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Abstract

The present study was based on the results of the measurements of soil moisture taken by means
of the dryer-weight method at the end of March and also the results of the measurements of ten day
and monthly meteorological measurements taken in the region of Szczecin in the years 1961-1992
and 2001-2004. An equation of multiple regression was determined for evaluating after-winter water
reserves in bare light soil at the end of March in the layers of 0-10, 0-20 and 0-30 cm. The variables
explaining the quantity of after-winter reserves of water were precipitation, the number of days with
precipitation, the temperature of soil, the temperature of air and the sunshine from different autumn
and winter months. Prognostic usefulness of regression models were assessed by means of two
methods: the method of relative errors and the Cross-Validation test of the LOO (Leave-One-Out)
version. The created regression models make it possible to form, on the basis of meteorological data
gathered in autumn and winter, good estimates of after-winter water reserves for the end of March in
the 0-20 cm and 0-30 cm layers of light soil and satisfactory estimates in the 0-10 cm layer.
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Abstrakt

W pracy wykorzystano wyniki pomiaréw wilgotnosci gleby metoda suszarkowo-wagowsg
wykonane w kohcu marca oraz dekadowe i miesieczne pomiary meteorologiczne w rejonie
Szczecina w latach 1961-1992 i 2001-2004. Opracowano réwnania regresji wielokrotnej do
szacowania pozimowych zapaséw wody uzytecznej w nieporo$nietej glebie lekkiej w koficu marca,
w warstwach: 0-10, 0-20 i 0-30 cm. Zmiennymi obja$niajgcymi wielko§¢ pozimowych zapaséw
wody byly: opady, liczba dni z opadem, temperatura gleby i powietrza oraz naslonecznienie
w miesigcach jesienno-zimowych. Prognostyczna przydatno§é modeli regresyjnych oceniono
dwoma metodami: wzglednych bledéw relatywnych oraz testem Cross-Validation w wersji LOO
(Leave-One-Out).

Utworzone modele regresyjne umozliwiaja (na podstawie danych meteorologicznych z jesieni
i zimy) tworzenie dobrych szacunkéw pozimowych zapaséw wody uzytecznej w warstwach gleby
lekkiej 0-20 i 0-30 cm w koficu marca, a szacunkéw dostatecznych w warstwie 0-10 cm.

Introduction

In Poland climatic balances of water are characterized by large variability
during a year, particularly in the second half of spring and during summer.
A significant component of these balances are the after-winter reserves of
water in the layer up to 100 cm, which are used by cultivated plants, usually up
to the middle of May, and in the wet months even up to the beginning of June
(KOZMINSKI, MICHALSKA, 1995). The quantity of water reserves in soil depends
mainly on the meteorological conditions in autumn and winter (KOZMINSKI,
MICHALSKA 2005a,b, YOO et al. 1998). In winter the quantity of infiltration and
accumulation of water results from the mutual relation of precipitation and
soil temperature, what was indicated by CZARNECKA (2004), SHOOP and BIGL
(1997). Statistically significant tendencies of an increase in sunshine and
temperature in February and March observed in Poland are favourable for
enlarging water retention on the one hand and for faster vaporization of the
surface layer of soil on the other hand. As a result, large fluctuation in
after-winter water reserves in soil is observed year after year (KOZMINSKI,
MICHALSKA 2004). Hence the appropriate use of water in early spring by means
of, among other things, development and control of the irrigation system
becomes more and more important for agriculture and water management
(LABEDZKI, BAK 2004).

So far the authors have worked out equations of multiple regression for
forecasting after-winter reserves of water in the soil layers up to the depth of
50, 70 and 100 cm on the basis of meteorological data (KOZMINSKI, MICHALSKA
2005a). Whereas in the present paper, regression models for evaluating
after-winter reserves of water in the light soil layer up to the depths of 10, 20
and 30 cm have been worked out, using many year measurements of soil
moisture taken by means of the dryer-weight method carried out at the
agrometeorological station in the region of Szczecin and also using parallel
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meteorological measurements. Variability of water reserves in these layers of
soil is twice as high in comparison with variability of the water reserves in
deeper layers.

Materials and Methods

In the paper the results of the measurements of soil moisture at the depths
of 5, 10, 20 and 30 c¢m taken at the end of March at the agrometeorological
station in Lipki near Szczecin (53°21’N,14°28’E) in the years 1962-1991 and
2001-2004 were used.

In the area of the station there is a brown sour soil formed from the boulder
clay sand with clay inserts at the depth of 60-80 cm. The ground water is at the
depth of about 6 m. Field water capacity for the soil layer up to the depth of 30
cm is 53.3 mm and the withering coefficient pF' = 2.42-2.52 of dry mass of soil.
The measurements of moisture on bare soil were made by means of the
dryer-weight method at the end of March. The reserves of useful water (RUW)
were calculated according to the following equation:

RUW = 0.1%, (im - MP) z

where:

by - soil density (kg - m™);

m - soil moisture (% of dry mass);
MP - moisture of the withering point (%);
z - thickness of the layer (m).

Statistical characteristics of after-winter useful water reserves in soil at the
end of March are shown in Table 1, and their variability according to 11
quantile intervals — in Table 2.

For forecasting after-winter reserves of water in soil for the 31 of
March, multiple regression equations were worked out, in which several
meteorological factors in the ten day and monthly periods system from
autumn and winter were taken into consideration. As a result of successive
approximations (a method of stepwise ridge regression) the regression equa-
tions which described the after-winter reserves of useful water in soil
in the best way were eventually chosen and the explaining variables were
significant at the level of at least p<0.05.

The usefulness of multiple regression equations for evaluation purposes
was assessed by means of relative errors b;:
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b= 100%

and absolute errors of forecasts b.

> |5l

b=1
n <

—

where:
y; — real yield,
y; — field calculated according to the prognostic model.

Table 1
Statistical characteristics of after-winter reserves of useful water at the end of March in the layers
of soil up to the depth of 10, 20 and 30 cm (1962-1991)

Layer Average Maximum Minimum Star}da}rd Coefficient | Coefficient
deviation . .
cm mm mm/year mm/year m of variation |of correlation
0-10 11.5 19.6 (’70) 5.4 (’74) 3.9 34.2 -0.303
0-20 22.8 38.1(’70) 10.1 (’90) 6.8 29.8 -0.382%*
0-30 35.6 55.0 (’70) 19.8 (°90) 8.7 24.5 -0.456%*
* gignificant at p = 0.05
** significant at p = 0.01
Table 2

Criteria of classification of after-winter reserves of useful water

Order of quantiles| Characteristics of after- Values of reserves of water in the layers
1962-1991 -winter reserves of useful | Class of soil (mm)

(%) water 0-10 cm 0-20 cm 0-30 cm
>95 extremely large 11 > 17.8 > 34.0 > 49.8
90.01-95 anomalously large 10 16,56 -17.8 | 31.6 - 34.0 | 46.7 - 49.8
80.01-90 very large 9 148 -16.4 | 28.6 -31.5 | 429 - 46.6
70.01-80 large 8 13.5 -14.7 | 26.5-28.5 | 40.2 — 42.8
60.01-70 moderately large 7 125 -134 | 246 -264 | 37.8-40.1
40.01-60 average 6 105 -12.4 | 21.2-24.5 | 334 - 37.7
30.01-40 moderately small 5 95-104 | 19.3-21.1 | 31.0-33.3
20.01-30 small 4 8.2-94 172 -19.2 | 28.3 - 30.9
10.01-20 very small 3 6.5 -8.1 142 -17.1 | 244 - 28.2
5.01-10 anomalously small 2 5.0-6.4 11.6 - 14.1 | 21.1 - 24.3
<5 extremely small 1 < 5.0 <11.6 <21.1

It was assumed according to FABER et al. (1996) that the results of

modelling are considered to be good if the difference between real values and
those assessed by means of regression equations does not exceed 10%. In the
course of the verification of the equations shown in tables concerning the years
1962-1991, each time the data from the examined year were eliminated (n — 1)
and the quantity of after-winter reserves of useful water in soil was calculated.
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The second method that was used for the verification of equations is the
Cross-Validation test (KUCHAR 2001) in the LOO (,Leave-One-Out’) version.
The test consisted in multiple division of the data into two subsets. One of
them served for the estimation of the parameters of the model whereas the
other - for the verification of the model. The subset serving for the estimation
consisted, each time, of n — 1 elements and the remaining element was used for
the verification. According to this rule each observation was subject to the
verification in turns. The basic measure of adjusting a testing function by this
method is a coefficient of multiply correlation R? (%) in the form of:

2y —3)?
i-y)?

R2

Il
—
I

R? €(0.1)

M= M=

and during the elimination of the i observation in the estimation and using it
for the verification of the model, the value of the determination coefficient of
prediction RR,,.q (%) was calculated by means of the Cross-Validation method
in the form of:

n

Z (y y - 1)
RRyea =1-

Z i-y)°
where:
y; — empiric observations,
y - values assessed by means of the model,
y:..1 — values assessed by means of the model using the Cross-Validation test,
y - an average value of the sample,
n - the number of observations.

If the RR,.q value differed slightly from R? and was significant, it was
assumed that the model was built properly and can constitute the basis for
forecasting.

In the next stage of the studies the equations were assessed on the grounds
of soil moisture measurements for the successive years 2001-2004, not in-
cluded in the regression models constructed earlier.

After-winter reserves of useful water were divided according to 11 quantile
intervals — from the extremely small ones (<5%) to the extremely large
ones (>95%).
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Results and Discussion

In the 0-10 cm layer of soil average reserves of useful water amounted to
11.5 mm in 1962-1991, varying from 5.4 mm in 1974 to 19.6 mm in 1970
(Table 1). In the 0-20 cm layer of soil average reserves of useful water
amounted to 22.8 mm with extreme values varying from 10.1 mm (1990) to
38.1 mm (1970). Whereas in the layer of 0-30 cm the above reserves were
35.6 mm, 19.8 mm (1990), 55.0 mm (1970) respectively. The standard
deviation of after-winter reserves of water increases with an increase in
depth from 3.9 mm to 8.7 mm, while values of variation coefficient varies
from 34.2 to 24.5% (Table 1). In the analyzed period of 30 years a negative
tendency of the values of after-winter reserves of useful water was observed
(Figure 1) and this might indicate the worsening of moisture of the surface
layer of soil in early spring and, at the same time, more frequent occurrence
of soil droughts (KOZMINSKI, MICHALSKA 1995, LABEDZKI, BAK 2004).

The values of quantiles limiting the interval of after-winter reserves of
water in soil (the values of quantiles — 40.01 and 60%) amount, in the 0-10 cm
layer, to 10.5 and 12.4 mm respectively, in the 0-20 cm layer — 21.2 and
24.5 mm and in the 0-30 cm layer — 33.4 and 37.7 mm. Anomalously small
reserves of water, not exceeding 10% of quantile values amount to 6.4 mm in
the 0-10 cm layer, 14.1 mm in the 0-20 cm layer and 24.3 mm in the layer of
0-30 cm. Whereas anomalously large water reserves — exceeding 90% of
quantile values amount, in particular layers of soil to 16.5, 31.6 and 46.7 mm,
respectively. On the basis of 11 determined quantile intervals assessment of
each year from the periods of 1962-1991 and 2001-2004 was made (Table 3). In
the three analyzed layers, in the 60’s dominating were the reserves of useful
water the values of which were higher than the average values and in the 70’s
the values lower than the average ones were dominating in these analyzed
layers. It is noteworthy that in the region of Szczecin the discussed reserves of
water, both those of the values above the average and those of the values below
the average often occurred in two or three successive years. A decreasing
tendency of after-winter reserves of water in the surface layer of light soil is
confirmed by the results of measurements made in the years 2001-2004 in
which small and very small reserves of water were observed (Table 3).

Large variability of weather conditions in winter and autumn is the main
cause of fluctuations in after-winter reserves of water in soil measured at the
end of March (KOZMINSKI, MICHALSKA 2005 a,b, ZYROMSKI 2001, YOO et al.
1998, MEIXUE et al. 2003). Hence weather services in various countries
commonly use weather information from these two seasons in statistical
models for the assessment and forecast of the soil moisture conditions and the
amount of water in soil during plant vegetation. (YANG et al. 2003). Variability
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of water reserves in soil, according to GUSEV et al. (1998), ZYROMSKI (2001),
KoZMINSKI, MICHALSKA (2001), depend more on current fluctuations in precipi-
tation, evaporation and a plant growing phase than on the initial amount of
water in soil.

In the present paper out of 15 variables, explaining the values of after-
winter reserves of water, used in the regression equations, the largest influ-
ence on their quantity have air temperature in March (x;5), soil temperature in
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Fig. 1. After-winter reserves of useful water on 31 March in the soil layers: 10, 20 and 30 cm;
in successive years of the period 1962-1991
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Table 3

Evaluation of useful water reserves in the soil layers of

0-10, 0-20, 0-30 cm at the end of March according to 11

quantile intervals: 11 — extremely large, 10 — anomalousy

large, 9 — very large, 8 — large, 7 — moderately large,

6 — average, 5 — moderately small, 4 — small, 3 — very
small, 2 - anomalousy small, 1 - extremely small

Year 0-10 cm 0-20 cm 0-30 cm
1962 11 11 11
1963 11 9 9
1964 8 9 8
1965 9 7 7
1966 6 6 7
1967 6 6 6
1968 2 3 2
1969 8 9 9
1970 11 11 11
1971 4 5 5
1972 7 7 7
1973 3 3 3
1974 2 3 3
1975 4 3 3
1976 6 6 5
1977 5 5 5
1978 6 5 5
1979 8 6 5
1980 7 6 6
1981 5 6 6
1982 2 3 5
1983 3 4 4
1984 4 4 4
1985 6 6 6
1986 10 10 10
1987 9 9 9
1988 4 4 4
1989 4 4 4
1990 2 1 1
1991 8 8 7
2001 4 6 6
2002 2 3 3
2003 5 4 4
2004 4 4 4
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March (x;3), precipitation in March (x5) and in the third 10 day period of this
month (x¢), and the precipitation in January (x3) and the number of days with
precipitation in January (xs) and the number of days with precipitation above
5 mm in October (x19). The above mentioned meteorological factors included
in the regression equations are significant at least at the level of p** <0.01. It
should be emphasized that the soil temperature and the temperature of air in
March show a statistically significant increase (p* <0.05) in the analyzed
period of 30 years, whereas the total of hours with the sun shows a decrease
(p=0.09). In the case of the remaining explaining variables no statistically
significant positive or negative tendencies were observed the variation coeffi-
cient for the sunshine in September is 20.7%, for the monthly precipitation
totals it varies from 51.6% in November to 62.2% in February and for the
number of days with precipitation — from 33.6% in January to 47.5% in
October. The standard deviation of soil temperature in February is 1.6, in
March - 2.0 and that of air temperature in the same month — 2.4°C.

The regression equations included in Table 4, worked out for the three
layers of soil, make it possible to determine with large accuracy, on the basis
of the meteorological data from autumn and winter, after-winter reserves of
useful water in light soil. This is indicated by the values of determination
coefficient R? which is above 92%, the values of the test F' — Snedecor which
vary from 37.30 to 42.55 and the low error values of regression equations Sy
— three times as small as the standard deviations of after-winter reserves of
water from the three analyzed layers of soil.

The quantity of after-winter reserves of useful water in the soil layers of
0-10 cm and 0-20 cm is described by almost the same meteorological factors,
whereas there are other factors in the 0-30 cm layer, except soil temperature
in February (x;s). According to the studies by YANG and et al. (2003),
ZYROMSKI (2001) and K0oZMINSKI and MICHALSKA (2005a,b) with an increase
in the depth of soil up to 70 or 100 cm the number of meteorological factors
describing the amount of water in soil decreases. The largest influence on the
amount of after-winter reserves of water in the 0-10 cm layer have the soil
temperature from March — the coefficient of partial correlation — 58.1%,
precipitation from January — 53.3% and precipitation from the third 10 day
period of March — 40.8%; in the 0-20 cm layer- precipitation from the third ten
day period — 51.8%, the soil temperature from March — 45.4% and precipita-
tion from January — 46.4% and in the 0-30 cm layer — the air temperature
from March - 80,6 %, precipitation from March — 76.3% and the number of
days with precipitation in January — 58.2%

A close relation between water retention in soil and meteorological
factors from autumn and winter are the basis for the formation of satisfying
forecasts of after-winter reserves of water for the 31 of March already at the



10 Czestaw KoZminski et al.

end of February. Then the following equation of multiple regression
can be used:

y = 22.0444 + 0.1389x; - 0.1909x5 + 0.2602x4 - 5.3383x12 - 0.9449x14

in which the value of the determination coefficient R? = 82.1%, the values of
the test F'— Snedecor = 22.40 and the error values of the regression equation
Sy = 4.04 mm. The average relative error of the equation, as a difference
between the measured and calculated reserves of useful water for the
analyzed years (1962-1991) amounted to 11.1%. It might indicate that there
is a possibility of forecasting reserves of water for the end of March, a month
in advance.

Table 4
Multiple regression equations for evaluating after-winter reserves of useful water at the end of
March in the layers of soil up to the depth of 10, 20 and 30 ¢cm on the basis of meteorological data

Depth
of the layer Regression equation R? F Sy
(cm)
0-10 y = 13.0046 + 0.0357x; — 0.0657x5 + 0.1244x — 0.1363x7 —
— 0.3593x;; — 0.6435x15 — 0.9899x;5 92.5 |38.91| 1.23
0-20 y = 18.1608 + 0.0718x; — 0.1039x3 + 0.0809x, + 0.2807x¢ —
- 0.1902x7; — 1.6274x15 — 1.4371x13 92.2 |137.30| 2.18
0-30 y = 56.5718 — 0.0735x5 + 0.3372x5 — 0.7459x5 — 0.7385x9 —
—0.6499xy — 0.9225x,5 — 2.8218x15 93.1 |42.55| 2.64
Explanations:
y  —reserves of useful water, mm
x; - sunshine in September
xy — precipitation in November,
x3 - precipitation in January,
x4 - precipitation in February
x5 — precipitation in March,
x¢ — precipitation in third ten day period of March,
x7 — number of days with precipitation in October,
xs — number of days with precipitation in January,
x9 — number of days with precipitation in March,

x10 — number of days with precipitation > 5 mm in October,
x11  — number of days with precipitation > 5 mm in November
x12 - soil temperature at the depth of 5 cm in February,

x13 — soil temperature at the depth of 5 cm in March,

x14 — air temperature in November,

x15 — air temperature in March

R? - coefficient of determination, %

F - Snedecor test

Sy - error of regression equation, mm
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Fig. 2. Relative errors of evaluations estimated from real values of reserves of useful water at the
end of March in the soil layer: 0-10, 0-20 and 0-30 cm and calculated from the models using
meteorological data

Table 5 and Figure 2 and 3 show the results of verification of regression
models carried out by means of the method of a relative error of forecasts and
the determination coefficient of prediction RR,.qs the Cross-Validation
method in 1962-1991 and also in 2001-2004, not included in the regression
equations. The average relative error of forecast for the 0-10 cm layer of soil
in the years 1962-1991 was 12.1%, ranging from 0.7% in 1969 to 33.5%
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Fig. 3. After-winter reserves of useful water at the end of March in the soil layer to the depth of 10,
20 and 30 cm estimated by means of the basic model (a) and model using the Cross-Validation (b)

in 1974. RR,..q was at the level of 86.7% and was lower than the determina-
tion coefficient R? in the basic model by 5.8%. In the 0-20 cm soil layer the
average relative error of forecast was lower in comparison with the shallower
layer and it was 9.9%, varying from 0.4% in 1967 to 25.8% in 1980. RReq
equalled 85.5% and it was lower than R? by 6.7%. In the 0-30 cm soil layer the
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described average relative error of forecast was 6.9% with the values from 0.0
in 1963 to 21.2% in 1980. RR,.q was 86.1%, differing from R? by 7.0%.
Considerably smaller differences of the average relative error of forecast of
after-winter reserves of water at the end of March were observed for the
deeper layers of soil as it was 5.9% up to the depth of 50 cm and 4.2% up to the
depth of 100 cm (KOZMINSKI, MICHALSKA 2005 a). While the largest influence
on the after-winter reserves of water in the soil layer up to 30 em have
weather conditions in March, in the soil layer up to the depth of 100 cm the
largest effect is observed in January, February and September.

Table 5
Evaluation of regression equations for estimating after-winter reserves of useful water at the end
of March 1962-1991 (a) and 2001-2004 (b)

Layer R? RRyrea Relative error (%)
(cm) a b
0-10 92.5 86.7 12.1 16.7
0-20 92.2 85.5 9.9 8.4
0-30 93.1 86.1 6.9 4.7

Good results of the assessment of worked out models for determining
after-winter reserves of useful water at the end of March were obtained for
the years 2001-2004. For these years the average relative error between the
measured and calculated values varied from 4.7% for the 0-30 cm layer to
16.7% in the 0-10 cm layer.

Conclusion

—In the analysed years 1962-1991 there is a negative trend of after-winter
reserves of water in a light soil without a rise in ground waters. This trend
will get larger with an increase in air temperature in early spring.

— The largest contribution to the formation of quantity of after-winter
reserves of water in the arable layer of soil at the end of March have
mainly air temperature, soil temperature and precipitation in March and
in January.

— The formed regression models make it possible to create, on the basis of
meteorological data from autumn and winter, good forecasts of after-winter
reserves of water in light soil for the end of March in the 0-20 and 0-30 cm
layers and satisfactory forecasts for the 0-10 cm layer. The worked out models
can be used in practice by weather services.
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Abstract

The aim of the present study was to determine the effects of three systems of long-term
fertilization (only organic, only mineral and organic-mineral) on nitrate (V) concentrations in potato
tubers, as well as to analyze changes in the levels of this form of nitrogen during storage. It was found
that all fertilization systems contributed to an increase in nitrate (V) concentrations in potato tubers.
The application of mineral fertilizers and farmyard manure (FYM) resulted in a slight exceedance of
the maximum permissible NO;~ concentrations in potato tubers. In potatoes fertilized with swine
slurry, applied at a rate equivalent to the (FYM) rate in terms of the amount of organic carbon
introduced into the soil, nitrate levels exceeded 1.6 to 2.1-fold the maximum permissible concentra-
tion — 200 mg NO; - kg of fresh mass. During storage the concentration of NO;s~ in potatoes
increased in all treatments, on average by 13.5 mg NOs™ - kg in comparison to the concentration
determined after harvest. This increase was higher in potato tubers fertilized with slurry, as
compared with mineral fertilizers and (FYM).
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Abstrakt

Celem badan byla ocena wptywu wieloletniego stosowania trzech system6éw nawozenia (organicz-
nego, mineralnego oraz organiczno-mineralnego) na zawarto$¢ azotanow (V) w bulwach ziemniaka
oraz przesledzenie kierunku zmian tej formy azotu w czasie ich przechowywania. Kazdy zastosowany
rodzaj nawozenia przyczynil sie do wzrostu koncentracji azotanéw (V) w bulwach ziemniaka
w stosunku do bulw zebranych z poletek, gdzie nie stosowano nawozenia. Niewielkie przekroczenie
dopuszczalnej zawarto$ci NO;~ stwierdzono po zastosowaniu nawozéw mineralnych i obornika.
Zawarto$¢ azotanow (V) w bulwach ziemniakoéw pochodzacych z obiektow nawozonych gnojowica,
aplikowang w dawce rownowaznej z obornikiem pod wzgledem iloSci wprowadzanego do gleby wegla
organicznego, przekraczala od 1,6 do 2,1-krotnie dopuszczalng ich norme, tj. 200 mg NO; - kgt
Swiezej masy bulw. Podczas przechowywania ziemniakow, w bulwach ze wszystkich obiektéw
nastgpil wzrost koncentracji NO;~. Wynosit on 13,5 mg NO;™ - kg §wiezej masy bulw w stosunku do
zawartoSci odnotowanej po zbiorze. Najwiekszy przyrost tej formy azotu wystapil w bulwach
ziemniakoéw nawozonych gnojowica.

Introduction

Plants contain various substances that may be dangerous to our health,
such as e.g. nitrates (III) and (V), whose concentrations in crops vary greatly.
Nitrates (V) are not very toxic to humans, but in the human body they can be
easily reduced to nitrates (III) which are responsible for anemia, methemog-
lobinemia, breakdown of vitamin A and S-carotenes. Moreover, nitrates are
precursors to toxic N-nitroso compounds found in foods. One of such com-
pounds is 1.2-dimethylnitrosomine, causing hepatic damage and inducing
neoplastic diseases (LIN 1990). According to MOHLER (1982) and KARLOWSKI
(1990), potato tubers accumulate low amounts of nitrates. However, field trials
and studies on potatoes available on the market revealed that nitrate concen-
trations in potato tubers may vary from several dozen to several thousand
milligrams per kg of fresh matter (GISLASON et al. 1984, NEUBAUER and PIENZ
1993, ROGOZINSKA 1995, Lis 1996). The main factor affecting nitrate levels in
potatoes is nitrogen fertilization, both mineral and organic (LiS 1996,
FRYDECKA-MAZURCZYK and ZGORSKA 1996). Soil and weather conditions (LIS
1996, CIESLIK 1995, MIEDZOBRODZKA et al. 1992) and the genotype of a potato
variety (CIESLIK and SIKORA 1998) are also important. Due to certain biochemi-
cal changes, the time and conditions of storage can modify the morphological
structure and chemical composition of potato tubers, thus affecting their
quality (i.e. an increase in the amount of reducing sugars, a decrease in the
concentration of vitamin C).

The aim of the present study was to determine the effects of three
long-term fertilization systems (only organic, only mineral and organic-min-
eral) on nitrate (V) concentrations in potato tubers, as well as to analyze
changes in the levels of this form of nitrogen during storage.
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Materials and Methods

The study was based on the results of a long-term field experiment
established in 1973 at the Experimental Station in Tomaszkowo near Olsztyn,
on brown soil developed from slightly loamy sand, of quality class IV b and of
good rye complex, classified by FAO (1990) as Calcaric Cambisols. Swine
organic fertilizers were used in the experiments. Slurry was applied at two
rates. Slurry rate I and slurry rate II were equivalent to the farmyard manure
(FYM) rate in terms of the amount of nitrogen and organic carbon introduced
into the soil, respectively. The amount of nitrogen introduced with mineral
fertilizers and with (FYM) was identical. Organic fertilizers were applied
together with complementary mineral fertilizers (PK), at half the rate intro-
duced into the soil in the treatment with mineral fertilization (NPK). The
experimental design and the amounts of nutrients introduced into the soil with
fertilizers are presented in Table 1. Each treatment included six replications.
The following crop rotations were used: potato, spring barley + undersown
clover with grasses, clover with grasses, winter rape, winter wheat + rye as
a catch crop, silage maize, spring barley, winter wheat. In the 30* year of the
experiment potato cv. Oda was grown (Olsztyn Center for Potato Breeding and
Seed Production OLZNAS-CN, Ltd.). Potatoes were harvested after 131 days.

Table 1
Experimental design and the amounts of nutrients introduced into the soil with fertilizers
(annual means)

N P K Mg
Treatments kg - ha'

I  without fertilization - - - -
II  slurry I rate 131 46 76 17
IIT  slurry I rate + PK 131 68 137 17
IV slurry II rate 389 140 232 51
V  slurry II rate + PK 389 161 293 51
VI farmyard manure (FYM) 131 43 109 21
VII FYM + PK 131 64 170 21
VIII NPK 131 43 124 -

Ten kg of healthy, graded potato tubers (3.5 — 6 ¢cm in diameter) were
selected of each treatment for storage. Potatoes were put into clean plastic
boxes and stored in a 12 m? storage chamber (PPUCh Tarczyn), at 6°C (+0.5°C)
and relative air humidity of 90-95%. The tubers were stored for nine months
(from September to May).
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The amount of NOs™ in potato tubers was determined immediately after
harvest and during storage, by a standard analytical method (Orion 2001),
using a potentiometer (Ionalyzer® Orion, Model 407) and an ion-selective
electrode (Thermo Orion, Model 9307™). Reference solutions of NOs~ (Orion)
were used for analysis. The analysis was performed at two-month intervals.

The results were verified statistically by ANOVA at a significance level of
o < 0.05, using Statistica v. 6.0 software (StatSoft 2001).

Results and Discussion

The nitrate (V) content of potatoes, determined immediately after harvest,
was widely differentiated. All fertilizers contributed to an increase in the
concentration of this form of nitrogen in potato tubers, as compared with the
control treatment. This increase ranged between 40.1 mg - kg* of fresh mass
(FM) and 292.4 mg - kg'! of FM. (Figure 1). Despite the fact that the amount of
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Fig. 1. Nitrate content of potato tubers after harvest: I — without fertilization, IT - slurry I rate,
IIT - slurry I rate + PK, IV — slurry II rate, V - slurry II rate + PK, VI - farmyard manure,
VII - farmyrad manure + PK, VIII - NPK

nitrogen introduced into the soil with (FYM), slurry rate I and mineral
fertilizers was identical, particular fertilizers had a different effect on nitrate
(V) concentrations. The application of mineral fertilizers and (FYM) resulted
in a slight exceedance of the maximum permissible nitrate concentrations in
potato tubers. Slurry applied at rate I, equivalent to the (FYM) rate in terms
of the amount of nitrogen introduced into the soil, did not cause an excessive
increase in nitrate concentrations in potatoes. In potatoes fertilized with
slurry applied at rate II, equivalent to the (FYM) rate in terms of the amount
of organic carbon introduced into the soil, the NO3~ content exceeded 1.6- to
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2.1-fold the maximum permissible concentrations, determined in the Regula-
tion of the Minister of Health of January 13, 2003 (Journal of Laws of 2003,
No 37, item 326). The results obtained in the study indicate that overlapping
application of organic fertilizers leads to nitrogen accumulation in the soil,
followed by the accumulation of non-protein forms of this nutrient in plants.

