., 1988).

Our results on the seroprevalence of anti-Borrelia IgG
antibodies in horses obtained in individual months of the
years suggest that this prevalence is connected with the
activity of ticks. Considering the fact that this activity peaks
in spring and autumn and that IgG antibodies generally
start emerging about 1-2 months post infection, this
could account for their increased prevalence in summer
time as detected by our study. Since we have not de-
termined any IgM antibodies, the presence of which
would indicate an early stage of infection, the evidence
of IgG antibodies can only serve as an indicator of
a mere contact with the agent of Lyme borreliosis, but it
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will not determine whether it is the case of acute infec-
tion or reinfection. Only scarce data are available on the
duration of spirochaetemia and persistence of antibodies
in horses (Magnarelli and Anderson, 1989), however,
in dogs with subclinical infections or reinfections they
were found to persist for 1-2 years or even more (Mag-
narelli, 1990). It is assumed that titres of anti-Borrelia
antibodies in horses in endemic areas persist as a result of
frequent reinfections (Parker and White,1992).

The occurrence of Borrelia burgdorferi antibodies in
horses in East Slovakia alerts veterinarians to pay atten-
tion to this disease in their clinical practice and not to
disregard it in differential diagnosis. Moreover, know-
ledge of Borrelia burgdorferi circulation in animal
population helps detect new foci of this disease, thus
also contributing to the protection of human health.
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Zména publikac¢niho jazyka
ve védeckych ¢asopisech CAZV

Predsednictvo Ceské akademie zemédélskych véd pijalo na zasedéni dne 6. 4. 2000 usneseni, kde mj.
doporu¢uje zménu publikaéniho jazyka ve védeckych ¢asopisech vydavanych pod gesci CAZV. Pred-
sednictvo navrhuje Vydavatelské radé CAZV zavést angli¢tinu jako jediny jazyk ve viech védeckych
casopisechod 1. 1.2001.

Od 1. 7. 2000 redakce casopisu Veterinarni medicina pfijima pfispévky psané pouze v angli¢ting.
Prispévky pfijaté do tohoto terminu budou jesté uvefejnény v cestiné a slovenstiné.

A change of publication language
in Scientific Journals of the Czech Academy
of Agricultural Sciences

At its session on the 6™ April 2000, the Presidium of the Czech Academy of Agricultural Sciences
adopted a resolution recommending, among other things, to change the publication language in scien-
tific journals published under the Academy patronage. The Presidium proposes to the Publishing Board
of the Academy to introduce English as the only language in all scientific journals from the 1* January
2001.

The papers written exclusively in English are accepted by the editor’s office of the journal Veterinary
Medicine - Czech from the 1* July 2000. The papers that were accepted before this date will be publis-
hed in Czech and Slovak.



OCCURRENCE OF ANTHELMINTIC RESISTANCE
IN STRONGYLID NEMATODES OF SHEEP AND HORSES
IN THE CZECH REPUBLIC*

VYSKYT ANTHELMINTICKE REZISTENCE U STRONGYLIDNICH
NEMATODU OVCI A KONI V CESKE REPUBLICE

K. Chroust

Department of Parasitology, Faculty of Veterinary Medicine, University of Veterinary
and Pharmaceutical Sciences, Brno, Czech Republic

ABSTRACT: On selected farms of sheep, horses and cattle with naturally acquired strongylid infections levamisole, me-
bendazole, fenbendazole, albendazole, ivermectin and doramectin were tested for the prevalence of anthelmintic re-
sistance. /n vivo fecal egg counts reduction test (FECRT) was used and in the case of the benzimidazole anthelmintics
also in vitro egg hatch assay (EHA). Considerable resistance was found in equine small strongylids to mebendazole
(8-10 mg/kg) with the FECR test values 61.5% and 70.4% and to fenbendazole (7.5 mg/kg) with 76% and 84.1%. The
FECR test results in sheep proved the occurrence of resistant strains of Ostertagia spp. and Trichostrongylus spp. to leva-
misole (7.5 mg/kg) 67.8% and to fenbendazole (5 mg/kg) 83.7% and 85.4%. The resistance to benzimidazoles was con-
firmed by EHA in horses and sheep as well. Resistance to albendazole, ivermectin and doramectin was not found.

sheep; horses: cattle; strongylid nematodes infection; anthelmintic resistance; FECR test; EHA

ABSTRAKT: Na vybranych farmach u ovei, koni a skotu prirozené infikovanych gastrointestindlnimi nematody byl testo-
van vyskyt anthelmintické rezistence viéi levamizolu, mebendazolu, fenbendazolu, albendazolu, ivermektinu a doramek-
tinu. K detekei anthelmintické rezistence bylo pouzito jednak testu in vivo (test redukce poétu vylucovanych vajicek -
FECRT) a u benzimidazolovych sloucenin i testu in vitro (test lihnuti larev z vaji¢ek - EHA). Rezistence byla prokazana
u malych strongylidi koni viéi mebendazolu (8 az 10 mg/kg z. h.) u FECR testu v 61,5 a 70,4 % a u fenbendazolu
(7,5 mg/kg z. h.) v hodnotiach 76 a 84,1 %. Timto testem byly prokazany rezistentni kmeny Ostertagia spp. a Tricho-
strongylus spp. u ovei viagi levamisolu (7,5 mg/kg Z. h.) v 67,8 % a fenbendazolu (5 mg/kg z. h.) v 83,7 a 85,7 %. Rezis-
tence vici imidazolovym anthelmintikim byla potvrzena i EHA testem. Rezistence nebyla prokazana u albendazolu,
ivermectinu a doramectinu jak u ovci, tak 1 u koni a skotu.

ovce; kong; skot; infekce strongylidnimi nematody; anthelminticka rezistence; FECR test; EHA

UvVOoD

Vznik rezistence vi¢i pouzivanym antiparazitikim je
v soudasné dobé velmi zavaznym celosvétovym pro-
blémem ve veterinarni i humanni mediciné. Vyzkum této
problematiky je proto vysoce aktudlni jak z védeckého,
tak 1 z praktického hlediska. Z praxe jsou dobfe znamy
problémy spojené s rychlym nastupem a Sifenim
rezistence k pouzivanym chemoterapeutikiim u bakterii,
vird, protozoi a zejména &lenovel (rozto¢d a hmyzu).

V poslednich letech se stala zavaznym problémem
zejména rezistence vi¢i anthelmintikiim.

Obecné lze rezistenci charakterizovat jako schopnost
jedincu urcitého kmene parazita ve smyslu biologicky
rozdilnych kment uréitého druhu tolerovat davku uréité
substance (chemoterapeutika), ktera je pro vétinu indi-
vidui normalné vnimavé populace letdlni. Tato rezis-
tence se projevuje snizenou uc¢innosti terapeutické
davky, pricemz k docileni normélni u¢innosti je potieba
bud’ zvySeného davkovani, nebo ¢astéj§iho opakovani
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lécby. To neumémé zvysuje naklady na lécbu a v koneéné
fazi je nutna aplna zména antiparazitika. Rezistence se
vyviji vétSinou na zakladé opakovaného a dlouhodobého
vystaveni parazitarnich pivodci onemocnéni &inku
uritého antiparazitika. Rezistence je geneticky fixovana
a prechazi na potomstvo. Zasadni problémy nastivaji
v dob¢, kdy v populaci paraziti vzroste nebo pievladne
podil rezistentnich jedinci. Dalsi zavazny faktor je, Ze
tito rezistentni jedinci mohou byt ve stejné mire pfenaseni
v ramci druhu 1 mezi jednotlivymi druhy, napfiklad mezi
domacimi a volné zijicimi pfezvykavci apod. (Le Jambre,
1978; Pfueller aj., 1986; Taylor a Hunt, 1989; Waller,
1993; Prichard, 1990, 1994; Borgsteede, 1993 a dalsi).

