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Abstract

One 25-kg dog produces about 500 g of excrement per day. Excrement is a potentially hazardous material, as it may contain pathogenic
microorganisms. Our samples were tested for the presence of thermotolerant coliform bacteria, Enterococcus spp., Escherichia coli
and Salmonella spp., which are indicators of faecal contamination, as well as for the presence of helminths and their eggs. During
the experiment, it was observed whether these microorganisms could be eliminated by vermicomposting. There were two variants
of vermicomposting piles: one test pile (with continuous feeding) and one control pile (with a single feeding). The vermicomposting
process was run in outdoor conditions in park for 51 weeks using Fisenia andrei earthworms. The vermicomposting of dog excrement
with waste from park maintenance (1:2) can produce a good quality fertiliser. During the process of vermicomposting, there was
a gradual decrease in the content of pathogenic bacteria. At the end of the vermicomposting process, there were no eggs or adult
helminths. The vermicompost was very rich in microorganisms and enzymatic activity. The pH value was slightly alkaline, and the
C:N ratio corresponded to value of mature vermicompost.
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Introduction Other dangerous organisms in excrement include parasitic

nematodes. Adult nematodes are parasites most often in the

The issue of handling dog excrement is a very extensive topic.  gisegtive tracts of vertebrates. The endoparasites mainly found in

Excrement is a potentially hazardous material, as it may contain
pathogenic microorganisms. Many pets are bred in the Czech
Republic. For example, in Prague (Czech Republic), there were
more than 83 thousand dogs registered in 2018 (Portal of the
capital city of Prague, 2018). A medium-sized dog (approx.
25kg) eats about 600-800g of food per day, depending on its
type, and one 25-kg dog produces about 500 g of excrement per
day (Felsmann et al., 2017). Both smaller and larger breeds of
dogs are registered in Prague. The average production is there-
fore approximately 300 g of excrement per dog per day, which
means a total production of over 24,900 kg of excrement per day.

Many potentially dangerous microorganisms can be found in
excrement. Bacteria are an integral part of the digestive pro-
cesses. Pathogenic bacteria in excrement mainly include species
of the family Enterobacteriaceae. These bacteria can ferment glu-
cose and other sugars. They do not form spores; they are faculta-
tively anaerobic bacteria. These bacteria can be divided into three
groups: exclusively pathogenic, occasionally pathogenic and
nonpathogenic bacteria. Escherichia coli and Salmonella spp.
belong to exclusively pathogenic bacteria, which mainly inhabit
the environment of the digestive tract (Quinn et al., 2004).

excrementare Toxocara canis, Trichuris vulpis, Ancylostomatidae,
Taenia spp., Toxascaris leonina, Capillaria spp., Dioyidium can-
inum and Coccidia (Papajova et al., 2014). Many cases of toxo-
carosis in humans are caused by ingesting infected eggs from the
soil or infected larvae from uncooked meat (Strube et al., 2013).
Another group of endoparasites found in excrement are Trichuris
spp. Trichuris trichura commonly parasitises humans; however,
humans can also become infected with the parasite of dogs,
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T. vulpis. Human infection occurs exclusively orally (Dunn et al.,
2002). In addition, helminths are a very common cause of para-
sitic diseases in humans (Pipikova et al., 2017). Infection with
helminths from the ground or soil is what most often occurs. It is
estimated that more than a quarter of the world’s population is
infected with some type of helminthiasis (Awasthi et al., 2003).
The infection of the dog population with these endoparasitic
worms is also relatively high (Dubna et al., 2007). Given the
amounts of helminth eggs that may be present in dog excrement
and the ability of eggs to survive in soil, it must be emphasised
that they pose a significant problem, even when the source of
contamination is individual animals (Felsmann et al., 2017).

Our samples were tested for the presence of thermotolerant
coliform bacteria, which are an indicator of faecal contamination
from the digestive tracts of warm-blooded animals as well as for
the presence of helminths and their eggs. Furthermore, the pres-
ence and amounts of Enterococcus spp., E. coli and Salmonella
spp. were verified. During the experiment, it was determined
whether these microorganisms could actually be eliminated by
vermicomposting, because according to Mudrunka et al. (2020)
earthworms can eliminate the presence of pathogenic microor-
ganisms or contribute to limit the growth of their colonies.

Vermicomposting is a process of decomposition of organic
waste to the formation of a stable organic fertiliser, vermicom-
post. The basic principle of vermicomposting is the interaction
between earthworms, which fragment and moisten the substrate,
and microorganisms. Vermicomposting is the transformation of
organic materials by a stabilization and bio-oxidation process, and
it is a maximally environmentally friendly method (Lim et al.,
2016). It consists of an active phase, during which earthworms
and microbes gently process the substrate, and a maturation phase,
which involves the activity of microorganisms. The maturation of
the vermicompost occurs when the earthworms move to a layer
with a fresher material or when the material is removed from the
vermicompost container. The length of the active phase depends
on the amount and species of earthworms (Pathma and Sakthivel
2012). In our conditions, the most widely used species of earth-
worm for vermicomposting is E. andrei. Compared to another
species (e.g. Eisenia fetida), which is also used for vermicompost-
ing, E. andrei is a generally more accepted species, because its
reproductive cycle is faster (Dominguez et al., 2005).