During storage changes are observed in the concentrations of vitamin
C, reducing and total sugars and alkaloids, but also in the composition
of non-protein nitrogen. Authors vary in their opinions on the direction
of changes in the nitrate (V) content of stored potato tubers. In our
study nitrate concentrations decreased in all treatments during the first
months of storage, except for the treatment fertilized with slurry rate
I, where a slight increase in NOs~ (by 6.0 mg- kg of FM) was observed.
Further storage contributed to an increase in nitrate (V) levels, as compared
with the initial values (Figure 2). A statistically confirmed increase in
nitrate concentrations was recorded in the treatments with organic and
organic-mineral fertilization. This increase ranged between 55.3 mg - kg!
of FM and 109.1 mg - kg! of FM. A non-significant increase in the nitrate
content of potatoes was observed in the control treatment and in the
treatment with NPK fertilization. CIESLIK and PALASINSKI (1997) as well
as MARECEK (2001) reported that nitrate concentrations in potato tubers
decreased significantly over storage. On the other hand, FRYDECKA-MA-
ZURCZYK and ZGORSKA (1996) found that an initial decrease in NOj™ levels
was followed by an increase towards the end of storage. This could be
related to water transpiration in stored tubers and the natural process
of cell sap concentration. In our experiment a relatively higher increase
in this form of nitrogen was recorded in the treatments fertilized with
slurry applied at rate I and II, in comparison with the treatments with
(FYM) application and mineral fertilization. Complementary mineral fer-
tilization (PK) combined with (FYM) and slurry rate II contributed to
an increase in nitrate (V) concentrations in stored potato tubers, as compared
with organic fertilizers applied alone, but this increase was statistically
significant only when this fertilization variant was applied together with
slurry. The opposite effect of mineral fertilizers (PK) was noted when
they were applied together with slurry rate I — this combination caused
a decrease in nitrate levels. The results of the study show that nitrate
(V) concentrations in potato tubers may vary widely during storage, and
that these changes are considerably affected by the type and rate of
fertilizers. Therefore, particular attention should be paid to maintaining
a low initial nitrate (V) content of potatoes designed for consumption,
since it can ensure a safe level of NO;™ in potato tubers after the storage
period.
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Conclusions

1. After harvest potato tubers had a high concentration of nitrates (V),
which was related to the fertilization systems applied (only organic, only
mineral and organic-mineral). Among the fertilizers used in the experiment
only slurry applied at rate I, equivalent to the (FYM) rate in terms of the
amount of nitrogen introduced into the soil, did not cause an excessive increase
in nitrate concentrations in potatoes (i.e. above the permissible level of 200 mg
NO; - kg in fresh mass).

2. All fertilization systems contributed to a significant increase in nitrate
concentrations in potato tubers stored for nine months, as compared with the
concentrations determined immediately after harvest (on average by about
57.9 mg NO;s - kg of fresh mass). The increase in NO3~ was higher in potatoes
fertilized with slurry applied at rates equivalent to the manure rate in terms of
the amount of both nitrogen and organic carbon introduced into the soil, as
compared with potatoes fertilized with manure and mineral fertilizers.
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Abstract

The objective of this study was to evaluate the results of the application of two variants of the
artificial neural networks (ANNs) to predict dressing percentage in slaughter cattle. In the Ist variant
the input data included sex, genotype, muscularity, age and weight at slaughter as well as hot carcass
weight. In the II" variant hot carcass weight was omitted. Values of root-mean- square (RMS)
indicated the proper course of network training in both variants. As it was expected, the prediction of
dressing percentage by means of the Ist variant was much more accurate. On the contrary, high final
values of RMS and low correlation between the network predictions and the actual values (r = 0.27%)
in the II™ variant make questionable the usefulness of ANNs for predicting dressing percentage
based on pre-slaughter data assumed in the present study. However, it should be emphasised that the
increase of the observation number and the optimisation of the network structure may result in the
improvement of its performance.
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Abstrakt

W pracy oceniono wyniki zastosowania dwoch wariantéw sztucznych sieci neuronowych (SSN)
do przewidywania wydajnos$ci rzeznej bydia. Dane wej$ciowe w I wariancie obejmowaly: ple¢, genotyp,
wiek i mase ciala przy uboju, mase tuszy cieplej oraz umieénienie zwierzat. W wariancie II pominieto
mase tuszy cieple;j.

Stwierdzono, ze w obu wariantach proces uczenia sie sieci przebiegal prawidlowo, o czym
$wiadczy przebieg krzywej dla wartoéci bledu Sredniokwadratowego (RMS). Jak mozna bylo
przypuszczaé, predykcja wydajnosci rzeznej z wykorzystaniem I wariantu sieci okazala sie znacznie
doktadniejsza. Wysokie warto$ci konicowe btedu RMS oraz niska korelacja miedzy wskazaniami sieci
w II wariancie a warto$ciami rzeczywistymi (r = 0,27*) stawiajg pod znakiem zapytania przydatno§é
SSN do przewidywania wydajnosci rzeznej na podstawie przyjetych w pracy danych, dostepnych
przed ubojem zwierzecia. Nalezy jednak podkresli¢, ze zwiekszenie liczby obserwacji i zastosowanie
sieci o bardziej zlozonej strukturze, mogloby wplynaé¢ na poprawe skutecznosci tej metody.

Introduction

The possibilities of accurate predicting cattle slaughter value based on live
animal evaluation have been investigated since many years in all over the
world. The studies were dealing with the application of various methods, from
among the most important are: ultrasound and X-ray methods, digital image
analysis, optical probes and magnetic resonance imaging (CROSS and BELK
1992, CrROSS and WHITTAKER 1992, ROBINSON et al. 1993, SAKOWSKI et al.
1993). However, due to high costs, all these methods, besides the ultrasound
one, are not recommended for breeding and production practice (GREINER et al.
2003, WALL et al. 2004).

Simultaneously, the investigations on the application of statistical methods
to the prediction of slaughter value in cattle were carried out. It was proved
that simple and multiple correlations were useful for predicting many par-
ameters of slaughter value based on body weight and linear body measure-
ments (GILBERT et al. 1993, ADAMCZYK 2002). Along with the development of
computer techniques a particular attention has been paid to artificial neural
networks (ANNs), the numerical method designed to mimic the human brain
in order to perform complex functions such as reasoning and learning
(TADEUSIEWICZ 1993, ADAMCZYK et al. 2002). The results of many investiga-
tions indicated the ability of ANNs to predict slaughter value from the data
available before slaughter (BRETHOUR 1994, HATEM and TAN 1998, LI et al.
1999, HiLL et al. 2000, ADAMCZYK et al. 2005).

The aim of the present study was to evaluate the effectiveness of two
variants of the artificial neural networks used to predict dressing percentage in
slaughter cattle.
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Material and Methods

The investigations were carried out on 300 bulls and heifers purchased by
the meat plant from the area of southern Poland. The average slaughter
weight of the animals was 553 kg (Table 1). The data on sex, genotype,
muscularity, age and weight at slaughter as well as hot carcass weight and hot
dressing percentage were used in the analyses (Mc KIERNAN 2000) — Table 2.

Table 1
Number of heifers and bulls under study
Breed Heifers Bulls Total
Black-and-White 25 39 64
Red-and-White 73 78 151
Simmental 20 25 45
Polish Red 13 27 40
Total 131 169 300
Table 2
Criteria of muscularity assessing in the animals under study (Mc Kiernan 2000)
Muscularity class Description (observing from behind)
Poor narrower over topline, tapering through stifle, narrower stance, more
prominent hip bones, stomach is more clearly visible
Average not as wide or well-rounded over the topline, hip bones can be seen, has
a narrow stance and the stomach is clearly visible
Good wide, well-rounded topline, maximum width through stifle, has a wide
stance and the stomach cannot be seen

According to the methodology of the artificial neural network the data set
was randomly split into training (50% of data), validation (25%) and testing
(25%) data sets. The training and validation sets were used in the process of
ANN training whereas the testing set was used for verification of the trained
network.

Hot dressing percentage was predicted by means of two variants of
one-way, multiple-layered perceptron with the following parameters:

— continuous input data: age and weight at slaughter and hot carcass
weight (I** variant); age and weight at slaughter (II"¢ variant);

— categorized input data (in both variants): sex, genotype, muscularity
class;

— continuous output data (in both variants): hot dressing percentage;
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— 6 (I** variant) and 5 (II"? variant) of hidden neurons — calculated according
the following formula (MASTERS 1996):

K=~\N-M
where:
K — number of hidden neurons,
N — number of neurons in the input layer,
M - number of output neurons;
— back-propagation training algorithm,;
— other basic parameters of network training: logistic function of neuron
activation; 2000 epochs”.

The performance of both variants of network in the course of training
was measured by so-called “network training error” expressed by root-mean-
square (RMS). The predictive abilities of the assumed network variants
were compared by estimating coefficients of simple correlation and differences
between the neural network predictions and the actual values in the
testing set.

Thanks to considering hot carcass weight among the input data in the I*
variant a high accuracy of predictions was expected, however when the
pre-slaughter estimation of hot dressing percentage is intended the II" variant
should be used.

The calculations were performed using the computer program Statistica
ver. 6.1.

Results and Discussion

The results of the analyses are presented in Figures 1-5.

When evaluating the effectiveness of the assumed variants of the artificial
neural network the so-called ,network memorizing” was not observed. The
values of RMS, describing the function of the network, were decreasing
proportionally in the training and in the validation set until the horizontal
trend indicating the minimum error has be achieved (Figures 1-2). However,
the final results of training proved to be distinctly better in case of the Is
variant. The final values of RMS error both in the training and in the
validation set of the I** variant were as much as by 82% lower than in the II™
variant. The differences in the prediction of hot dressing percentage ranged

* epoch — network training cycle
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between -1.9% and +2.1% for the I** variant and between -13.8% and +11.6%
for the II™ variant (Figures 3-4). It was found that the prediction differences
for 87% of the observations in the I** variant varied from -1.1% to 1.2% and as
much as for 95% of the observations in the II"! variant from -8.7% to 6.4%.
Also, the coefficient of simple correlation between the network predictions and
the actual values in the testing set indicated that the I** variant was definitely
more accurate (r = 0,99%**) — Figure 5. Relevant correlation in case of the II™
variant was only 0.27*. Generally, it can be said that the II* variant performed
much worse in dressing percentage prediction than the I** variant.
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Some examples of the potential applications of neural networks to the
support for other methods used in the evaluation of slaughter value of cattle
were described in the following papers:

— analysis of the ultrasound images in the evaluation of beef marbling in
live animals (BRETHOUR 1994);

—evaluation of cartilage ossification degree in beef cattle thoracic vertebrae
aimed at slaughter value estimation (HATEM and TAN 1998);

— post-slaughter evaluation of beef tenderness (LI et al. 1999, HiLL
et al. 2000).

Also, ADAMCZYK et al. (2005) obtained very encouraging results in pre-
dicting hot carcass weight of bulls from growth data, expressed by a high
value of the coefficient of correlation (0.97) between the ANNs outputs
and the actual values.

Conclusions

The search for more and more precise methods of the estimation of
slaughter value in live animals is practically and economically justified.
Although the obtained results of the preliminary investigations did not prove
the sufficient accuracy of artificial neural network predictions the improve-
ment could probably be achieved by using larger data sets and optimization of
network configuration. The collecting and analysing large sets of data seem to
be possible thanks to the expected common application of computers in animal
production. Hence, further research on the development of appropriate sof-
tware for predicting slaughter value in cattle by means of well-trained artificial
neural network should be carried out.

Translated by JoANNA MAKULSKA
Accepted for print 10.01.2007
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Abstract

The aim of the present study was to determine the hatchability of turkey eggs differing in shell
structure and functional properties. Egg weight, the number of eggs in groups differing in shell
ultrastructure and egg hatchability, as well as the body conformation and weight of heavy-type
broad-breasted white poults were analyzed between 7 and 12 weeks of the laying season. The analysis
was performed six times, at one-week intervals, on 2268 eggs (126 eggs with good-quality shells, 126
rough-shelled eggs and 126 eggs without shell surface pigmentation were examined each time). Sixty
eggs of each group (10 eggs at a time) were used for shell ultrastructure analysis.

Rough-shelled eggs and eggs without shell surface pigmentation accounted on average for 4% of
all tested eggs. Eggs without shell surface pigmentation were by 3.25 to 1.78 g lighter than eggs with
good-quality shells and rough-shelled eggs. During 26 days of incubation weight losses in eggs
without shell surface pigmentation and in rough-shelled eggs were by 1.76 and 0.50% higher,
respectively, compared to eggs with normal-quality shells. The distinguishing features of normal shell
microstructure, in comparison with rough shells and shells without surface pigmentation, were as
follows: thicker crystal, palisade and mammillary layers, smaller mammillae and thinner inner shell
membrane fibers. The layers of good-quality shells, except for the mammillary layer, were the
thickest in the central part of the egg. Rough shells and their crystal layers were the thickest at the
blunt end of the egg. Shells without surface pigmentation had the thickest crystal layer and the
largest mammillae at the sharp end of the egg.

Eggs without surface pigmentation were characterized by the lowest hatching value. In this
group the fertilization rate and the hatching rate were by 5.82 and 4.22%, and by 19.61 and 12.15%
lower, respectively, compared to eggs with normal-quality shells and rough shells. The poults that
hatched out in this group were by 1.8 g lighter and had more physical defects than those that hatched
out in the other two groups.
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Abstrakt

Celem pracy byto okreslenie zdolnoéci wylegowej jaj indyczych, zréznicowanych pod wzgledem
budowy i wlaéciwosci funkcjonalnych skorupy. W okresie od 7. do 12. tygodnia nie$énosci badano:
mase i liczbe jaj o okre§lonej budowie skorupy oraz wylegowo$é, budowe i mase indyczat bialych
szerokopiersnych typu ciezkiego. Badania prowadzono 6-krotnie, w odstepach tygodniowych, na 2268
jajach (kazdorazowo po 126 jaj z grup o skorupie prawidtowej, ziarnistej i bez pigmentu). Do badan
ultrastruktury skorupy uzyto po 60 jaj z kazdej grupy (6-krotnie po 10 jaj).

Sredni udzial jaj o skorupie ziarnistej i bez pigmentu wynosit ok. 4%. Te ostatnie byly lzejsze
0 3,25-1,78 g od jaj prawidlowo uksztaltowanych i o skorupie ziarnistej. Podczas 26 dni inkubacji
ubytki masy jaj bez pigmentu i o skorupie ziarnistej byly wieksze o 1,76 i 0,50% od strat masy jaj
o skorupie prawidlowej. Jej mikrostruktura odznaczala sie najgrubszg warstwg krystaliczng, pali-
sadowa i brodawkowa, ale najmniejszymi brodawkami i najciefiszymi wléknami blony pod-
skorupowej. Badane warstwy skorupy prawidlowej byly najgrubsze w Srodkowej czeéci jaja
(z wyjatkiem warstwy brodawkowej i wielkosci brodawek). Skorupa ziarnista i jej warstwa krys-
taliczna mialy najwieksza grubo$¢ w tej czesci jaja, a skorupa bez pigmentu w jego ostrej czesci, gdzie
takze wyréznialy ja najwieksze brodawki.

Najnizszg warto$¢ wylegowa mialy jaja o skorupie bez pigmentu. Procent zaplodnienia jaj o tym
rodzaju skorupy byl nizszy niz w przypadku jaj o skorupie prawidlowej i ziarnistej odpowiednio o 5,82
14,22%, a wylegowos¢ gorsza 0 19,611 12,15%. Indyczeta byly 1zejsze o 1,8 g i mialy wiecej fizycznych
wad budowy w poréwnaniu z wyklutymi z dwoch pozostalych rodzajow jaj.

Introduction

The structure, chemical composition and functions of eggshells may vary
widely (ROBERTS et al. 1995, SOLOMON 1996, MALEC et al. 1996, NYS et al. 1997,
PANHELEUX et al. 1997, MALEC 1999). The outward appearance and features
typical of a given bird species may undergo changes during shell formation
(SOLOMON 1991, MROZ 1998, NIEDZIOLKA et al. 2001, MICHALAK and MROZ
2006). Structural faults of eggshells may be related to intensive farming,
dietary problems and bird diseases, in some case also to genetic factors
(ROBERTS et al. 1995, MALEC 1997, 1999, MROZ 1998, MALEC et al. 2002).
Moreover, eggshell quality is considerably affected by environmental factors
and breeding work, and usually deteriorates significantly in intensively farmed
birds (BARAN et al. 1994, MROZ 1998, MROZ et al. 2002, 2002a).

Eggshell defects inhibit normal embryo growth, disturb the process of
water loss, makes it difficult for the embryo to move and breathe, and
negatively affect the hatching process (BELYAVIN 1994, KRYSTIANIAK 2002,
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MROZ et al. 2002a). Structural faults are associated with increased embryo
mortality. Studies on the correlation between eggshell structure and egg
hatchability, carried out to date in Poland, have focused on chickens (MALEC
1999), emu (SZCZERBINSKA 2002) and geese (ROSINSKI et al. 1999). Research
into the wide diversity of eggshell surface in turkeys (PUCHAJDA et al. 1997,
MROZ 1998) has provided the basis for a detailed analysis of shell structure.
Authors vary in their opinions on the suitability of non-typical eggs for
incubation. Another problems that should be thoroughly examined is the
relationship between the low hatching rates observed in turkeys and eggshell
structure characteristics.

The aim of the present study was to determine the hatchability of turkey
eggs differing in shell structure and functional properties.

Materials and Methods

The experimental materials comprised hatching eggs of heavy-type broad-
breasted white turkeys, raised on deep litter. The eggs were laid between 7 and
12 weeks of the laying season and stored for 3 to 7 days. The eggs prepared for
incubation were divided into three groups differing in shell surface characteris-
tics (Table 1), according to the method developed by MROZ (1998). The number
and weight of eggs, weight losses during incubation, shell microstructure,
hatchability and poult quality were analyzed over the experimental period. The
number of eggs per group is given as a percentage of the total number of tested
eggs. The number of tested eggs depended on the number of eggs representing
a given shell structure type. Due to the lower number of rough-shelled eggs and
eggs without shell surface pigmentation it was necessary to analyze a greater
number of hatching eggs. The selection was continued until 126 eggs with
rough shells and 126 eggs without shell surface pigmentation were chosen. Egg
weight was determined on an individual basis prior to incubation: 126 eggs of
each group were weighed (a total of 2268 eggs). Egg weight losses were
determined using eggs with living embryos. After 10 and 26 days of incubation
2054 and 1917 eggs were weighed, respectively. Shell microstructure was
determined on 60 non-incubated eggs selected of each group (6 x 10 eggs),
using a scanning electron microscope, as described by MICHALAK and MROZ
(2006). The thickness of the shell, crystal, palisade and mammillary layers as
well as the size of mammillae were estimated based on means of measurements
taken at the thickest and thinnest region on the surface of a mammilla. The
thickness of inner shell membrane fibers, measured in the central part of
a single fiber, is given in um. The number of mammillae is given per mm-2. The
results of measurements were analyzed by digital image analysis (SCAO).
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Table 1
Outward appearance of eggshells
Egg groups
Eggshell characteristi group I i group III
ggshell characteristics normal-quality group shell without
rough shell . .
shell pigmentation
color cream light-cream, white | white
structure smooth, shiny rough; thickened smooth, shiny
Surface areas of shell mass
of various size and
shape that can be
abraded
color brown brown, gray white
pattern, round, oval or round spots around | invisible over the
distribution elongated spots | thickened areas of | entire surface
Pigmentation shell mass, oval area
or elongated spots,
no pigmentation
visible at some
places

Six incubation series were carried out in Petersime incubators in accord-
ance with the relevant technological standards. The eggs were candled on day
10 and 26 of incubation, to determine the percentage of fertilized eggs and eggs
containing dead embryos. The percentage of eggs containing dead embryos in
the hatching unit, the percentage of eggs containing living unhatched embryos
as well as the hatching rate of set and fertilized eggs were determined at the
completion of incubation. The quality of newly-hatched poults was evaluated
after incubation based on the percentages of poults with and without physical
defects, applying the method described in Polish Standards (Dréb. Piskleta
Jjednodniowe 1998) and adjusted for the purpose of the present analysis by
MROZ et al. (2005). The obtained results were verified statistically based on
means and coefficients of variation, using Duncan’s test.

Results and Discussion

Table 2 shows that the quality of hatching eggs improved between 7 and 12
weeks of the laying season. The number of eggs with rough shells and without
shell surface pigmentation decreased. The average proportion of rough-shelled
eggs and eggs without shell surface pigmentation slightly exceeded 4%, which
means that it was quite low, compared to previous results (MROZ 1996, 1998).
Such a low number of eggs with shell surface defects could be related to the
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Table 2
Number of tested eggs
Number of eggs (%)
IW(.eek of the Number of tested normal-quality rough shell shell without
aying season eggs shell & pigmentation
7 2646 92.21 3.02 4.77
8 5292 95.52 2.38 2.09
9 5418 95.51 2.32 2.15
10 6678 96.52 1.58 1.89
11 6174 96.22 1.73 2.04
12 7182 97.38 1.76 0.86
7-12 33 390 95.98 2.01 2.00
Table 3
Weight of hatching eggs and weight losses during incubation
Egg groups
. . Statistical group I group IIT
Spemﬁcatlon measures normal-quality group 11 shell without
rough shell . .
shell pigmentation
Egg weight before x 91.764 90.308 88.51¢
incubation (g) v% 6.37 6.83 8.13
Egg weight losses (g)
- to day 10 x 3.74¢ 4.20° 4.384
v% 21.11 26.25 29.56
- to day 26 x 10.718 11.098 11.894
v% 15.25 19.96 22.36
Egg weight losses (%)
- to day 10 x 4.19¢ 4.778 5.354
v% 24.92 35.39 50.63
— to day 26 x 11.718 12.218 13.474
v% 32.57 37.84 43.14
Explanation:

Mean values in lines followed by different letters differ significantly:
ABC - at a level of p < 0.01
abc — at a level of p < 0.05

origin of birds and to the fact that they were kept on litter. Many turkey flocks
are characterized by a high proportion (> 30%) of eggs with shell surface faults
(MROZ 1996, 1998, MROZ et al. 1997, 2002). Varied percentages of eggs with
defective shells (7.5-27.6%) are observed in inbred turkey flocks (BARAN et al.
1994). A higher inbreeding rate is associated with an increase in the number of
eggs considered unsuitable for incubation. Studies on chickens (ZIEBA et al.
1996) and heavy-type turkeys (MROZ et al. 1997, MROZ 1998) suggest that more
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eggs with defective shells are produced in the cage system. However, this
tendency has not been observed in light-type turkeys (JANKOWSKI 1983).

Table 3 presents the average weights of turkey hatching eggs. Eggs with
good-quality shells were heavier (p < 0.01) than eggs without shell surface
pigmentation and rough-shelled eggs, and the coefficient of variation was the
lowest in this group. During the first 10 days of incubation weight losses were
the lowest in eggs with normal-quality shells. Over 26 days of incubation
weight losses in eggs with good-quality shells and in rough-shelled eggs were
comparable and lower (p <0.01) than in the group of eggs without shell surface
pigmentation. The lowest variation in weight losses was recorded in the group
of eggs with normal-quality shells (15.2-21.1%), while the highest — in the
group of eggs without shell surface pigmentation (22.3-29.5%).

The average weights of eggs with good-quality shells and rough-shelled
eggs were high, but did not exceed the optimum values given in the Polish
Standard (Jajo wylegowe indycze... 1998). Eggs without shell surface pigmen-
tation were characterized by medium weight. Eggs whose shells differed from
the relevant standard were found to be lighter, which agrees with the results
obtained by other authors (KRYSTIANIAK 2002, MROZ et al. 2002a). Our results
as well as those reported by LERNER et al. (1993), SOLIMAN et al. (1994),
BoORZEMSKA and KOSOWSKA (1996) show that weigh losses increased over
incubation in eggs with defective and pigmented shells. This was caused by
lower shell permeability and a slower growth rate of embryos in these eggs.
Eggs with shell surface faults are characterized by excessive evaporation.
Weight losses observed in eggs with good-quality shells (Table 3) were compar-
able to those observed in pervious studies (CHRISTENSEN et al. 1996, MROZ and
Pupyszak 1997).

Table 4 presents shell microstructure characteristics of turkey hatching
eggs. Eggs with normal shell structure were by 57.1 to 71.0 um and by 15.56 to
34.0 um thicker (p <0.01), in comparison with shells without surface pigmenta-
tion and rough shells. The crystal, palisade and mammillary layers were the
thickest in good-quality shells and the thinnest in shells without surface
pigmentation (p < 0.01). Eggs with normal-quality shells had the smallest
mammillae and the thinnest inner shell membrane fibers. The size of mammil-
lae had no significant influence on their number per mm™, which was
correlated with shell surface area (not determined in the study).

The layers of good-quality shells, except for the mammillary layer, were the
thickest in the central part of the egg. The mammillary layer was the thickest
and the mammillae were the largest at the blunt end of the egg (Table 4). In
rough shells and in shells without surface pigmentation the crystal layer was
the thickest and the number of mammillae was the highest at the blunt or
sharp end of the egg.
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Table 4
Eggshell microstructure
Egg groups
Eggshgll . Egg part Statistical normal-quality shell without
characteristics measures rough shell . -
shell pigmentation
Eggshell thickness | blunt 340.84 325.28 274.90¢
(um) 9.22 7.92 15.42
central x 352.44 318.48 295.3¢
v% 6.78 6.42 14.97
sharp 328.24 309.18 257.2¢
8.28 12.81 19.82
Thickness of the blunt 29.64 28.64 19.908
crystal layer (um) 25.04 49.96 30.55
central x 34.3 25.0 18.10
v% 24.47 31.30 37.49
sharp 29.54 21.88 22.808
37.08 35.82 38.95
Thickness of the blunt 162.04 155.24 135.108
palisade layer (um) 11.34 17.0 24.54
central x 188.04 166.28 149.00°¢
v% 16.50 13.49 15.27
sharp 168.04 161.5% 113.508
15.42 27.79 23.23
Thickness of the blunt 149.24 141.24 119.908
mammillary layer 19.49 15.44 28.66
(um) central x 130.1 127.2 128.20
v% 18.90 18.54 24.22
sharp 130.7 125.8 120.90
23.54 13.56 24.60
Size of mammillae blunt 55.00 61.61 62.00
(um) 30.51 25.72 30.62
central x 50.58¢ 57.005 66.804
v% 28.59 26.75 28.22
sharp 50.2¢ 59.00% 69.804
26.86 30.60 26.51
Number blunt 276.9 239.5 250.50
of mammillae 31.17 17.59 36.88
per mm central x 294.5 241.7 210.90
v% 6.68 20.58 47.22
sharp 279.1 250.7 219.70
20.94 18.18 23.72
Thickness of inner | blunt 2.37¢ 1.90° 2.30°
shell membrane 52.13 33.93 43.83
fibers (um) central x 2.40° 2.40° 3.00*
v% 41.60 40.26 43.82
sharp 2.20 1.99 2.20
38.51 34.37 38.73

Explanation:

Mean values in lines followed by different letters differ significantly:
ABC - at a level of p < 0.01; abc — at a level of p < 0.05
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A relationship between the external appearance and thickness of eggshells
has been observed not only in turkeys (CHENG-TAUNG et al. 1995, MALEC 1999,
RICHARDS and DEEMING 2001, MROZ et al. 2002a). Larger mammillae have been
found in eggs with thin and deformed shells (ROBERTS et al. 1995, RICHARDS,
DEEMING 2001, NIEDZIOLA et al. 2001), while thicker inner shell membrane
fibers have been observed in eggs without shell surface pigmentation (KRYS-
TIANIAK 2002), which is consistent with our results.

Particular parts of the egg differ in the thickness of the shell and its layers.
This has been confirmed in our study as well as in the experiments conducted
by CHENG-TAUNG et al. (1997) and SZCZERBINSKA (2002). The central part of
the eggshell is the thickest since it is most intensively used by the embryo. The
thickest mammillary layer and the largest mammillae can be found at the
blunt end of the egg, which is related to high gas permeability.

The hatchability of turkey eggs in particular groups varied widely (Table 5).
Eggs without surface pigmentation were characterized by a significantly lower
fertilization rate (by 5.82 and 4.22%) and higher embryo mortality rates in all
analyzed periods, compared to the other groups. The hatching rate determined
at the completion of the experiment was by 19.61 and 7.46% lower in eggs
without surface pigmentation and in rough-shelled eggs, respectively, com-
pared to eggs with normal-quality shells. Irregular shell surface pigmentation
decreases egg hatchability to a higher degree than rough shell surface.