V soucasné dobé je z hospodaiskych zvifat nejzavaz-
néjsi problém rezistence viici anthelmintikiim pfedevsim
u ovei a koz, dile i u koni. Méné je dosud rezistence
zjiStovana u prasat a skotu. Zpravy o vyskytu rezis-
tentnich kment jsou jiz fadu let publikovany ze zemi
s rozvinutym chovem ovci (Australie, Novy Zéland,
Jihoafricka republika), dale ze zemi Latinské Ameriky,
Indonésie a z evropskych zemi jsou to zejména Anglie,
Skotsko, Wales, Irsko, Dansko, Francie, Némecko,
Belgie, Nizozemsko a Recko (Coles a Roush, 1992;
Coles aj., 1994; Prichard, 1994; Coles, 1999; Swarnkar aj.,
1999; Sangster aj., 1999). Ze zemi stiedni a vychodni
Evropy byly prvni zpravy publikovany u koz, ovci
a koni ze Slovenska (Corba a)., 1993; Varady aj., 1993;
Praslicka aj., 1994a, b, 1995; Varady a Corba, 1997, 1999;
Corba aj., 1998). Prvni piipady detekce rezistentnich
kment u strongylidnich nematodi ovei a koni proti
nékterym imidazolovym anthelmintikiim v Ceské repub-
lice publikoval Chroust (1998). Ve vsech zemich, kde
byla rezistence zjisténa se jedna pfedeviim o nematody
z fadu Strongylida, u ovci a koz z Eeledi Trichostron-
gylidae (Haemonchus contortus, Ostertagia spp., Coo-
peria spp., Trichostrongylus spp.), u koni z pod¢eledi
Cyathostominae (mali strongylidé), ptipadné Stron-
gylinae (velci strongylidé) (Bauer, 1993; Woods aj.,
1998; Lendal aj., 1998; Craven aj., 1998 a dalsi). Vabec
prvni rezistentni kmen byl zji$tén u H. contortus u ovci
proti thiabendazolu. U prasat byla dosud zjisténa rezis-
tence proti druhu Qesophagostomum dentatum, aviak
v mens$i mife (Bjorn, 1993; Varady aj., 1996) a podobné
u skotu proti morantelu u Ostertagia spp. a Cooperia spp.
(Geerts, 1993). Anthelmintickd rezistence byla zjisténa
rovnéz u motolic Fasciola hepatica (Boray aj., 1990).
V fadé zemi je v soucasné dobé prokazovana jiz poly-
rezistence vici nékolika anthelmintikim zarovén, na-
ptiklad imidazolim, morantelu a ivermectinu (Coles,
1996; Waruiru aj., 1998; Coles a Stafford, 1999; Chan-
drawathani aj., 1999; Macchi aj., 1999; Sangster a Gill,
1999; Young aj., 1999 a dalsi).

Cilem této prace, s pouzitim standardnich metodik,
bylo sledovani vyskytu rezistentnich kmend nematodu
u ovci, skotu a koni k pouzivanym anthelmintikiim v pod-
minkach Ceské republiky. Zavedeni téchto metodik do
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veterinarni diagnostiky podpofi vyznamné i program
sjednocovani metodik v ramci EU.

MATERIAL A METODY

Prikaz rezistentnich kmenl nematodu se zakladal
na pouziti standardnich metodik doporucenych Svéto-
vou asociaci pro pokrok ve veterinarni parazitologii
(W.A.A.V.P.), které jsou pouzivany ve vétiiné zemi
v nichz je tento problém aktualni, véetné EU.

A. Pouzité testy

1. Test in vivo: Test redukce poctu vylu¢ovanych va-
jicek ve feces (FECRT - fecal egg count reduction
test; Coles aj., 1992).

2. Test in vitro: Test lihnuti larev z vajicek (EHA — egg
hatch assay; Coles aj., 1992).

B. Pouzity material

Vlastni vySetfovani bylo provadéno v letech 1997 az
1999 u ovei, koni a skotu v riznych chovech a lokalitich
v CR. Vzorky trusu pro vlastni vySetfovani byly ode-
birany individualné jak u zvirat v pokusnych (1écenych),
tak i kontrolnich (nelécenych) skupindch. Pokusné
a kontrolni skupiny byly tvofeny minimalné osmi,
maximalné 15 zvifaty u nichz vylucovani vajicek
vesmés presahovalo hodnoty EPG 150 a zvifata nebyla
v poslednich 12 tydnech lé-cena. Vlastni laboratorni
vysetfeni bylo provadéno podle druhu pouzitého testu.

Pii provadéni FECR testu byl u jednotlivych vzorki
stanoven pocet vylucovanych vajicek trusem (EPG)
a sice pied aplikaci anthelmintik (0. den) a po aplikaci
10. az 14. den. Ddle byly vzorky hromadné zpracovany
do koprokultur a provadéna jejich kultivace. Vlastni
determinace infekénich larev (LA III) byla provadéna po
sedmi az osmi dnech kultivace. Pfi pfipravé koprokultur
bylo postupovano metodou podle Chrousta a Hulinské
(1970) a metodou, kterou uvadi Coles aj. (1992) (MAFF,
1986). Determinace infekénich larev GIN byla prova-
déna po pfidani Lugolova roztoku u pomérného poctu
ziskanych larev podle klica, které uvadéji Hulinska
(1969), MAFF (1986), Eckert aj. (1992) a jini autofi.

Vlastni vyhodnoceni FECR testu bylo provadéno
podle vzorce:

procento redukce = 100 . (1 — Xt/Xc),

kde X je aritmeticky prameér, t = EPG u lécené skupi-
ny 10. az 14. den a ¢ = EPG u kontrolni skupiny
(nelécené) rovnéz 10. az 14. den. Rezistence byla po-
tvrzena, jestlize redukce vylucovanych vajicek po lécbé
byla nizsi nez 95 % u ovci a nez 90 % u koni a skotu.
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Pii provadéni EHA testu byl trus odebiran rovnéz
individudlne a do doby vySetfeni uchovan v pfenosném
chladicim boxu. Pfi odbéru v chovech s kratsi vzdale-
nosti do laboratore byly vzorky zpracovany béhem tii az
¢yt hodin, zatimco pfi odbérech ve vzdalenych chovech
bylo nutné vzorky anaerobné konzervovat. Za tim
ugelem byly pouzity vzorkovnice o obsahu 100 ml, v nichz
se asi 10 g cerstvé odebraného trusu dukladné zhomoge-
nizovalo s 85 ml vody, vzorkovnice se doplnily po okraj
vodou a neprodysné uzaviely. Anaerobni prostiedi tak
zabranilo ryhovani vajicek, takze vzorky mohly byt
laboratorné zpracovany v nasledujicich dnech (nejpoz-
d¢ji do sedmi dnii) po odbéru. Ziskana vajicka v poctu
100 az 300 byla kultivovana na Petriho miskach (pramer
4 ¢m) v suspenzi 0 obsahu 2 ml vody s doplnénim 10 pg
roztoku thiabendazolu. Pracovali jsme s péti koncen-
tracemi, a sice 0,05, 0,1, 0,5, 1,0 a 2,0 pg a kontrolou
(bez pridani thiabendazolu). Po 48 h inkubace pii tep-
loté 26 az 27 °C se test vyhodnocoval. Posuzovalo se asi
100 vajicek a ur¢ilo se procentudlni zastoupeni vajicek
mrtvych, embryonovanych a larev uvolnénych z vajicek.
Vlastni vyhodnoceni EHA testu bylo provadéno
pouzitim modelu logitové analyzy (Waller aj., 1985).
Vzhledem ke skute¢nosti, ze byly vyhodnocovany
terénni kmeny nematodi, nebyla provadéna kalkulace
faktoru rezistence. Na zdkladé vysledku byl pomoci
vyhodnocovaciho programu sestrojen graf zavislosti
G¢innosti anthelmintika na pouzité koncentraci thia-
bendazolu a stanovena koncentrace, ktera zamezi lihnuti
50 % vajicek (LDs,). Byla-li prekro¢ena hodnota 0,1 pg,
je u testovaného anthelmintika potvrzena rezistence.
V piipadé pouziti thibenzolu v testu se jedna o rezistenci
viici celé skupiné benzimidazolovych anthelmintik.