In the scientific literature states, that earthworms can elimi-
nate the presence of many pathogenic microorganisms or at least
significantly contribute to the inhibition of the growth of their
colonies. The novelty of the study is in the vermicomposting in
the system of single and continuous feeding of dog excrement,
which is a problem in public spaces, especially in parks, due to
the content of pathogenic microorganisms. Due to this potentially
hazardous material, it is necessary to carefully monitor the pres-
ence of bacterial species during vermicomposting especially in
the final vermicompost. The study determines a number of bio-
logical parameters, such as the presence of pathogenic microor-
ganisms and parasitic organisms as well as the content of groups
of microorganisms by phospholipid fatty acids (PLFA) analyses,

enzymatic activity and many agrochemical parameters. This
study shows how to manage potentially hazardous biowaste
using a gentle method, vermicomposting, and analyses the whole
process of vermicomposting, from the input raw material to the
final product, vermicompost, in practice in outdoor conditions (in
the park) in two variants: one with a single feeding and one with
continuous feeding.

Material and methods
Experiment design

The experiment with the vermicomposting of dog excrement in
combination with other biodegradable material was set up in the
Ecocentrum Vysehrad (Prague, Czech Republic). The outdoor
temperature was not measured during vermicomposting, as the
experiment took place directly in practice in outdoor conditions,
so the temperature changed based on the season. The dog excre-
ment came from dog excrement baskets in the VySehrad park area.
Dog excrement was combined with biodegradable material from
the maintenance of the park (grasses, leaves and similar plant-
based materials) in a ratio of 1:2. The species of earthworm
E. andrei (density 50 pcs L '—about 28,000 pcs for each pile) was
used for vermicomposting. The earthworms were from the earth-
worm farm of Mr. Ing. Petr Filip from LuZice, Czech Republic.
Two experimental piles were set up: one control pile and one test
pile. The size of each of the pile was 2.5 X 1.5m. At the begin-
ning, a layer of biowaste mixture about 30 cm thick was placed on
each pile. No material was subsequently added to the control pile
after its establishment, but the test pile was supplemented with a
mixture of excrement and biological waste from the park (about
20cm thick layer) 1-2 times a month (depending on the season).
The park staff took care of the correct course of vermicomposting.
The microbiological analyses were performed at the National
Institute of Public Health (Prague, Czech Republic). The analyses
of agrochemical parameters and enzymatic activity were per-
formed in the laboratories of the Czech University of Life Sciences
in Prague (Czech Republic). The analyses of PLFA were per-
formed at the Institute of Microbiology of the Czech Academy of
Sciences (Prague, Czech Republic). At the end of the experiment
(after 51 weeks), another six samples were taken, three from each
pile, which were delivered to the Health Institute at the Department
of Parasitology, Mycology and Mycobacteriology in Prague
(Czech Republic), where a test for helminths and their eggs was
performed. Samples were always taken from five parts of the ver-
micomposting pile (Figure 1). All five samples were always ana-
lysed separately for microbiological analyses. For the analyses of
agrochemical parameters and analyses of enzymatic activity, a
mixed sample was created and then was divided into three sam-
ples for statistical analyses.

Agrochemical analyses

The dry matter was determined gravimetrically as the difference
between before and after drying in a dryer at 35°C according to
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Figure 1. Vermicomposting piles sampling. A: test pile with
continuous feeding (A1-A5: taken samples) and B: control
pile with single feeding (B1-B5: taken samples).

Hiebeckova et al. (2019b). The value of active pH and electrical
conductivity (EC) was determined for fresh samples with demin-
eralized water 1:5 according to the standard BSI EN 15933
(2012). The pH meter WTW 340i was used for measurement.
The specific conductivity was measured with a WTW Cond 730
inoLab® conductivity meter. Dried samples were used to deter-
mine both the C:N ratio and the total content of macroelements.
The C:N ratio was analysed on a CHNS Vario MACRO cube
(Elementar Analysensysteme GmbH, Germany), which burned
approximately 25 mg of the dried ground sample in a catalytic
furnace, evaluated the C and N content, from which it then auto-
matically evaluated their mutual ratio. The total content of mac-
roelements (P, K, Ca, Mg) was determined by wet method
microwave decomposition in a closed system Ethos 1 (MLS
GmbH, Germany), where 0.5 g of dried sample was weighed, and
added 8ml of HNO; (65%) and 2ml H,0, (30%). Subsequent
measurements were performed using inductively coupled plasma
optical emission spectrometry (ICP — OES Varian Vista Pro)
according to Hanc et al. (2017).