54.73% of poults that hatched out in the group of eggs with normal-quality
shell surface and only 28.33% of poults that hatched out in the group of eggs
without shell surface pigmentation had no physical defects. Poults with
anatomical abnormalities of the umbilicus and plumage dominated among
birds with physical defects (86% and 27%, respectively). Differences in the
quality of poults were also reflected by their different body weights (Table 5).
The lightest poults (60.8 g) hatched out in the group of eggs without shell
surface pigmentation. The variation of this trait in particular groups was low,
and ranged from 7.1% to 8.5%.

Turkeys are characterized by high fertilization rates, exceeding 96% after
the peak of the laying season (MROZ et al. 2002a, GODWIN et al. 2005,
ORLOWSKA and MROZ 2006). A lower fertilization rate was recorded in turkey
eggs with irregular shell pigmentation, which is in agreement with results of
previous studies (MROZ 1998, MROZ et al. 2002, 2002a). Our results confirm the
opinion that the fertilization rate is influenced also by the female.

In chicken eggs with irregularly pigmented shells embryo vitality is
reduced by 2% to 20% (MALEC 1999, HODGETTS 2000). Increased early
embryo mortality can be also observed in turkey eggs with rough shells
(9.35%) and with shells showing irregular pigmentation (13.27%), in com-
parison to those with normal-quality shells (6.25%). At further stages of
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Table 5
Hatchability of turkey eggs
Egg groups
. . Statistical group I group IIT
Spemﬁcatlon measures normal-quality group 1T shell without
rough shell . .
shell pigmentation
Set eggs (number) 756 756 756
Fertilized eggs (%) x 97.35¢ 95.75¢ 91.53"
v% 1.34 2.03 5.94
Dead embryos (%)
- to day 10 X 2.31° 4.25% 7.74°
v% 47.11 54.18 65.72
— between day 11 x 2.704 5.60% 11.268
and 26 v% 71.65 36.94 34.14
Dead embryos in the
hatching unit and x 2.45 5.07 8.07
unhatched poults (%) v% 65.34 71.58 53.37
Hatching rate
— of set eggs (%) x 90.074 82.004 66.798
v% 4.29 6.45 13.99
- of fertilized x 92.544 85.084 72.938
eggs (%) v% 4.69 6.47 11.46
Poults
- with normal body x 54,734 40.67° 28.338
conformation (%) v% 18.14 27.35 41.46
— with physical x 45.255° 59.31¢ 71.654
defects (%) v% 21.95 18.75 16.40
Weight of poults (g) x 62.64 62.64 60.88
v% 7.16 7.52 8.51
Explanation:

Mean values in lines followed by different letters differ significantly:
ABC - at a level of p < 0.01
abc — at a level of p < 0.05

incubation the mortality rate of turkey embryos has been found to increase by
2.94% in eggs with irregularly pigmented shells and by 3.5% in rough-shelled
eggs (MROZ 1998). Both the present and previous results show that early
embryo mortality rates are higher and the hatching process is more difficult in
eggs with shell surface faults.

The occurrence of high numbers of hatchlings with physical anomalies has
been described in both Polish and foreign literature on the subject. Only 48 to
62% of chicks (TONA et al. 2003) and 44 to 57% of poults can be classified as
best-quality ones (OREOWSKA and MROZ 2006). The quality of hatchlings
depends on a variety of egg traits (TAZzawA, WHITTOW 2000, MROZ, PUDYSZAK
1997, OREOWSKA, MROZ 2006). The present study suggests that poult quality is
affected by eggshell quality.
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Conclusions

1. Eggs with good-quality and rough shells are characterized by higher
weight and lower weight losses during incubation than eggs without shell
surface pigmentation.

2. The distinguishing features of normal shell microstructure, in compari-
son with rough shells and shells without surface pigmentation, are as follows:

— thicker crystal, palisade and mammillary layers, smaller surface area of
mammillae and thinner inner shell membrane fibers,

—the thickest crystal and palisade layers, the highest number of mammillae
and the thickest inner shell membrane fibers in the central part of the egg,

— the thickest mammillary layer and the largest surface area of mammillae
at the blunt end of the egg.

3. Eggs without surface pigmentation have a low hatching value, which is
related to a low fertilization rate, a high embryo mortality rate over the
incubation period and a very low hatching rate. In addition, poults that
hatched out in this group were the lightest.

4. The number of poults with physical defects is higher in the groups of
rough-shelled eggs and eggs without shell surface pigmentation, compared to
eggs with good-quality shells.

Translated by ALEKSANDRA POPRAWSKA
Accepted for print 17.01.2007
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Abstract

The coat colour in the horse being mainly a protective trait is also a factor which contributes to
the maintenance of the thermal equilibrium in the body. A relationship between the colour and
performance in the horse is possible since the genes producing the colour may be linked with genes
which affect the horse’s performance or can be pleiotropic simultaneously influencing both kinds of
traits. Current studies performed on racehorses have not shown a considerable relationship between
the loci controlling the grey colour as well as eumelanogenesis in bay and black horses and the racing
records. Instead, a few loci are known which control certain colours and involve pathologic signs in
the organism or are lethal in homozygotes.
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Abstrakt

Barwa wloséw u koni odgrywajaca glownie role ochronng jest tez czynnikiem wspomagajacym
utrzymanie réwnowagi cieplnej organizmu. Zwigzek rodzaju masci z dzielnoScig konia jest mozliwy,
gdyz geny powodujace powstanie masci moga byé¢ sprzezone z genami wplywajgcymi na dzielno$é
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konia, a takze oddzialywa¢ réwnocze$nie na oba rodzaje cech. Najnowsze badania przeprowadzone na
koniach wyScigowych nie wykazaly istotnego zwigzku gendéw masci siwej oraz wytwarzania eu-
melaniny u koni gniadych i karych z wynikami wyscigdw. Znanych jest natomiast kilka loci
kontrolujgcych pojawienie sie okreslonych masci, ktore rownocze$nie powoduja patologiczne zmiany
ustrojowe, a u homozygot sa letalne.

As far as it is known, different wild horses were of different colours, e.g. the
Tarpan (Equus caballus gmelini) according to old chronicles was blue dun
(PRUSKI 1959). Paleolithic cave paintings in Middle Asia and Europe (Altamira,
Spain and Lascaux, France; 15.000-10.000 BC) show, among horses of basic
(bay, chestnut and black) and dun (wild type pattern) colours also leopard
pattern (white areas with spots, most pronounced on the hips). The Przewalski
Horse (Equus caballus przewalskii), the last living wild representative of the
species, is of a yellow dun colour with wild type pattern. White markings on the
head and legs probably appeared in the domestic horse. Domestication in
horses and later breeding caused a great coat colour diversity among breeds.
Some of them are of a particular coat colour, whereas others show a wide
variety of colour phenotypes (KLUNGLAND, Vi. GE 2000).

The coat colour is a protective trait which helps the wild horses hide and
escape predators (STACHURSKA et al. 2004). Currently, in California-Nevada
a significant difference is observed in the proportion of variously coloured foals
killed by pumas (Felis concolor) relative to the distribution of colours born into
the feral horse population. The pumas select for sorrel (light chestnut) foals,
probably because this colour more closely approaches the colour of the mule
deer (Odocoileus hemionus) of this region than any other foal colour does
(TURNER, MORRISON 2001). The coat colour also plays a role in maintaining the
body temperature: dark colours quickly absorb sunrays and easily eliminate
the heat, while light colours retain the heat longer and are advantageous when
it is cold (CENA et al. 1957).

Horse breeders and users have been always interested in knowing whether
the performance of variously coloured horses differ. Usually, the preferences
for certain coat colours are the consequence of a belief that they can be
associated with better or worse performances. Such relationship is possible,
since the genes producing the colour may be linked with genes affecting the
horse’s systemic traits. Certain genes can also be pleiotropic, i.e. they can
influence both the colour and the systemic features (FALCONER 1981). The
colour is a quality trait which is controlled by several loci (SPONENBERG 2003,
STACHURSKA 2002, USSING 2000). Most of the loci have already been assigned
to particular chromosomes (Table 1). They are closely linked to some genes
producing e.g. various blood protein variants, which may be important for the
systemic functions (ANDERSSON, SANDBERG 1982). The performance traits
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depend on the activity of additive polygenes and possible Quantity Trait Loci
(QTLs) of a great phenotypic effect (EDWARDS et al. 1987). Up to date, no QTLs
affecting the horse’s performance have been found. The characters which
make it up are complex and difficult to measure. Moreover, they are consider-
ably influenced by the rider, exercise, feeding and many other factors (SAAs-
TAMOINEN, BARREY 2000). The polygenetic nature of the horse’s performance
hinders the search for its relationship with the coat colour.

Table 1
Loci controlling the horse coat colours assigned to chromosomes
Locus  [Chromosome Colour/Colours Locus bibliography
Lp ECA1 leopard TERRY et al. 2004
MCIR (E) | ECA3 chestnut, bay, black ANDERSSON, SANDBERG 1982, MARKLUND et al.
1996, RIEDER et al. 2001
To ECA3 tobiano ANDERSSON, SANDBERG 1982, BROOKS et al. 2002
Rn ECA3 roan ANDERSSON, SANDBERG 1982, MARKLUND et al.
1999
Sb ECA3 sabino Brooks, BaiLEy 2005, MAU et al. 2004
EDNRB ECA17 associated with overo | SANTScHI et al. 1998, 2001
and other white
patterns
MATP (C) | ECA21 palomino, buckskin, Locke et al. 2001, MARIAT et al. 2003
cremello
ASIP (A) | ECA22 bay, black RIEDER et al. 2001
G ECA25 grey HENNER et al. 2002, LockE et al. 2002,
SWINBURNE et al. 2002
w ECA3 dominant white Mau et al. 2004

Opinions on such connections are reported to be common worldwide
(KEELER 1947, SPONENBERG 2003, STACHURSKA et al. 2001). The issue has been
investigated since a long time. Many studies have been performed on
racehorses since the racing records are more numerous and scored under more
similar circumstances than show jumping, three day eventing or other eques-
trian sports (RICARD et al. 2000). However, the racehorses are not much
differentiated with regard to the colour (usually bay, black, chestnut and grey)
and thus only few loci controlling the colour could have been investigated. The
results are mostly negative, and solely SKORKOWSKI (1976) found a consider-
able difference in the endurance and speed between bay and chestnut Thor-
oughbreds. The bay mares were more enduring and won more at the age of
three years, particularly over distances above 2000 m, compared to the
chestnut mares, which were faster at the age of two years, over shorter
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distances. These findings do not agree with results of other studies. An
investigation performed on winners of five English classical races in 1777-1938
showed no difference associated with the colour (GALIZZI VECCHIOTTI 1986).
According to DUSEK (1980), the performance in chestnuts, bays, blacks and
greys, as well as in chestnuts with different amounts of white markings, is
similar. Recently, STACHURSKA et al. (2006) and STACHURSKA, PIETA (2006)
examined nearly 15 thousand starts of a great number of Thoroughbreds and
Purebred Arabians, with regard to current knowledge on the loci controlling
the colour. The results indicate that G locus assigned to ECA25 is not
associated with the performance, i.e. grey and non-grey horses gain similar
scores. Regarding locus MCI1R located on ECA3, eumelanic (bay and black)
horses show an insignificant tendency towards better results than
phaeomelanic (chestnut) horses. However, it cannot be excluded that the effect
might be expressed in homozygous grey (GG genotype) and eumelanic (EE
genotype) horses since dominance of G and E genes may be not complete. Most
of Thoroughbreds are heterozygous (Gg and Ee genotypes, respectively).
Physiological actions ruled by the combined action of dominant and recessive
genes can lead to phenotypic traits a little bit similar to those found in
recessive genotypes (gg and ee). Horses of overall darker colours had inconsid-
erably better scores than lighter ones. Such tendencies may be due to the
physiological properties related to the brightness of the hair. The ASIP locus
on ECA22 was not studied since black horses were few. The relationship
between the coat colour and racing performance in horses at particular age,
suggested by SKORKOWSKI (1976) has not been found.

The difference in the temperament in horses of various colours was not
proved (ESTES WORTH 1948). JAKUBEC at al. (1997) found the conformation of
grey and black Old Kladrub horses varied. Nevertheless, this could result from
the isolated selection of those subpopulations and not from the relations
among the traits in question and the colour. BLESA et al. (1999) and DRING et
al. (1981) did not find any correlation between the mare’s colours and gestation
length in Thoroughbreds.

Although an important relationship of the coat colour with the perform-
ance and physiological traits in the horse was not found, the fact that certain
loci controlling the coat color involve pathological signs in the organism was
documented. For instance, 67%-80% of grey horses older than 15 years develop
melanomas (neoplasms) which turn malignant in 66% of the cases (SOLKNER et
al. 2004). Probably that is the reason the life span of the grey horses is on
average by two years shorter than usual (GALIZZI VECCHIOTTI 1986). Some
observations have not been scientifically investigated, yet, e.g. homozygous
leopard horses are reported by Danish Knabstrub breeders to have impaired
night vision (USSING 2000) and some splashed white horses in Australia seem



Coat Colour Versus Performance... 47

to be deaf (GOWER 1999). In horses, like in many other mammalian species,
certain colours are produced by lethal or semi lethal alleles. It was proved that
among dominant white horses, homozygotes WW are lethal at early stages of
embryo development (PULOS, HUTT 1969). Similarly, dominant homozygotes
in Roan (Rn) locus may be lethal in intrauterine life (HINTZ, VLECK VAN 1979).
Overo lethal white syndrome (OLWS) is an inherited fatal disease of foals born
to overo parents. Affected foals are white and die within a few days from
intestinal aganglionosis (VONDERFECHT et al. 1983). The syndrome is caused by
a mutation in the endothelin receptor B (EDNRB) gene in homozygotes
(SANTSCHI et al. 1998, 2001). Considering the ratio of foals different than
expected from matings of variously coloured parents, KNYAZEV et al. (1999)
suggest that embryos of grey heterozygotes may be less vital than others.

To conclude: currently, only relationships between the horse coat colour
and some physiological functions of the organism are known. No important
relationship between the coat colour and the horse’s performance has been
found. The research to date on the racing performance of horses of different
colours has considered solely two loci controlling the colour. In future,
provided the genetic basis of the performance is known better, a molecular
approach may give an unequivocal answer whether such relationship exists
and if so, which particular traits are associated with which colours.

Translated by ANNA STACHURSKA
Accepted for print 21.12.2006
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Abstrakt

Badaniami objeto pie¢ gospodarstw zlokalizowanych w woj. warminsko-mazurskim — powiat
Olecko i w woj. pomorskim — powiat Nowy Dwoér Gdanski. Celem badan bylo oszacowanie efek-
tywnoéci produkeji mleka w stadach réznigcych sie liczebnoS$cig, mlecznoscia oraz technologia
utrzymania.

Koszty utrzymania w przeliczeniu na jedng krowe rocznie malaly wraz ze wzrostem liczby
krow w stadzie. Przy wolnostanowiskowym utrzymaniu zwierzat i zywieniu systemem PMR
udzial kosztéw pasz, w tym gléwnie z zakupu, byl wyzszy, a udzial kosztéw pracy ponad
2-krotnie nizszy niz przy uwieziowym utrzymaniu i zywieniu tradycyjnym. Wraz ze wzrostem
skali produkgji i przecietnej wydajnoSci krow w stadach wzrastala oplacalnos§é produkeji i dochéd
rolniczy w przeliczeniu na jedng krowe.

Introduction

High-quality milk production is one of the most capital-intensive branches
of agricultural production. Milk production efficiency is affected primarily by
cow performance, direct and indirect costs as well as by milk price at collection
points. Although producers have no direct influence on milk price, they can
make efforts to provide best-quality milk, to improve the milk productivity of
cows and to reduce production costs, including labor costs and especially the
costs of feed (JASIOROWSKI 2000, OKULARCZYK 2001).

The scale of production usually plays a major role with respect to
profitability of low-income lines of business, such as animal production
(especially cow raising). The minimal livestock density generating an ag-
ricultural income comparable to the average pay in the non-agricultural
sector depends mostly on milk yield (OKULARCZYK 2000, OKULARCZYK, SZUMIEC
2000, PARZONKO 2003).

The costs of feed and labor dominate in the structure of milk production
costs (BRZUSKI et al. 1994, OKULARCZYK et al. 1997). Permanent grasslands are
the main source of feed for dairy cattle. Feed production on permanent
grassland is by about 46 to 180% cheaper, compared with arable land.
Therefore, an increase in the proportion of grasslands may contribute to both
reducing the costs of cow farming and increasing milk production profitability
(OKULARCZYK et al. 1997, OKULARCZYK 2000, OKULARCZYK, SZUMIEC 2000).
Milk production efficiency is also higher when cows are fed farm fodder
(OKULARCZYK 2001, OKULARCZYK, SOWULA-SKRZYNSKA 2002). Milk production
intensification through milk yield maximization brings the best results if based
on farm-produced feed. A high proportion of purchased feed in the ration
makes it hardly possible to increase milk production profitability in this way
(OKULARCZYK 2000).

The tie-stall system is much more labor-consuming than the free-stall
system. In the former direct-to-can or direct-line milking takes place in the
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cowshed, whereas in the latter milking is carried out in the milking parlor. The
work of a milker in the milking parlor is not only easier and more efficient, but
also has a beneficial effect on animals and on milk quality, in comparison with
milking in the tying stall (STADNIK et al. 2002).

Studies on milk production profitability in Poland show that during the
years 1997-1999 milk production costs were higher than its selling price.
A substantial increase in milk production profitability was observed in the year
2000 and 2002, mostly due to the increase in the selling price of milk, from 0.70
PLN/1in 1999 to 0.87 PLN/I in 2000 and to 0.90 PLN/I in 2001 (OKULARCZYK,
SZUMIEC 2000, OKULARCZYK 2001).

Before our accession to the European Union, Poland was one of the
cheapest milk producers in Europe and worldwide. The prices offered for milk
to Polish farmers over the 1995-2003 period (except for the year 2001) were by
approximately 50% lower, compared with UE member states. In 2004 the price
of prime-quality milk exceeded 105 PLN/100 1, i.e. was comparable to that
offered to milk producers in France, Ireland, Great Britain and Germany. This
increase in milk price allowed dairy farms to earn a higher income despite the
rise in price of means of production (SEREMAK-BULGE 2005).

Milk production efficiency is estimated based on an economic account,
which involves the determination of production outlays and comparing
them with incomes. The most adequate method for assessing milk production
profitability is to calculate a direct surplus per cow, defined as the difference
between the value of production obtained annually per cow (including
sale of milk and sale of culled calves and cows) and direct/real costs (OKULAR-
CZYK 2000).

The aim of the study was to estimate milk production efficiency in herds
differing in stock density, productivity and housing system.

Materials and Methods

The study was conducted on five herds (A, B, C, D, E) of Polish Holstein-
-Friesian Black-and-White dairy cows. Herds A and B were kept on farms
located in the Province of Warmia and Mazury, Administrative District of
Olecko, while herds C, D, E were kept on farms situated in the Pomeranian
Province, Administrative District of Nowy Dwoér Gdanski. The characteristics
of farms and herds are given in Table 1.

The data used in the study come from RW-1 tabulograms (milk yield
records), breeding records, milk receipts and delivery notes, milk quality
evaluation records, veterinary certificates, purchase invoices and accounts.
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Table 1
Characteristics of farms
) ) Farm
Specification A B C D E
Arable land area
(ha) including: 134 79 50 160 750
— grassland
area (ha) 50 34 20 36 50
Number of cows
(head) 49 40 14 55 185
Housing system free-stall tie-stall tie-stall free-stall tie-stall
Manure removal | twice a year manual manual twice a year | with a front
casting
bulldozer
Feeding PMR traditional traditional PMR TMR, annually
Watering automated manual automated automated automated
Milking method herringbone | direct-to-line | direct-to-can tandem direct-to-line
milking parlor milking parlor
Annual yield:
- milk (kg) 5714 5306 6333 6612 7448
- fat (kg) 259.4 205.8 266.0 257.2 348.6
- fat (%) 4.54 3.88 4.20 3.89 4.68
- protein  (kg) 182.3 167.6 200.8 208.3 244.3
— protein (%) 3.19 3.16 3.17 3.15 3.28
Average somatic
cell count (SCC) 198 149 242 295 316
Average price
of sold milk
(PLN/kg) 1.17 1.16 0.88 1.12 1.12

The economic analysis was performed employing the Methods for Calcu-
lating Direct Surplus in Agriculture (Metodyki. 1999), developed by the
Institute of Agricultural Economics and Food Economy. The costs of feed
were calculated based on outlays for feed production on the farm and for the
purchase of concentrate and mineral feed. Non-feed direct costs (herd
depreciation, veterinary care service and preventive treatment, insemina-
tion, milk yield testing, veterinary hygiene products) were determined based
on documents provided by farmers. Labor costs related to milking and herd
maintenance were calculated as the product of the actual working time and
pay per man-hour (PLN 7). The other indirect costs (depreciation, repair and
maintenance of buildings, machinery and equipment, charges for electricity
and water supply, insurance fees) were determined on the basis of records
kept on farms.
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x? test was applied to determine the effects of the scale of production, cow
performance, milk price and various components of the housing system on the
values of the following economic indices of milk production:

— number of cows: below 20 head, 21 to 50 head, above 100 head,;

— milk yield: below 6000 kg, 6000 to 7000 kg, above 7000 kg;

- milk price: 0.88, 1.12, 1.16 to 1.17 PLN/I;

— housing system: free-stall, tie-stall;

— feeding system: traditional, PMR, TMR,;

— watering system: automated, manual,

— manure removal system: twice a year with a front casting bulldozer.

Results and Discussion

The highest mean annual milk yield was recorded on farm E (7448 kg)
(Table 1). Milk from this farm had also the highest concentrations of fat and
protein. Farm E had the largest arable land area, the most numerous herd of
cows and the most modern machinery and equipment. Milk productivity was at
the lowest level on farm B, where cows were housed in a traditional system and
work was only partly mechanized. Milk delivered by the farms under analysis
was of prime quality (Mleko surowe... PN-99/A-86002), but there were con-
siderable differences in the average somatic cell count (SCC). According to
BRz0OZOWSKI et al. (2001) and SAWA & PIwWCZYNSKI (2002), the somatic cell count
in milk is affected, among others, by the proportion of HF genes, milk yield,
stage of lactation, as well as human-related factors, such as house climate,
husbandry conditions, veterinary care, performance of milking equipment and
the application of proper milking procedures. In all herds higher mean milk
yields were accompanied by higher average somatic cell counts.

Milk price depends on its quality (concentrations of major components,
somatic cell count) as well as on production scale and proper milk handling
procedures after milking. Dairy plants fix the purchase price of milk on an
individual basis. Each of the farmers delivered milk to a different milk-
processing plant, so the prices they got differed significantly irrespective of
milk chemical composition (cf. the results achieved by farms D and E). Farm C,
characterized by the lowest total milk production, was offered the lowest price
- 0.88 PLN/kg.

Table 2 presents the effects of the factors analyzed in the study on the
economic indices of milk production. Most of them were highly significantly
correlated with the costs and value of production. The housing system had no
considerable impact on the total costs and value of production, while direct
costs were not affected by the milking method. There was a highly significant
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correlation between the obtained results, direct surplus and agricultural
income per cow.

The production profitability ratio was highly significantly correlated
with the number of cows, milk yield and price as well as with the milking
method. A significant effect was observed for the systems of feeding, watering
and manure removal. The production costs and direct surplus per kg of
milk were affected only by the number of cows, their performance and
the selling price of milk.

The annual direct maintenance costs (over 3 000 PLN/head) were found to
be the highest on farms A and D (PMR feeding, milking in the milking parlor)
— Table 3. Indirect costs were much lower on these farms, and the costs of herd
maintenance and milking were two- to threefold lower than the other costs.
Comparable results were obtained in Germany, where annual maintenance of
a single cow took 70 to 120 man-hours in the tie-stall system, and 50 man-hours
in the free-stall system (VEANTHIE, LESNIAKOWSKI 2002). The total annual
maintenance costs per cow were dependent on herd size and decreased along
with an increase in the number of cows in a herd. They ranged between
4512 PLN/head on farm C (14 cows) to 3954 PLN/head on farm E (185 cows).
The structure of maintenance costs was affected by the housing system
(Figure 1). On farms A and D (free-stall system, PMR feeding, milking in the
milking parlor) the costs of purchased feed dominated in the cost structure
(30.15% and 28.38%, respectively). Total feed costs on these farms amounted
to 55%, compared with 38% on farm C and about 45% on farms B and E. On
farms A, B and C, where grassland area corresponded to herd size and where
cows were pasture-grazed over summer, the costs of farm fodder did not exceed
25% in the total cost structure. A similar proportion of expenses for feed
production and purchase in the total cost structure was reported by SZALUNAS
(2005), whereas a higher contribution of costs of feed to overall milk produc-
tion costs (approx. 60%) was observed by OKULARCZYK (2001).

Table 3
Annual cow management costs (PLN/head)
) ) Farm
Specification A B C D E

Direct costs including: 3178 2715 2642 3233 2596

- farm-made feed 1027 1025 992 1186 1286

— purchased feed 1277 960 721 1195 417

- total 2304 1985 1713 2381 1703

Indirect costs including: 1058 1651 1870 977 1358
— maintenance and

milking costs 469 1150 1363 498 894

Total costs 4236 4366 4512 4210 3954
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Fig. 1. Structure of cow management costs

The cow management system had a significant effect on the proportion of
labor costs in the cost structure. On farm C (low mechanization/automation,
direct-to-can milking) labor costs accounted for over 30% of total maintenance
osts. On farm B (direct-to-line milking) they were reduced to 26.19%. On farm
E, TMR feeding enabled to decrease labor costs to 22.61%. On farms A and
D (high mechanization, automated milking) labor costs made up only about
11% of total maintenance costs.

The value of milk production per cow was affected by the value of milk sold,
which varied from 93% to 95%, depending on the farm (Table 4). The lowest
production value (below 6000 PLN/head) was achieved on farm C. This was
a consequence of the lowest selling price of milk on this farm. Small-scale
producers most often deliver milk to small dairies whose market position is
relatively weak and which are not able to compete with the prices offered by
large milk-processing plants. On the other farms the production value was
related to the annual sales of milk obtained from a single cow. A comparison of
milk production effectiveness ratios on the tested farms shows that on farm
C the low value of production resulted in the lowest direct surplus per cow and
per kg of sold milk, as well as in the lowest milk production profitability and
agricultural income. An increase in the number of cows on a farm was
accompanied by an increase in the direct surplus per head.
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Table 4
Milk production efficiency
) ) Farm
Specification A B C D E
Production value including|
(PLN/head) 7093 6577 5953 7756 7942
— milk sale 6705 6177 5510 7405 7522
— sale of culled calves
and cows 388 400 443 351 420
Direct surplus (PLN/head) 3915 3862 3311 4523 5346
Direct surplus
(PLN/ kg of milk) 0,68 0,72 0,52 0,68 0,72
Production costs per kg
of milk (PLN) 0,74 0,83 0,71 0,63 0,53
Production profitability
ratio (%) 167 151 132 184 201
Agricultural income
(PLN/head) 2857 2211 1441 3546 3988

On the other farms the value of direct surplus per kg of sold milk was
dependent on direct costs. On farms A and D, where direct maintenance costs
per cow exceeded 3000 PLN, the direct surplus per kg of sold milk was 0.68
PLN. On farms B and E, where direct costs were lower, this surplus was equal
to 0.72 PLN/kg of milk. The production costs per kg of milk were affected by
herd size and housing system to a slight degree only. They depended primarily
on the quantity of milk obtained from one cow and sold, i.e. production costs
decreased along with an increase in milk yield.

The highest milk production profitability and agricultural income per cow
were attained on farm E. Cow performance on this farm was the highest,
high-quality fodder produced there enabled to minimize the costs of purchased
feed, and due to a high level of mechanization and automation the costs of
maintenance and milking did not exceed 900 PLN per cow. On farm D, where
the housing system and maintenance costs per cow were comparable to those
on farm A, milk production profitability was by 17 percentage points higher,
agricultural income per cow was by 700 PLN higher, while the production costs
per kg of milk were by 0.11 PLN lower. The differences in milk production
effectiveness ratios between herds were caused by a much higher (by approx.
900 kg) milk yield on farm D. On farm B, where the price per kg of milk was
comparable to that on farm A and the direct surplus was higher, milk
production profitability was by 16 percentage points lower and agricultural
income per cow was by over 600 PLN lower. Such milk production effective-
ness ratios on this farm resulted from lower, by about 400 kg of milk, mean
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annual productivity per cow as well as from higher costs of maintenance and
milking (at a lower level of mechanization). In consequence, indirect costs per
cow were by about 600 PLN higher. A comparison of herds from farms A, B and
D indicates that milk production efficiency increases with an increase in the
number of cows in a herd and their average annual productivity.

It may be concluded that the total annual maintenance costs per cow
decreased along with an increase in the number of cows in a herd. The
structure of maintenance costs was affected by the housing system. In the
free-stall system and PMR feeding, the costs of feed (mostly purchased) were
higher, while the labor costs were almost twofold lower, compared with the
tie-stall system and traditional feeding. The selling price of milk depended to
a greater extent on the milk processing plant to which it was supplied than on
its chemical composition. An increase in herd size and average milk yield
enabled to improve milk production profitability as well as to increase the
agricultural income per cow.