C. Testovana anthelmintika

1. Fenbendazol
a) u ovei v davee 5 mg/kg z. h. v preparatu PANACUR
2,5% susp. (Hoechst) — p. o.

b) u koni v davece 7,5 mg/ kg z. h. v preparitu FENBION
2,5% pulv. (Mevak), resp. FENRYMIN susp. (Gale-
na)-p. o.

2. Albendazol

a) u ovei v davee 5 mg/ kg z. h. v prepardatech VERMI-
TAN susp. 2,5% (Sanofi) a ALDIFAL susp. 2,5%
(Mevak) - p. o.

b) u skotu v davee 7,5 mg/kg Z. h. v prepardtech ALDI-
FAL 10% susp. (Mevak) a VERMITAN 20% gran.
(Sanofi) - p. o.

3. Levamisol

u ovei v davee 7,5 mg/kg z. h. v preparatu BIOVERM
sol. (Bioveta, Ivanovice na Hané) — p. o.
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4. Mebendazol

u koni v davee 10 mg/kg z. h. v preparatu MEBENVET
gran. 10% (G. Richter) a v davce 8 mg/kg v preparatu
TELMIN gran. (Janssen) — p. o.

5. Ivermectin

a)u ovei a skotu v davece 0,2 mg/kg z. h. v preparitu
IVOMEC inj. (MSD Agvet, Merial) —s. c.

b) u koni v téze davce v preparatu EQVALAN pasta
(MSD Agvet, Merial) - p. o.

6. Doramectin
uovei v davee 0,2 mg/kg z. h. v preparatu DECTOMAX
(Pfizer) —s. c.

VYSLEDKY

Vysledky FECR testu prokazaly rezistentni kmeny
Ostertagia spp. a Trichostrongylus spp. u ovei vici leva-
mizolu v doporuc¢ované davce 7,5 mg/kg z. h. v 67,8 %
a fenbendazolu v davce S mg/kg z. h. v 83,7 a 85,7%.
Rezistence nebyla prokdzana timto testem u albendazolu,
ivermectinu a doramectinu jak u ovci, tak 1 u koni a skotu.

Vysledky FECR testii provedenych u jednotlivych
druht zvifat jsou uvedeny v tab. I, Il a III.

Vysledky EHA testu vii¢i imidazolovym anthelminti-
kim u ovei a koni jsou dokumentovany obr. 1 a 2 a hod-
notami LDs,.

corrected p

=0.2 ) I 1

loge dose

1. Vysledek EHA testu po aplikaci fenbendazolu (S mgrkg 2. h.)
u ovei, Vysledek testu LDsg = 0,4558 piesahuje hodnotu 0,1 mg
thiabendazolu a prokazuje rezistenci — The results of the EHA test
after the application of fenbendazole (5 mg/kg b. w.) in sheep. The re-
sulting valuc of the test LDso= 0.4558 cxceeds an empirical value of
0.1 mg of thiabendazole and proves resistance
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L. Vysledky FECR testu u ovci — Results of FECR test in sheep
Chov &' Pouzita anthelmintika® Davka Pocet zvifat' EPG pted aplikaci | EPG po aplikaci Redukce EPG’ Horni koeficient Dolni koeficient Rezistence'”
(mgkg 2. h) (0. den)’ (10 az 14. den)® (%) spolehlivosti® spolehlivosti’

1 fenbendazol 50p. 0. 10 230 10,5 95,4 98 94 -
nelééena ' - 10 261 246 - - -

2 fenbendazol 50p. 0. 12 104 18 83,7 92 81 +
nelécend - 10 149 131 - - -

3 fenbendazol 5.0p. 0. 10 122 17.8 854 95 78 +
nelééena - 10 107 124 - - -

4 albendazol 5.0p. 0. 15 129 0.8 99.3 99 95 -
albendazol 5.0p. 0. 10 260 16,9 93,5 94 88 *
nelé¢ena - 10 143 169 - - -

5 levamisol 7.5p. o. 15 270 87 67,8 70 31 +
nelé¢ena 15 209 192 - - -

6 levamisol 75p. 0. 10 169 39 71,0 78 49 +
nelécend - 8 181 162 - - -

T ivermectin 0258, 10 87 0,5 99,4 99 95
doramectin 025 ¢ 8 69 0 100,0 100 100 -
nelécend 10 74 69 - - -

'experiment No., “anthelmintics, ‘dose (mg/kg b.w.), ‘number of animals, *EPG before treatment (Day 0), *EPG after treatment (Days 10 to 14). "EPG reduction, *upper confidence limit (UCL), *lower confidence limit
(LCL), “resistance, ' untreated control

II. Vysledky FECR testu u skotu — Results of FECR test in cattle

Chov &' Pouzita anthelmintika® Divka Pocet zvifat* EPG pied aplikaci | EPG po aplikaci Redukce EPG’ Horni koeficient Dolnf koeficient Rezistence'”
(mg/kg 2. h)' (0. den)’ (10. az 14. den)® (%) spolehlivosti® spolehlivosti’
1 albendazol 7.5p. 0. 12 62 0,45 993 98 95 -
ivermectin 02s.c 7 42 0 100,0 100 100
nelécena ! = 10 44 52 - - -
2 doramectin [ 5 8 104 14 98.7 99 93 -
nelécena 8 90 101 - - -

For I-11 see Tab 1
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Rezistence

9

spolehlivost

Dolni koeficient

61

70

82

97

spolehlivost

Horni koeficient

71

88

88

94

99

Redukce EPG’
(%)

61.5

70,4

76,0

84.1

98,6

EPG po aplikaci
(10. az 14. den)”

162
361

49

169

83.5
402

395

EPG pred aplikaci
(0. den)’

384

165

348
302

270
330

360

4

Pocet zvirat

10

10

10

Davka
(mg/kg 7. h.)

810 p.o.

8p.o.

75 p. 0.

7.5 p.o.

0.2 p.o.

Pouzita anthelmintika

mebendazol

nelécend

mebendazol

nelééena

fenbendazol

nelécend

fenbendazol

ivermectin

nelécena

II1. Vysledky FECR testu u koni — Results of the FECR test in horses

Chov ¢

For 1-11 see Tab. |
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2. Vysledek EHA testu po aplikaci mebendazolu (10 mg/kg) u koni.
Vysledek testu LDsg = 0,5262 piesahuje hodnotu 0,1 mg thia-
bendazolu a prokazuje rezistenci — The results of the EHA test after
the application of mebendazole (10 mg/kg) in horses. The resulting
value of the test LDso= 0.5262 exceeds an empirical value of 0.1 mg
of thiabendazole and proves resistance

DISKUSE

Na zaklad¢ dosavadnich poznatkl nejzavaznéjsi
problémy se vznikem rezistentnich kmeni jsou v oblas-
tech, kde klimatické a epizootologické podminky vy-
zaduji Castou aplikaci anthelmintik (JAR, Australie,
Novy Zéland, Jizni Amerika) a dale v zemich s inten-
zivnim odchovem jehnat masnych plemen ovci (Anglie,
Skotsko, Nizozemsko, Dansko). Je znamo, ze napfiklad
rezistentni kmeny vi¢i thiabendazolu byly prokazany jiz
po Ctytikrat opakované aplikaci tohoto anthelmintika
v periodach kratsich nez ¢tyfi tydny, rezistentni kmen
H. contortus vuci ivermektinu se vyvinul v podmin-
kach JAR prakticky po jednoroénim pouzivani u ovci
(Van Wyk a Malan, 1988).