Biological analyses

To determine the number of earthworms, one summary sample
weighing 1 kg was taken from each pile. Earthworms were manu-
ally selected and counted according to Hanc et al. (2017). For the
analyses of E. coli, 10g of the sample were weighed from a
freshly collected sample into a polythene bag. The sample was
poured into 90 ml of phosphate buffer, and the bag was placed on
a shaker for 2 minutes. The solution was transferred to a glass
vessel; the remaining material was squeezed thoroughly. The
sample was further diluted 1-10 times according to its purity. For
the determination, 1 ml of the diluted sample was taken, which
was mixed with 99ml of demineralized water. Colilert-18 rea-
gent (IDEXX) was added to the solution, and after its complete
dissolution, the solution was poured into a special Quanti-
Tray/2000 plate. The plate was sealed (Quanti-Tray Sealer) and

incubated for 18 hours at 44 = 1 °C according to Matéj (2009).
Samples for enterococcal analyses were prepared in Petri dishes,
where 0.2ml of a sample were plated on an agar plate with a
Slanetz-Bartley medium. This amount was spread on a plate until
the agar absorbed it. After 24 hours, a count can be made, and the
enterococci appear as brown colonies on the surface of the agar
(Matejt, 2009). For the determination of Salmonella spp., 50 g of
a sample were weighed into peptone buffered water. After 16—
20hours at 36 =2 °C, revaccination to selenite was performed.
Next, 0.1 ml of the culture thus obtained was transferred to a test
tube containing 10ml of RV soil (soil with MgCl, and malachite
green). The sample thus prepared was exposed to a temperature
of 41.5°C for 24 hours to suppress other bacteria. Subsequently,
the culture was plated with a bacteriological loop on XLT (xylose-
lysine deoxycholate) and BGA (phenol red and brilliant green
agar) agar plates. The dishes were turned upside down and placed
in a incubator. After 24 hours it was possible to make a count; on
XLT agar they appeared as black colonies, and on BGA agar they
appeared by changing the colour of the media from pink to red
(Matgjt, 2009). The analyses of the presence of helminths and
their eggs were performed in the laboratory of the Health Institute
at the Department of Parasitology, Mycology and Mycobacteria
in Prague. The laboratory performed the determination according
to its standard operating procedure, which is proprietary. The
determination was performed on samples at a compost age of
51 weeks. Groups of microorganisms were detected using analy-
ses of free methyl esters of PLFA, according to Hanc et al. (2017).
The enzymatic activity of hydrolytic enzymes (f3-p-glucosidase,
acid phosphatase, arylsulphatase, lipase, chitinase, cellobiohy-
drolase, alanine aminopeptidase, leucine aminopeptidase) were
measured as the change in absorbance in 96-well microplates
using Tecan Infinite® M200 (Tecan, Grodig, Austria), according
to Hiebeckova et al. (2019b).

Statistical analyses

Results for statistical analyses are the means of three replicates.
Based on the results of the analysis of normality and homogene-
ity, it was chosen nonparametric Kruskal-Wallis test for an analy-
ses of variance. Pearson’s correlation coefficient and the analyses
of variance were calculated using STATISTICA 12 software
(StatSoft, Tulsa, USA).

Results and discussion

The dry matter content of the dog excrement was 36.23%. In the
test pile, during vermicomposting, the percentage of dry matter
increased up to about 50%, while the value in the control pile was
almost unchanged (about 33%) (Figure 2). The pH increased
with the addition of biowaste from the park because dog excre-
ment showed a more acidic pH (6.66). In both piles, the pH was
about 8.5 at the age of 29 weeks (Table 1). In both piles, the pH
value decreased with the age of vermicomposting (to 7.91 in test
pile and 7.59 in control pile in week 51). The EC of the raw
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Figure 2. Dry matter content (%) in test (A] and control pile
(B). Values are the means = SD (n=3). Different letters in
indicate significant differences between weeks (Kruskal-
Wallis test, p<0.05).

Table 1. Agrochemical parameters in test (A] and control
pile (B].

Test pile A Control pile B

pH

29 weeks 8.45+0.23a 8.62+0.30a

41 weeks 8.00+0.13 a 7.95+0.12 ab

51 weeks 7.91+0.14a 7.59+0.17b
EC (uS cm-1)

29 weeks 1259.7 = 23.7 ab 1148.7 514 a

41weeks 1128.0=459 a 1457.7 £ 67.9 ab

51weeks 2102.7+88.9b 1818.0+113.1b
C/N

29 weeks 12.26 +0.48 a 13.47+0.7 a

41 weeks 11.64+0.38 a 12.82+1.09 a

51weeks 11.85+0.36 a 11.70+0.82 a
C (%)

29weeks 29.12+0.86 a 25.37+1.08a

41 weeks 27.22+234a 2453+1.47a

51weeks 28.57+2.68a 25.33+2.02a
N (%)

29 weeks 2.38*+0.14a 1.89*+0.14 a

41 weeks 2.34+0.27 a 1.92+0.09 a

51weeks 2.42+0.30a 217*+0.11a
P (mg kg

29 weeks 5541 +872a 8627+720a

41 weeks 6275+975a 5703+993 a

51weeks 7442 =990 a 5608 =216 a
K (mg kg)