Translated by ALEKSANDRA POPRAWSKA
Accepted for print 17.01.2007
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Abstract

The effect of clinoptilolite addition to activated sludge system on organics removal and
nitrification in real municipal landfill leachate was studied. Experiments were carried out at
hydraulic retention time (HRT) 4 d and 2 d in three SBRs operated in parallel. The reactors were
operated in a 24-h cycle mode (filling 0.25 h, anoxic 3 h, aeration 18 h, settling 2.5 h, and discharge
0.25 h). Clinoptilolite concentration in SBRs was maintained at 2 g-dm™® (SBR 2) and 5 g-dm?
(SBR 3). SBR 1 worked as a control (without clinoptilolite). It was shown that at HRT 4 d clinop-
tilolite carrier did not have an effect on efficiency of BOD;s removal and only moderate effect on
efficiency of COD removal. However, clinoptilolite addition caused increase of ammonium removal
rates from 12.8 mg Nypy - dm™ - h'' in SBR 1 to 19.2 mg Nyps - dm™ - h' in SBR 3. In the effluent from
all reactors nitrate were predominant product of nitrification. HRT shortening to 2 d caused decrease
both BOD;s and COD removal efficiency in all reactors. Moreover, in SBRs with clinoptilolite carrier
nitrite were the main form of nitrification, while in SBR without clinoptilolite high concentration of
ammonium (over 300 mg Nyp, - dm™) was found.
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Abstrakt

Badano wplyw klinoptylolitu na efektywno§¢ usuwania zwigzkéw organicznych i nitryfikacje
podczas oczyszczania odciekow z wysypisk odpadéw komunalnych. Badania prowadzono w trzech
réwnolegle pracujacych reaktorach SBR. Czas zatrzymania (HRT) wynosit 4 i 2 d, cykl pracy
reaktorow — 24 h (napelnianie 0,25 h, mieszanie 3 h, napowietrzanie 18 h, sedymentacja 2,5 h,
dekantacja 0,25 h). Stezenie wprowadzonego klinoptylolitu wynosito 2 g-dm™ (SBR 2) i 5 g-dm™
(SBR 3). SBR 1 byl reaktorem kontrolnym (bez klinoptylolitu). Wykazano, ze w przypadku czasu
zatrzymania 4 d, wprowadzenie klinoptylolitu nie wplynelo na efektywnos$¢ usuwania zwigzkéw
organicznych wyrazonych BZTj, i tylko w niewielkim stopniu poprawilo efektywno§é usuwania
ChZT. Klinoptylolit spowodowal natomiast wzrost szybkoSci usuwania azotu amonowego z 12,8 mg
Nyme - dm® - ht w SBR 1 do 19,2 mg Nypy - dm™ - h't w SBR 3. W odptywie ze wszystkich reaktorow
dominowaly azotany, bedace gtéwnymi produktami nitryfikacji. Skrécenie HRT do 2 d spowodowalo
spadek efektywnoSci usuwania zwigzkéw organicznych (zaréwno BZT;, jak i ChZT). Ponadto,
w reaktorach z wypelnieniem z klinoptylolitu gléwnym produktem nitryfikacji byly azotyny,
w odplywie z reaktora kontrolnego — azot amonowy w stezeniu powyzej 300 mg Nygy - dm.

Introduction

Leachate from municipal solid waste landfills are defined as hazardous
wastewater. The choice of their appropriate treatment method is difficult,
mainly because of leachate composition, which varies depending on landfill age
and biological activity within the landfill. The mature leachate contain rela-
tively low concentrations of degradable organic materials and high concentra-
tions of ammonium (KNOX 1985).

The leachate with high ammonium content are difficult to effective treat-
ment by conventional biological method due to its toxic inhibition to nitrifying
microorganisms. Moreover, in activated sludge the nitrification process may be
inhibited by metals and hazardous compounds.

Recent studies examined the leachate treatment with high ammonium
loading using chemical precipitation of ammonium as a pre-treatment process
(L1, ZHAO 2001). However, the high salinity formed in treated leachate because
of using chemicals affected negatively on microbial activity in the following
steps of biological treatment.

In activated sludge, the ammonium oxidation proceeds slowly because of
slow nitrifying bacteria growth. So, it is necessary to provide high residence
time of nitrifying cells (sludge age). Thereby, in order to obtain nitrification
there are employed combined methods, such as activated sludge processes with
biomass carriers. So far, nitrification was studied in reactors with activated
sludge contained plastic carrier material as small cubes of macroporous
cellulose or tubes made of polyethylene with an addition of ammonium chloride
(WELANDER et al. 1997). Commonly used appliances to nitrification are mov-
ing-bed biofilm process, based on the use of small, free-floating polymeric



Organics Removal and Nitrification... 63

(polyurethane) elements, while biomass is being grown and attached as biofilm
on the surface of these porous carriers (LOUKIDOU, ZOUBOULIS 2001).

Recently, many authors employed zeolite to improve nitrification in ac-
tivated sludge systems. From literature view it is concluded that two different
mechanisms could cause enhancement of nitrification in activated sludge with
that carriers. Added minerals adsorb some compounds working as nitrification
inhibitors and nitrification may be improved as a consequence of decreased
inhibition (NG et al., 1987), and enable nitrifiers to colonize the attached
biofilm, improving nitrification (LEe et al. 2002). However, it is worth remark-
ing that most of these researches have been made on synthetic wastewater
(CampoOs et al. 2002, LEE et al. 2002, JUNG et al. 2004).

The aim of this study was to determine the effects of clinoptilolite addition
to activated sludge system on organics removal and nitrification in sequencing
batch reactors (SBRs) treating municipal landfill leachate.

Materials and Methods
Description of SBRs and operating conditions

Experiments were carried out at HRT 4 d and 2 d in three SBRs operated in
parallel. The reactors were operated in a 24-h cycle mode (filling 0.25 h, anoxic
3 h, aeration 18 h, settling 2.5 h, and discharge 0.25 h). Clinoptilolite
concentration in SBRs was maintained at 2 g-dm3 (SBR 2) and 5 g-dm?
(SBR 3). SBR 1 worked as a control reactor (without clinoptilolite).

The reactors with the working volume of 6 1 were made of plexiglass and
were equipped with a stirrer at the regulated rotation speed (36 r min™).
Dissolved oxygen was supplied using porous diffusers, placed at the bottom of
reactors. In all reactors, the amount of the oxygen supplied to the reactor in the
aeration phase was regulated in order to maintain oxygen concentration
between 2.5-4.0 mgO; - dm™ at the end of the phase. All reactors were operated
at a room temperature (19£3°C) for about 2 months both at HRT 4 d and 2 d.

Activated sludge

SBRs were supplied with the sludge from municipal wastewater treatment
plant “Eyna” (Olsztyn, Poland). The activated sludge was adapted to
the leachate by cultivation of microorganisms in diluted leachate in SBRs
during 3 weeks.
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Characteristic of clinoptilolite

Clinoptilolite used in the experiment originated from mine located in Nizny
Hrabovec. Clinoptilolite showed 0.8 mval - g!' of ammonium capacity. The
medium size of the clinoptilolite was 0.3-2 mm and the composition of powder
consisted dominantly of SiO, (60.68-71.78%) and Al,O; (11.47-12.83%). The
characteristic of the zeolite was given in Table 1.

Table 1
Characteristic of clinoptilolite
Parameters Value
Physical properties
ammonium exchange capacity (mval - gt) 0.8
density (kg - m) 2000-2450
specific surface area (m?-g?) 20-30
medium size (mm) 0.3-2
Chemical composition (wt. %)
SiO, 60.68-71.76
Al,O; 11.47-12.83
TiO; 0.3-0.33
F9203 1.5-1.7
CaO 3.5-7.1
MgO 0.5-1.26
NaO 0.55-0.7
K,0 2.26-3.02
P,05 0.02-0.05

Landfill leachate characteristic

Leachate used in this study were collected from a municipal landfill located
in Wysieka near Bartoszyce in the Warmia and Mazury Province, Poland. The
landfill has been in operation since January of 1996.

The leachate were delivered to the laboratory twice a month and
stored at 4°C.

Table 2
Characteristic of municipal landfill leachate
Parameter Unit Value

pH - 8.1 (x0.3)
Chemical oxygen demand (COD) mg COD - dm™ 997 (£ 53)
Biochemical oxygen demand (BOD5) mg BOD; - dm™ 169 (+ 14)
BOD;/COD - 0.17
Total nitrogen mg N - dm™ 874 (+ 21)
Ammonium nitrogen mg Nypy - dm? 816 (+ 18)
Total phosphorus mg P - dm 14.2 (+ 2.3)
Total solids mg - dm™ 6904 (+ 439)
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The characteristic of investigated landfill leachate is shown in Table 2. As
leachate originated from old landfill, they contained mainly refractory organics
(low BOD5/COD ratio) and high concentration of ammonium.

Required amounts of KH;PO, were added to leachate deficient in the
phosphate to adjust COD/P ratio to 100:1.

Analytical methods

The raw leachate and effluent from SBRs were analysed for: pH, organic
compounds (COD) (dichromate reflux method — according to HERMANOWICZ
et al. (1999) and BOD; — with the use of the OxiTop® according to DIN EN
1899-1/EN 1899-2 official EPA method using OxiTop® made by WI'W com-
pany), nitrogen compounds (total Kjeldahl nitrogen, Kjeldahl Method), am-
monium nitrogen (distillation/Nesslerization method), nitrite nitrogen
(colorimetric method with sulfanilic acid and 1-naphthylamine) and nitrate
nitrogen (colorimetric method with phenolsulfonic acid), phosphorus (ascorbic
acid method) and total solids — according to HERMANOWICZ et al. (1999).

The mixed reactor content was measured for volatile suspended solids
(MLVSS), according to HERMANOWICZ et al. (1999) and oxygen concentration
using an oxygen controller (model: HI 9142 made by Hanna Instruments).

Results and Discussion
Organics removal

It was shown that at HRT 4 d clinoptilolite additive did not have an effect
on BOD; removal efficiency — in all SBRs it was over 90%, and only moderate
effect on COD removal efficiency (on average it increased from 14% in SBR 1 to
19% in SBR 3) — Table 3. After HRT shortening to 2 d BODj5, removal efficiency
decreased to 86% (on average) and COD removal efficiency was below 10%
(Table 3).

Table 3
Organics removal efficiency in SBRs 1-3 at HRT 4 and 2 d
B HRT 4 d HRT 2 d
SBR No. COD (%) BOD; (%) COD (%) BOD; (%)
SBR 1 14.3 92.5 8.9 85.3
SBR 2 14.2 91.8 9.3 86.0
SBR 3 19.1 92.8 9.4 87.2
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Similarly, WELANDER et al. (1998) and BARBUSINSKI et al. (1997) showed
low COD removal (about 20% and 7.5%, respectively) during landfill leachate
treatment from old site. The low COD removal achieved in this work is in
agreement with the low BOD;/COD ratio of the raw leachate. The low
biodegradability of the organics is typical for leachate from landfill in the
methanogenic phase, for which most of biodegradable matter is converted to
biogas already in the landfill and, in consequence, the produced leachate
contain mainly refractory compounds.

Nitrification

The investigations revealed that at HRT 4 d nitrification was achieved in all
reactors, but at different time. In SBR 1 (without clinoptilolite), a complete
ammonium removal was achieved after 41 days of operation. In the effluent
from SBR 2 (2 g-dm? clinoptilolite) and SBR 3 (5 g-dm™ clinoptilolite)
ammonium concentration below 1 mg Nypuy - dm™ was observed after 34 and 18
days, respectively (Figure 1).
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Fig. 1. Ammonium concentration in the effluent from SBRs 1-3 (HRT 4 d)

The presence of clinoptilolite influenced greatly as well oxidation products
of ammonium. In SBR 1 during the first 36 days, nitrite were the main product
of nitrification. But as the ammonium concentration reached a low level,
nitrite concentration dropped dramatically and a complete nitrification to
nitrate was observed (Figure 2a). In SBR 2, nitrite production during start-up
was nearly at the same level as in SBR 1. After about 40 days, however, nitrite
concentration was always below 1 mg Nyo2 - dm® and complete nitrification
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Fig. 2. Nitrite and nitrite plus nitrate concentrations in the effluent from SBRs 1-3 (HRT 4 d):
a — SBR 1 (without clinoptilolite), &6 — SBR 2 (2 g-dm? clinoptilolite), ¢ — SBR 3 (5 g-dm?
clinoptilolite)

was obtained (Figure 2b). In SBR 3, nitrification ended up when nitrite were
only presented during the first 18 days. Full nitrification with nitrate as a main
product was observed after 3 weeks of operation (Figure 2c).

After reaching steady-state, nitrate were formed in all reactors in amounts
approximately stoichiometric to the consumed ammonium.
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In the present research, HRT in all SBRs was kept at 4d during 56 days of
experiment, after which it was shortened to 2 d. It resulted in a considerable
increase in the ammonium concentration to over 300 mg Nyp4 - dm™® in the
effluent from SBR 1 (Figure 3a). In SBRs 2 and 3 ammonium was nitrified to
nitrite. In SBR 3, nitrite were stable final product of nitrification (Figure 3c),
while in SBR 2 apart from nitrite in the effluent, ammonium nitrogen
appeared in concentration in the level 50-60 mg Nypuy - dm™® (Figure 3b).
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Fig. 3. Ammonium, nitrite and nitrate concentrations in the effluent from SBRs 1-3 (HRT 2 d):
a — SBR 1 (without clinoptilolite), &6 — SBR 2 (2 g-dm? clinoptilolite), ¢ - SBR 3 (5 g-dm™
clinoptilolite)
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The reason of improved nitrification in SBRs 2 and 3 (partially nitrifica-
tion) towards to SBR 1 (lack of nitrification) may be linked with application of
clinoptilolite, but the mechanism of clinoptilolite action is not clear. Therefore,
explanation of the role of minerals added to activated sludge there has been an
on-going research.

From literature review it is concluded that clinoptilolite is a kind of natural
mineral, which is well known for its ability to remove ammonium ion from
water, due to preferential selectivity for this ion (ROIC et al. 2000). In this
research, ammonium exchange capacity was about 0.8 mval - g*. Considering
that leachate contained high concentration of ammonium nitrogen due to
ammonium exchange capacity and the fact that consumed ammonium and
formed nitrate occurred stoichiometrically, it may be supposed that am-
monium adsorption onto clinoptilolite was negligible.

CAMPOS et al. (2002) were studied the effects of the addition of kaolin
powdered particles to nitrifying activated sludge. The authors showed that the
specific nitrifying activities of ammonium and nitrite oxidizing processes were
enhanced up to 75% and 50%, respectively, when kaolin was added. However,
additional ammonium, nitrite and nitrate adsorption tests showed that these
compounds were not adsorbed on kaolin. Different results were obtained by
KARGI and PAMUKOGLU (2004). They compared two different adsorbents, PAC
(powdered activated carbon) and zeolite, alone and with that adsorbent added
to biological treatment of pre-treated landfill leachate. The percent of am-
monium removal only by adsorption was 28% and 16% for clinoptilolite and
PAC, respectively. Adsorbents added to biological system caused increase in
ammonium removal to 40% (clinoptilolite) and 30% (PAC).

In present work, higher MLVSS in SBRs with clinoptilolite in contrary SBR
without clinoptilolite was obtained (in SBRs 2 and 3 the average biomass
concentrations were 2460 and 2820 mg MLVSS-dm®, whereas in SBR
1 - merely 1840 mg MLVSS - dm?). Therefore, it is supposed that clinoptilolite
was significant mainly as bio-carrier for bacteria. Other authors made similar
notices. LEE et al. (2002) proved that minerals addition into activated sludge
reactors caused significant increase in the concentration of microorganisms.
KM et al. (2003) showed that in reactor with clinoptilolite (4 g - dm™) biomass
concentrations expressed as MLSS and MLVSS were 9 580 mg-dm™ and
4 760 mg-dm?3, respectively. The microbial concentration of the control
(conventional activated sludge) was 2 850 and 2 030 mg - dm3, respectively. In
all discussed cases, increase of the amount of microorganisms may indicate
that the biofilm is formed on the surface of the powdered mineral (CHUDOBA,
PANNIER 1994, SON et al. 2000). In our study lack of nitrification in SBR 1 and
partial nitrification in SBRs 2 and 3 may be linked with the fact that both
Nitrosomonas and Nitrobacter are slow growing bacteria and could be washed
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out from reactor without long HRT unless the microorganisms were kept there
by adsorption onto added minerals. ROSTRON et al. (2001) in the reactor with
immobilised biomass, complete nitrification were observed at HRT 2.2-8d.
After HRT shortening to 1.5d build-up of nitrite took place. According to
authors, the lower cell yield of Nitrobacter in comparison to Nitrosomonas
(0.042 mg cells - mg* N and 0.142 mg cells - mg* N, respectively) indicated that
a lack of Nitrobacter was probably the reason for the build-up of the nitrite.
When HRT was further decreased to 1d, the concentration of ammonia
increased, indicating washout of Nitrosomonas.

Considering that our investigations were carried out on real leachate, there
is necessary to notice the ability of clinoptilolite to remove refractory organic
compounds and heavy metals (OUKI, KAVANNAGH 1997, INGLEZAKIS, GRIG-
OROPOULOU 2004, BEKTAS, KARA 2004, MIER et al. 2001). HRT shortening
might has caused the increase of toxic substances concentration e.g. heavy
metals at the cycle beginning, and in consequence inhibit nitrification in
SBR 1. In SBRs 2 and 3, zeolite addition to activated sludge could effectively
increase nitification by adsorbing inhibitors to Nitrosomonas and Nitrobacter.
According to the literature data it results that Nitrobacter is much more
sensitive to inhibitors than Nitrosomonas. Therefore, the nitrite accumulation
is observed in many cases where 2" phase of nitrification is inhibited (RHEE et
al. 1997, HWANG et al. 2000, AKTAS, CECEN 2001).

After 52 days of experiment (at HRT 4 d) measurements of changes in
ammonium concentration during SBRs cycle were conducted. In all reactors,
ammonium removal rate was described by zero-order kinetics and defined by
the following differential equation:

dC
rN=_dtN=_kN 1)

The solution for this could be fitted to the experimental data according
to (2):

Cn=Con—Fkn-t (2)
where:
N — ammonium removal rate (mg Nyg, - dm? - h),
kx - constant of ammonium removal rate (mg N, - dm3-h?),
Cx - ammonium nitrogen concentration after time ¢ (mg Nyg Y dm),

t — time (h),
Con - ammonium nitrogen concentration at the beginning of the aeration
phase (mg Nxg, - dm).
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The values of ammonium removal rate were estimated from equation (2). It
was shown that clinoptilolite carrier improved ammonium removal rates — in
SBR 1 it was 12.8 mg Nyps - dm™ - h'!, whereas in SBR 3 it was about 1.5-fold
higher (Figure 4). Similarly, ROSTRON et al. (2001) in reactors containing
suspended biomass and reactors with biomass adsorption onto particles (Ka-
ldnes, Linpor) and PVA (polyvinyl alcohol) encapsulated nitrifiers, showed
that volumetric nitrification rates were 0.36, 0.53, 0.57 and 0.70 kg N - m™ - d!
for suspended biomass reactor, Kaldnes, Linpor and PVA-encapsulated, re-
spectively.

250
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27 150 — zero-order kinetic
S Z
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EZ 100
2%
s &
£ 50
[~
O T 1Y
0 2 4 6 8 10 12 14 16 18
time (h)
SBR No. r(mg Nypg-dm™>-h1)|  ?
SBR 1 (without clinoptilolite) 12.8 0.005
SBR 2 (2 g-dm™ clinoptilolite) 147 0.003
SBR 3 (5 g-dm™ clinoptilolite) 19.2 0.009

Fig. 4. Concentrations profiles of ammonium in leachate during aerobic conditions and reaction rates
described by zero-order kinetics at HRT 4 d

Conclusions

SBRs employing clinoptilolite as bio-carrier were compared to the control,
and the following results were obtained:

— at both monitored HRTs clinoptilolite did not enhance BOD5s removal
efficiency and had only moderate effect on increase of COD removal efficiency;

—at HRT 4 d clinoptilolite addition improved ammonium nitrogen removal
rate —in SBR 3 (5 g - dm™ of clinoptilolite) it was 1.5 fold higher in comparison
to SBR 1 (control, without clinoptilolite);

—at HRT 2 d in SBR 1, there was observed lack of nitrification. In SBRs
2 and 3 the nitrification had been improved by the addition of clinoptilolite.

Translated by ZyGMUNT GUSIATIN
Accepted for print 19.01.2007
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Abstract

The paper presents the results of a study carried out using the computer program ZB1
simulating the destabilization of suspended solids. The description of the program is followed by an
analysis of the effects of such parameters as sol concentration, size and initial velocity of colloidal
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Introduction

The degrees of dispersion in a colloidal system as well as its destabilization
are affected by a variety of physicochemical factors. Successive stages of this
process comprise aggregation, flocculation, and sedimentation of gel/sludge.
Coagulation-flocculation is universally employed for water and wastewater
treatment as well as in many other technological processes that require solid
phase separation from the colloidal system (DUTKIEWICZ 1998). Coagulation
starts with particle aggregation, i.e. with a decrease in the degree of system
dispersion. No manifestations of aggregation-flocculation, such as changes in
color or turbidity, can be observed at this stage, sometimes referred to as latent
coagulation. Easily noticeable changes, like the formation of sludge/gel flocks,
take place at the next stage, known as flocculation or visible coagulation. The
duration of latent coagulation of lyophobic colloids is so short that for many
years researchers have focused exclusively on visible coagulation, although
latent coagulation often decides about the overall efficiency of coagulation,
flocculation or even sedimentation (STUMM, MORGAN 1981).

Industrial or semi-technological scale coagulation experiments are always
carried out on natural wastewater, whereas laboratory tests are performed on
natural or model wastewater (SMOCZYNSKI, WARDZYNSKA 1996, 2003). Model
wastewater guarantees unlimited reproducibility of experimental conditions
and a high number of repetitions, which enables adequate fitting of a math-
ematical model (SMOCZYNSKI 2000) to the database obtained in the study.

Computer simulation may be a viable alternative to laboratory tests. It has
become a reliable tool in many braches of science, thus filling the gap between
theory and practice. Computer-based simulation of coagulation-flocculation
offers practically unlimited experimental options, because it permits, among
others, direct observation and recording of e.g. slow latent coagulation.
Computer-based simulation is also applied in studies on the kinetics of rapid
perikinetic and orthokinetic coagulation, as well as for experimentation includ-
ing the modeling and modification of aggregation-flocculation and sedimenta-
tion (ELIMELECH et al. 1995)

The model of computer simulation used most frequently is the so called
Monte Carlo’ simulation (KOLODZIEJSKI 2002). This method, based on thé
theory of probability and statistical mechanics, has a wide range of ap-
plications. It is employed, among others, to determine the fractal size
(LATTUADA et al. 2003, LEE et al. 2002) and structure (PUSHKAR, ROSNER
1999) of post-coagulation sludge aggregates, as well as to analyze the
mechanism of coagulation, aggregation and flocculation (NAZZARRO et al.
2002, X1A0-YAN LI et al. 2003).

The paper presents the results of a study carried out using the computer
program ZB1 simulating destabilization of suspended solids. The effects
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of such parameters as sol concentration, size and initial velocity of colloidal
particles, and size of sedimenting flocks on latent coagulation were de-
termined. Latent coagulation is difficult to record experimentally due to
the lack of noticeable manifestations. The system performance was positively
verified against the classical theory of the kinetics and diffusion of dispersoids
(SMOCZYNSKI et al. 2006). It was found that the program ZB1 operates
in accordance with the logic and general principles of colloidal system
destabilization.

Material and Methods

The simulation model applied in our study, ZB1, is a stochastic-dynamic
one (PERKOWSKI 1980), based on random variables. The state of the system
changes due to the passage of simulation time. The kernel of the operating
system is a module solving equations of motion for a given number of units of
matter (particles) in a closed vessel. The program simulates the process of
destabilization of spherical particles of a homodisperse sol. The initial values of
particle positions are generated randomly in uniform distribution within the
vessel. The particles move according to Brownian motion. The program
computes the trajectories of individual particles, and the direction of motion is
selected randomly (RANDOM function). The angle at which the particle
bounces off the vessel wall is equal to the incident angle. A collision of two
particles which have different velocities results in the formation of a cluster
(e.g. a dimer) whose direction and velocity are resultants calculated as vectors.
In this way aggregates composed of three, four and more particles are formed.
During the process of aggregation the number of single particles decreases
gradually, and the original homodisperse sol turns into a polydisperse system.
Having reached the adequate size, the aggregates undergo sedimentation and
are eliminated from the system.

The program was written in Pascal, using an easily available tool, i.e.
“Turbo Pascal” version 6.0 (Borland Inc.). Widely variable input parameters of
the simulation program were:

Ny - number of particles,

Vo - initial velocity equal to the simulated initial velocity of each particle,

D - size of sedimenting flocks determined by the number of particles
forming an agglomerate,

H - particle diameter,

@ - rate of sedimentation, i.e. a systemic parameter specifying the range of
“sedimentation values” assumed by clusters.

Variable parameters were: a) number of particles Ny (1000 to 2000), b)
particle diameter (1 to 10), ¢) initial velocity V, (10 to 100), d) size D of
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sedimenting agglomerates (5 to 50). The constant parameter was the rate of
sedimentation @ = 0.02.

The ZB1 program is equipped with a particle counter, a simulated clock and
a STOP function, stopping the counter and the clock. All measurements were
performed in five replications. The graphs were plotted for mean values,
showing standard deviations.

Results and Discussion

The rate of coagulation is dependent on the Brownian motion of particles
and interactions between them. For an effective collision, the distance between
two particles must be shorter than the radius of the attraction range. However,
this is possible only when: 1) the particles lost their electric charge and
acquired electrokinetic potential equal to zero, or 2) the particles discharged
below the so called critical potential. In the present study the particles had no
electrolytic potential and each collision was considered to be effective.

Figure 1 presents the relationships between the duration of latent coagu-
lation and particle size. The duration of latent coagulation is the period of time
that passes from the beginning of the process to the sedimentation of the first
aggregate. The measurements were carried out at initial concentrations N,
equal to 1000, 1200 1400, 1600, 1800, 2000, at a constant initial velocity V;
= 50 and at a constant size of a sedimenting flock D = 20. The optimal
mathematical fitting of R? (coefficient of determination) was obtained for
a power function of the y = ax® type. R? values and corresponding equations are
presented in Table 1.

t
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Fig. 1. Effect of the particle size H on the duration of latent coagulation
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Table 1
Relationships between the duration of latent coagulation and particle size
Series Sol concentration Equation R?
(0] 1000 73.983x 08683 0.98
* 1200 52.518x08015 0.96
X 1400 44.807x 08015 0.98
O 1600 37.827x 08004 0.92
yAN 1800 34.521x0837 0.96
<& 2000 30.417x08367 0.97

The equations given in Table 1 show that the values of the constant
“b” in the “y = ax?” type equations remained within a relatively narrow
range, i.e. -0.8003 to -0.8683, which may indicate that this constant is
independent of the initial concentration N, of the sol and of the particle
size H, i.e. of the degree of system dispersion. The constant “a” is responsible
for different courses of curves in Figure 1, since its value was over twofold
higher (a = 74) for the sol of the initial concentration N, = 1000, compared
with the sol of the concentration N, = 2000 (¢ = 30). This means that
the lower the initial concentration of the sol (1000 to 1400) the more
significant the effect of particle size on the duration of latent coagulation.
An increase in particle size reduces the time of latent coagulation. A tenfold
increase in particle diameter allows to shorten the duration of the process
over sevenfold. Generally, for a sol of a constant initial concentration
the greatest influence of particle size (H) on the duration of latent coagulation
was observed for the smallest particles (H = 1 to 5). In the case of
bigger particles (H > 5 to 10), the degree of system dispersion had a slight
impact on the time of latent coagulation for all initial concentrations of the sol.

According to SMOLUCHOWSKI (1917), in homodisperse systems the probabil-
ity W that one particle meets another is directly proportional to a displacement
in a unit of time, resulting from Brownian motion, as well as to the range of
attraction A between particles with identical radii:

W = 47'CADf (1)

where:

Dy is the coefficient of diffusion of the system, being a measure of the above
displacement. If two particles are to collide, the distance between them must be
shorter than the radius of the attraction range A (Figure 2).
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Fig. 2. Range of coagulation effectiveness (WEISER 1950)

It was proved experimentally that the radius of the attraction range is only
a little bigger than the particle diameter H, which means that an increase in
H should be followed by a higher probability of collisions between particles, i.e.
a shorter time of latent coagulation. This relationship is easily noticeable for
small particles (H = 1 to 5). However, it must be kept in mind that the
probability of collisions between particles (W) is also affected by the displace-
ment resulting from Brownian motion. The measure of displacement (per unit
time) in Brownian motion is the diffusion coefficient D, According to the
concept formulated by Graham (FORSTERLING, KUHN 1976) this coefficient is
inversely proportional to the radius r of a particle:

Dy (em? s) = f(1rY) (2)

Aggregated particles (dimers) move according to Brownian motion at
a velocity reduced proportionally to their increased size. Therefore, it seems
that in the case of bigger particles (H = 5 to 10) the increased probability of
collisions resulting from the bigger radius of the attraction range is balanced
by smaller displacement in Brownian motion.