Z Gzemi byvalého Ceskoslovenska byla rezistence
vuéi anthelmintikim neznama. Stejné jako v ostatnich
zemich se po zavedeni a $ir§i distribuci stala anthelmin-
tika imidazolové fady pro svoji §irokospektralni u¢in-
nost po fadu let téméf jedinymi pouzivanymi jak u ovei,
tak u skotu a koni. Navic jejich Gzky sortiment nezajis-
t'oval potfebnou obménu, zejména u koni, kde napfiklad
mebendazol (MEBENVET gran. 10%) se pouzival téméf
jako jediné anthelmintikum déle nez 10 let. Totéz lze fici
o tetramisolu a levamisolu u ovci, ptipadné u skotu.
V lékovych formach NILVERM sol. k peroralni aplikaci
a NILVERM inj. k subkuténni aplikaci se toto anthel-
mintikum pouzivalo prakticky od zacatku 70. let. Na za-
kladé chemické struktury patfi levamisol do skupiny
imidazol-thiazolovych slouéenin, tedy s podobnym
mechanismem u¢innosti jako pozdéji vyvinuté imidazo-
lové sloudeniny. Vyskyt rezistence se u téchto anthel-
mintik pfedpokladal a pfimé diikazy podali Praslicka aj.
(1995) na Slovensku a Chroust (1998) v Ceské repub-

lice. Vaznym nebezpecim je rovnéz moznost rozsifeni
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rezistentnich kmenu spolu s importovanymi zvifaty jak
prokazali u koz z Nového Zélandu Varady aj. (1993,
1994) a Praslicka aj. (1994b). Titiz autofi zjistili v pod-
minkach Slovenska rezistentni kmeny trichostrongylidi
uovei v 8 % stad (Prasli¢ka aj., 1994a, 1995)

Ziskané vysledky studia rezistentnich kmenul se
zakladaji na vySetfovani stad z raznych lokalit Ceské
republiky a potvrzuji pfedpoklad, ze rezistence vici
soucasné pouzivanym anthelmintikim, zejména imida-
zolové fady, je v naSich podminkach rovnéz rozsifena,
a to daleko vice nez se ve veterinarni a chovatelské
vefejnosti piedpoklada. Vyskyt rezistence ma predevs§im
ekonomicky dopad. K dosazeni pozadované ucinnosti
anthelmintika by bylo nutné trvale zvySovat jeho
terapeutické davky, pripadné castéji opakovat lécbu, coz
zvySuje neumérné naklady na tlumeni helmintoz,
zejména u pastevnich kust. Jedinym feSenim je uplna
zména anthelmintika odli$né chemické struktury. Takova
anthelmintika jsou v soudasné dobé na nasem trhu
pfistupna (na bazi avermektini, pyrantelu apod.).
Vzhledem k néalezim v zahranici, kde i u téchto slouce-
nin byla jiz zjiSténa rezistence a piipadné moznosti
zavleCeni rezistentnich kment s importovanymi zvifaty,
je studium této problematiky u nas vysoce aktualni
a nezbytné. Zavedeni metodik do diagnostiky by
umoznilo soustavné vyhledavani rezistentnich kment
helmintd, a tim i uplatnéni v systému prevence a tlumeni
ekonomicky zavaznych helmintéz hospodarskych zvirat
v podminkach CR.
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QUANTITATIVE EVALUATION OF ACID-BASE BALANCE
ON MILK PRODUCING GOATS:
EFFECT OF SEX AND MILK YIELD

HODNOCENI KVANTITATIVNI ACIDOBAZICKE ROVNOVAHY U KOZ:
VLIV POHLAVI A MLECNE PRODUKCE

C. Castillo], Js Herngndez', J. [5‘ Benedito', M. Lopez—Alonsol, M. Mirandal,
C. Gutierrez-Panizo~, J. Sotillo”

Department of Animal Pathology, Veterinary Faculty of Lugo, University of Santiago de
: Compostela, Spain
“Department of Animal Pathology, Veterinary Faculty of Murcia, University of Murcia,
Spain

ABSTRACT: The characteristics of the acid-base balance in the Murciano-Granadina goat are evaluated in this report.
This 1s a rustic breed, located in the South of Spain, which is raised for milk. This fact could determine special metabolic
and internal characteristics that have been evaluated. In order to obtain a better understanding of the factors that control
the acid-base balance and its relationship to sex and milk yield, Fencl’s equations have been developed. Our results
showed that the sex influences buffer bases (HCO; and BE) and fluid balance (taking into account Na', PCV, osmolality
and BE,). Considering the influence of milk yield. the statistical differences appeared in four parameters: pCO,, HCO,,
AG and PCV. The most significant findings of this report are that this breed is well adapted to the high metabolic re-
quirements imposed by milk production and that secondly, the females of this breed present a peculiar fluid balance, dif-
ferent from the males.

Fencl’s equations; Murciano-Granadina breed; Fluid balance

ABSTRAKT: V této préci jsou zhodnoceny parametry acidobazické rovnovahy u koz z jihu Spanélska (murcijsko-gra-
nadské plemeno), chovanych pro mléko. Fenclovy rovnice byly sestaveny ve snaze lépe pochopit jednotlivé ¢initele,
které kontroluji acidobazickou rovnovahu a jeji zavislost na pohlavi a mlééné produkci. Nase vysledky naznacily vliv
pohlavi na obsah pufrovych bazi (HCO, a BE) a na rovnovihu télnich tekutin (Na', PCV, osmolalitu a BE,). Podle
mlécné produkce se statistické rozdily projevily u ¢tyf parametri: pCO,, HCO, , AG a PCV. Plemeno se dobfe adaptovalo
na vysoké pozadavky, které na metabolismus klade produkce mléka. Samice tohoto plemene maji rovnovéhu télnich teku-
tin odli$nou od samcti.

koza; acidobazickéd rovnovéana: Fenclovy rovnice; murcijsko-granadské plemeno; rovnovéha télnich tekutin

INTRODUCTION
When we talk about internal balance we are thinking

The Murciano-Granadina goat is a rustic breed lo-
cated in the South of Spain, which is raised for milk
(an average of 500 litres/276 days) and with an impor-
tant economic value (Sotillo et al., 1996). This breed 1s
among the most important dairy caprine breeds of Spain
(Falagan, 1996). This condition gives them certain pecu-
liar metabolic and physiological characteristics, in fact
Larson (1978) and Qi et al. (1992) pointed up that high-
producing dairy goats consume twice as much feed as do
dairy cows and devote a greater proportion of their
energy consumption to milk production. Consequently,
there will exist peculiar effects on internal balance.
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of H™ concentration in body fluids and especially in
blood: the acid-base homeostasis. Since a few years ago
the acid-base balance, based on the traditional Hender-
son-Hasselbalch equation, has undergone a new approach
derived from Stewart’s studies (Stewart, 1981). This
new method provides a mathematical explanation for the
relevant variables that control pH in body fluids and
their interactions. These studies show that the value of
H is determined by, and only by, the difference between
strong ions, mainly Na™ and CI', proteins and pCO,
which are, in turn, determined by the balance between
tissue metabolism and respiration.
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Fencl and Leith (1993) developed the clinical appli-
cation of Stewart’s method, establishing equations based
on physical chemistry and on data from human patients.
Both Stewart’s and Fencl’s methods provide a good esti-
mate of the H™ and HCO; concentrations measured in
plasma (Kowalchuck and Scheuermann, 1994). Other
authors also propose a combination of old and modern
theories for evaluating simple and combined disorders
of the acid-base balance, disorders which can potentiate
each other but also mask their effects (Kubat, 1996).