29weeks 15,257 += 342 a 14,248 + 983 a

41 weeks 13,641 =606 a 13,335 +880 a

51weeks 13,018 =978 a 11,988 =389 a
Ca (mg kg

29weeks 40,536 622 a 42,971 955 a

41 weeks 41,323+952a 34,909 £ 407 a

51weeks 47,378 =398 a 37,952 +221a
Mg (mg kg-')

29 weeks 5589 =354 a 6122+78a

41 weeks 5312+362 a 5121+373 a

51weeks 6239+820 a 5134+362 a

Values are the means = SD (n=3). Different letters in a column
indicate significant differences between weeks (Kruskal-Wallis test,

p=<0.05).

material was 2414.33 uS cm™!. In both piles, in the vermicompost
age of 29 weeks, this value decreased by about half, which was
probably caused by the addition of biowaste from the park
because this value statistically significantly increased with the
age of vermicomposting. Although there was a significant
increase in EC in both piles, the C and N values remained almost
constant over the observed vermicomposting period. However,
the increase in EC may be explained by statistically significant
increased arylsulfatase activity, the value of the correlation coef-
ficient of EC and arylsulfatase in the test pile was 0.82, in the
control pile 0.75. The C:N ratio of dog excrement was 8.59:1.
This value decreased in both piles; in the test pile, it decreased
from 12.26:1 to 11.85:1, and in the control pile, it decreased from
13.47:1 to 11.70:1, but the differences were not statistically sig-
nificant. Higher percentages of N and of C were found in the test
pile, this may be due to the continuous addition of the mixture
of biowaste. The C:N ratio can be affected by lipase, chitinase,
alanine and leucine aminopeptidase activity according to the
correlation coefficient.

Vermicomposts in the Czech Republic should meet the param-
eters specified in the CSN 46 5736 (2018) standard; for example,
they should have a pH in the range of 6.0-9.0, humidity 50-70%,
C:N ratio less than 30:1 and percentage of nitrogen in dry matter
higher than 1%. The samples taken by us complied with the range
of values determined for vermicomposts. Goémez-Brandon
et al. (2008) composted cattle manure for 270 days; their EC also
increased with the age of composting (from 1300 to 3000 uS cm™),
and the percentage of N was almost comparable to our values of
N in the test pile (about 2.4%). On the other hand, their percent-
age of C was higher than ours was, except for the value measured
in 270-day-old compost (25%). Jamaludin et al. (2012) ver-
micomposted goat manure with spent mushroom substrate (1:1)
for 20 weeks, and their percentage of nitrogen that was compara-
ble to our values was in the variant with 80% of goat manure
(1.63-2.23% N); in the variant with 50% goat manure, their val-
ues were lower than ours. Riwandi et al. (2022) vermicomposted
cow dung, buffalo dung, chicken manure and goat dung in a tray
for 60days using Perionyx excavates. Their C:N ratio of ver-
micompost from cow dung was almost same as ours (11.9:1).
However, their percentage of C was lower (19.7%) and N was
lower (1.65%).

The dog excrement contained 30,967 mg kg™! of phosphorus.
In the test pile, the value gradually increased from 5541 mg kg!
(week 29) to 7442mg kg! (week 51) (Table 1). On the other
hand, in the control pile, the phosphorus content decreased from
8627 mg kg ! (week 29) to 5608 mg kg (week 51). While in the
test pile the phosphorus content was affected by the reduction of
the water content according to the correlation coefficient, on the
other hand in the control pile it was affected by a statistically
significant decrease in pH. The potassium content was signifi-
cantly higher in both piles, compared to the input raw material:
4343 mg kg! (dog excrement), 15,257 mg kg! (test pile, week
29) and 14,248 mg kg! (control pile, week 29), it can be caused
by the addition the waste from park maintenance, which can be
rich in the content of K. During the vermicomposting, there was
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a gradual reduction in potassium content, but it was not statisti-
cally significant. The potassium content of the test pile was
affected by both the decreasing content of microorganisms and
the decreasing activity of most of the monitored enzymes. The
correlation coefficient was higher than 0.71 in all cases. In the
control pile, the potassium content was most affected by the
decreasing pH (correlation coefficient 0.87), lipase and amin-
opeptidase activity. The content of calcium in the dog excrement
was 63,596 mg kg!. This value was lower in both vermicompost-
ing piles and was about 40,000mg kg! (week 29). This value
increased in the test pile to the value 47,378 mg kg! (week 51).
In the control pile, the value decreased to 37,952 mg kg™!. While
in the control pile a strong negative correlation was found
between Ca values and cellobiohydrolase activity (—0.94), in the
test pile the Ca content was affected by arylsulfatase activity
(correlation coefficient 0.89) and an increase in EC (correlation
coefficient 0.91), according to the correlation coefficient. The
magnesium contained in dog excrement was 4376 mg kg!. The
test pile contained 5589 mg kg ! in week 29, which subsequently
decreased to 5312mg kg ! (week 41), and at the vermicompost
age of 51 weeks, the value increased to 6239 mg kg!. In the con-
trol pile, the magnesium content decreased from 6122 mg kg™!
(week 29) to 5134mg kg ! (week 51) (Table 1). A strong negative
linear correlation was found between the Mg content and [3-p-
glucosidase activity in the control pile (—0.91). In the total con-
tent of nutrients, no statistically significant differences were
found between the weeks of each vermicomposting pile.