Figure 3 illustrates the effect of a simulated initial velocity of a particle, V;
= 10to V, = 100, on the duration of latent coagulation for sols of various initial
concentrations N, (1000, 1200, 1400, 1600, 1800, 2000). The size of a colloidal
particle and the size of a sedimenting floc were constant, H = 5 and D = 10
respectively. The optimal fitting of results (R? > 0.96) was obtained for a power
dependence of the y = ax® type. R? values and corresponding equations are
presented in Table 2.



Computer Simulation of Latent Coagulation 79

307 t=1(Vo)
254

20

Fig. 3. Effect of the initial velocity V, of a particle on the duration of latent coagulation

Table 2
Relationships between the duration of latent coagulation and the initial velocity V; of a particle
Series Sol concentration Equation R?
<o 1000 153.36x0:7627 0.99
*¥ 1200 128.34x07™ 0.98
X 1400 1083.29x°0:7756 0.96
YAN 1600 68.578x70:7065 0.96
O 1800 51.560:6803 0.97
(0] 2000 41.2610:6558 0.98

An increase in the simulated velocity of a particle results in the shortening
of the time of latent coagulation for all sols, irrespective of their initial
concentrations, although the stronger the concentration, the shorter the
coagulation. A tenfold increase in the initial velocity of a particle allows
to reduce the duration of the process about fivefold. The optimal value
of the initial velocity V, of a particle can be observed for each sol. A further
increase in V, permits only an insignificant reduction in the duration
of latent coagulation. This value depends on the initial concentration of
a sol. For instance, for N, = 1000 V, = 70, whereas for N, = 2000
the optimal value V), is as low as 30.

According to the theory proposed by SMOLUCHOWSKI (1917), the probability
that a given particle meets another increases along with an increase in the
above-mentioned displacement (per unit time) in Brownian motion. In prac-
tice, the displacement defined in this way must be directly related to the initial



80 Lech Smoczynski et al.

velocity of a particle in the ZB1 simulation program. Applying the Fick law
(FORSTELING, KUNH 1976) for concentrated solutions, where D, is dependent
on the concentration of the system, we obtain an equation showing the
correlation between the so called diffusion current éc/6t and concentration
gradient d&c/dx:

éc/St = 6/6x[Dy(Sc/dx)] 3)

where:
x may denote a generalized coordinate.

Equation (3) shows that an increase in the value of diffusion current éc¢/6¢
is directly proportional to D, Thus, an increase in concentration should be
theoretically accompanied by an increase in the diffusion coefficient Dy as well
as the probability of collisions between particles. This was confirmed by
simulated experimental data.

Fig. 4. Effect of the size D of a floc-aggregate on the duration of latent coagulation

Figure 4 presents the relationships between the simulated time of latent
coagulation and the size D of a floc-aggregate for sols of various initial
concentrations N, (1000, 1200, 1400, 1600, 1800, 2000). The initial velocity V;
and diameter R of a particle were constant, 50 and 5 respectively. As expected,
the relationships ¢ = f(D) are of the straight-line type, while the values of R?
> 0.95 indicate a high probability of fitting of this mathematical model
(a straight-line equation) to the experimental database — Table 3.
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Relationships between the duration of latent coagulation and the size D of a ﬂoc-aggre;‘aizle °
Series Sol concentration Equation R?
O 1000 0.9024x + 3.3332 0.99
O 1200 0.9768x + 4.8958 0.99
AN 1400 1.1021x + 6.2947 0.95
X 1600 1.4357x + 5.807 0.98
* 1800 1.8454x + 4.1374 0.99
(0] 2000 2.1076x + 3.7687 0.98

An increase in the size D of a flock-aggregate extends the duration of latent
coagulation. A tenfold increase in size D prolongs the time of latent coagulation
around 16-fold. A bigger size of agglomerate requires the agglomeration of
a higher number of particles, which takes more time at a specified probability
of active collisions. The probability of collisions increases with an increase in
the initial concentration N, of a sol, and the duration of coagulation becomes
shorter. The increasing values of slopes of straight-lines, obtained in the study,
are given in Table 3.

Conclusion

The ZB1 computer simulations performed in the study provided data on
latent coagulation. This process would be difficult to monitor under labora-
tory conditions. The obtained relationships are consistent with universally
known theories concerning the processes of coagulation, aggregation and
flocculation, leading to the destabilization of a colloidal system. Similarly as
results of laboratory tests, the database created in simulation tests is
burdened with a certain experimental error. Thus, the computer program
ZB1 is not an automatic mathematical machine, but simulates natural
behavior patterns of a sol, characterized by variation and diversity. ZB1 can
be successfully applied in practice, e.g. to optimize the chemical coagulation
of wastewater.

The statistical significance of measurements was verified by the Q-Dixon
test (PAWLACZYK, ZAJAC 2001) at a significance level o o5 (P = 95%). All results
were found to be reliable.

1. In contrast to simple jar-tests, the computer program simulating the
destabilization of wastewater suspension permits precise and thorough
monitoring of latent coagulation which often decides about the overall effi-
ciency of coagulation, aggregation, flocculation and sedimentation.
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2. The simulation program ZB1 allows to determine the effects of some
parameters on latent coagulation:

— the concentration of the dispersed phase of a colloidal system, the size of
a colloidal particle and the size of a sedimenting floc have a significant impact
on the duration of the process,

— the initial velocity of a colloidal particle has the slightest influence on the
duration of the process.

3. Results of measurements obtained using the ZB1 program are consistent
with the classical theories of destabilization of colloidal systems.

Translated by ALEKSANDRA POPRAWSKA
Accepted for print 15.12.2006
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EFFECT OF SELECTED ENVIRONMENTAL
PARAMETERS ON SEWAGE SLUDGE
VERMICOMPOSTING

Andrzej Walkowiak
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Abstract

Vermicomposting of sewage sludges is one of the methods of their utilization. Not adhering to
appropriate conditions of that process decreases the nutritive value of the vermicompost obtained to
a significant extent, as only compost that does not pose any sanitary hazard can be utilized for natural
purposes.

An inappropriate content of oxygen in culture medium, too high bulk density of the medium (a
degree of compression), too low or too high temperature of the vermicomposting process, improper
pH, improper humidity, and a variety of other factors may negatively affect the quality of the
vermicompost produced, and consequently the degree of sewage sludge neutralization.

Some constraints of the vermicomposting process are strictly linked with the quantity and
quality of sewage sludge. An excessive content of heavy metals in the sludge may completely exclude
the possibility of sewage sludge utilization with that method.

Yet, adherence to specified rules and performance of different treatments in the course of sewage
sludge vermicomposting reduces, to a considerable extent, the negative impact of the above-
mentioned factors on vermiculture as well as on the quality of processes proceeding over the period of
vermicomposting.

Relatively precise determination of threshold values of factors determining the vital activity of
earthworms and establishing optimal conditions of the process in which vermicompost with a high
nutritive value is produced are feasible due to the possibility of running a pot culture under
laboratory conditions. Results obtained this way will provide a basis for determining conditions of the
vermicomposting process modified by the introduction of a physical factor, namely an electromag-
netic field.
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WPLYW WYBRANYCH PARAMETROW SRODOWISKOWYCH
NA WERMIKOMPOSTOWANIE OSADOW SCIEKOWYCH

Andrzej Walkowiak

Katedra Inzynierii Ochrony Srodowiska
Uniwersytet Warminsko-Mazurski w Olsztynie

Stowa kluczowe: utylizacja osadéw Sciekowych, wermikompostowanie, Eisenia fetida.
Abstrakt

Wermikompostowanie osadéw §ciekowych jest jednym ze sposobéw ich utylizacji. Nieprzes-
trzeganie odpowiednich warunkéw tego procesu wysoce obniza warto§é nawozowg uzyskanego
wermikompostu. Wykorzystany przyrodniczo moze by¢ tylko kompost nie stwarzajacy zagrozenia
sanitarnego.

Nieodpowiednia ilo§¢ tlenu w podtozu hodowlanym, zbyt duza gesto$é podtoza (stopien ubicia),
zbyt niska lub wysoka temperatura procesu wermikompostowania, niewlasciwe pH, nieodpowiednia
wilgotno§é oraz wiele innych czynnikéw moga negatywnie wplynaé na jako§é wyprodukowanego
wermikompostu, a tym samym na stopien neutralizacji osadéw $ciekowych.

Niektore ograniczenia procesu wermikompostowania sg §cisle zwiazane z iloécig oraz jakoscig
osadéw Sciekowych. Zbyt duza zawarto$¢ metali ciezkich w osadach moze catkowicie wykluczyc
mozliwo$¢ utylizacji osadéw Sciekowych ta metodg.

Przestrzeganie okre§lonych zasad i wykonywanie réznych zabiegéw w trakcie wermikompos-
towania osadéw Sciekowych w znaczny sposéb obniza negatywny wplyw ww. czynnikow na wermikul-
ture oraz jako§¢ proceséow zachodzacych w trakcie wermikompostowania.

W miare precyzyjne ustalenie progowych wartoSci czynnikéw determinujacych aktywnosc
zyciowa dzdzownic oraz wyznaczenie optymalnych warunkéw procesu, w ktérym powstaje wer-
mikompost o wysokiej wartosci nawozowej, jest mozliwe dzieki prowadzeniu hodowli wazonowe;j
w warunkach laboratoryjnych. Uzyskane w ten sposéb wyniki moga stanowié¢ podstawe do wyzna-
czenia warunkéw procesu wermikompostowania, zmodyfikowanego wprowadzeniem czynnika fizy-
cznego, jakim jest pole elektromagnetyczne.

Introduction

The number of sewage treatment plants has been observed to increase each
year. An increasing bulk of sewage sludge prompts the necessity of appropriate
sludge management. Nevertheless, more and more often sanitary and ecologi-
cal properties of sludges do not meet expectations despite the application of
highly advanced processes of their treatment. Such sludges are still detrimen-
tal to the natural environment, hence they cannot be utilized for natural
purposes. Still, as a result of applying proper processes of sludge treatment,
factors that impair their natural utilization can be eliminated.

A vermiculture is defined as a high-density culture of earthworms on
different organic wastes (KOSTECKA 1995). An earthworm species of the
highest recognition at our latitude is Eisenia fetida Sav. One of the methods of
sewage sludge utilization is the process of vermicomposting. The rate of
sewage sludge treatment with that method depends on the number and
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biomass of earthworms. As claimed by KOSTECKA (after FLECKENSTEIN and
GRAF): ,,one tone of earthworm biomass is capable to process one tone of sludge
into vermicompost within five days’. Production of good vermicompost is
linked with strictly following the process of its production. Only good vermi-
compost, consisting practically of sole earthworm excreta, is characterized by
a high nutritive value.

Material and Methods

Investigations were carried out on Californian earthworm Eisenia Fetida.
The culture was run on three types of culture media:

—variant I- culture pots without drainage (No la and 156), on the surface of
which homogenized sewage sludge (150 mL) with hydration ranging from 93 to
95 % were poured once a weak. Inspections of the developing vermiculture
were carried out every six weeks;

— variant II- culture pots with drainage (No 2a nad 2b), on the surface of
which 150 mL of water-homogenized sewage sludges with hydration ranging
from 96 to 99% were poured 2-3 times a week. Inspections of the developing
vermiculture were carried out every six weeks;

— variant ITI- culture pots without drainage (No. 3a and 3b), on the surface
of which 150 mL of sewage sludges with hydration ranging from 93 to 95%
were poured once a week. Those pots were not subjected to inspections.

Bottom of the pots with drainage was perforated. Between the perforated
bottom and culture medium there were three layers of gravel with different
diameters. So prepared drainage enabled feeding the earthworms with liquid
sludges in a considerable excess (2-3 times a week, 150 cm?® each time). That
treatment was aimed at monitoring the effect of the humidity of culture
medium on the vermiculture. Having been filtrated through a layer of the
culture medium, the homogenized sewage sludges escaped off the culture pot
in the form of an efflux.

In all culture pots the process of vermicomposting proceeded at a tempera-
ture ranging from 22 to 25°C.

In the case of the culture pots without drainage, homogenized sewage
sludges were poured onto their surfaces also at a dose of 150 cm?® but
only once a week. In addition, depending on the measurement of dry
matter content of the culture medium, they were sprinkled with water.
This way, medium humidity in those pots was kept at a level optimal
for the earthworms, i.e. 75-80%.

Over the six-month experimental period, a treatment of medium ventila-
tion (“inspection”) was performed in pots No la and 15 as well as No 2a and 2b
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every six weeks. The treatment consisted in pouring the culture media
containing the earthworms out of the pots. It was aimed at supplying oxygen
into the culture medium, enabled measurements of the number and individual
biomass of the earthworms as well as loosened the medium.

The culture medium and vermiculture present in the pots without drainage
(No 3a and 3b) were not subjected to periodical inspections. That procedure
was aimed at determining whether a lack of inspections and, consequently, an
increase in medium density, affect the intensity of channel boring by the
earthworms.

In order to provide conditions similar to open-air vermicultures run on the
industrial scale, the access of light to the culture pots was eliminated.

The earthworms were fed with sewage sludges collected from sewage plots
of the Municipal Wastewater Treatment Plant in Olsztyn.

In research proceedings answers were sought to the three basic questions:

1. How does the vermiculture develop depending on different humidity of
the culture medium?

2. What is the effect of an increase in total and individual biomass and in
the number of earthworms on the degree of medium loosening and, conse-
quently, on oxygen content of the medium?

3. How does the respiratory activity of different types of culture media
changes?

During colonizing with earthworms, sawdust were added to all culture pots
so as to improve the C/N ratio. Cellulose present in the sawdust is indispens-
able for building egg cocoons laid by the earthworms. PH was kept at a level
optimal for the earthworms, i.e. from 6.8 to 7.2.

An assumption was made that the intensity of earthworms development
is an indicator of the degree of sewage sludge mineralization. It was assumed
that the parameter indicating mineralization processes occurring in the
composted sewage sludges is the respiratory activity of the culture medium
expressed as a decrease in oxygen pressure. The activity was determined
after the six-month experimental period with the use of a measuring system
OxiTop Control according to the following procedure: 50 mg of the composted
medium and 50 cm?® of sodium hydroxide (carbon dioxide adsorbent) were
transferred to tightly closed measuring vessels (with a volume of 1 dm?).
The vessels were fixed in a thermostatic room at a temperature of 20°C.
For 5 consecutive days, a measuring head of the apparatus registered
pressure changes resulting from disintegration of biologically-degradable
organic compounds. The produced CO, was bound by the alkaline absorbent,
thus not affecting pressure changes in the measuring vessel. Therefore,
the pressure changes recorded resulted from the consumption of oxygen
occurring as a free gas in the measuring vessel.
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Values of the number as well as total and individual biomass observed for
particular variants are an arithmetic mean recorded for respective objects.

Results and Discussion

In the context of the objective adopted and research questions raised,
determinations were carried out for the number as well as total and individual
biomass of earthworms.

Changes in the number, total and individual biomass were analyzed in
six-week intervals (Figures 1, 2, 3).
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Fig. 3. Changes in the individual biomass of earthworms

The greatest increase in the number of earthworms was observed in pots
without drainage (variant I). Over the 6-month experimental period, the
number of earthworms increased in those pots three times. In the pots with
drainage (variant II), such an increase was reported in the first three months.
Yet, in the consecutive months of the experiment the number of earthworms
was noted to decrease below the initial number. The initial increase followed
by the decrease in the number of earthworms could have been caused by an
increase in the density of medium that was systematically compressed in the
course of distributing homogenized sewage sludges onto the surface of the
pots. The increased medium density was accompanied by the decreased
intensity of pore boring by the earthworms. This, in turns, reduces their vital
activity (PIEKARZ et al. 1996). As claimed by those authors, one of the factors
reducing the boring of galleries in excessively thickened soil is the fact that
during boring the earthworms only ingest the soil but are unable to move the
soil aside, as it occurs in the case of less compressed soil.

In pots without drainage (variant III) no inspections were performed in the
six-month experimental period, and after that time no earthworms were found
in the pots. This could have resulted from a variety of reasons.

As a result of not performing “inspections” oxygen present in the culture
medium depleted very fast. It was used (most of all) in the biodegradation
process of easily-degradable substances occurring in the medium. The concen-
tration of ammonia nitrogen higher than 0.5 mg - g! of substrate also contrib-
utes to a decrease in the physiological activity of earthworms (KALISZ et al.
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2000). Precise determination of the date of earthworm population decay in
those objects appeared to be difficult.

As reported by Stalinski (after PEIJNENBURG and WELTIJE), earthworms
tolerate an increased level of heavy metals, yet the presence of those metals is
likely to inhibit their reproductive processes (STALINSKI et al. 2000).

The highest total biomass was observed in the pots without drainage
(variant I). Over the six-month experimental period it was increasing almost
threefold. In the pots with drainage (variant II) the increase in the total
biomass of earthworms was slightly smaller. In pots without drainage (variant
I1II), no earthworms were found after six months of the culture. According to
KaLisz et al. (2000), in the vermicomposting process, channel-boring earth-
worms cause the mixing of substrate processed, aerate and loosen it. The fact
that in the pots without drainage and with no inspections performed (variant
ITI) the population of earthworms decayed suggests that in the case of pot
culture carried out in 2 dm? beakers at the surface of which 150 cm? of sewage
sludges with hydration of 93-95% were poured out once a week channels bored
by the earthworms are not sufficient enough to supply air in the quantity
meeting the vital needs of the earthworms.

The individual biomass of earthworms was definitely the highest in the
earthworms from the pots with drainage (variant II). It was over three times
higher as compared to the individual biomass at the beginning of the
experiment. Such a remarkable increase in the individual biomass of those
earthworms was caused by the fact that while developing in a humid medium
those oligochaeta absorb water, thus growing bigger (KALISZ et al. 2000).
Nevertheless, when comparing the individual biomass reported for that
variant with the respiratory activity we can observe that the fact that the
earthworms were bigger had no effect on the degree of culture medium
mineralization.

In the pots without drainage (variant I) the individual biomass of earth-
worms was considerably lower.

The assumption that the degree of medium mineralization is proportional
to the number and biomass of earthworms was verified based on measure-
ments of the respiratory activity of the culture media. Figure 4 presents
representative plots of the respiratory activity of culture media in variants
I, IT and IIIL.

The highest respiratory activity is typical of the culture media collected
from the pots without drainage (variant III). That medium caused the greatest
pressure drop as a result of decomposition of biologically-degradable organic
compounds. Thus, that medium appeared to be mineralized to the least extent.
The content of organic matter in those pots was also increased by dead
earthworms.
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Fig. 4. Respiratory activity of culture media

The culture medium originating from the pots without drainage (variant I)
was found to be best mineralized. Those pots were also characterized by the
highest numbers of earthworms. According to the accepted assumption, the
medium contained in those pots was mineralized to the greatest extent. That
dependency was confirmed by the measurement of respiratory activity.

Only slightly lower total biomass observed at the end of the experiment for
variant II could suggest that in those pots the degree of culture medium
mineralization was similar to that recorded in the case of variant I. Still the
plot of respiratory activity of the culture medium originating from the pots
with drainage (variant II) indicates that the mineralization was not sufficient.
This, in turn, confirms the fact that due to water absorption earthworms
developing in the medium with a high humidity are bigger but simultaneously
weaker and less active. Their ability for reproduction decreases as well, which
is reflected in their low population numbers (KALISZ et al. 2000).

Conclusions

1. The greatest increase in the number and biomass of the earthworms was
observed for variant I.

2. The respiratory activity of the culture media, expressing the degree
of their mineralization, correlates with the assays of earthworm number.

3. The degree of culture media mineralization is strictly linked with the
occurrence of factors determining activity of earthworms, including: oxygen
content of the medium as well as its humidity and degree of compression.

4. An increase in culture medium humidity results in less active penetra-
tion of the culture medium by the earthworms.

5. An increase in the bulk density of the medium is accompanied
by decreased intensity of pore boring by the earthworms.
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6. In the case of a lack of inspections (variant III), galleries bored by the
earthworms failed to provide a sufficient quantity of oxygen to them.

Translated by Joanna MoLca
Accepted for print 21.12.2006
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Abstract

Nitrogen removal from communal wastewater by activated sludge immobilised in ceramic
carriers with various internal structures was attributed to simultaneous nitrification and denitrifica-
tion (SND). The experiment was performed with a hydraulic retention time (HRT) ranging from 70 to
15 minutes, under aeration conditions. The effectiveness of SND with aeration was as follows: in the
7-channelled carrier — from 59.2 to 91.0%, in the 3-channelled carrier — from 36.7 to 84.4%, in the
8-channelled carrier — from 46.2 to 73.0%. For a short HRT (30 and 15 minutes) the peak
effectiveness of nitrogen removal (as a result of SND) per unit area of the carrier’s active surface was
achieved in the 3-channelled carrier with the largest, 50% portion of free spaces.

Key words: immobilised activated sludge, simultaneous nitrification and denitrification (SND).

SYMULTANICZNA NITRYFIKACJA I DENITRYFIKACJA
W UNIERUCHOMIONEJ BIOMASIE

Magdalena Zielinska, Irena Wojnowska-Baryla

Katedra Biotechnologii w Ochronie Srodowiska
Uniwersytet Warminsko-Mazurski w Olsztynie

Abstrakt

Usuwanie azotu ze $ciekow komunalnych przez osad czynny unieruchomiony w nos$nikach
ceramicznych, réznigcych sie strukturg wewnetrzna, nastepowalo w wyniku symultanicznej nit-
ryfikacji i denitryfikacji (SND). Eksperyment prowadzono w hydraulicznym czasie zatrzymania
Sciekéw (HRT) od 70 do 15 min w warunkach napowietrzania. Efektywno§¢ SND w noénikach
wynosila odpowiednio: w 7-kanalowym - od 59.2 do 91.0%, w 3-kanalowym - od 36.7 do 84.4%,
w 8-kanalowym od 46.2 do 73.0%. W warunkach krétkiego HRT (30 i 15 min) najwyzsza sprawno§é¢
usuwania azotu w wyniku SND, w przeliczeniu na jednostke powierzchni aktywnej nosnika,
uzyskano w no$niku 3-kanalowym o najwiekszym 50% udziale wolnych przestrzeni.

Stowa kluczowe: unieruchomiony osad czynny, symultaniczna nitryfikacja i denitryfikacja
(SND).
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Introduction

In conventional biological wastewater treatment systems, nitrogen is re-
moved in different bioreactors or at different times, because nitrification takes
place in an aerobic zone, while denitrification occurs in an anoxic zone.
Nitrification and denitrification can take place simultaneously, because they
are complementary. The products of nitrification (nitrates and nitrites) are
substrates for denitrification, while denitrification generates alkalinity that is
required in nitrification (MENOUD et al. 1999).

Numerous papers have described nitrification and denitrification, taking
place at the same time, in one reactor, under the same conditions (MUNCH et al.
1996). This phenomenon is called simultaneous nitrification and denitrifica-
tion (SND). The SND process running in continuous reactors is more cost
efficient because of the possibility of decreasing of the size of a reactor. The
advantages of the SND process in periodical reactors include a reduction of
time needed for the total nitrification and denitrification.

KELLER et al. (1997), quoting TURK and MAVINIC (1986, 1989), noted that
the demand of organic matter in simultaneous denitrification is 40% lower
than in conventional wastewater treatment plants, the denitrification rate is
63% higher and the biomass increase in anaerobic conditions is 300% lower.
BERTANZA (1997) showed that SND can help to achieve the same effectiveness
of nitrogen removal in a chamber of 20% smaller volume than a typical system
of wastewater treatment with pre-denitrification. In addition, 50% less energy
is used for aeration.

While studying the mechanism of simultaneous nitrification and denitrifi-
cation, MUNCH et al. (1996) showed that SND takes place under the conditions
of oxygen concentration gradients in a floc or in a biofilm. Nitrifiers occupy
areas with high oxygen concentrations, while denitrifiers are active in zones
with low oxygen concentrations. Researchers have also observed the presence
of aerobic denitrifiers and heterotrophic nitrifiers in the activated sludge.
PocHANA, KELLER (1999) and POCHANA et al. (1999) have corroborated a hy-
pothesis according to which SND is connected with limiting oxygen diffusion to
an activated sludge flocs, which generates anoxic areas within the floc. In the
study by POCHANA, KELLER (1999), experiments were conducted with flocs of
two sizes: 80 and 40-50 um, and the concentration of dissolved oxygen between
0.3 and 2.5 mg O, - dm™. Reducing the size of a floc did not speed up the
nitrification that indicated that it was not limited by oxygen supply. After
grinding the biomass, the concentration of nitrates in the treated waste was
much higher. When the flocs were larger, the effectiveness of SND reached
52%, when they were smaller the SND efficiency was 21%. In the study
conducted by POCHANA et al. (1999) with flocs diameters of 382 and 155 um,
98.5% and 26.3% effectiveness of simultaneous nitrification and denitrification
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was achieved, respectively, while with a 77 um floccula, the process effective-
ness was 4.3%. Using a reactor with a biomass immobilised in Siporax™ ring
shaped glass carriers, MENOUD et al. (1999), observed that aerobic nitrifiers
present in the outer layers of the carrier used up oxygen and shielded the
anoxic denitrifiers, which populated the inner parts of the carrier. WARTCHOW
(1990) compared the transformations of nitrogen compounds in systems with
free and settled biomass. He found out that the oxygen diffusion reduced the
effectiveness of nitrification in the settled biomass by 20-30% as compared to
the free biomass. According to WATANABE et al. (1995), if nitrifiers and
denitrifiers are present in a biofilm and if the amount of oxygen is sufficient for
nitrification and organics oxidation and low enough for denitrification, these
processes can run simultaneously. In addition, WISTROM, SCHROEDER (1996)
explained the simultaneous nitrification and denitrification by the presence of
aerobic areas and those with insufficient supply of oxygen in a floc, with
a limited concentration of dissolved oxygen in a reactor.

According to KELLER et al. (1997), the factors that affect simultaneous
nitrification and denitrification include: a concentration of dissolved oxygen,
free ammonia, red-ox potential and the floc characteristic.

The literature describes the course of simultaneous nitrification and
denitrification in continuous or intermittent aeration in sequencing batch
reactors SBR (MUNCH et al. 1996), in SBR reactors with submerged mem-
branes (CHOO, STENSEL 2000), in fluidised-bed reactors (SCHRAMM et al. 1999,
XING et al. 2000), in airlift reactors (BEUN et al. 2001), in reactors with biomass
immobilised on different carriers (MENOUD et al. 1999, CHUI et al. 1996,
WOODBURY et al. 1998), in a biological aerated filter (PUZNAVA et al. 2001), in
rotating bed reactors (WATANABE et al. 1992), in membrane reactors (CHIEM-
CHAISRI et al. 1992, CHIEMCHAISRI, YAMAMOTO 1993, SUZUKI et al. 1993).

The aim of this paper is to show that the nitrogen removal from communal
wastewater in reactors with biomass immobilised in ceramic porous carriers
takes place as a result of simultaneous nitrification and denitrification. The
experiment was conducted when the air was supplied into a reactor with
immobilised biomass at variable hydraulic retention time (HRT).

Methods
Characteristics of carriers

Activated sludge was immobilized in three porous ceramic cylinder-shaped
carriers. The carriers differed in internal structure, number of internal
channels, the size of internal surface and total volume (Table 1). The pore
diameters of the carriers ranged from 4 to 6 um and the material porosity was
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35-40%. The carriers were made from the mixture of aluminium oxide (Al;O3),
titanium oxide (TiOs) and zirconium oxide (ZrO,).

Table 1
Characteristics of porous carriers
Parameters 7-channelled carrier 3-channelled carrier 8-channelled carrier
Cross-section
External diameter
(mm) 25 10 25

Length (mm) 1178 1200 1178
Internal surface (m?) 0.16 0.04 0.20
Total volume (dm?) 0.578 0.094 0.578

Colonization procedure

Activated sludge, derived from a sequencing batch reactor from a full scale
wastewater treatment plant with nitrification, was the source of inoculum. It
was thickened to the concentration of about 23 g T'SS - dm™. The immobilisa-
tion was made by circulating the activated sludge in the reactors for 24 h. The
initial carriers loading reached 15.9 g TSS - dm™ (7-channelled carrier), 24.5 g
TSS - dm™ (3-channelled carrier) and 18.2 g TSS - dm™ (8-channelled carrier).
The carrier loading was calculated on the total volume of a carrier.

Characteristics of reactor

Each carrier with immobilised biomass made the stationary filling of
a reactor. The volume of the reactor with the 3-channelled carrier was
0.7 dm?® and reactors with the 7-channelled and 8-channelled carriers
— 1.2 dm?® The bioreactors worked under aerobic conditions. In order
to have dissolved oxygen (DO) concentration in the reactors of 2 mg O, - dm?
it was necessary to supply about 50 dm?-h" of air to reactor with the
3-channelled carrier and about 120 dm? - h'! to reactors with the 7-channelled
and 8-channelled carriers. DO was measured in the upper part of the
reactor in the effluent. The experiment was carried out at the temperature
of 20°C. The reactor scheme is shown in Figure 1.
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Fig. 1. A diagram of a reactor: I — influent, 2, 5 - pumps, 3 — porous carrier with immobilized biomass,
4 — effluent, 6 — circulation stream, 7 — air

The carrier was fixed into the bioreactor using O-rings. Two spaces were
created: the internal channels and the external space. Raw wastewater flux
and the circulating stream were mixed before they flew into the reactor. The
influent was divided into two streams flowing parallel through the external
space and internal channels. This allowed keeping the equal pressure on the
internal and external surfaces. The internal circulation is advantageous
because it dilutes the wastewater, prevents the excessive sludge growth and
serves as the source of carbon needed to denitrification. Long solids residence
time caused the strong lysis processes. Lysis products present in the internal
circulation stream can serve as the endogenous source of carbon.