Following up with these studies, some investigators
have applied Fencl's equations in veterinary medicine.
With this aim, we want to determine what happens in the
internal balance of the Murciano-Granadina goat. In order
to obtain a better understanding of the factors control-
ling acid-base balance and its relationship between sex
and milk yield level, Fencl’s equations have been deve-
loped. We want to understand the metabolic particu-
larities of these lactating goats and to establish their
contributions to acid-base homeostasis. We must point
out that there are no studies that consider this new ap-
proach in this species: for this reason it is difficult to
compare our results.

MATERIAL AND METHODS

Animals

Testing was performed on 50 healthy Murciano-Gra-
nadina goats, ranging from 4 to 5 years of age, divided
into different groups, depending on sex and milk yield:
—male goats (n = 10)

— female goats (n = 40). This group was also divided into
groups: barren goats (n = 10) and lactating females
(n = 30), divided into:

a) high milk producing goats (n = 10) with average milk

production above 3.5 litres/day,

b) medium milk producers (n = 9) with average milk

production between 3.5 and 1.5 litres/day,

¢) low milk producers (n = 11) with average milk pro-

duction below 1.5 litres/day.

The diet of these grazing animals was based on fresh
grass from natural pasture plus low-quality hay and min-
eral supplement (40 g/day/animal).

Sample collection and analysis

Samples were taken from selected goats between 8.30
and 9.30 prior to morning feeding. They had previously
been separated from the flock the night before to mini-
mize the effect of stress. Blood samples were collected by
jugular venipuncture, taking into account all the precau-
tions necessary to avoid interferences in the measure-
ments, especially in acid-base parameters (Bailey and
Pablo, 1998).

242

Whole blood was used to study the parameters related
to acid-base balance (venous pH, pCO,, HCO;, BE, Na’,
K™ and Cl), all of them measured with a blood gas and
electrolyte analyzer (ABL System 600, Radiometer
Copenhagen); PCV was determined by microhaemato-
crit technique. Calculated parameters were established
using Fencl’s equations as follows: change in BE due to
free water (BE,); chlorine ion (BE(y); unmeasured an-
ions (BE,,) and albumin abnormalities (BE,;). Like in
prior reports, we preferred to use the albumin measure-
ment rather than total protein determination because it is
the only significant element, among total proteins, that
contributes to the variable negative charges in the acid-
base equilibria in plasma (Figge et al., 1991). The SID
(strong ion difference) and AG (anion gap) values were
calculated by the formulae (Na” - Cl ) and (Na™ + K”) -
(Cl + HCOy), respectively. The z value, necessary for
the BE, determination, was calculated using the formula
z = SID/Na nommat for the species (Whitehair et al., 1995),
obtaining a mean z value of 0.280 + 0.002. We deter-
mined the serum osmolality using the equation 2 x Na” +
glucose/14 + BUN/2.8 (Contreras and Blanco, 1997). Se-
rum glucose and BUN determinations were carried out
using standardized techniques (Spinreact Reagents, Spain).

For calculated parameters, we also employed, re-
ference values that were obtained in our laboratory from
healthy goats of the same breed and environmental con-
ditions, using the same analytical techniques. These
mean values were 147.13 + 0.24 mmol/l for Na+,
105.79 + 0.35 mmol/I for Cl and 29.2 + 0.35 g/l for al-
bumin.

Statistical procedure

A statistical test was performed using an analysis of
variance included in the statistical program SPSS Ver-
sion 8.0. We made two types of comparison: firstly,
males versus total females, with the purpose of ana-
lyzing the influence of sex factor on the studied para-
meters, and secondly, we compared the different groups
of females (barren, high, medium and low producers) to
determine the influence of milk yield. All the compari-
sons were made using the Tukey HSD test considering
p<0.05 (Williams, 1994).

RESULTS

Tab. [ presents the mean values (p + std. error) of each
group considered; Tab. Il shows the significance levels
for each comparison. It is evident from this table it can
be appreciated that there is no significant effect of either
sex or milk yield on venous blood pH, Cl, SID, BE,,,
BE,, BE¢r, albumin and glucose values.

In a comparison between males and total females, sta-
tistical differences appear in many aspects: firstly, in re-
lation to buffer bases (HCO, and BE), when the females
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. Mean values (u # std. error) of each parameter depending on milk yield factor

Parameter Bucks Total Females Barren Goats High producers Medium producers Low producers
Venous pH 7.393 = 0.009 7.375 = 0.004 7.353 +0.003 7.378 = 0.007 7.378 + 0.009 7.382 =+ 0.006
pCO: (mm Hg) 4570+ 1.27 4438 + 0.82 48.76 + 1.00 41.57 = 1.21 4286+ 1.72 46.01 =0.77
HCO; (mmoVl/1) 27.08 £ 091 25.10 = 0.41 26.14 = (0.42 2372 +0.49 24.45 = 0.89 26.57 = 0.70
BE (mmol/l) 2.73+0.86 0.77+0.34 0.90 + 045 -0.014 +0.28 0.30+0.79 207 +0.65
Na' (mmol/1) 146.33 + 0.33 147.46 = .25 148.0 + 0.54 147.71 = 0.47 147.55 + 0.55 146.71 = 0.35
K* (mmol/l) 4.31+0.10 391 +0.07 410017 391+0.14 3.81+0.10 3.90+0.18
CI" (mmol/l) 105.83 = 0.30 106.17 + 0.44 108.0 + 1.26 106.42 + 0.68 105.55 £ 0.78 105.42 + 0.84
AG (mmol/l) 17.76 = 0.58 20.02 * 0.50 17.88 £ 1.36 2141 +0.73 21.20 = 0.49 18.64 = 1.11
SID (mmol/l) 40.50 + 0.56 41.28 = 0.40 40.0 = 1.04 41.28 £ 0.64 42.0+0.70 41.28 £ 0.91
PCV (%) 40.0 + 2.65 29.07 £ 0.42 32.0+0.83 28.42 + (.61 28.33+0.72 28.57 = 0.64
Osm. (mosm/k g H20) 30525+ 1.59 316.08  0.88 317.14 £ 2.68 316.83 £ 1.76 316.00 = 1.81 314.69 = 1.20
z value 0.278 + 0.004 0.280 = 0.003 0.266 + 0.008 0.281 = 0.004 0.286 + 0.005 0.282 = 0.006
BEw (mmol/l) -0.213 + 0.087 0.095 + 0.071 0.233£0.145 0.166 + 0.136 0.124 + 0.156 ~0.111 £ 0.100
BE., (mmoVl/1) 2,646 = 4.06 -0.396 + 1.740 -5.772 £ 7.628 2.362 + 4.049 0.950 + 1.142 1.045 + 1.729
Be,p, (mmol/l) 0.925 + 3.621 -1.176 = 1.599 -5.402 = 6.681 2.325 + 3.595 -1.315 = 1.044 3171 £2.126
BEcr (mmol/1l) ~0.623 + 0.486 —0.134 +0.399 -1.504 + 1.073 -0.217 £0.619 0.538 + 0.693 0.060 + 0.888
Glucose (mg/dl) 70.08 £ 2.71 69.21 = 1.41 69.60 £ 6.55 70.18 £ 2.76 68.82 + 1.64 68.48 x 1.66
Albumin (g/1) 28.95+0.97 29.51 +£0.43 30.66 = 1.80 29.82 +0.97 29.55+0.28 28.34 + 0.57
BUN (mg/dl) 2435+ 3.64 47.03+1.64 40.28 = 3.80 49.02 £2.77 47.78 3.04 48.88 + 3.41




I1. Significance levels (p < 0.05) for the comparisons between males and total females, and between the different groups of females