The number of earthworms in the test pile was 88 pcs kg™! in
the week 29, 50pcs kg! in the week 41 and 17pcs kg™! in the
week 51. In the control pile, the number of earthworms in each of
the samples was higher, but it also rapidly decreased (week 29:
112pcs kg!; week 41: 77pcs kg'!; week 51: 9pcs kg1). This
could be due to the fact that the test pile was sampled as a mixture
from both the bottom and the top of the pile, which was higher
due to the continuous feeding, while the control pile did not re-
feed and was lower, so there could be more earthworms in the
sample. In both piles, the number of earthworms decreased with
the age of vermicomposting.

The microbial PLFAs in dog excrement were as follows:
fungi 57.8pug g!' dw, bacteria 112.4pg g dw, actinobacteria
0.2pg g'! dw, Gram-positive bacteria 38.9 ug g! dw and Gram-
negative bacteria 53.7 pg g”! dw, and the total microbial biomass
was 450.3 pg g! dw. The fungal PLFAs of both piles were many
times lower than the content in the excrement (test pile: 2.0—
5.4pug ¢! dw; control pile 3.2-6.4ug g! dw). In addition, the
contents of bacteria were lower, except the actinobacteria, which
were many times higher in vermicomposting piles than in the
excrement (test pile: 3.9-4.8ug g! dw; control pile 4.3—
6.3 ug g dw). Bacterial PLFAs were higher in the control variant,
where they ranged from 50.8 ug g ' dw (week 51)to 75.0pug g ! dw
(week 41). In the test pile, PLFAs ranged from 40.2ug g! dw
(week 51) to 57.3ug g! dw (week 29) (Table 2). Gram-positive
and Gram-negative bacteria were also higher in the control vari-
ant as was the total microbial biomass. All microbial PLFAs were

Table 2. Microbial PLFAs in test (A) and control pile (B).

Test pile A Control pile B

Fungi (ug g=' dw])

29 weeks 538*=1.46a 3.59+0.12a

41weeks 2.57*+0.61a 637+211a

5Tweeks 2.03+0.32a 3.17x131a
Bacteria (ug g=' dw])

29 weeks 57.31+5.86 a 58.90+10.27 a

41 weeks 42.46+3.21a 75.00+4.33 a

51weeks 40.21+£9.40 a 50.76 = 6.65a
Actinobacteria (ug g=' dw)

29 weeks 4.78+1.22 a 627176 a

41weeks 3.85+0.57 a 5.74%2.42 a

51weeks 4.04+0.99a 432+0.78 a
G+ bacteria (pg g-' dw])

29 weeks 14.40£2.85a 12.48 £4.31a

41 weeks 9.88*+3.15a 18.09 £3.54 a

5T weeks 6.86*+1.55a 9.51+2.15a
G- bacteria (ug g=' dw])

29 weeks 34.94+0.86 a 38.12+4.73 a

41 weeks 26.93+3.77 a 48.16£5.554a

51weeks 2781*+1.71a 34.93+6.22a
Total microbial biomass (ug g-! dw)

29 weeks 96.10=7.954a 96.23+8.23 a

41weeks 70.10£5.40 ab 126.76 £23.10 a

5Tweeks 63.98+3.48Db 81.24+1235a

Values are the means + SD (n=3). Different letters in a column
indicate significant differences between weeks (Kruskal-Wallis test,
p=<0.05).

higher in raw excrement than in the vermicomposting piles. The
only statistically significant difference was found in total micro-
bial biomass at weeks 29 and 51. The individual groups of micro-
organisms interact, which is confirmed by the strong correlation
coefficients found between them (e.g. correlation coefficient
between fungi and bacteria: control pile 0.84, test pile 0.92).

Dog excrement is very rich in microorganisms. The addition
of biowaste from the park maintenance significantly reduced the
contents of microorganisms in vermicomposting piles. No addi-
tional biowaste was added to the control pile, so there could have
been a better multiplication of bacteria and fungi. Goémez-
Brandon et al. (2013) vermicomposted rabbit manure in polye-
thene reactors for 250 days using E. fetida. Their content of total
microbial biomass decreased with the age of vermicomposting
and ranged from 350 to 800 ug g! dw PLFA. Their fungal PLFAs
ranged from 1 to 3.5ug g! dw PLFA, which was little bit lower
than in our experiment. Their bacterial PLFAs were many times
higher than ours were and ranged from 250 to 650 g g! dw
PLFA.

