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INTRODUCTION

Composting is a low temperature bio-oxi-
dative process of organic matter transformation 
and belongs to important trends in recycling or-
ganic and mineral components of wastes [Baran 
et al. 2009]. Currently, in Poland attempts are 
made to reduce the amount of biodegradable 
waste deposited on landfills. Organic recycling, 
including composting of biodegradable wastes 
may be one of the ways to achieve this goal. 
In the case of municipal wastes this method 
is extremely advantageous since it eliminates 
their sanitary-epidemiological hazard and re-
duces the organic content of landfills. Among 
other advantages of the method, there are its 
availability, easy exploitation and the possibil-
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ABSTRACT
Composting process provides a valuable material improving physical and chemi-
cal properties of soil. The quality of the obtained compost depends to a great ex-
tent on the kind of material subjected to stabilisation. Composting biodegradable 
products may result in the end product exceeding heavy metal limits that cannot be 
used in agriculture. The studies included composts produced in the compost plant 
in Kołobrzeg, the Municipal Waste Recovery and Storage Plant in Leśno Górne and 
the Waste Managemant Plant in Wardyń Górny. Composts were made from munici-
pal solid waste, sewage sludge with straw and sawmill waste, and from urban green 
waste. The following determinations were determined: morphological composition, 
total content of macroelements and microelements and the level of these elements 
soluble in HCl at the concentration of 0.5 mol∙dm-3. The examined composts con-
tained the amounts of total Pb, Ni and Cd allowing for their use in agriculture and 
the compost from sewage sludge, straw and sawmill waste, turned out to have the 
best utilisation properties.
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ity of obtaining soil amendment improving its 
fertility [Manczarski 2009, Pagans et al. 2006, 
Zhao et al. 2013]. Biodegradable wastes from 
various streams constitute a valuable mate-
rial for biological, both aerobic and anaerobic, 
treatment technologies. However, a decisive 
criterion for the usefulness of the product is its 
quality [Jędrczak and Haziak 2005]. The prod-
uct obtained as a result of composting munici-
pal waste and sewage sludge is rich in humus 
and macro and microelements [Jasiewicz et 
al. 2010]. The only problem is the increase in 
heavy metal content [Gondek and Kopeć, 2012, 
Miaomiao et al. 2009]. High concentration of 
heavy metals in obtained product may exclude 
the possibility of their use in agriculture [Jasie-
wicz et al. 2010], especially those produced 
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from municipal waste [Castaldi et al. 2006, 
Sądej and Namiotko 2010].

The purpose of this research was to evaluate 
and compare the fertiliser value and heavy metal 
content of compost produced from different ini-
tial materials.

MATERIALS AND METHODS

The study was conducted on 25 samples of 
mature composts. Ten of them were from the com-
post plant in Kołobrzeg, producing compost from 
municipal waste. The other 10 were the samples of 
compost from biodegradable waste from Szczecin 
cemetery, which are collected by the Waste Recov-
ery and Storage Plant in Leśno Górne. The remain-
ing 5 samples came from the Waste Treatment Plant 
in Wardyń Górny, from the compost produced from 
sewage sludge (30%) mixed with sawmill waste 
and straw (70%). Samples were taken by drilling 
piles at different sites. After air-drying, initially pre-
pared material was crushed in the mortar to pass a 
1.0-mm mesh sieve. Next, the weight of each frac-
tion was determined. The fraction over 1.0 mm was 
separated into unprocessed organic parts, stones, 
gravel, glass and plastics. On the basis of the weight 
of separated morphological components their per-
centages were calculated. Unprocessed organic 
matter was shredded and included into particles 
below 1.0 mm. Fine earth fraction (< 1.0 mm) was 
subjected to further laboratory analysis.

Loss-on-ignition was determined at the tem-
perature 550 °C, pH in KCl, H2O potentiometri-
cally, C, N and S content using an elementary 
analyser and gas chromatography. The content of 
macroelements P, K, Mg, Ca, Na was determined 
in HCl at the concentration 0.5 mol·dm3 and the 
mixture of concentrated HNO3+HClO4, phospho-
rus content colorimetrically, K and Na by flame 
photometry, and Ca and Mg by atomic absorption 
spectrometry. Fine earth was analysed for heavy 
metal content (Fe, Mn, Zn, Cu, Pb, Ni, Co, Cd). 
The content of trace elements soluble in HCl at 
the concentration 0.5 mol∙dm-3, and also after 
wet mineralization in the mixture of concentrated 
HNO3+HClO4, were obtained by means of atomic 
absorption spectrophotometer. 

RESULTS

Examined composts were characterised 
by varied amount of fine earth, unprocessed 

organic residues, gravel, stones, plastics and 
glass (Table 1). The highest fine earth percent-
age 71.45% was found in the compost from the 
waste from the urban green areas. The lowest 
percentage of the fraction below 1.0 mm was 
detected in the compost from municipal waste 
– 48.79%, on average. The compost from sew-
age sludge, sawmill waste and straw contained 
52.31% of the above mentioned fraction. In the 
case of unprocessed organic parts the highest 
mean percentage was observed in the com-
post produced by the Waste Treatment Plant in 
Wardyń Górny – 27.26%, and the lowest in that 
one from the Waste Recovery and Storage Plant 
in Leśno Górne – 1.34%. 