Parameter Males Among Barren Barren Barren H.P. H.P M.P.
vs. females females vs. HP. vs. M.P. vs. L.P. vs. M.P. vs. LP. vs. L.P.
Venous pH N.S. N.S. NS N.S. N.S. N.S. N.S. N.S.
pCO; (mm Hg) N.S. 0.010 0.013 0.038 N.S. N.S. N.S N.S.
HCO; (mmol/l) 0.044 0.040 N.S. N.S. N.S. N.S. 0.045 N.S.
BE (mmol/l) 0.026 N.S. N.S. N.S. N.S. NS. N.S. N.S.
Na* (mmol/l) 0.048 N.S. N.S. N.S. N.S. N.S. N.S. N.S.
K* (mmol/l) 0.021 N.S. N.S. N.S. N.S. N.S. N.S. N.S.
Cl" (mmol/1) N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
AG (mmol/l) 0.045 0.023 0.041 0.046 N.S. N.S. N.S. N.S.
SID (mmol/l) N.S. N.S. N.S. N.S. NS. N.S. N.S. N.S.
PCV (%) 0.000 0.008 0.023 0.023 0.023 N.S. N.S. N.S.
Osm. (mosnvKg H,0) 0.000 N.S. N.S N.S. N.S. N.S. N.S. N.S.
z value N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
BE:. (mmol/l) 0.043 N.S. N.S. N.S. N.S. N.S. N.S. N.S.
BE.. (mmol/l) N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
Be,, (mmol/l) N.S. N.S. N.S. N.S. N.S. N.S. N.S N.S.
BE¢ (mmol/l) N.S. N.S. N.S. NS. NS. N.S. N.S. N.S.
Glucose (mg/dl) N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
Albumin (g/1) N.S. N.S. N.S. N.S. N.S. NS. N.S. N.S.
BUN (mg/dl) 0.000 N.S. N.S. N.S. N.S. N.S. N.S. N.S.

H.P. = high producers. M.P. = medium producers, L.P. = low producers

show lower values than the males, which indicates a con-
sumption of buffer bases. Secondly, the fluid balance
(taking 1nto account Na’, PCV, osmolality and BE,)
seems to be another factor that differentiates males from
females. Thus, females present higher Na“, osmolality
and BEj, values than males and lower PCV percentages.
Finally, other statistical differences were determined in
relation to K', AG and BUN values.

On the other hand, and considering the influence of
milk yield, statistical significance appears in four para-
meters: pCO,, HCO;, AG and PCV. The pCO, and AG
values are the factors that differentiate barren goats from
high and medium producers. In these cases barren females
show higher pCO, values and lower AG concentrations
than the others. The HCO; concentration differentiates
high milk producers from the low-producing group,
showing the lowest values among females in the former
group. And finally, PCV is the parameter that clearly
distinguishes lactating goats (independently of milk
yield) from barren females, since the latter group shows
the highest levels.

DISCUSSION

We can see from the above data that neither sex nor
milk yield influences blood pH in this native breed. It is
a logical result if we consider that maintaining pH within
notably narrow limits is vital for the normal physiologi-

244

cal and biochemical events that maintain life (Carlson,
1989; Bailey and Pablo, 1998). The question is how lac-
tating females, which have certain peculiar metabolic
characteristics, maintain their blood pH in the same range
as males.

The process of pH regulation requires coordinated
functions of blood buffers and two major organs: the
lungs and the kidneys. Obviously, the buffering capacity
of the body plays an important role in acid-base regula-
tion, and this may be one of the factors that can explain
the main differences associated with sex or milk yield.
The most remarkable fact in all cases is that BE,, does
not differ between the animals, and in our opinion this is
an important finding. It is generally accepted that milk
production, as a physiological characteristic of females,
makes particularly difficult metabolic demands on rumi-
nants because not only energy requirements but also glu-
cose needs are increased (Herdt, 1988). On the other hand,
it is well known that in a general sense, metabolic activity
modifies acid-base balance although it is difficult to esti-
mate the degree of this contribution to the metabolic
component of acid-base status. In this aspect the BE,,
concept plays an important role because it considers
many metabolic components, such as organic acids and
inorganic anions (Whitehair et al., 1995). If there is an in-
creased metabolic rate (e.g. lactation), one can expect
a significant decrease in their concentrations, even
showing a negative value, which would indicate a meta-
bolic overload (Castillo et al., 1998a, b). Taking into
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account the aforementioned considerations, we can see
that lactating females (and especially high and medium
producers) do not show a critical metabolic overload due
to lactation. This finding agrees with previous reports on
dairy goats in relation to the "resistance™ of these ani-
mals to certain metabolic diseases (Drackley et al., 1989;
Bruss, 1996).

The first conclusion we obtain is that lactation in the
Murciano-Granadina goats does not imply a metabolic
risk and that the highest-producing females are best
adapted to this physiological event. In consequence.
these same goats show a greater respiratory effort and
base consumption although they do not reach the patho-
logical levels. It is clear that the respiratory mechanism
contributes to the maintenance of normal blood pH
through increased elimination of CO,, which can also
contribute to the low HCO, values found in this group
(Tietz et al., 1994). The negative BE value observed only
in high producers is not due to a metabolic overload and
may be attributable to the fluid balance changes asso-
ciated with lactation. In fact, fluid balance is another dif-
ferential factor between the animals, and surprisingly,
the sex factor establishes more difterences than milk yield.

In relation to the sex influence, the differences refer
to blood volume and osmoregulation, which are closely
connected. The BEg, 1s a useful parameter that can con-
tribute to the explanation. We know that plasma contains
water and that water content modifies base excess; in
this sense, free water is water that 1s added to or removed
from a body fluid compartment and produces changes in
the Na™ concentration. This movement of water between
body fluid compartments usually occurs in response to
changes in osmelality (Whitehair et al., 1995). In our
study the females present a positive BEg,, which implies
a decrease in free water parallelly to higher Na” and plasma
osmolality values in comparison with males. In conclu-
sion, the females present more water bound to Na~ than
the males.

If we consider only the high or medium lactating
goats, this may be a logical result. Lactation implies an
effort at fluid balance to produce milk (Olsson and
Dahlborn, 1989) which determines a decrease in urinary
Na~ excretion aided by the ANP influence and the capa-
city of these animals for drinking large amounts of water
(Olsson et al., 1989; Cvek et al., 1997). But it is sur-
prising to observe that the low-producing goats present
a negative BE;, accompanied by the lower Na~ value in
the females, showing that they have more free water. But
another notable finding is that the barren goats, without
milk synthesis demands, are similar to high and medium
producing females in the fluid balance behaviour. It is
complicated to seek an explanation. We must add that
there are no references in this matter to goats in baseline
conditions. Perhaps the Murciano-Granadina goat, as
a native breed adapted to Mediterranean conditions, has
a low water turnover and can retain water. A similar
finding was described by Hossaini-Hilali et al. (1994) in
the Moroccan goat. Nevertheless, more studies are
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needed in this area and in this breed in order to clarify
such questions.

The differences that appear in relation to K* concen-
trations with respect to the sex factor can be explained by
taking into account the role played by the renin-angio-
tensin-aldosterone system, which plays a key role in the
maintenance of circulating fluid volume that promotes
water and Na’ resorption in exchange for K™ and H™ ions
(Carlson, 1989).

The role of AG in the evaluation of acid-base disordes
has been controversial. Traditionally, this parameter was
used to estimate the presence of unmeasured anions, but
in our case this application is not valid because there are
no metabolic differences as can be seen in the BE,, inter-
pretation. Nowadays it is well known that AG can also
vary with changes in pCO, and HCO; values (Fencl and
Leith, 1993; Castillo et al., 1998a, b), and this fact is the
only reason that can explain the differences found in re-
lation to sex and milk yield. Like in prior studies carried
out by us, the usefulness of AG in the interpretation of
acid-base disorders is limited.