The dog excrement itself exhibited lower values of pathogens
than many of the samples at the first part of vermicomposting
process. The content of total coliform bacteria in dog excrement was
7.8 X 10°CFU g!, the E. coli content was 2.14 X 105CFU g1,
the Enterococcus spp. content was 3.9 X 103CFU g'!, and the
presence of Salmonella spp. was proven, which is higher, than
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Table 3. Content of thermotolerant bacteria in test (A] and control pile (B).
Test pile A: Al A2 A3 A4 A5
Total coliform bacteria (CFU g-1)
29 weeks >24,196 11,199 4352 >24,196 9804
41weeks 10,462 >24,196 >24,196 4611 >24,196
5T weeks <50 1386 <50 <50 <50
E. coli (CFU g-)
29 weeks 5298 3877 1036 2402 4569
41weeks 20 <1 <1 <1 52
5T weeks <50 1386 <50 <50 <50
Enterococcus spp. (CFU g™')
29 weeks 6925 975 <750 975 <750
41weeks 11,199 5493 11,199 7701 1775
5T weeks <750 <750 7545 4636 <750
Salmonella spp.
29 weeks negative negative negative negative negative
41weeks negative negative negative negative negative
51weeks negative negative negative negative negative
Control pile B: B1 B2 B3 B4 B5
Total coliform bacteria (CFU g-')
29 weeks >24,196 15,531 >24,196 12,997 1872
41weeks >24,196 >24,196 >24,196 24,196 >24,196
5Tweeks <50 <50 <50 <750 <50
E. coli (CFU g™)
29 weeks >24,196 2577 3151 2924 2769
41weeks 816 24,196 1081 <1 2613
5Tweeks <50 <50 <50 <750 <50
Enterococcus spp. (CFU g1)
29 weeks <50 <750 4225 2625 <750
41weeks 4909 19,863 2475 235,000 8341
5T weeks <750 <750 1532 2682 <750
Salmonella spp.
29weeks negative negative negative negative negative
41weeks negative negative negative negative negative
51weeks negative negative negative negative negative

A1/B1 - A5/B5: samples taken according to Figure 1.

the values measured by Mudrunka et al. (2020), who vermicom-
posted dog excrement in combination with corn meal and decayed
grass. They measured content of E. coli 1 X 103CFU g! and
1 X 10*CFU g! of Enterococcus spp. in raw dog excrement.
However, their dog excrement samples came from the dogs of
one of the authors. Our samples were more diverse and therefore
the values could be higher.

In both piles, the content of thermotolerant coliform bacteria
had a very similar trend; there was a gradual decrease. At the
vermicompost age of 51 weeks, both piles contained almost iden-
tical amounts of thermotolerant coliform bacteria (Table 3), and
the highest amount of total coliform bacteria was in sample A2.
However, compared to the value at the 29th week of vermicom-
posting, this value was lower (in the test pile, sample A2). In
other samples, the occurrences of pathogens at <50 were meas-
ured at the last sampling. Samples taken from the top of the pile
did not regularly show higher values than samples taken from the
bottom of the pile. All samples of the control pile showed low
values in week 51; in sample B4, the value was <750, and in the

other samples, the values were <50. The amount of E. coli
decreased faster in the test pile, but at the vermicompost age of
S51weeks, the quantities of this pathogen in both piles were
almost the same. The test pile contained, at the beginning of the
vermicomposting process in some samples, a many times higher
content of Enterococcus spp. than the control pile, but in both
piles, the contents decreased with the age of vermicomposting.
The value of Enterococcus spp. in the test pile increased between
week 29 and 41 and then decreased between week 41 and 51,
which is consistent with the development of Gram-negative
bacteria values during vermicomposting, which also includes
Enterococcus spp. The presence of Salmonella spp. was detected
in the dog excrement, but not in both piles. Although E. coli
decreased in our experiment, in the case of Mudrunka et al.
(2020) E. coli content did not change (1 X 103CFU g!). They
vermicomposted dog excrement with corn meal and decayed
grass in outdoor boxes for Smonths. In the contents of
Enterococcus spp. they recorded a decrease from 1 X 10*CFU
g 'to 1 X 102CFU g'. However, their slight or no decrease could
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be due to the fact, that the experiment took place outdoors during
the winter months (October to February). HiebeCkova et al.
(2019a) vermicomposted kitchen biowaste for 18 months in out-
door conditions using E. andrei, and all pathogens decreased
with the age of vermicomposting. Total coliform bacteria
decreased from 8.7 X 103 to 3.3 X 103CFU g1, and the analyses
for Salmonella spp. were negative. Prochazkova et al. (2018) and
Roubalova et al. (2019) vermicomposted apple pomace and
grape marc with the addition of pathogenic bacteria (coliform
bacteria, Salmonella spp., E. coli and Enterococcus spp.). The
values of all pathogen bacteria decreased with the age of the
vermicompost. In the case of Salmonella spp. and Enterococcus
spp., the samples were negative at the end of vermicomposting.
E. coli were <1 CFU g ! in both experiments at the end of vermi-
composting. The total coliform bacteria decreased in the experi-
ment with apple pomace from 2.5 X 105to 2.1 X 10*CFU g1, and
in the experiment with grape marc, it decreased form 3.1 X 105 to
1.3 X 103CFU g!. Flowerdew (2011) says that dog excrement is
not suitable for composting due to its health risks. The results
showed that during vermicomposting the content of pathogenic
microorganisms decreases, and dog excrement should therefore
no longer pose any health risks to the environment or humans at
the end of the process.