Characteristics of wastewater

During experimental period municipal wastewater was taken directly
from an inspection chamber of a sewer pipe each day. Average content
of organic compounds, nitrogen compounds and total suspended solids is
presented in Table 2.
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Table 2
Chemical characteristics of wastewater

Specification Unit Minimum Maximum Mean
value value value
COD (mg COD - dm™) 183.5 593.3 337.6
COD soluble (mg COD - dm™) 49.4 200.5 118.0
Volatile acids (mg CH;COOH - dm®) 479 105.6 85.4
Total Kjeldahl nitrogen (mg N - dm™) 30.9 62.0 474
Ammonia nitrogen (mg N - dm™) 14.6 38.2 27.0
Total suspended solids (mg TSS - dm™®) 97.0 637.0 236.0

Experimental set-up

The studies were carried out for hydraulic retention times (HRT) from 70
to 30 min. Additionally, a HRT of 15 min was realised for the reactor with the
3-channelled carrier, as a result of still high efficiency of nitrification (over
85%). HRT was altered by changing the wastewater feed rate. The internal
circulation was maintained on the level of 40 dm?®- h?! and it was constant
throughout the various experimental runs. In Table 3 the volumetric loading
rates for all the carriers are shown.

At every volumetric loading rate, after biomass adaptation for the experi-
mental conditions, the research was carried out for about 2 weeks. The
adaptation period was regarded to be finished when the range of changes of

Table 3
Technological parameters in reactors
HRT Volumetric loading Volumetric loading

Reactor (min) rate VLI_igc . rate VI;RN ;

(g COD - dm?-d?) (g N-dm?-d")
70 5.9 0.9
7-channelled carrier 60 8.2 1.1
40 17.2 2.0
30 24.4 2.4
70 6.5 0.9
3-channelled carrier 60 8.0 14
30 20.8 2.4
15 48.8 4.9
70 54 0.9
8-channelled carrier 60 5.8 1.0
30 16.6 2.5
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particular parameters in the effluent within 7 days; time did not exceed 5-10%.
During every 2 weeks of the experiment, samples were collected twice a day.
Presented data are the arithmetic mean of the experimental results.

Analytical methods

Wastewater was assayed according to Polish Standards for the concentra-
tion of organic compounds expressed as COD (PN 74/C-04578.03), volatile fatty
acids (PN 75/C-4616.04), Kjeldahl nitrogen (PN 81/C-04527), ammonia (PN-C-
-04576-4:1994; PN-ISO 5664:2002), nitrite nitrogen (PN 73/C-04576.06), ni-
trate nitrogen (PN 73/C-04576.08) and total suspended solids (PN-EN-
-12879:2004).

Calculation methods

The oxidised ammonia nitrogen (N,.) was calculated with the following
equation:

N,. = TKN; - NH,, - N;,, (mg N - dm) 1)

TKN; - concentration of total Kjeldahl nitrogen in influent (mg N - dm),

NH,, - concentration of ammonia nitrogen in effluent (mg N - dm3),
N,. - concentration of organic nitrogen in effluent (mg N - dm™),
N,» - concentration of nitrogen used for biomass synthesis (mg N - dm).

Concentration of nitrogen used for biomass synthesis (N,,,) was calculated
as follows:

Ny» = Y- (COD; - COD,) - Fy (mg N - dm™) (2)
Y — sludge yield coefficient (g TSS g' COD),
COD; - concentration of organic compounds in influent (mg COD - dm3),
COD, - concentration of organic compounds in effluent (mg COD - dm),
Fy - nitrogen amount in immobilised biomass (equals to 6.5% of TSS).

The efficiency of simultaneous nitrification and denitrification (SND) was
calculated according to ZENG et al. (2003):
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N,. — (NO; + NOy)

SND = N,

- 100 (%) (3)

NO; + NOj; - concentration of nitrite and nitrate in effluent (mg N - dm).

Results

The process of nitrogen removal from communal wastewater employed an
activated sludge immobilised in ceramic porous carriers that provided
a stationary filling of the reactors. The air was continuously supplied into
the reactors in amounts that maintained the oxygen concentration at
2 mg O, - dm™. The experiment was conducted at a hydraulic retention time in
the reactor of 70 min to 15 min, with the assumption that the effectiveness of
nitrification determines the applied values of HRT.

In the experiment, the total Kjeldahl nitrogen (TKN) was determined in
the influent and effluent. The difference between the TKN in communal
wastewater inflowing to the reactor and the concentration in the treated
wastewater indicates that nitrification takes place in the immobilised sludge at
given HRT.

Based on the experimental results, the amount of the oxidised nitrogen
(N,x) was calculated taking into account the amount of ammonia nitrogen
used for biomass growth, which is not oxidised, and the amount of organic
nitrogen which was not amonified - Formula (1). The concentration of
ammonia nitrogen used for biomass synthesis was low and ranged from 0.7 to
2.7 mg N-dm3, which was a result of a low increase in the amount of
immobilised biomass (ZIELINSKA 2002). The mean concentration of organic
nitrogen in the treated wastewater was 4.5 mg N - dm™, and that of ammonia
nitrogen ranged from 0.4 to 17.2 mg N - dm™, depending on the HRT. The
concentrations of nitrites and nitrates (NOy + NOs) in the effluent were lower
than the calculated value of Nox. The difference between the calculated
concentration of oxidised nitrogen and the concentration of nitrates and
nitrites in the treated wastewater is equivalent to the amount of nitrogen
removed as a result of simultaneous nitrification and denitrification (N,ep).

In the reactor with the 7-channeled carrier, with a hydraulic retention time
of 40 minutes and the nitrogen load (VLRN) 2.0 g N - dm™ - d}, the concentra-
tion of nitrogen removed as a result of simultaneous nitrification and denitrifi-
cation was the highest and reached 31.6 mg N - dm? (Figure 2). The SND
effectiveness equalled 90.8%. With the shortest HRT of 30 minutes, the SND
effectiveness reached 91%, with the difference between Nox and (NO; + NOs3)
in the outflow of 12.1 mg N-dm?. Nitrogen removal at VLRy of
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2.4 g N-dm?-d! and at VLR of 24.4 g COD - dm™ - d"! was restricted by the
effectiveness of nitrification in the immobilised activated sludge, which pro-

vided a confirmation of the presence of TKN in the treated wastewater at
30.6 mg N - dm.
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Fig. 2. Concentration of total Kjeldahl nitrogen (TKN), nitrite and nitrate (NO; + NOs) in influent

and effluent and concentration of oxidized ammonium nitrogen (N,,) at varied HRT in the reactor

with the 7-channelled carrier: a — HRT 70 min, b — HRT 60 min, ¢ - HRT 40 min, d - HRT 30 min.

In a table below the figures there is the efficiency of simultaneous nitrification and denitrification
(SND)

In the reactor with the 3-channelled carrier, at HRT of 30 min and VLRy of
2.4 g N-dm?-d?, the concentration of nitrogen removed as a result of
simultaneous nitrification and denitrification was about twice as high as at
other HRT values and equalled 41.7 mg N - dm. The effectiveness of SND was
84.4% (Figure 3), the concentration of TKN in the treated wastewater equalled
to 5.9 mg N - dm™. The lowest value of the process effectiveness — 36.7% — was
achieved at HRT of 15 min and VLRy 0of 4.9 g N - dm™ - d"! — 36.7%. Supposedly,
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the denitrification process limited the degree of nitrogen removal as the nitrate
nitrogen concentration in the treated wastewater was 30 mg N - dm™, and the
TKN concentration was 5.2 mg N - dm™,

influent effluent influent effluent

influent effluent influent effluent

—&— TKN —=0— NO»+NOQO3 *++*Oses Ny

HRT (min) SND (%)
70 622
60 40.1

30 84.4
15 36.7

Fig. 3. Concentration of total Kjeldahl nitrogen (TKN), nitrite and nitrate (NO; + NOj) in influent

and effluent and concentration of oxidized ammonium nitrogen (N,,) at varied HRT in the reactor

with the 3-channelled carrier: a — HRT 70 min, b — HRT 60 min, ¢ - HRT 30 min, d - HRT 15 min.

In a table below the figures there is the efficiency of simultaneous nitrification and denitrification
(SND)

The difference between the theoretical concentration of oxidised nitrogen
and the determined concentration of nitrites and nitrates in the treated
wastewater in the reactor with the 8-channelled carrier was similar at
HRT of 70, 60 and 30 min, and averaged 14.8 mg N-dm?. However,
the effectiveness of SND increased from 46.2% at HRT of 70 min and
VLRy of 09 g N-dm?3-d?! to 73% at HRT of 30 min and VLRy of
2.5 g N-dm?3-d*! (Figure 4). At HRT of 30 min, as in the 7-channelled
reactor, the nitrification restricted the removal of nitrogen and the TKN
concentration in the treated wastewater was 22.3 mg N - dm.
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Fig. 4. Concentration of total Kjeldahl nitrogen (TKN), nitrite and nitrate (NO; + NO3) in influent

and effluent and concentration of oxidized ammonium nitrogen (N,,) at varied HRT in the reactor

with the 8-channelled carrier: a — HRT 70 min, 6 — HRT 60 min, ¢ - HRT 30 min. In a table below the
figures there is the efficiency of simultaneous nitrification and denitrification (SND)

Despite the differences in the surface size available for microorganisms
(Table 1), a characteristic feature of the 7-, 3- and 8-channelled carriers was
the different portion of free space in the total volume of the carrier, which was:
28%, 50% and 44%, respectively. In order to compare the effectiveness of
simultaneous nitrification and denitrification in biomass immobilised in car-
riers differing in terms of their internal structure, Table 4 shows the concen-
tration of nitrogen removed per unit area of the carrier active surface.

The concentration of nitrogen removed by immobilised biomass in
the 7-channelled carrier per carrier unit surface (N,.,.a) increased up to
4.0g N -m?-d?!at HRT of 40 min, while at HRT of 30 min N,..4 decreased to
2.3 g N-m?-d?% In the 3-channelled carrier, the highest values of N4 Were

Table 4
Concentration of nitrogen removed by immobilized biomass counted for the unit of the carriers
surface (Nyem.a)

Reactor 7-channelled carrier 3-channelled carrier 8-channelled carrier
HRT (min) 70 60 40 30 70 60 30 15 70 60 30

Nyema (8 N-m?-dY)| 1.6 1.9 | 40 | 23 1.0 1.2 | 42 | 3.7 | 09 1.1 | 2.0
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achieved at the shortest retention times: 4.2 and 3.7 g N-m?2-d. In the
8-channelled carrier, the concentration of nitrogen removed per unit surface of

the carrier increased from 0.9 to 2.0 g N - m? - d! with a decrease in HRT from
70 to 30 min.

Discussion

Nitrogen removal from communal wastewater was conducted in aeration
condition. The oxygen concentration in the treated wastewater was controlled
and maintained at 2 mg O; - dm™. In these conditions, the ammonia nitrogen
was oxidised and the oxidised forms of nitrogen reduced. The total concentra-
tion of nitrites and nitrates in the treated wastewater was lower than would
result from the nitrification effectiveness, which indicates the simultaneous
nitrification and denitrification in the range of nitrogen loading
0.9-2.4 g N -dm™3-d! (7-channelled carrier), 0.9-4.9 g N - dm™ - d! (3-channel-
led carrier), 0.9-2.5 g N - dm™ - d! (8-channelled carrier). The effectiveness of
simultaneous nitrification and denitrification by immobilised biomass was:
59.2-91.0%, 36.7-84.4%, 46.2-73.0%, respectively. In the reactors with the 7-
and 8-channelled carriers at HRT 30 min, the nitrification restricted the
removal of nitrogen from wastewater as a result of restricting the oxidising of
ammonia nitrogen because of a high load of contaminants in a reactor. In the
reactor with the 3-channelled carrier, nitrification was not limited at the
shortest HRT of 15 minutes, while the removal of nitrogen was restricted by
low effectiveness of denitrification.

CHIEMCHAISRI et al. (1992) and CHIEMCHAISRI, YAMAMOTO (1993) showed
that nitrogen removal from communal wastewater in a reactor with biomass
immobilised on a hollow-fibre membrane was only possible with intermittent
aeration, when the anoxic conditions favoured denitrification. Simultaneous
nitrification and denitrification allowed achieving over 80% reduction of
nitrogen compounds. MUNCH et al. (1996) also conducted alternate aeration in
an SBR reactor and determined the oxygen concentration which resulted in the
total SND to be equal 0.5 mg O, - dm™. The rate of aerobic denitrification was
the highest at the beginning of the aeration phase and then decreased. An SBR
reactor in the study conducted by ZENG et al. (2003) worked in anaerobic-
aerobic conditions. In the aeration phase, the concentration of dissolved
oxygen was maintained at a low level of 0.5 mg O,-dm?. In the aerobic
conditions the ammonia nitrogen was oxidised, however, no accumulation of
nitrites or nitrates was observed, which indicates that SND took place. When
the oxygen concentration equalled 0.5, 1.5 and 2.5 mg O, - dm™, the effective-
ness of simultaneous nitrification and denitrification was 98, 62 and 51%,
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respectively. In an SBR reactor with a membrane for immobilising biomass,
Choo, STENSEL (2000) observed the simultaneous nitrification and denitrifica-
tion with the effectiveness of 27% at the concentration of dissolved oxygen of
2.8 mg O, - dm™, while at the oxygen concentration less than 0.6 mg O, - dm™,
the process effectiveness was 47%. In a fluidised-bed reactor, the maximum
SND effectiveness was 85% in aerobic conditions. Air was fed into the reactor
filled with polyurethane cubes in order to achieve the dissolved oxygen
concentration in the reactor of 5-7 mg O, - dm™ (XING et al. 2000). MENOUD et
al. (1999) observed SND at a high concentration of oxygen of 2.0 mg O - dm™
in the outflow from the reactor. This concentration of oxygen, which is
considered to inhibit denitrification, suggests that denitrification took place
inside the porous structure of the carrier, and not in the anoxic zone close to
the outflow from the reactor. PUZNAVA et al. (2001) achieved simultaneous
nitrification and denitrification in a biological aerated filter. At oxygen concen-
trations ranging from 0.5 to 3.0 mg Oy -dm™ with ammonium load up to
1.8 kg N-NH, - m?3-d!, the effectiveness of nitrogen removal was 60-70%.
SuwA et al. (1992) observed simultaneous nitrification and denitrification
under aerobic conditions in a reactor with high biomass concentration, with
organics loading of 0.33-1.66 g BOD; - dm™ - d! and total nitrogen loading of
0.032-0.268 g N - dm™ - d!. Denitrification was found to had taken place in
aerobic conditions in anoxic microzones when the rate of oxygen consumption
by microorganisms which populate the external layers of the membrane was
higher than the oxygen diffusion to the deeper layers.

In analysing the concentration of nitrogen removed during the simultaneous
nitrification and denitrification calculated per unit of active surface of the
carrier, it can be assumed that the carrier structure influenced the SND
effectiveness. Under experimental conditions, at HRT of 70 and 60 minutes,
biomass immobilised per one square metre of the surface of porous carriers
removed a similar amount of nitrogen from wastewater. However, it was found
that in the reactor with the 3-channelled carrier, with the smallest surface of
0.04 m? and the largest portion of free space (50%) in the whole volume of the
carrier, at low hydraulic retention times of 30 and 15 min, the unit effectiveness
of nitrogen removal was much higher than in the other reactors. These results
may corroborate the hypothesis by MATSUMURA et al. (1997), that it is very
important to achieve a balance between the active surface of a carrier and the
surface open to a free flow, in order to speed up the process of mass transfer.

Conclusions

Simultaneous nitrification and denitrification was observed in reactors
with biomass immobilised in ceramic porous carriers, with air supplied to the
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reactor in a continuous manner. The SND effectiveness was 59.2-91.0% in the
7-channelled carrier reactor, 36.7-84.4% in the 3-channelled carrier reactor,
46.2-73.0% in the 8-channelled carrier reactor.

The efficiency of SND depended on organics and nitrogen loading. In order
to maintain the highest effectiveness of SND, the organics loading should not
exceed the values: 17.2, 20.8 and 16.6 g COD - dm™ - d’, respectively in the
reactors with 7-, 3- and 8-channelled carriers.

The use of the carrier with the smallest active surface (0.04 m?) and the
highest (50%) portion of free spaces in the total volume, at HRT of 30 and 15
minutes, proved to be the most effective measure. However, further research is
needed to define the effect of the internal structure of carriers on the
effectiveness of contamination removal.

Translated by JOANNA JENSEN
Accepted for print 21.11.2006
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Abstrakt

W warunkach kontrolowanych przeprowadzono rozréd lina pochodzacego z naturalnych popu-
lacji. Opisano wplyw czasu iniekcji (liczony od momentu pozyskania ryb) na efekty rozrodu.
Wykazano, ze najlepsze rezultaty osigga sie, gdy iniekcje hormonalne zostana wykonane miedzy 1.
a 3. dniem od pozyskania tarlakow. W pracy testowano efekty podania rybom réznych Srodkéw
hormonalnych, stosowanych w krajowym wylegarnictwie. Wszystkie dzialaly bardzo dobrze, czego
wyrazem byla wysoka przezywalno§¢ embrionéw (ponad 80%) do stadium zaoczkowania. Réznice
miedzy preparatami hormonalnymi obserwowano w czasie wystapienia owulacji. Wykazano, ze
w warunkach kontrolowanych mozliwe jest skuteczne przeprowadzenie rozrodu lina pochodzacego
z naturalnych populacji. Najlepsze rezultaty otrzymano po zastosowaniu ovopel.

Introduction

The one of the most important problem in cyprinid aquaculture is obtain-
ing good quality gametes (KULIKOVSKY et al. 1996, HORVATH et al. 1997). For
this reason many hormonal treatments were used for stimulation gametes
maturation in commercial cyprinid culture. One of the most commonly applied
spawning agents is carp pituitary extract (CPE) (YARON et al. 1984,
THALATHIAH et al. 1988), in same cases with addition of human chorionic
gonadotropin — hCG (KUCHARCZYK et al. 1997a). The good results in induced
ovulation in cyprinid fish were also obtained after hormonal stimulation with
synthetic analogue of gonadotropin releasing hormone (GnRH), frequently
with strong dopamine antagonists (YARON 1995, BARTH et al. 1997, HORVATH
et al. 1997).

Since many cyprinids wild stocks become extinct, there is a need to
fast develop techniques of controlled propagation of these fish. Generally,
the papers presented methods of artificial spawning of wild cyprinids are
very limited, as well as data of reproductive biology of wild cyprinid and
about hatchery techniques (PENAZ, GAJDUSEK 1979, KUCHARCZYK et al.
1997c, BABIAK et al. 1998). Some of experiments on artificial reproduction
were finished only at the moment of ovulation (GLUBOKOV et al. 1991).
Our previous study on wild cyprinids showed that biological quality of
gametes should be considered in artificial spawning research (KUCHARCZYK
et al. 1997b, 2005). On the other hand the development of controlled
reproduction of wild cyprinids is still needed as an integral component
of ongoing conservation efforts (WILDT et al. 1993).

Tench (Tinca tinca L.) is one of the most important freshwater species
in Poland and some other European countries. Many of the published
papers about tench artificial propagation focused on pond cultured stocks
(BARTH et al. 1997). The aim of present study was to applicate some
spawning agents in artificial propagation of wild matured tench, collected
from natural populations.
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Material and Methods
Broodstock collection

Tench spawners were collected in middle June from some Mazurian lakes,
north Poland. Fish were selected according to the following criteria: the belly of
females had to be fully distended and bulging, soft and resilient to touch; males
had to be little spermiating. The size of spawners ranged from 0.8 to 1.2 kg.
The selected males and females were kept in separate 1000 1 tanks in
a hatchery with controlled temperature (22°C) and photoperiod — 18 hrs light
and 6 hrs dark (KUJAWA et al. 1999). Water temperature in the hatchery unit
was gradually raised from 18 to 22°C.

Checking the oocytes maturation

All fish were individually marked using floy tags and weighted. Oocytes
were taken from females using the method described by KUJAWA and KUCHAR-
CZYK (1996), were sampled in vivo and placed in Serra’s solution for clarifica-
tion of the cytoplasm. After 5 minutes, the position of oocyte nucleus was
determined using a 4-stages scale:

- stage 1 — germinal vesicle in central position,

— stage 2 — early migration of germinal vesicle (less than half of radius),

— stage 3 — late migration of germinal vesicle (more than half of radius),

— stage 4 — periphery germinal vesicle or germinal vesicle breakdown
(GVBD).

In all cases, the sampled oocytes were in different maturity stage and size
(diameter). For this reason the best criteria to select tench female for reproduc-
tion was visible one: the belly of females had to be fully distended and bulging,
soft and resilient to touch.

Hormonal treatment
Two experiments were performed. During first experiment, the optimum

time of hormonal treatment application was recognized. In second one, the
different kinds of hormonal stimulation were tested.
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First experiment

Collected fish (ten females in each subgroup) were immediately transported
to the hatchery. The females (10 specimens each day) were hormonally
stimulated on the day of collection (day 0) and later on days: 1, 2, 3, 5, 8 and 10.
Fish received a single injection of GnRHa containing pellet (ovopel) at dose
2 pellets kgl. One ovopel pellet (average weight about 25 mg) contains
a mammalian GnRH analogue (D-Ala6, Pro9Net-mGnRH at dose 18-20 ug)
and dopamine antagonist: metoclopramide (dose 8-10 mg) (HORVATH et al.
1997). Experiment was carried out two times during two spawning season.

Second experiment

Fish were divided into four groups: three experimental and control one.
After two days of acclimation to the 22°C, the fish were treated with respective
single hormonal injection of common carp pituitary (CPE, Argent, USA)
extract (group 1), human chorionic gonadotropin (hCG, Biomed, Poland) or
GnRHa containing pellet (ovopel, HORVATH et al. 1997) — Table 1. All spawning
agents were prepared with 0.9% NaCl: pituitary extract was homogenised,
hCG dissolved and ovopel pellets were pulverised in a mortar and than
dissolved. Injections of hCG were intramuscularly in the dorsal area of the
body (THALATHIAH et al. 1988). Injections of pituitary (KUCHARCZYK et al.
1997a) and ovopel (HORVATH et al. 1997) extracts were intraperitoneal at the
base of the pelvic fin. Before manipulations fish were anaesthetised with
2-phenoxyethanol (0.2 ml 1"). Experiment was carried out two times during
two spawning season.

Table 1
Hormonal treatment applied to induce artificial spawning in common tench (Tinca tinca)
Group of fish Type of hormones Dose of hormones

1 CPE 3 mg kg’

2 hCG 1000 IU kg

3 Ovopel 2 pellet kg
4 (control) 0.9% NaCl 0.5 ml kg?

Explanations:

CPE - carp pituitary extract, hCG — human chorionic ggonadotropin, ovopel - GnRHa containing
pellet, N/group = 20 females
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Collection of gametes and incubation

Ripe gamete donors were anaesthetized in a solution of 2-phenoxyethanol
(0.2 ml per 11). Milt was collected with plastic syringes and kept at 4°C.
Females were checked every one hour between 8 and 16 hours after injection.
Eggs were stripped into a plastic vessel. Eggs were fertilized using “dry
method” (KUCHARCZYK et al. 1997a). For eggs fertilization only those sperm
were taken which showed the motility of more than 80% of spermatozoa. The
sperm motility was recognized subjectively under light microscope (500 x).
Two egg samples (250-300 eggs each) from each female were mixed with
0.05 ml of pooled milt sample. Eggs were incubated at 24°C. During eyed-egg-
stage, the survival of embryos was noted.

Statistical analysis

Statistical differences between groups (incubation success) were analysed
with Duncan’s multiple range test P < 0.05 (PLATT 1977).

Results
Experiment 1

The highest percentage of ovulated tench females was observed when
hormonal stimulation was applied during first three days after sampling
(Figure 1a). After this time, the number of ovulated females decreased. In the
day of sampling (day 0) only 60% of female ovulated. The highest survival of
embryos to the eyed-egg-stage was noted in the same groups, in which the
highest percentages of ovulated females were observed (Figure 1b). The
latency time (time between hormonal injection and ovulation) in each group
was similar: between 12 and 15 hrs.
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Fig. 1. The results of artificial spawning of tench in depending on time of hormonal injection with
ovopel: a — percentage of ovulation in wild matured tench, b — embryo survival (£SD). Data marked
with the same letter did not differ statistically (P < 0.05)

Experiment 2

From tested different spawning agents: hCG, CPE and ovopel (GnRHa),
the last was recognized as the best (Figure 2a). Females from control group,
injected with saline solution, did not ovulate. All females stimulated with
ovopel ovulated. The differences in biological quality of eggs, expressed as
embryo survival to the eyed-egg-stage were small (Figure 2b), however the
lowest survival was observed in CPE-treated group. In all treated groups, the
embryo survival was about 80%. The shortest latency time (8-11 hrs) was
noted in group 2 (hCG-treated), then in group 1 (10-12 hrs) (CPE-treated). The
longest time was noted in group 3 (ovopel-treated): 12-16 hrs. This last result
was significantly different from latency time from other groups.
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Fig. 2. The results of artifical spawning of tench: a — influence of hormonal treatment on ovulation,
b — embryo survival (+SD). Data marked with the same letter did not differ statistically (P < 0.05).
Groups are described in Table 1

Discussion

The recognition of the best moment for applying hormonal induction in
cyprinid artificial spawning is very important. In the most species, the best
method is examining the oocyte maturity stage (KOZLOWSKI 1994). But in fish,
which have more than one ovulation during spawning season, these criteria do
not work well. In such case, the best method to find accurate moment for
hormonal stimulation is experimental way. In present work, the hormonal
stimulation was applied in different time after fish collection (first experi-
ment). For this purpose, the ovopel, GnRHa containing pellets with metoclop-
ramide were used. This hormonal combination was worked very well in tench
collected from pond culture (Z. OKONIEWSKI — personal communication). The
best time for performing artificial propagation of wild tench was first few days
after collection and transport fish to a hatchery. Later in time, the results were
much poorer. Similar situation was reported for rudd (Scardinius erythroph-
thalmus), where stimulation after five days of acclimation gave poor results
(KUCHARCZYK et al. 1997c¢).

The satisfactory results in artificial reproduction of cyprinids were
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obtained using the acetone dried common carp pituitary extract in cyprinid
aquaculture, what was reported by YARON et al. (1984), DRORI et al. (1994),
Ko0zZLOWSKI (1994), and YARON (1995). The hCG alone was generally used for
multi-ovulated marine species, i.e. for snapper (Pagrus auratus) (BATTAGLENE
and TALBOT 1992), mulloway (Argyrosomus hololepidotus) (BATTAGLENE and
TALBOT 1994) and sand whiting (Sillago ciliata) (BATTAGLENE 1996). In
cyprinids, hCG usually was not effective (KUCHARCZYK et al. 1997a,b); only in
limited number of species, i.e. in rudd, the obtained results were satisfactory
(KUCHARCZYK et al. 1997¢c). The range of dose of this hormone was in wide
range: from 300 IU kg! (BATTAGLENE 1996) up to 4000 IU kg' (BATTAGLENE,
SELOSSE 1996, KUCHARCZYK et al. 1997¢). Moreover, in many other cyprinid
species combined injections of hCG and carp pituitary was also effective. The
GnRHa analogues, combined with strong dopamine antagonists, generally
were very effective in wild and cultured species stimulation (GLUBOKOV et al.
1991, KULIKOVSKY et al. 1996, BARTH et al. 1997, HORVATH et al. 1997).
However, the discussion with these data is rather difficult, because different
forms of GnRHa analogues have been usually used. Different forms of GnRHa,
sometimes from different sources, i.e. mammalian, fish, chicken, etc., have
different activity. The spawning success, expressed as a percentage of ovulated
females and of embryo survival, was high in all groups.

Important differences were observed in the latency time. Shortest time
between injections and ovulation was noted when CPE was used as a spawning
agent, in contrast to those fish stimulated using ovopel. The latency of the
response on artificial propagation in cyprinids is only reported in general terms
(GLUBOKOV et al. 1991, DRORI et al. 1994, YARON 1995). Therefore, before any
spawning recommendations for fish breeders, the dose of hormone and the precise
timing in relation to water temperature had to be studied under local conditions.
The differences in latency in females treated with CPE and GnRH were reported
in many papers. DRORI et al. (1994) and YARON (1995) suggest that latency was
always shorter in fish treated with carp pituitary extract than in fish treated with
other hormones and drugs. It may be explained by fact that GnRH release from
the pituitary and the ovarian response to the released for hormones is a sequential
process, while in fish injected with carp pituitary extract, ovarian response to the
exogenous GtH was a single process (DRORI et al. 1994).

In conclusion, spawning techniques described in this paper were successful
and provided consistent results in reproduction of tench collected from wild
populations.