CONCLUSIONS

In the study of acid-base balance there are two impor-
tant conclusions to be drawn:

a) The Murciano-Granadina goat is well adapted to the
high metabolic requirements imposed by milk pro-
duction.

b) The females of the Murciano-Granadina breed present
a peculiar fluid balance, different from the males.
Nevertheless many factors that control this equilibri-
um may be clarified.
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HOW TO EVALUATE THE RESULTS OF RESEARCH:
REPORTS ON RESEARCH GRANTS PROJECTS

Information and advice for postgraduate students and new research workers. Recommendations for the prepara-
tion of reports which must be based on papers already published or ready for publication.

JAK HODNOTIT VYSLEDKY VYZKUMU:
ZPRAVY O GRANTOVYCH PROJEKTECH

Grantov¢ agentury maji pozadavky na sledovéni pri-
béhu feseni a hodnoceni vysledki pfesné vyjadieny
v pravidlech svého systému. Vétsinou pozaduji uverej-
néni vysledkt v lektorovanych casopisech, coz jim
umoziuje pienést odpovédnost za posouzeni kvality
vysledki na nezavislé lektorske fizeni. Zavére¢na zprava
se proto podstatné Lisi od zpravy pro oponentni fizeni
a ma pfinést pouze komentdi k prilozenym publikova-
nym vysledkiim, stanovisko feSitelu k naplnéni cila
projektu a prehled vynalozenych ndkladi. Jeji zpraco-
vani je Casové méné naroéné a posuzovani nevyzaduje
udast Uzce zaméfenych specialisti. Pokud nebylo mozné
viechny vysledky pred pfedlozenim zavéreéné zpravy
uvefejnit, mohou byt piilozeny rukopisy praci, jiz
predlozenych redakci nebo pfipravovanych k pred-
lozeni. V tomto piipadé se vsak hodnotitelé nemohou
spolehnout na ukoncené lektorské fizeni a musi sami
posoudit vérohodnost vysledkt. Resitelé by méli bez
vyzvani pfilozit potvrzeni redakce o obdrzeni rukopisu,
nebo Ze prace jiz prosla lektorskym fizenim a bude
uvefejnéna. Po uvefejnéni musi byt grantové agentuie
dodatecné zaslany separdty. protoze vyhlasenim
vysledku hodnoceni projekta se databaze informaci
o vyfeSenych projektech neuzavira. Je zcela pocho-
pitelné, ze v dobé, kdy toto hodnoceni musi byt
provedeno, tj. za nékolik mésici po ukonéeni financo-
vani projektu, nemusi byt jedt¢ vSechny vysledky
uvefejnény a vysledky se proto eviduji 1 pozdéji po
jejich prokdzaném uvefejnéni. Resitelé grant viak musi
peclivé dbat na uvedeni informace o finan¢ni podpore
vyzkumu grantovou agenturou a spravného eviden¢niho
¢isla grantu. Pfi posuzovani dalSich zadosti o udéleni
grantu piihlizeji grantové agentury ke vSem vysledkam,
které navrhovatelé dosdhli pri feseni diivejSich projekti.
Jejich nesplnéni nebo jen Castecné splnéni je zavaznym
divodem pro opatrné rozhodovani o uvolnéni dal3ich
finanénich prostiedki. Proto musi kazdy fesitel pocitat
s tim, Zze pokud neuvefejni dosazené vysledky, ztraci
anci na ziskani dalsiho grantu.

Zpracovani projektu, pro ktery je pozadovana pod-
pora, ma v grantovém systému mimofadny vyznam.
SlouZi nejen pro posouzeni vyznamu navrhovaného
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feSeni a pravdépodobnosti jeho Gspésného prubéhu, ale
umoznuje 1 kontrolu splnéni predpokladanych cili.
Zku$enymi navrhovateli je proto vénovana pfipravé
projekta velka pozornost. Navrhy musi vychazet z dobre
zpracovaného prehledu literatury a musi mit pfesné
formulovanou pracovni hypotézu, postupné cile s pred-
pokladanymi terminy jejich dosazeni a podrobny popis
metodiky, umoznujici posouzeni predpokladu dosazeni
cilii projektu a primeéfenosti ndklad. Laciné projekty
nemusi byt vabec feSitelné a Spatné zpracované navrhy
nakladnych projekta jsou pro sponzora pfilis velkym
rizikem.

Dobré projekty jsou doplnény grafickymi piehledy
vzdjemnych vazeb ¢innosti jednotlivych fesitelskych
tymu s terminy jejich ukonceni a pfesnym popisem
podilu jednotlivych ¢lent tymu na feSeni projektu.
Nezbytnou soucasti navrht jsou charakteristiky praco-
vist' feSiteld a podrobné adaje o jejich vybaveni.
Zivotopisy Fesiteld musi dokumentovat jejich zpiso-
bilost k spInéni cild navrhovaného projektu. Je samo-
zieymé, ze zacCinajici badatelé bez publikaci, feSitelé
neuspésnych projektl a pracovisté nedostatecné vy-
bavena, ktera dosud nevychovala zadné osobnosti
vyzkumu, nemohou ziskat vyznamnéj$i podporu. Proto
je nezbytné, aby se zaginajici pracovnici snazili ziskat
podporu zkusenych a aby se v jejich tymech prosadili
jako spoluautofi dobrych publikaci. Velkou pomoci
nasim pracovistim jsou programy Evropské unie a né-
kterych dalsich mezinarodnich instituci a zahrani¢nich
grantovych agentur, nadaci a univerzit, které poskytuji
podporu spole¢nym projektim zkusenych pracovniki a
perspektivnim, ale v grantovém systému dosud nepro-
véfenym pracovnikim ze zemi v pfechodu (country
In transition).

Pii hodnoceni vysledka ukoncenych grantovych
projektu podle publikaci nestaci jen ovéfit splnéni
zakladni podminky, kterou je uvedeni agentury a cisla
grantu, bez niz neni mozné pfijmout publikaci jako
vysledek fe§eni. Je nutno také ovéfit, zda obsah
publikace odpovida zaméfeni grantu a zda vysledky,
uvedené v predlozenych publikacich, vycerpavaji zamer
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projektu v plném rozsahu. Cerpani finanénich pro-
stiedkii musi odpovidat vykdzanym vysledkum. Nelze
vyuctovat desetitisice na specialni chemikalie pro meto-
dy molekularni biologie a vykazat vysledky, ziskané
vazenim jater pokusnych mysi. Nelze vyaétovat naklady
na 500 pokusnych mysi a predlozit publikaci o vysledku
pokusu na deseti mySich a stejné pocetné kontrolni
skupiné. Hodnotitelé dil¢ich a zavérecnych zprav
o grantovych projektech musi pozorné sledovat také
naklady na vyuzivané sluzby, protoze néktefi fesitelé by
radi plsobili jako distributofi penéz, které jim byly
svéfeny a feSeni projektu by ochotné zadali jinym.
Resitel ma tviréim zpsobem usilovat o dosazeni cile
projektu, nejcastéji o experimentalni ovéfeni hypotézy,
vyplyvajici z rozporu v soucasnych znalostech o studo-
vaném problému. Nemuze proto byt mecena$em, piina-
Sejicim jinym penize, které ziskal pro svoji vlastni praci.
Pozadavky na financovani spolupréce jsou proto peclivé
posuzovany jiz pii schvalovani projektu a skutecné
vynalozené prostiedky musi byt pfedmétem zajmu 1 pfi
jeho zavérecném hodnoceni. Stejné pozorné musi byt
sledovany naklady na cestovné. Konfrontace vysledkl
nasich a zahrani¢nich pracovist’ je velmi dulezita, ale
zahrani¢ni cesty nesméji byt prekazkou v praci a ne-
mohou byt jedinym vystupem feseni. Velka pozornost se
vénuje také podpofe vybaveni pracovist fesitela
pfistroji. I tyto polozky nakladl na feSeni musi byt velmi
odpovédné zdlivodnény, musi prispivat k zlepSeni
podminek pro praci nejen navrhovatele, ale i dalSich
spolupracovniku a feSitelt jinych projekti. Predmétem
zajmu hodnotiteld vysledki feSeni grantu je 1 to, jak
rychle bylo zafizeni pofizeno a po dodani uvedeno do
provozu, jaky je rozsah jeho vyuziti pro feseny projekt
a pro dalsi ucely, jak se pouziti nového zafizeni odrazilo
v publikovanych vysledcich apod. Resitelé mohou toto
hodnoceni usnadnit, pokud v zdvére¢né zpravé pie-
svédéive dolozi potiebné udaje, pokud jednoznacné
naplni cile projektu a pokud vysledky uvefejni ve vhod-
nych, tj. narocnych, nejlépe mezinarodnich casopisech.