At the vermicompost age of 51 weeks, six samples were taken
(three from the test pile, three from the control pile), in which the
presence of helminths or their eggs was determined. None of the
samples taken showed the presence of helminths or their eggs.
Many authors have examined the presence of helminths in dog
excrement samples taken from various places in the city and the
countryside. Dubna et al. (2007) analysed dog excrement in
Prague and the countryside of the Central Bohemian Region. The
total incidence of parasites in samples of excrement from Prague
was 17.6%. The most common parasite was 7. canis. Dogs in the
countryside were infected far more often than those in the city
were; the total incidence of parasites in rural samples was 41.7%.
The survey showed that most dogs were infected in the autumn.
Papajova et al. (2014) analysed 587 samples of dog excrement
from eight cities and three villages in Slovakia. Overall, 29.9% of
the samples were positive, which is a higher number than in the
centre of Prague, but lower than the values from dog excrement
obtained in Central Bohemia. The most common parasite was
also 7. canis. Pipkova et al. (2017) conducted a study in two
adjoining villages in the northeast of Slovakia (‘City A’ and “City
B’). City A was generally characterized by a lower level of
hygiene; the total incidence of parasites in 127 samples of dog
excrement was 71.65%. For city B, where the standard of hygiene
was much higher, the incidence of parasites in 72 samples of
dog excrement was 19.44%. This study points to a connection
between the occurrence of parasites in dog excrement and the
level of hygiene in a city. Felsmann et al. (2017) analysed dog
excrement located in seven public places in the city of Chlumno,
Poland. The average contamination with helminth eggs was
36.1%, which is higher than in Prague and Slovakia, but lower
than in the Czech countryside and Slovak villages with low levels

of hygiene. Cvetkova et al. (2018) conducted a study at forty
public and private sites in Varna, Bulgaria. They collected sam-
ples from soil and sand. Of the of soil samples, 55% were nega-
tive, and helminth eggs were found in 45% of habitats. In this
study, after 51 weeks of the vermicomposting process, all sam-
ples taken were negative for the presence of helminths and their
eggs. Thus, vermicomposting appears to be an effective method
of removing helminths.

The enzymatic activities measured in dog excrement were as
follows: B-p-glucosidase 9549.3 umol MUFG h™! g7!, acid phos-
phatase 10,919.7 pmol MUFP h! g1, arylsulphatase 431.5 pmol
MUFS h! g1, lipase 11,268.9 umol MUFY h™!' g7!, chitinase
5209.1 umol MUFN h'! g1 cellobiohydrolase 5530.8 pmol
MUFC h™! g1, alanine aminopeptidase 524.8 umol AMCA h'! g7}
and leucine aminopeptidase 470.8 umol AMCL h! g1

The activity of B-p-glucosidase in the test pile decreased with
the age of the vermicompost (from 1225.2 yumol MUFG h™! g1 to
611.4umol MUFG h™! g1, but the trend was the opposite for the
control pile (increased from 1253.0pumol MUFG h! g! to
2498.4umol MUFG h! g). The activity of B-p-glucosidase
measured by Hiebeckova et al. (2019b) in the vermicomposting
heaps with household biowaste, malting sludge and grape
marc was lower than the activity measured in the control pile.
The highest value of B-p-glucosidase in their experiment was
1642 umol MUFG h'! g! in the vermicomposting heap with
grape marc. The activity of acid phosphatase, chitinase and cel-
lobiohydrolase in our experiment decreased gradually with the
age of the vermicompost in the test pile. However, only the
decrease of chitinase was found to be statistically significantly
different between week 29 and week 51. The activities of chi-
tinase and cellobiohydrolase were lower in the test variant, but
only in weeks 41 and 51 (Table 4). This variant also contained
lower amounts of fungi, which are the main producers of these
two enzymes. Pramanik et al. (2007) analysed the acid phos-
phatase activity of several types of biodegradable waste (cow
dung, fresh grass, weeds and municipal solid waste) after 70—
85days of vermicomposting using E. fetida earthworms. At the
end of vermicomposting, the highest activity was measured in
vermicompost from cow dung (approximately 180,000 pg
p-nitrophenol g! h™'), while the lowest activity was measured in
the variant with municipal solid waste (approximately 120,000 png
p-nitrophenol g~! h™!). Chitinase activity measured by Lee et al.
(2016) during the process of composting a mixture of biological
waste (pig and poultry manure, spent mushroom substrate,
sawdust, residues after processing rice, with the addition of ferti-
lisers containing Mo, Zn, B, Mn and Cu) decreased with the age
of the compost from 550 g g! to 400 pg g! (after 90days of
composting). There was also a decrease in our test variant from
421.5umol MUFN h! g1 to 152.0umol MUFN h'! g, The
only statistically significant increase in our experiment was
found in the activity of arylsulphatase in the test variant (from
2.5umol MUFS h™!' g7! to 85.2umol MUFS h'! g!). Tejada
et al. (2010) dealt with the influence of vermicompost from cow
dung, green fodder and their combinations, on soil properties.
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Table 4. Enzymatic activities in test (A) and control pile (B).