Translated by Dariusz KUCHARCZYK
Accepted for print 28.11.2006
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Abstract

A study was undertaken to analyze the effect of the chemical composition of selected fruit-
vegetable juices with the following trade names: “prof. Zdréwko”, “Kubu§”, “Sonda”, “TIP”,
“Karotka-Fortuna”, “Smaku§”, “Pysio” and ”Junior Frut”, on their rheological properties. Investiga-
tions demonstrated that the juices were non-Newtonian fluids, strongly thinned out by shearing,
whose flow curves was approximated with both the Ostwald de Waele and the Casson models. In all
cases examined, the determined contents of dry matter, pectins, extract and vitamins were found to
exert a considerable effect on the consistency and viscosity of the juices analyzed, whereas the content
of dietary fibre appeared not the affect the rheological parameters under study. The highest value of
the consistency coefficient K, and consequently the highest viscosity n, were reported for Prof.
Zdrowko 17, 27, 3Z as well as Kubus$ 1K - 3K juices that were characterized by the highest content of
extract and dry matter.
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Abstrakt

Badano wplyw skladu chemicznego na wlaSciwoSci reologiczne wybranych sokéw owocowo-
-warzywnych o nastepujacych nazwach handlowych: ,prof. Zdrowko”, ,Kubu§”, ,Sonda”, , TIP”,
,Karotka-Fortuna”, ,,Smaku§”, ,Pysio” i ,Junior Frut”. Badania wykazaly, ze soki spozywcze sa
cieczami nienewtonowskimi, silnie rozrzedzanymi $§cinaniem, ktorych charakterystyki plyniecia
aproksymowano modelami Ostwalda-de Waele i Cassona. Stwierdzono, ze we wszystkich przypad-
kach zawarto$¢ suchej masy, pektyn, ekstraktu oraz witamin miata znaczacy wplyw na konsystencje
i lepkoé¢ badanych sokéw, natomiast zawarto§¢ blonnika pokarmowego nie wplywala na badane
parametry reologiczne. Najwyzsza warto$¢ wspélczynnika konsystencji K, a tym samym najwieksza
lepko$¢ 1, mialy soki spozywcze o nazwie handlowej Prof. Zdréowko 1Z, 2Z, 3Z i Kubu$ 1K - 3K, gdyz
zawieraly najwiecej ekstraktu i suchej substancji.

Introduction

Producers of fruit juices, pomace and concentrates used in the food industry
are paying increasing attention to the rheological properties of their products.
The production of fresh fruit juices and pomace requires maintenance of their
stable organoleptic traits since they serve as the basis for the production of
mono- or multi-compound commercial juices. This, in turn, entails providing
reproducible rheological properties, such as consistency, apparent viscosity and
yield stress, that are aimed at preserving specified taste attributes, thus a high
quality of the product expected by a consumer (LEE et al, 2002).

Therefore, the rheology of the ready-to-serve juice is affected by
physicochemical changes in the chemical composition of this product under the
influence of multiple technological treatments.

The study was aimed at determining the impact of the chemical composi-
tion of commercial juices on their rheological properties.

Material and Methods

Rheological analyses were carried out on selected juices appearing under
the following trade names: “prof. Zdrowko”, “Kubu$”, “Sonda”, “TIP”,
“Karotka-Fortuna”, “Smaku$”, “Pysio” and “Junior Frut”. Table 1 presents
the characteristics of the selected commercial juices.

Physicochemical properties of the selected commercial juices:

The selected commercial juices were analyzed for their physicochemical
properties of nutritional and technological significance, including:

— the content of dry matter was determined with the gravimetric method
according to Polish Standard PN-90/A75101/03,

— the content of total extract was determined with the refractometric method
according to Polish Standard PN-90/A-75101/02,
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Table 1
Characteristics of juices examined
Trade name of juice No of juice Composition of juice
17 carrot
prof. Zdréwko 27 carrot, apple and banana
3Z carrot, pine apple and celery
1K carrot
Kubus 2K carrot and wild strawberry
3K carrot, raspberry and apple
4K banana, apple and peach
1S carrot and strawberries
Sonda
2S carrot and orange
. 1T carrot and banana
Tip
2T carrot and orange
1K -F carrot, apple and strawberry
Karotka-Fortuna
2K -F carrot, apple and banana
Smakus 1S carrot
Pysio 1P carrot, apple and peach
Junior-Frut 1J-F carrot

— the content of total sugars and reducing sugars was assayed with the
modified method of Lane-Eynon according to Polish Standard PN-90/A-

-75101/07,

— dietary fibre was assayed following the NDF method (modification of the
method developed by ASP et al. 1986),
— total pectins were determined following the modified method of SABIR

et al. of 1976,

— the sum of carotenoids and the content of f-carotene were determined
according to Polish Standard PN-00/EN-12136,
— the concentration of vitamin C was assayed according to Polish Standard

PN-90/A-75101/11.

Data referring to the assays of the above-mentioned physicochemical
characteristics in the commercial juices examined are collated in Table 2.

Empirical flow curves of the products examined were plotted with the use
of a rotary rheometer Rheotest 2 (VEB MLW Prufgerate — Werk Medingen,
Sitz Freital, Germany) equipped with a set of S/S3 cylinders. The shear rate
y used in this study ranged from 0.166 s to 72.9 s!. Measurements were
carried out at a temperature of 20 + 0.1°C and recorded after 60 s of sample
shearing at each level of shear rate gradient.

Calculations were made by means of Statistika 6 Pl software (Statsoft inc,

Tulska, Usa).
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Results and Discussion

It was found that the character of the flow curves of the commerecial juices
was typical of fluids thinned out by shearing and possessing the yield stress.
Changes in the shear stress p caused by the increased shear rate proceeded in
a non-linear mode, whereas the apparent viscosity ¢ was observed to decrease
rapidly in the range of 0.166 s' to 13.5 s! (FERGUSON et al. 1995). The
dependency of shear stress t and apparent viscosity n on the shear rate
y determined experimentally was approximated with the rheological models of:
Ostwald — de Waele and Casson (BARNES et al. 1989, RAMASWAMY et al. 1991,
LIMANOWSKI et al. 2000).

Ostwald-de Waele: 1=K y" n=K-y"! 1)

Casson: Ve=ve+\n.-y n=+z/y+\n. (2)

where:

7 - shear stress (Pa),

K - coefficient of consistency (Pa - s"),
n - flow index,

y - shear rate (s),
1. — Casson’s viscosity ( Pa-s),
7. — Casson’s yield stress (Pa).

The flow curves and curves of apparent viscosity changes as a function of
shear rate for the selected juices are shown in Figures 1-4, whereas the
parameters of the rheological models together with the degree of equation
fitting based on the coefficients of correlation R are presented in Tables 3-4.

On the basis of the results obtained, it was found that the highest values of
consistency coefficients and, consequently, the highest viscosity were displayed
by the juices under the trade name prof. Zdréwko (1Z, 2Z, 3Z), whereas the
lowest values of consistency coefficients and apparent viscosity were exhibited
by juices: Sonda 1S, Kubu§ 4K and Tip 2T. The values of consistency
coefficients reached: K = 11.567 (Pa - s") at n = 0.148 for juice 1Z, K = 11.004
(Pa-s") at n = 0.167 for juice 2Z, K = 10.715 (Pa- s™) at n = 0.177 for juice 3Z,
K = 2653 (Pa-s") at n = 0.262 for juices available under the trade name
Sonda, K = 2.683 (Pa - s") at n = 0.317 for the juice Kubus$ 4K, and K = 2.509
(Pa-s™) at n = 0.297 for the juice Tip 2T. It is common knowledge that, apart
from temperature, the rheological parameters are affected, to a great extent,
by the physicochemical properties of the products examined, namely, the
contents of dry matter, extract and proximate chemical compounds, including:
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Fig. 4. Viscosity curves with the fitting of the Ostwald-de Waele’s model for commercial juices:
“Sonda” - 1S, 28 and “Tip” - 1T, 2T

total saccharides, dietary fibre, pectins and vitamins (RAO et al. 1986).
Commercial drinking juices are produced by mixing concentrated fruit juices
and pomace (from 20% to 50% ) with water. The substantial difference in the
rheological properties of the above-mentioned fruit-vegetable juices was most
likely due to the differentiated physicochemical composition of the produces
examined. Hence, the juices containing carrot pomace, e.g. “Prof. Zdréwko”,
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Kubus 1K, 2K, 3K, were characterized by a better viscosity and, consequently,
a better consistency and a good quality of the finished product since the carrot
pomace contributed to the increase in the contents of extract, dry matter, total
sugars and pectins (Table 2) which, in turn, has a considerable impact on the
rheology of juice under scrutiny (SCHRAMM 1998). The commercial juices (4K,
1S, 2T) that were produced on the basis of fruit pomace exhibited a remarkably
lower content of extract, dry matter and proximate physicochemical com-
pounds, thus were characterized by nearly twofold lower viscosity and, conse-
quently, worse consistency and quality of the ready-to-serve juice. The
parameters of the Casson’s model reflected the changes in the coefficients of
consistency (Table 4). The highest yield stress 7. i.e. 7. = 10.131 (Pa), was
reported for the juice under the trade name “Prof. Zdréwko” 2Z, whereas the
lowest, i.e. 7. = 2.084 (Pa), was for the Tip — 1T juice.

Table 3
Rheological parameters of commercial juices
Ostwald-de Apparent viscosity Coefficient
T Waele’s model at y = 10, 50, 100 s of correlation
rade name No of iui
of juice 0 ot juce K n Mo M50 100 R
(Pas) | () (Pas) | Pas) | Pas)
1Z 11.567 | 0.148 | 1.626 | 0.412 | 0.228 0.932
Prof. Zdréwko 27 11.004 | 0.167 | 1.616 | 0.422 | 0.237 0.933
37 10.715 | 0.177 | 1.610 | 0.428 | 0.242 0.939
1K 10.846 | 0.180 | 1.641 | 0.438 | 0.248 0.948
Kubu$§ 2K 8.685 | 0.203 | 1.386 | 0.384 | 0.221 0.951
3K 5.611 | 0.295 | 1.106 | 0.355 | 0.218 0.995
4K 2.683 | 0.317 | 0.556 | 0.185 | 0.115 0.985
1S 2.653 | 0.262 | 0.484 | 0.147 | 0.088 0.992
Sonda
28 2.889 | 0.303 | 0.580 | 0.189 | 0.116 0.981
- 1T 2.736 | 0.276 | 0.516 | 0.161 | 0.097 0.995
1p
2T 2.509 | 0.297 | 0.497 | 0.160 | 0.098 0.971
1K-F 5.648 | 0.180 | 0.854 | 0.228 | 0.129 0.973
Karotka-Fortuna
2K-F 5.732 | 0.143 | 0.796 | 0.200 | 0.110 0.983
Smaku§ 1S 3.699 | 0.215 | 0.606 | 0.171 | 0.099 0.958
Pysio 1P 3.154 | 0.242 | 0.550 | 0.162 | 0.096 0.986
Junior-Frut 1J-F 3.996 | 0.183 | 0.609 | 0.163 | 0.093 0.994
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Table 4
Rheological parameters of commercial juices
Casson’s model Coefﬁciel.lt
Trade name of juice No of juice of correlation
7. (Pa) n. (Pas) R
1Z 9.796 0.043 0.900
Prof. Zdréwko 27 10.131 0.038 0.900
3Z 6.154 0.467 0.917
1K 2.211 0.048 0.927
Kubus 2K 5.809 0.523 0.940
3K 4.731 0.083 0.953
4K 5.102 0.297 0.914
1S 2.395 0.047 0.965
Sonda
28 2.273 0.029 0.942
. 1T 2.084 0.038 0.908
Tip
2T 2.330 0.035 0.964
1IK-F 5.230 0.016 0.914
Karotka-Fortuna
2K-F 3.035 0.316 0.903
Smaku$§ 1S 3.931 0.028 0.968
Pysio 1P 2.707 0.030 0.950
Junior-Frut 1J-F 3.541 0.020 0.964

Conclusions

On the basis of the results obtained, the following conclusions can
be drawn:

1. The best fitting to the empirical flow curves was demonstrated by the
power model of Ostwald-de Waele for commercial juices under the trade name
Sonda (1S, 2S) and Tip (1T,2T) in the entire range of shear rate, whereas for
the other commercial juices — at shear rates ranging from 1.5 to 72.9 s.

2. The dietary fibre content of the commercial juices examined did not
affect their rheological properties.

3. The highest values of the coefficients of consistency, apparent viscosity
and yield stress were reported for the juices under the trade name prof.
Zdréwko 1Z, 27, 3Z, as they were characterized by the highest contents of dry
matter, extract, pectin and vitamins.
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4. The consistency coefficients and apparent viscosity of the selected
commercial juices were found to be determined, to a great extent, by the
chemical composition of juice, i.e. by the contents of dry matter, extract,
pectins and vitamins.

Translated by JOANNA JENSEN
Accepted for print 6.01.2007
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Abstract

The influence of 5, 7.5 and 10% additions of dried carrot pomace on selected wheat dough and
bread features was tested. It was stated that all used additives can be with good results utilized in
bakery. Dried carrot pomace supplemented bread in carotenoids, fiber, mineral components. At the
same time properties of bread were not adversely changed. The best from rheological and organolep-
tic point of view was 5% addition of carrot pomace. It increased dough water absorption of 8% and
bread volume of 10%. Crumb of this bread was the most elastic and generally this bread attained the
highest number of points in organoleptic evaluation.

JAKOSC PIECZYWA PSZENNEGO SUPLEMENTOWANEGO
SUSZEM Z WYTLOKOW MARCHWIOWYCH

Malgorzata Tanska, Ryszard Zadernowski, Iwona Konopka
Katedra Przetwoérstwa i Chemii Surowcow Roslinnych
Uniwersytet Warminsko Mazurski w Olsztynie

Stowa kluczowe: pieczywo pszenne, susz z wytlokéw marchwi, wartos¢ odzywcza, cechy
reologiczne.

Abstrakt

W pracy badano wplyw 5; 7,5 i 10% dodatkéw zmielonego suszu z marchwi na wybrane cechy
jakoSciowe ciasta i pieczywa pszennego. Stwierdzono, ze wszystkie dodatki mogg by¢ z dobrym
skutkiem stosowane w piekarstwie. Susz z marchwi wzbogacil pieczywo w skladniki odzywcze, takie jak
m.in.: karotenoidy, blonnik i skladniki mineralne. Jednocze$nie nie pogarszal cech jakosciowych
pieczywa w stosunku do pieczywa kontrolnego. Najlepszy okazal sie 5% dodatek zmielonego suszu
z marchwi, przyczynil sie bowiem do zwiekszenia wodochlonnosci ciasta o 8%. Gotowe pieczywo mialo
lepsza elastycznosé miekiszu, wiekszg o ok. 10% objetosé i uzyskalo najwyzsza ocene organoleptyczng.

Address: Malgorzata Tanska, University of Warmia and Mazury, pl. Cieszynski 1, 10-726 Olsztyn,
Poland, phone: 48 (089) 523 41 13, e-mail: m.tanska@uwm.edu.pl
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Introduction

Bakery products constitute an important element of the human diet, since
people, on average, consume about 250 g of bread a day (SKIBNIEWSKA et al.
2004). Consumer preferences have forced the producers to modify bread
recipes. Potential possibility of changing the quality of bread consists in
introducing various types of additives (AMBROZIAK 1998, GASIOROWSKI 2000).
Natural additives are preferable, not only in order to improve the nutritional
quality of bread, but also to influence its organoleptic qualities, such as:
appearance, taste, smell, crumb elasticity and crispness of the crust. Increasing
often, the market offers bread with the addition of sunflower, soya bean,
sesame, poppy and evening primrose seeds, linseed, non-bread cereal grains
(e.g. barley and oat), plums, olives and onion. Additionally, certain attempts
have been made to assess the effects of using additives on selected qualities of
wheat dough and bread. The subjects of these studies were linseeds (GAMBUS et
al. 1999a,b, ROTKIEWICZ et al. 2003), flaxseeds (ROTKIEWICZ et al. 2003),
evening primrose and borage seeds as well as the oil pressed from those seeds
(KoNOPKA et al. 1999) and lupin seeds (SKIBNIEWSKA et al. 2003).

Obesity is regarded as a plague of the societies in highly developed
countries. The awareness of dangers related to excessive weight (among
others, a high risk of cardiovascular diseases and diabetes), along with the
need to change one’s own image, are inducing more and more consumers to
search for products with low calorific values (BIALKOWSKA, SZOSTAK 2000).
However, such food must meet the criterion of organoleptic attractiveness. It is
also required to contain amounts of ballast compounds, such as fibre, which
supports the functions of the gastrointestinal tract (BIALKOWSKA, SZOSTAK
2000, GASIOROWSKI 2000) as well as other biologically active ingredients,
among others, vitamins, antioxidants as well as micro- and macroelements
(Z1IEMLANSKI 2000). One of the potential ways of increasing the sensory
attractiveness of bread while at the same time reducing its calorific value,
might be the use of fruit or vegetable additives, which are naturally rich in
biologically active, non-nutritional components. Such a component could be,
e.g. carrot, which is a rich source of fibre, pectins, phenolic compounds,
vitamin C, carotenoids and mineral components (ZADERNOWSKI et al. 2003).
Many of those precious components remain in pomace, a by-product of the
juice manufacturing industry.

Bearing in mind the potential advantages resulting from an increase in the
supply of nutrients and a reduction, at the same time, of the calorific value of
bread due to the addition of dried carrot pomace, a study was carried out in
order to determine its optimal addition to bread. The organoleptic qualities of
bread, as well as the rheological characteristics of dough and selected physical
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and chemical features of bread were used as the criteria determining the choice
of the amount of the additive.

Material and Methods

The experimental material was wheat flour 550 type as well as dried and
milled carrot pomace.

Flour was tested for: moisture content (PN-91/A-74010), falling number
value (PN-IS0-3093:1996), Zeleny test (PN-ISO-5529:1998) as well as wet
gluten content (PN-A-74043-3). In dried carrot pomace were analysed: dry
mass (PN-90/A-75101/03), total and reducing sugars according to Lane-Eynon
method (PN-90/A-75101/07), starch (AOAC 1975), carotenoids (PN-90/A-
-75101), pectins according to method described by SABIR et al. (1976), total
dietary fibre, in this insoluble, accord to modified method of ASP et al. (1983)
and acid detergent fibre (ADF) (AOAC 1990). Water absorption of dried carrot
pomace was determined as described by REYES-MORENO et al. (2002). Mineral
composition of dried carrot pomace was analyzed according to PN-90/A-75101.
Water absorption by flour as well as it mixtures with dried carrot pomace were
determined using of Brabender farinograph (PN-ISO 5530-1).

Rheological properties of dough were tested for dough yield 150% in
relation to moisture of flour equal 15%. Dough of initial temperature 20°C was
made in laboratory mixer GM type. Time of mixing was 5 min. Four variants of
dough were prepared:

1) control sample (flour with only distilled water);

2-4) mixtures of flour with 5, 7.5 and 10% of dried carrot pomace plus
distilled water.

Extrusion properties were tested immediately after dough preparation and
were done in OTMS cell installed in UTM INSTRON 4301. Details of investiga-
tion methodology are presented in work of KONOPKA et al. (2004).

Baking value of flour with carrot additives was tested for their optimal
farinograph water absorption. Baking mixtures contained also 3% of yeast and
1% of salt. Quality of bread was estimated 24 hours after baking. Bread volume
was analyzed in SA-Wy apparatus. Bread crumb acidity was determined accord-
ing to PN-A-74108:1996. Crumb elasticity was measured for 25x25x25 mm
cubes, sliced from central part of loaf. Rheological properties of crumb were
tested in UTM Intron 4301. Parameters of test were following: capacity of head
— 1000 N, compressing element — flat pin about diameter 35 mm, speed of
compression — 50 mm - min” and range of deformation 25%. Bread organolep-
tic analysis was done pointwise according to PN-A-74108:1996. All analyses
were done in duplicate. The experimental results were analyzed using the
Statistica 6.0 PL software.
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Results and Discussion
Characteristics of flour and dried carrot pomace

Flour used for baking bread was characterized by a good technologi-
cal quality, which was shown by the values of discriminants (Table 1)
within limits specified by the Polish Standard (PN-91/A-74022). The
falling number value, determining the level of starch damage during
kernel sprouting, was within the optimal range of 250-400 s (AMBROZIAK
1998). Wet gluten content complied with the quality requirements for wheat
flour type 550 (PN-91/A-74022), as it considerably exceeded 25%. The results
of a Zeleny test, indicating the content of high molecular weight prolamins, the
main indicator of the baking value of flour, reached the value of 32 cm?.
According to the classification provided by HABER and HORUBALOWA (1992),
this indicated only a satisfactory quality of wheat from which the flour was
obtained.

Table 1
Characteristic of wheat flour and dried carrot pomace
Feature Value
Wheat flour

Moisture content (%) 12.5+0.07
Falling number value (s) 381.0+2.80
Zeleny’s test (cm?®) 32.0+0.71
Wet gluten content (%) 34.8+0.03

Dried carrot pomace

Dry mass (%) 93.7+1.45
Sugars (% of d.b.), in this: 50.8 +3.61
reducing 18.0+£1.20

Starch (%) 6.6+0.78
Total fibre (% of d.b.), in this: 37.5+2.50
insoluble 25.0£2.97

Fibre ADF (% of d.b.), in this: 17.5+2.50
lignin 8.9+ 0.50

cellulose 8.5+0.40

Total pectins (% of d.b.) 6.9+ 0.90

Ash (% of d.b.) 55+0.26

Lipids (% of d.b.) 6.0+ 0.43
Carotenoids (mg 100 g of d.b.) 45.6 +2.33
Water absorption (%) 551.1+0.68

The dried carrot pomace used in the research was a rich mixture of organic
components, mainly polysaccharides (Table 1). Total sugar content exceeded
50% of dry matter and reducing sugars constituted 36% of their total quantity.
A high amount of monosaccharides is potentially beneficial for baking bread of
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flour with low amylase activity, since they constitute the main source of carbon
for multiplying baker’s yeast (AMBROZIAK 1998). The content of starch, insol-
uble in cell sap and therefore remaining in pomace, was determined at the level
of 6.6%. Non-starch polysaccharides present in pomace included fibre (17.5%)
and pectin compounds (6.9%). According to BAO and CHANG (1994) arabinose
and galactose are main monosaccharides of non-starch polysaccharides. Other
biologically important components of dry pomace were lipids (6.0%), natural
solvent for carotenoids and the source of many valuable unsaturated fatty
acids. Dried carrot also contained 5.5% of mineral components, with the
prevalence of iron, zinc, potassium and manganese (Table 2). They can enrich
and supplement wheat bread mineral composition because it is a poor source of
microelements (e.g. 100 g supplies only 1.4 mg of iron) (AMBROZIAK 1998).

Moisture content of dried carrot pomace was 6.3%, while its capacity to
absorb water was determined at the level of 551.1% (Table 1). The water
absorption of commercial flour amounted to 60.1% (Table 3). Replacing 5% of
the flour weight with the same amount of dried carrot pomace resulted in an
increase in water absorption by 8%, while 7.5 and 10% of dried additives
increased the capacity to absorb water by 12 and 16%, respectively. Therefore,
it has been proven that each percentage of dried additives below 10% corre-
sponds to 1.6% increase in water absorbability of the baking mix.

Table 2
Mineral composition of dried carrot pomace
Microelement (mg- gt of db.)
Na 3.2 £0.08
K 18.6 £ 0.10
P 1.8 £ 0.04
Ca 3.0 £ 0.06
Mg 1.1+ 0.05
Cu 4.0 £ 0.07
Mn 10.8 £ 0.12
Fe 30.5 + 0.14
Zn 29.4 + 0.16
Table 3
Water absorption of mixture wheat flour with dried carrot pomace
Sample (%)
Control (wheat flour type 550) 60.1 + 0.46°
Wheat flour type 550 with 5% addition of dried carrot pomace 67.8 + 0.68°
Wheat flour type 550 with 7.5% addition of dried carrot pomace 71.7 + 0.56°
Wheat flour type 550 with 10% addition of dried carrot pomace 75.6 + 0.72¢
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Rheological characteristics of wheat dough

Rheological characteristic of dough was determined with the use of
compression test in an OTMS extrusion chamber. The results of this test
highly correlate with an alveographic evaluation (KONOPKA et al. 2003),
which is preferred in industrial practice in European Union countries (AB-
RAMCZYK 1997) and is very often used in research (RASPER et al. 1986,
SCHOGGL 1998).

The maximal force of compression for the control dough was 385 N
(Figure 1). The dough with the addition of dried carrot pomace required
increased force for extrusion in OTMS cell. It was observed that this trend can
be described by a parabolic curve. The highest value (almost two-fold in
relation to the control variant) was observed in the case of the dough with 10%
of dried pomace. The increase in the value of the maximal force of compression
indicates strengthening of dough structure. It can be explained by the high
ability to water absorption by dried carrot pomace (Table 2). The values of
compression energy of the dough were similar to values of maximal force of
compression (Figure 2). The highest energy, over 19 J, was characteristic for
the dough with addition of 10% dried carrot pomace. The analyzed dough
samples also featured a varied hardness. Replacing 5; 7.5 and 10% of flour with
the same amount of dried carrot pomace progressively increased the hardness
of dough, and the course of the changes observed may be described by the
exponential curve y = 39.596e%%83% (Figure 3).
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Physical qualities of experimental bread

The highest and the lowest volume of 100 g of bread, amounting to
318 and 283 cm?® respectively, were found for the samples with a 5%
and 10% of dried carrot pomace. The lowest volume points to a 10%
reduction in comparison with the control sample (Figure 4). According
to Polish Standard PN-92/A-74105, the volume of 100 g of bread made
of type 550 flour should not be lower than 280 cm?, therefore all amounts
of additives used did not disqualify the bread.
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The quality standard of PN-92/A-74105 determines the upper acidity level
for the bread made of type 550 flour at 3°. The acidity of crumb of control bread
was 1.15°. Addition of dried carrot pomace resulted in gradually increase of
bread acidity to the value of 1.65° for variant with 10% addition of dried carrot
pomace (Figure 5). The increase in the acidity of bread with the addition of
dried carrot resulted from introducing organic acids, among others, in the form
of malic and citric acid salt (the presence of which in carrot amounts to about
1%) (ZADERNOWSKI, OSZMIANSKI 1994) and the possible exchange of some
reducing sugars into the form of organic acids.

The elasticity of the bread crumb was determined on the basis of the value
of maximal compression force and its increase at unit strain. The maximal
value of compression force for the control bread was equal 6.7 N. Addition of
5% of dried carrot pomace resulted in more elastic bread crumb, contributing
to an over two-fold reduction in maximal compression force (Figure 6) and
unit-increase in compressive force (Figure 7). The elasticity of the bread crumb
with higher amounts of additives resembled that of the control bread.
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kind of bread

Fig. 4. Volume of wheat bread

The organoleptic analysis confirmed the best physical properties of
bread with 5% addition of dried carrot pomace (Table 4). On the basis of PN-
-A-74108:1996 it was classified to the first class of quality. Other breads,
also control one, were classified to second class. Generally, breads with
dried carrot pomace were darker and similar in colour and properties
to wholemeal bread.
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Organoleptic characteristic of bread

Table 4

Sample

Number of points

Control bread

Bread with 5% addition of dried carrot pomace
Bread with 7.5% addition of dried carrot pomace
Bread with 10% addition of dried carrot pomace

33 + 2.46°
38 + 1.68°
35 + 1.56°
32 £ 1.72¢

Conclusions

The results of our work indicated that the optimal amount of dried carrot
pomace used in the baking mix was 5%. It resulted in an increase in the water
absorption of the bread by 8%, and at the same time, the ready-made product
was characterized by better elasticity of the bread crumb and 10% larger
volume. It was confirmed by it the highest organoleptic quality. Bread with
greater (7.5 and 10%) addition of dried carrot pomace is richer in biologically
active compounds and less calorific but it worse rheological and organoleptic

properties can be a less accepted by consumers.
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Abstract

The effects of mercury and cadmium ions, at the concentrations of 100, 10 and 1 mg - dm, on the
activity of enzymes contained in the sperm of Siberian sturgeon were determined. Whole semen was
frozen without a cryoprotector. Acid phosphatase (AcP) activity decreased significantly following the
application of mercury and cadmium ions at the highest concentration. Lactic dehydrogenase (LDH)
was found to be the most sensitive to metal ions of all enzymes examined in the study. The
concentration of 10 mg - dm™ almost completely inhibited the activity of this enzyme. It was also
found that mercury and cadmium ions slightly stimulated the activity of arylsulfatase (AS). The
activity of B-N-acetylglucosaminidase (8-NAG) decreased considerably when mercury ions were
added to the reaction mixture, in contrast to cadmium ions.

The effects of Hg and Cd ions on the affinity of AcP and AS for substrates were also determined.
It was found that these metal ions decreased the affinity of the above enzymes for p-nitrophenylphos-
phate and p-nitrocatechol sulfate respectively.
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WPLYW JONOW RTECI I KADMU NA AKTYWNOSC WYBRANYCH ENZYMOW
W NASIENIU JESIOTRA SYBERYJSKIEGO (ACIPENSER BAERI BRANDT 1869)

Beata Sarosiek', Grzegorz Zdanio®, Radostaw Kajetan Kowalski', Jan Glogowski'

! Instytut Rozrodu Zwierzat i Badan nad Zywnoécia
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Stowa kluczowe: kwasna fosfataza, dehydrogenaza mleczanowa, arylosulfataza, f-N-acetylo-
glukozoaminidaza, plemniki, jesiotr syberyjski.