Vymihani jiného pfistupu k hodnoceni vysledki
grantového projektu, nez stanovi pravidla pfisluné

248

grantové agentury, podavani stiznosti, poukazovani na
Uspéchy pfi feSeni jinych ukold, na véhlas fesiteld
v zahrani¢i, na velmi uspésné posouzeni vysledki pii
oponentnim fizeni, ani podezirani hodnotiteli z ne-
kalych imysli nemuze nijak zménit stanovisko, ze vy-
sledky nebyly dolozeny, pokud nebyly predlozeny jako
separaty uvefejnénych publikaci s odkazem na podporu
grantové agentury. Podpora Grantové agentury CR
predstavuje castku az nékolika miliont korun na jeden
projekt. Ro¢né se jen na projekty této agentury vy-
naklada téméf jedna miliarda korun. Tyto finanéni pro-
stredky musi byt pfeménény na publikace, které dolozi
jejich smysluplné pouziti. Pokud to fesitelé nejsou
ochotni pochopit, nemohou ocekavat dalsi podporu.

Pii podpoie ¢eského vyzkumu a pii piipravé nasich
fediteld maji vyznamnou dlohu kromé Grantové agen-
tury Ceské republiky i dalsi narodni agentury, pokud
Jsou ndro¢né a disledné a nepodléhaji snaze nékterych
fesitela vyhnout se kontrole dosazenych vysledki
v tvrdém a nezivislém lektorském fizeni, obvyklym ve
vyznamnych mezinarodnich ¢asopisech. K zvy$eni
naro¢nosti pfispivaji i ty narodni casopisy, které pod-
poruji uvefejnovani vysledka v anglictiné a opiraji se
o spoluprdci s narocnymi lektory. Bohuzel i v ¢asopisech
s nikoliv bezvyznamnym impakt faktorem mohou byt
uvefejnény meéné kvalitni publikace. Proto se hodnotitelé
musi fidit 1 svymi zkuSenostmi a nemohou se zcela
bezvyhradné spolehnout pouze na lektorské fizeni.

Podobné zasady hodnoceni vysledku feseni experi-
mentdlnich projektd maji i jiné grantové agentury
v Ceské republice i v zahraniéi. Stejné naroéné by mélo
byt hodnoceni i jinych programi na podporu vyzkumu,
jako je fond rozvoje vysokych skol, podpora meto-
dickych center, podpora zahrani¢nich studijnich pobyti
apod. Zku$enosti zatim nedovoluji poskytovat finan¢ni
prostiedky na neuréité cile nebo jen za dosavadni za-
sluhy. Cim lépe a naroénéji je zpracovan navrh projektu
a ¢im duslednéji je pozadovano a kontrolovano splnéni
slibenych cild, tim vétdi piinos grantovych systémi je
dosahovan nejen u nas, ale v celém svéte.

Karel Hruska
Vyzkumny ustav veterinarniho lekarstvi, Brno
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POKYNY PRO AUTORY

Casopis uvefejiiuje pivodni védecké préce, kritka sdéleni a vybé-
rové i pfehledné referity, tzn. price, jejichZz podkladem je studium
literatury a které shrnuji nejnovéj$i poznatky v dané oblasti. Price
jsou uvefejiiovany v CeSting, slovenstiné nebo angli¢tiné. Rukopisy
musi byt doplnény kritkym a roziifenym souhrmem. Casopis zvefej-
fiuje i nazory, postiehy a pfipominky ¢tendfi ve formé kurzivy, glosy,
dopisu redakci, diskusniho pfispévku, kritiky zasadniho ¢lanku apod.,
ale i zkuSenosti z cest do zahraniéi, z porad a konferenci.

Autofi jsou plné odpovédni za puvodnost price a za jeji vécnou
i formalni spravnost. K praci musi byt pfiloZeno prohla$eni o tom, Ze
price nebyla publikovana jinde.

O uvefejnéni price rozhoduje redakéni rada ¢asopisu, a to se zfe-
telem k lektorskym posudkim, védeckému vyznamu a pfinosu a kva-
lit¢ prace. Redakce pfijima price imprimované vedoucim pracovisté
nebo prdce s prohld$enim viech autori, Ze se zvefejnénim souhlasi.

Rozsah pivodnich praci nema pfesahnout 10 stran psanych na stro-
ji véetné tabulek, obrazki a grafi. V prici je nutné pouZivat jednotky
odpovidajici soustavé mérovych jednotek SI.

Rukopis ma byt napsan na papife formatu A4 (30 fadek na stranku,
60 tihozi na fadku, mezi fadky dvojité mezery). K rukopisu je vhodné
priloZit disketu s textem prace, popf. s grafickou dokumentaci pofize-
nou na PC s uvedenim pouZitého programu. Tabulky, grafy a fotogra-
fie se doddvaji zvIas(, nepodlepuji se. Na viechny pfilohy musi byt
odkazy v textu.

Pokud autor pouZiva v praci zkratek jakéhokoliv druhu, je nutné,
aby byly alespori jednou vysvétleny (vypsany), aby se prede$lo omy-
lim. V nazvu price a v souhrnu je vhodné zkratek nepouZivat.

Nazev prace (titul) nema pfesahnout 85 thozi a musi dat pfesnou
predstavu o obsahu price. Jsou vylouceny podtitulky ¢lanku.

Kritky souhrn (Abstrakt) musi vyjadfit viechno podstatné, co je
obsaZeno v prici, a mi obsahovat zikladni Ciselné idaje véetné sta-
tistickych hodnot. Nemad prekrocit rozsah 170 slov. Je tfeba, aby byl
napsan celymi vétami, nikoliv heslovité.

Rozsifeny souhrn praci v eitiné nebo slovensting je uvefejiiovan
v angli¢tiné, mély by v ném byt v rozsahu cca 1-2 strojopisnych stran
komentovany vysledky price a uvedeny odkazy na tabulky a obrazky,
popf. na nejduleZitéjsi literarni citace. Je vhodné jej (véetné nazvu
prace a klicovych slov) dodat v angli¢tiné, popf. v Cestiné ¢i sloven-
Stiné jako podklad pro preklad do angli¢tiny.

Literarni piehled ma byt kritky, je tfeba uvadét pouze citace
majici tizky vztah k problému. Tato tivodni ¢ast pfinasi také informa-
ci, pro¢ byla prace provedena.

Metoda se popisuje pouze tehdy, je-li puvodni, jinak postacuje
citovat autora metody a uvadét jen pfipadné odchylky. Ve stejné ka-
pitole se popisuje také pokusny material a zpisob hodnoceni vysled-
k.

Vysledky tvofi hlavni ¢ast prace a pfi jejich popisu se k vyjadieni
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