Test pile A Control pile B

B-p-glucosidase (pmol MUFG h-'g-1)

29 weeks 1225.2+570.2 a 1253.0x 4243 a
41weeks 830.0=176.6 a 2146.2*x164.5a
5Tweeks 611.4x230.2a 2498.4*+366.5a

Acid phosphatase (umol MUFP h-" g-1)

29 weeks 2198.9+551.1a 1499.6 +388.0 a
41 weeks 1467.1+180.6 a 212132079 a
5Tweeks 1287.8+150.8 a 1905.4 2623 a

Arylsulphatase (pmol MUFS h-' g-')

29 weeks 25+1.7a 31.9*+14.4a

41 weeks 40.4*x16.0 ab 35.2+8.7a

51weeks 85.2+105b 58.1+18.2a
Lipase (umol MUFY h-1g-1)

29 weeks 14,377.9 = 2888.9 a 8205.5*+304.7 a

41weeks 5861.6 £372.9 b 8256.9 =1095.4 a

51weeks 7071.3+239.9 ab 5560.3£707.2 a
Chitinase (umol MUFN h-" g-")

29weeks 421.7+144.7 a 284.2+65.0a

41weeks 170.0+x11.0 ab 353.3+40.1a

51weeks 146.5£215b 261.8+209a
Cellobiohydrolase (pmol MUFC h-' g-']

29 weeks 410.5+85.6a 271.7+843a

41weeks 192.1+11.2a 873.7+179.9 a

51weeks 152.0+x49.4a 759.0=71.0a
Alanine aminopeptidase (pmol AMCA h-' g-1)

29 weeks 76.2+x26.7a 40.0=29a

41weeks 26.b*x2.4a 39.8x7.7a

51 weeks 31.9=11.1a 27.8x99a
Leucine aminopeptidase (umol AMCL h-" g-1)

29 weeks 96.025.6a 76.4+t11.9a

41weeks 26.6*x3.1a 80.5*+10.9a

51weeks 343*x163a 37.5*+28a

Values are the means =+ SD (n=3). Different letters in a column
indicate significant differences between weeks (Kruskal-Wallis test,
p=<0.05).

The vermicompost from cow dung had a better effect on soil
properties, where arylsulfatase values were higher by 14.2% than
in other variants. The activities of aminopeptidases in the test
pile in our experiment were almost the same. At first, it decreased
to 26 pumol h™! g1, and then it increased to a value of about
30umol h! g1, In the case of the control pile, the highest meas-
ured activity of lipase was 8256.9 umol MUFY h'! g1 in week 41,
and in the test pile, it was 14,377.9. umol MUFY h™! g1 in week
29. Lipase is an enzyme of the digestive tract, which indicates the
high value of its activity in dog excrement. Arylsulfatase, alanine
aminopeptidase and leucine aminopeptidase showed very low
values of enzymatic activity in the control vermicomposting pile,
which did not exceed 100 umol h™! g1. No statistically signifi-
cant differences between weeks were found in the control pile.
In the test pile, a correlation was found between [-p-
glucosidase activity and G+ bacteria content (0.69); phosphatase
activity and fungi content (0.67) and G—bacteria (0.70); aryl-
sulfatase activity and fungi content (—0.73) and G+ bacteria
(—0.67); lipase activity and content of both fungi (0.77) and bac-
teria (0.72), especially G—bacteria (0.83); chitinase activity and

content of both fungi (0.72) and bacteria (0.69), especially
G—bacteria (0.76); cellobiohydrolase activity and content of both
fungi (0.74) and bacteria (0.75), especially G+ (0.68) and
G—bacteria (0.79); alanine aminopeptidase activity and content
of fungi (0.67) and G—bacteria (0.72); leucine aminopeptidase
activity and fungi (0.74) and G—bacteria (0.73). By the value of
the correlation coefficient was also confirmed that the levels of
individual enzymatic activities affect each other. In the control
pile, there was a high correlation coefficient between enzymatic
activity and the content of microorganisms only for the lipase
activity, which should be positively influenced by the content of
all groups of microorganisms; for chitinase activity, which can be
affected by bacterial content (correlation coefficient 0.81), espe-
cially G+ (correlation coefficient 0.71) and G— bacteria (correla-
tion coefficient 0.67); for leucine aminopeptidase activity and
bacterial content (correlation coefficient 0.68).

Conclusion

Dog excrement poses a relatively significant risk due to the
presence of pathogenic organisms. This risk can be eliminated
by collecting excrement and the regular deworming of dogs.
Vermicomposting dog excrement with waste from park mainte-
nance can be an effective way to handle dog excrement and
transform it into a high quality fertiliser. During the process of
vermicomposting, there was a gradual decrease in the content
of pathogenic bacteria. This vermicompost was also very rich in
microorganisms and enzymatic activity. The pH value was
slightly alkaline, and the C:N ratio corresponded to value of
mature vermicompost. The test variant, with continuous feed-
ing, showed a higher nutrient content at the end of vermicom-
posting, while the control variant, with a single feeding, showed
higher enzymatic activity.
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