Abstrakt

W pracy okre§lono wplyw jonéw rteci i kadmu o stezeniach 100, 10 i 1 mg - dm™ na aktywno§é
enzymow obecnych w nasieniu jesiotra syberyjskiego. Pelne nasienie zamrozono bez dodatku
krioprotektora. Aktywno§é fosfatazy kwasnej (AcP) statystycznie istotnie malala jedynie przy
najwyzszym zastosowanym stezeniu jonow rteci i kadmu. Bardziej wrazliwa na obecno§é metali
ciezkich okazala sie dehydrogenaza mleczanowa (LDH). Rteé o stezeniu 10 mg - dm™ powodowata
prawie calkowite zahamowanie aktywnoSci tego enzymu. Wykazano takze, ze wymienione metale
powodujg nieznaczne (statystycznie nieistotne) podwyzszenie aktywnosci arylosulfatazy (AS). Jony
rteci znaczgco obnizaly aktywnoéé S-N-acetyloglukozoaminidazy (8-NAG), natomiast jony kadmu nie
wykazywaly hamujacego wplywu na aktywnos$¢ tego enzymu.

Okreslono réwniez wplyw jonéw rteci i kadmu na powinowactwo fosfatazy kwasénej i arylosul-
fatazy do substratu. Stwierdzono, ze jony metali ciezkich zmniejszajg powinowactwo wymienionych
enzymow odpowiednio do p-nitrofenylofosforanu i p-nitrokatecholu.

Introduction

Acipenserids (Acipenseridae) belong to the oldest living vertebrates. They
do not spawn every year — females lay spawn once in 2-11 years, and males
have their spawning season every 1-6 years (BEMIS, KYNARD 1997). That is why
all acipenserid species are threatened with extinction (KOLMAN 1999), and
studies on the biology of their gametes and fertilization are of greater and
greater significance. Sexual reproduction of living organisms depends on the
production of high-quality semen. Sperm damage caused by pollutants found
in the aquatic environment and cryopreservation may result in tail shortening
and head deformation, thus affecting the fertilization ability of spermatozoa
(VAN Look, KiME 2003).

The spermatozoa of acipenserid species differ considerably from the sper-
matozoa of the teleosts. These differences concern sperm morphology (the
presence of the acrosome), physiology (long-term motility and acrosomal
reaction) and biochemistry (the presence of acrosine, arylsulfatase,
GLOGOWSKI et al. 2002). The enzymology of fish gametes has been poorly
investigated, as compared to the mammals. Professional literature provides
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only fragmentary information on the biochemical parameters of the sperm
acrosome in the sturgeon, and focuses on acrosine-like activity (CIERESZKO
et al. 1994, 1996, 2000).

The studies on the effects of heavy metal pollution on gamete quality,
conducted so far, have been based exclusively on sperm motion analysis
(RURANGWA et al. 1998, VAN LoOK, KIME 2003). However, damage to the
motor apparatus of the sperm is not necessarily accompanied by damage
to the structures responsible for gamete fusion. It follows that sperm
motility analysis should be supplemented by the determination of the pollutant
effect on acrosomal integrity and enzymatic activity. Mercury affects the
viability and motility of spermatozoa, as well as the final stages of re-
production, since it reduces the efficiency of fertilization (KHAN, WEIS
1987a,b) and hatching (HEISINGER, GREEN 1975). Fish show different sen-
sitivity to mercury, and the physiological mechanism underlying the effects
of mercury on spermatozoa arouses controversy (RURANGWA et al. 1998).
Most fish respond by reproduction disorders to mercury concentration of
about 10 pg-dm3, but in sensitive species (e.g. trout) such a response
is observed at lower concentrations, i.e. 0.2 to 0.7 ug-dm™® (WEIS, WEIS
1991). Cadmium also disturbs the reproduction process in fish. This element
reduces sperm viability and fertilization ability (LAHNSTEINER et al. 2004),
disturbs spermatogenesis and seasonal cycles at the androgen level, and
causes testicle degeneration (KIME 1999, MouUsA, MoUsA 1999).

Materials and Methods

Fish, semen collection and preparation of seminal plasma and super-
natants Siberian sturgeon (age 7+) were maintained in Dolna Odra power
plant (Department of General Zoology, Szczecin University, Poland). Siberian
sturgeons (n = 5) were stimulated hormonally in April. All males were injected
with 1 pellet of Ovopel kg of fish weight (Interfish Ltd, Hungary; HORVATH
et al. 1997), containing of 18-20 ug of GnRH analog and 8-10 mg of metoclop-
ramide. Spermiation occurred within 24 h after hormonal stimulation and milt
was collected using a syringe with attached rigid tubing inserted into
urogenital opening.

Before being stripped fishes were anesthetized in a 1 ml per 10 1 water
solution of clove oil (Aetheroleum cariophylli, Fuzio-Pharma Ltd. Szekszard,
Hungary). The belly of anesthetized fishes was wiped dry and semen was
collected into dry syringes attached to the genital aperture of the fishes by
a gentle pressure on the abdomen. Samples contaminated with excrement or
urine were excluded from further work.
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Milt of Siberian sturgeons was stored on ice (+4°C) for 8 hours. Milt was
frozen at -79°C and was design to evaluate an extent of leakage of enzymes
after damage to sperm, to determined the total enzymatic activity observed in
spermatozoa and seminal plasma together. Milt was thawed at room tempera-
ture, centrifuged (10 min, 8000 x g) and supernatant obtained was used for
biochemical analysis.

Analytical procedures

Acid phosphatase activity was measured using 5 mM p-nitrophenylphos-
phate (disodium salt) in 20 mM citrate buffer (GLOGOWSKI et al. 1996). After
30 min incubation at 37°C, the reaction was stopped with 0.1 M NaOH and
absorbance at 410 nm was measured. LDH activity was measured with
UV-method with pyruvate and NADH (VASSAULT 1983). The reaction mixture
consisted of 1.6 mM sodium pyruvate and 0.2 mM NADH in 80 mM Tris-HCl
buffer containing 200 mM NaCl. A decrease of absorbance was measured at
339 nm (30°C, 5 min). Activity of arylsulfatase was measured using p-nitro-
catechol sulphate as a substrate (20 mM) in 0.5 M sodium acetate, pH 4.9
(GADELLA et al. 1992). After 30 min of incubation at 37°C, the reaction was
stopped with 1 M NaOH and absorbance at 515 nm was measured. Activity of
B-N-acetylglucosaminidase was measured using 0.5 mM p-nitrophenyl S-N-
-glucosaminide as a substrate in 0.1 M citrate buffer, pH 5.0 (JAUHIAINEN,
VANHA-PERTTULA 1986). After 60 min of incubation at 37°C, the reaction was
stopped with 0.1 M NaOH and absorbance at 410 nm was measured. Protein
was measured by the LOWRY method (1951).

We checked the influence of heavy metals using Hg?* and Cd?* dissolved in
distilled water, at 1, 10, 100 mg - dm™ final concentration in the incubation
mixture, which corresponded with 5-500 uM of Hg and 8.9-890 uM of Cd ions.
These heavy metals concentrations were used to obtain significant effect on
the milt supernatants enzymatic activities determined after 0, 4, 24 hours
incubation at +4°C.

Statistical analysis

Data were analyzed using GraphPad PRISM package. Significance of
differences were inferred at P < 0.05.
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Results

Acid phosphatase activity

The effects of mercury ions on the activity of acid phosphatase
are presented in Figure la. Only the highest concentration of this metal
(100 mg - dm?3) caused a significant decrease in the activity of this enzyme
within all exposure time limits analyzed. A similar tendency was observed in
the case of cadmium, whose highest concentration substantially decreased acid
phosphatase activity (Figure 1b).
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Fig. 1. The influence of mercury (a¢) and cadmium () ions on the acid phosphatase activity. Vertical
bars are standard errors (S.E.). The value having different letters are significantly different

(p < 0.05)
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LDH activity

The addition of mercury ions to the reaction mixture, at a concentration of
2.5 mg - dm3, caused a 25% decrease in the activity of lactic dehydrogenase
(Figure 2a). The highest decrease in LDH activity was recorded at a concentra-
tion of 10 Hg?*mg - dm3, when LDH activity accounted for only 0.5% of the
initial activity. After 24-hour incubation the activity of this enzyme decreased
by 44% and 50% in the control sample and in the sample containing 1 mg
Hg?" - dm™ respectively. The highest concentration of mercury resulted in
complete inactivation of LDH. Cadmium did not cause such drastic changes in
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Fig. 2. The influence of mercury (a¢) and cadmium (b) ions on the lactic dehydrogenase activity.
Vertical bars are standard errors (S.E.). The value having different letters are significantly different
(p < 0.05)
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LDH activity. None of the concentrations applied caused a statistically signifi-
cant decrease in the activity of this enzyme, determined immediately after
adding the metal to the reaction mixture (Figure 2b). Changes in LDH activity
were observed after 4-hour incubation, and were the most noticeable at

a concentration of 10 and 100 Cd?* mg - dm™.

Arylsulfatase activity

No decrease in arylsulfatase activity was recorded at the lowest concentra-
tion of mercury ions — 1 mg - dm. The level of this activity was the same as in
the control sample (Figure 3a). Mercury ions applied at a concentration of
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Fig. 3. The influence of mercury (a) and cadmium () ions on the arylsulfatase activity. Vertical bars
are standard errors (S.E.). The value having different letters are significantly different (p < 0.05)
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10 and 100 mg - dm™ caused a distinct and statistically significant decrease in
arylsulfatase activity. At 100 mg Hg?*-dm? the activity of this enzyme
decreased by 59%, compared with the initial activity. After four hours of
exposure these relationships did not change, whereas 24-hour incubation
resulted in a slight increase in arylsulfatase activity in the control sample and
in the sample containing 1 mg Hg?" - dm™, even in comparison with activity
measured at zero time (Figure 3a). As regards the effects of cadmium ions on
arylsulfatase activity in the sperm extract of Siberian sturgeon, a slight
decrease in this activity was recorded in the control sample after four hours of
incubation. After 24-hour incubation the activity of arylsulfatase increased in
all samples (Figure 3b).

B-N- acetylglucosaminidase activity

The activity of p-N-acetylglucosaminidase did not decrease after the
addition of 1 mg Hg?* - dm™® (Figure 4a). Mercury ions at a concentration
of 10 mg-dm? caused a 60% decrease in the activity of this enzyme,
but this difference was statistically non-significant. At 100 mg Hg?* - dm™
B-N-acetylglucosaminidase activity decreased 80-fold. Similar tendencies were
observed after 4 and 24 hours of incubation. Cadmium, in contrast to
mercury, did not show an inhibitory effect on the activity of B-N- acetyl-
glucosaminidase (Figure 4b).

Effects of mercury and cadmium ions on enzyme affinity
for substrates

The effects of mercury and cadmium ions on enzyme affinity for substrates
were determined for acid phosphatase and arylsulfatase, at the concentrations
of both metals sufficient to inhibit enzymatic activity in the 30-70% range. In
the case of acid phosphatase these concentrations were 100 mg Cd?* - dm™ and
10 mg Hg?* - dm™. As for arylsulfatase, only the influence of mercury ions,
applied at 100 mg - dm, was estimated, since cadmium ions had no inhibitory
effect on the activity of this enzyme.

The affinity of acid phosphatase for p-nitrophenylphosphate was deter-
mined at K,, = 1.21-10*M in a sample that contained no metal ions, and at
K, = 1.72- 102 M in the presence of 10 mg Hg?* - dm. The value of the K,,,,
calculated for acid phosphatase in the presence of cadmium ions (100 mg - dm),
was 2.21-10% M. These results show that acid phosphatase affinity for the
substrate decreased in the presence of metal ions. It was demonstrated that
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activity. Vertical bars are standard errors (S.E.). The value having different letters are significantly
different (p < 0.05)

mercury ions at a concentration of 100 mg - dm™ caused a decrease in the affinity
of arylsulfatase to the substrate, p-nitrocatechol sulfate, by nearly 30%, at
K,, = 6.8 10* M without the metal, and at K,, = 8.7 - 10* M in the presence of
mercury.

Discussion

In the present study we determined the enzymatic activity of acid phos-
phatase, lactic dehydrogenase, arylsulfatase and pS-N-acetylglucosaminidase
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obtained from the semen of Siberian sturgeon, subjected to short-term exposure
to mercury and cadmium ions at three concentrations. The results were
compared with the control sample, in which - similarly as in the experimental
samples — we tried to achieve the maximum enzymatic activity by means of
freezing and thawing whole semen without a cryoprotector, to liberate the
enzymes contained in spermatozoa. This enabled to measure the total enzymatic
activity as a sum of activities observed in the seminal plasma and spermatozoa.

LAHNSTEINER et al. (2004) observed that heavy metals had different influ-
ence on fish spermatozoa motility, for ex. Salmo trutta fario spermatozoa
motility was highly inhibited by Hg ions (0.5 mg - dm™) but effective cadmium
doses was 25 mg-dm?. In the other hand, Leuciscus cephalus spermatozoa
motility was inhibited by 50 mg - dm* Hg and 2.5 mg - dm™ Cd ions. So the heavy
metals doses depended on the chosen fish species and analyzed parameters (used
cadmium concentration was not effective to decrease the arylsulfatase activity in
this paper).

The mechanism of the negative effect of mercury and cadmium on acid
phosphatase has not been investigated in detail yet. According to JACKIM et al.
(1970), the toxic effect of metals on enzymes consists in metal ion displacement
from the active center. The influence of mercury on the activity of phosphatases
and other enzymes in fish was studied by GILL et al. (1990). The results of in vivo
examinations showed a decrease in AcP activity in all tissues except for the
testicles. These authors also demonstrated that cadmium reduced the activity of
this enzyme in all tissues except for the ovaries.

In this study an attempt was made, for the first time, to determine in vitro
the effects of heavy metals on the activity of lactic dehydrogenase from the
semen of Siberian sturgeon. Lactic dehydrogenase was found to be the most
sensitive to mercury ions of all enzymes examined in the study, so this metal was
applied at lower concentrations, to observe the decrease in enzymatic activity,
and not only its complete inhibition.

RURANGWA et al. (2002) studied the effect of tributyltin (TBT) on the
metabolism and sperm motility in African catfish and carp. Among six enzymes
analyzed, only the activity of LDH in catfish semen responded significantly to
treatment with 27 mg TBT - dm™. The decrease in LDH activity was about 75%
in the catfish and 41% in the carp, which indicated considerable interspecific
differences. TBT was used as a model toxicant because it substantially reduced
the amount of semen and sperm motility at concentrations naturally found in
the environment (HAUBRUGE et al. 2000, KIME et al. 2001), and because it is still
present in aquatic ecosystems, just like heavy metals. However, the molecular
mechanism of the inhibition of LDH activity remains unknown (RURANGWA et
al. 2002). SCHEMEL et al. (1987) used lactic dehydrogenase as an indirect
indicator of sperm damage in the trout. Also PIROS et al. (2002) suggested the
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possibility of applying LDH activity as a marker of plasma membrane damage in
the semen of Siberian sturgeon and sterlet.

The studies on the effects of heavy metal ions on arylsulfatase activity,
presented in this paper, seem to be of pioneer character, since professional
literature provides no information on that topic. The results of arylsulfatase
treatment with cadmium ions are an untypical manifestation of the impact of
heavy metals. The presence of cadmium in the sample caused a slight, but
statistically significant, increase in the activity of this enzyme as the time of
incubation was prolonged. Heavy metal ions generally bind to the thiol groups in
proteins. For instance, silver ions not only block the SH groups of the active
center of the enzyme, but at higher concentrations they cause irreversible
denaturation of the protein component, or change its conformation. Arylsul-
fatase, as an acrosomal enzyme, may significantly contribute to sperm-zona
pellucida binding (SAROSIEK et al. 2004), and in this way to successful egg
fertilization. It follows that studies on environmental pollutants, such as heavy
metals, should be continued in order to thoroughly analyze their potentially
negative effects on fertilization success.

Studies on the inhibition of the activity of f-N-acetylglucosaminidase usually
focus on the effects of organic inhibitors, like N-acetylglucosaminolactone
(JOYCE et al. 1986), thiol compounds (JAUHIAINEN, VANHA-PERTTULA 1986),
N-acetylgalactosamine, N-acetylglucosamine (MARTINEZ et al. 2000). The results
of these studies show that the inhibition of 3-N-acetylglucosaminidase activity
prevented gamete fusion, which indicates that this enzyme is crucial for
fertilization success. The effects of metal ions on B-N-acetylglucosaminidase
were analyzed by CALVO et al. (1978). These authors demonstrated that iron and
mercury ions inhibit the activity of this enzyme. Similar results were obtained
by SHIGETA et al. (1982), who treated the enzyme with ions of silver, iron and
mercury. Also FAROOQUI, SRIVASTAVA (1980) and CHEN et al. (2004) proved the
inhibitory effect of Ag* and Hg?* ions on pB-N-acetylglucosaminidase. In our
study it was confirmed that mercury ions are strong inhibitors of the enzyme,
whereas cadmium ions cause a slight decrease in the activity of B-N-acetyl-
glucosaminidase, but their effect increases in the case of prolonged exposure. We
used cadmium chloride and mercury chloride as a source of metal ions, while in
the natural environment mercury occurs primarily in the methyled form, whose
toxicity is much higher (VAN LoOK, KIME 2003), so further investigations on this
problem seem justified.

The knowledge about negative factors which might disturb the sturgeons
fertilization may be useful in regard of endangered status of some genus from
this order (BEAMESDERFER, FARR 1997). Herein we shown that heavy metal ions
can disrupt biochemical activity of some enzymes from Siberian sturgeon milt.
Our results indicate that monitoring of heavy metal ions water contamination
should be conducted together with restitution process of that fish.
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Abstract

The dependence between the number of pollen seeds in the bee’s intestine and the intensity of
the parasite’s invasion has been studied. Bees for the examination were collected in June, July and
August. Group I was formed from young bees taken from combs with unsealed brood, group II - from
hive bees taken from honeycombs with sealed brood, and group III - from foraging bees returning to
a hive. The results of the examination of the bees indicate some dependence between the invasion of
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invasion of Nosema apis have had a larger amount of pollen seeds in their intestines than the bees
free from nosemosis, because a larger amount of protein food is necessary for their organisms to
function properly due to the damage to their intestine cells. The greatest demand for protein has been
noticed for the bees of group II, both for free from invasion ones and for the ones infected by the bees’
apicomplexon. The protein demand for the flying bees (group III) has been slightly less than for the
hive bees. The largest amount of pollen seeds has been found in the testiness of the bees suffering tom
the invasion of Nosema apis in June and July i.e. in the time of the intensive brood raising.
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Abstrakt

Badano zalezno$¢ liczby ziaren pytku w jelicie pszczoly robotnicy od intensywnoS$ci inwazji
pasozyta. Robotnice do badan pobierano w czerwecu, lipcu i sierpniu. Grupe I stanowily pszczoly
mlode, pobrane z plastré6w z czerwiem otwartym, grupe II - pszczoly ulowe, pobrane z plastrow
z czerwiem krytym, a grupe III — pszczoly powracajace do ula, pozyskane z wylotka. Wyniki badan
wskazuja na pewna zalezno§¢ inwazji Nosema apis od liczby ziaren pytku w przewodzie pokar-
mowym. Pszczoly ulowe, dotkniete inwazja Nosema apis, mialy w swoim jelicie znacznie wieksza
liczbe ziaren pylku niz wolne od nosemozy. Do prawidlowego funkcjonowania organizmu z powodu
uszkodzen komorek jelita potrzebowaly wiekszej iloSci pokarmu bialkowego. Najwieksze zapot-
rzebowanie na biatko wystepowalo u robotnic z grupy II, i to zaréwno u wolnych od inwazji, jak
i zarazonych sporowcem pszczelim. U pszczot lotnych (grupa III) zapotrzebowanie na biatko bylo
nieznacznie mniejsze niz u pszcz6l ulowych. Najwieksza liczbe ziaren pylku stwierdzono w jelicie
pszcz6t dotknietych inwazja Nosema apis w czerwceu i lipcu, tj. w okresie intensywnego wychowu
czerwiu.

Introduction

Nosemosis is a contagious and invasive bees’ disease with chronic course
that intensifies in spring and often leads to a significant weakening of the bees’
family, or even to its dying out. The course and dissemination of the disease in
an apiary is influenced by numerous factors, including: the climate, bad
condition of wintered bees, their age, the amount of insects in a bee’s colony,
the quality and condition of their winter reserves, and disturbing the bees
during the wintering (GLINSKI, RZEDZICKI 1993, SOKOL, MOLSKA 2006).

The disease is triggered by a parasite — a protozoon Nosema apis
Zander. The epithelium of the middle intestine is its habitat, or more
seldom - the cells of the excretory tubules (HARTWIG 1970). The infection
is transmitted by food when consuming the spores in the honey, water
and faeces. In the bee’s intestine, on transmission of the spore’s content
to the epithelium cell, the breeding process of the parasite starts, which
entails numerous cell divisions leading to the breakdown of the cell.
The damage to the intestine and its dysfunction is reflected in the bee’s
metabolism, including: changes in the composition of the hemolymph
(it is poorer in amino acids, complete proteins and lipids), disturbances
in proportions between saturated and unsaturated fatty acids, and also
a number of building cells of the fatty body is decreased. The protozoon’s
toxins damage also the cells of the pharynx glands, and thus the feeder
bees produce too little milk indispensable for keeping the mother in good
condition, as well as for feeding the young brood. Also, a worker bees’
metabolism is disturbed, which manifests in decreased intake of liquid
and oxygen and increased demand for the bee bread and pollen. The
infected bees live from 10 to 27 days shorter (HARTWIG, TOPOLSKA 2001,
KRZYZANSKA 2001).
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Taking the destructive influence of Nosema apis on the epithelium of the
bee’s middle intestine and its demand for the protein food into consideration, it
has been decided to estimate the dependence between the intensity of the
invasion and the amount of the pollen seeds in the bee’s intestine.

Material and Methods

The research has been carried out within 29 families, in which numerous
spores of Nosema apis were spotted in the winter dust in March 2006. In the
mid-June, mid-July and mid-August, out of each of those families circa 100
bees were taken: group I was made of young bees taken from the combs with
unsealed brood, group II — hive bees from the combs with honey and sealed
brood, and group III - foraging bees returning to the hive. On their putting
down, they have been examined in a laboratory for the presence of Nosema
apis spores using the method described by Hartwig (HARTWIG, TOPOLSKA
1995). Additionally, pollen seeds have been counted in 5 visual fields of
a microscope. The obtained data have been used to calculate the intensity of
the invasion of Nosema apis and the number of pollen seeds in one visual field
of a microscope (magnification 800x).

Results and Discussion

In the group of families that suffered from the invasion of Nosema apis in
the early spring, some families free from the invasion of that apicomplexon
have been noticed. The largest percentage of the families free from the bees’
apicomplexon has been spotted in group I (58.8% on average) and the smallest
one in group IIT (28.1%). In the families infected with Nosema apis, the
intensity of the invasion has varied significantly, for instance: in group I the
smallest number of Nosema apis spores in one visual field of a microscope
(marked as one plus) has been found in 17.1% of the families and in group II
(27.4%), while in group III a significant percentage of the families (37.7%) has
suffered from the invasion of Nosema apis to the largest extent (three pluses)
— Table 1.

In the families of group I it has been noticed that the largest number of bees
was infected by the bees’ apicomplexon in June, which is connected with their
infection in the early spring i.e. time when in the hive and on the honeycombs
numerous spores of Nosema apis could be found. In the group II, a significant
infection could be noticed in June, July and August, while the bees returning to
the hive (group III) were the most often infected by the bees’ apicomplexon
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Table 1
The course of invasion extensiveness of Nosema apis in bees depending on the
month and the place of taking a sample

Extensiveness of invasion of N. apis
famili
G Types of the Months group (families)
roup examined bees |of examination free from suffering from the bees’
the invasion apicomplexon

of N. apis + ++ +++

bees from June 37.5 21.4 21.4 21.4

I combs with July 60.0 20.0 10.0 10.0
unsealed brood August 80.0 10.0 - 10.0

average e.i. 58.8 17.1 15.7 13.8

bees from June 40.0 40.0 10.0 10.0

I combs with July 66.7 22.2 - 11.1
sealed brood August 30.0 20.0 10.0 40.0

average e.i. 45.6 274 10.0 20.4

foraging bees’ June 10.0 10.0 30.0 50.0

10 returning July 44 .4 11.1 22.2 22.2
to the hive August 30.0 20.0 10.0 40.0

average e.i. 28.1 13.7 20.7 37.7

in June and August. Such infection of the bees by Nosema apis in that group
was the result of the former invasion of the hive bees and huge effort when
collecting nectar and pollen (WILDE, BRATKOWSKI 1995).

The discussed course of the intensity of the Nosema apis invasion in the
examined families indicates some regularities in the development of the
parasite. At first, the bees’ apicomplexon attacks the youngest bees, feeding
the brood with pollen and honey, as well as a little older bees that clean the
cells and prepare food reserves. Later, the invasion develops in the flying bees
(KRZYZANSKA 2001). In spite of the significant invasion of Nosema apis in the
examined families, no visible influence of the parasite on their development
has been noticed. It seems that influx of fresh food, low air humidity in the
hive, ongoing building of the honeycombs and intensified out-of-the-hive
activity of the bees were in favour of the natural defence of the family against
the invasion of Nosema apis (WILDE, GOGOLEWSKA 1993).

As for the bees taken from the honeycombs with closed brood (group II),
the average amount of pollen seeds calculated for three intensities of the
invasion of Nosema apis (+, ++, +++) has been the same both for the ones
free from the parasite and for the ones suffering from the bees’ apicomplexon.
In that group, a particularly large number of pollen seeds has been found in
worker bees with very low invasion intensity (+), mostly in July. However, as
for the bees suffering from the bees’ apicomplexon in group III, the amount of
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the pollen seeds has been almost half the size as in the families free from the
parasite, and in the group I it has been slightly higher for those infected by
Nosema apis (Table 2).

Table 2
The amount of pollen seeds in one visual field of a microscope (magn. 800x) in bees free from invasion
and in infected by apicomplexon Nosema apis

The amount of pollen seeds
Group Mon.ths _ group
of examination| free from the infected by N. apis
invasion of N. apis N — e
June 1.4 3.8 1.7 2.2
I July 1.6 3.1 1 3.2
August 1.5 2 - 1.2
average 1.5 2.96 1.35 2.2
Average for the group infected by N. apis 2.17
June 2.8 4.2 6.4 14
I July 4.7 9.1 0 4
August 1.7 1.3 0.4 0.75
average 3.06 4.86 2.26 2.05
Average for the group infected by N. apis 3.05
June 2.2 0.8 1.4 0.7
I July 2.9 1 2.4 1.4
August 0.9 1.3 0.4 0.75
average 2 1.03 14 0.95
Average for the group infected by N. apis 1.12

The amount of the pollen seeds in the bee’s intestine maybe an indicator
of her nutrition (condition). Thus, the bees free from the invasion, as the
healthy ones, utilize the protein food in a better way, which results in the
lower amount of pollen seeds in their intestines (KONOPACKA et al. 1987).
This hypothesis may be confirmed by the bees of group I and II, where the
bees infected by the bees’ apicomplexon, in order to sufficiently feed the
brood and produce appropriate amount of milk, ate more protein food that
healthy ones because of the damage to their digestive tract done by the
parasite (Figures 1, 2). At the same time, in the group of flying bees, taken
from the eyelet and free from the invasion, the amount of the pollen seeds
was almost twice as big as for the infected ones (Figure 3). This indicates the
need for eating a larger amount of protein to take flights for nectar, pollen
and water (HARTWIG, TOPOLSKA 2001).
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Fig. 1. The amount of pollen seeds in young bees depending on the intensity
of the invasion of N. apis
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Fig. 2. The amount of pollen seeds in hive bees depending on the intensity
of the invasion of N. apis
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Fig. 3. The amount of pollen seeds in flying bees depending on the intensity
of the invasion of N. apis

Conclusions

The results of the examinations show the influence of the invasion of
Nosema apis and the age of the bees on the amount of the consumed protein
food. The hive bees suffering from the invasion of Nosema apis in a small
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degree require far more protein food for their organisms to function properly
than the bees free from the infection because the protein in form of pollen of
the entomophilous plants is necessary for brood raising, feeding the mother
and for ensuring proper functions of the internal organs of the worker bee. As
for the flying bees free from the invasion of Nosema apis, which fly long
distances for their load, often in extremely changeable weather conditions,
their demand for protein is slightly huger than that of the hive bees taken
from the honeycombs with open brood. The hugest demand for protein is
manifested by the hive bees free from the invasion, as well as the ones
infected by the bees’ apicomplexon that produce bees’ milk (group II),
fabricate wax and prepare the cells for the mother’s breeding. A particularly
large number of pollen seeds my be found in bees of every group in the time of
intensive raising of the brood i.e. in June and July.

Translated by MARIA SIEMIONEK
Accepted for print 17.12.2006
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