The compost from the compost plant in 
Kołobrzeg contained on average 7.42% of un-
processed organic parts. Mean content of grav-
el and stones was at the level of the compost 
from municipal waste – 9.62%, for the compost 
from the urban green areas – 16.14%. The high-
est amount of gravel and stones was recorded 
in the compost from sewage sludge – 20.43%. 
Such morphological components as plastics and 
glass have not been selected from the samples 
of the compost produced from sewage sludge, 
sawmill waste and straw. However, these com-
ponents were separated from the compost from 
the waste of city green areas (1.60% plastics 
and 9.47% glass on average) and the compost 
from municipal solid waste (11.10% plastics 
and 23.07% glass).

Analysing the properties of composts origi-
nating from different sources (Table 2), it can be 
noticed that the reaction of sewage sludge (pH in 
H2O in the range 5.31–6.40) considerably differs 
from the reaction of composts from municipal 
waste and green waste (pH in H2O in the range 
6.72–7.82 and 6.88–7.09, respectively). Sewage 
sludge compost contained 45.59% of organic 
matter, municipal waste compost 35.54%, and 
green waste compost 9.00%, on average. N con-
tent in the analysed compost ranged from 0.36% 
(green waste compost) to 2.13% (sewage sludge 
compost). C:N ratio was; 11.31 in the compost 
from sewage sludge, 12.76 in the compost from 
municipal waste and 15.18 in that from the green 
waste. The highest content of organic C and total 
forms of N, P, K, Mg was found in sewage sludge 
compost, whereas the lowest amount of these el-
ements in green waste compost. The latter con-
tained also the least of total S, Ca and Na, and the 
former the most of them (Table 2).
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Mean concentration of phosphorus con-
verted to oxide form amounted to 1.21% in 
sewage sludge compost, 0.68% in municipal 
solid waste compost and 0.19% in green waste 
compost Mean content of potassium (Table 
2) converted to oxide forms was as follows: 
1.95% in sewage sludge compost, 0.57% in 
municipal waste compost and 0.26% in green 
waste compost.

Similarly to the total level of P, K, Mg, the 
highest level of these elements soluble in HCl 
at the concentration 0.5 mol·dm3, was observed 
in sewage sludge compost (Table 3). The low-
est concentration of P, K, Mg, Ca and Na sol-
uble in HCl at the concentration 0.5 mol·dm3 

was recorded in green waste compost. Sewage 
sludge, however, had the highest level of Ca 
and Na.

Table 1. Percentage share of separated compost components

Value
Fraction < 1.0 mm Weakly transformed 

organic matter Gravel. stones Plastics Glass

[%]

Compost from sewage sludge

min. 50.38 24.42 17.21 – –

max. 55.79 29.61 22.80 – –

mean 52.31 27.26 20.43 – –

S 2.25 1.89 2.18 – –

Municipial solid waste compost

min. 45.18 3.24 7.02 9.65 20.63

max. 52.77 9.42 11.19 11.97 25.16

mean 48.79 7.42 9.62 11.10 23.07

S 3.04 1.77 1.45 0.73 1.65

Green waste compost

min. 66.40 0.40 12.06 0.76 7.05

max. 78.42 2.84 19.92 3.50 12.56

mean 71.45 1.34 16.14 1.60 9.47

S 3.43 0.83 3.02 0.86 1.54

Table 2. Some physico-chemical and chemical properties of examined composts (total P, K, Mg, Ca and Na 
soluble in concentrated HNO3 + HClO4)

Value
pH Organic 

matter C N S
C:N

P K Mg Ca Na

H2O KCl [%] [g∙kg–1] [g·kg–1]

Compost from sewage sludge

min. 5.31 4.96 39.72 212.99 18.30 4.80 10.71 4.80 13.73 4.67 26.90 0.83

max. 6.40 5.84 51.33 261.66 23.49 7.06 11.90 6.20 18.08 5.46 38.54 2.95

mean – – 45.59 239.98 21.30 6.16 11.31 5.26 16.17 4.94 31.34 1.82

S – – 5.46 22.09 2.61 1.19 0.47 0.56 1.18 0.38 6.84 0.86

Municipial solid waste compost

min. 6.72 6.53 31.35 189.59 15.77 2.76 11.74 2.44 2.85 2.39 63.33 2.84

max. 7.89 6.83 39.87 233.17 18.75 9.37 14.65 3.67 6.89 3.24 78.90 15.77

mean – – 35.54 212.60 16.69 6.08 12.76 2.96 4.73 2.94 71.26 7.62

S – – 3.02 12.98 0.92 1.97 0.88 0.35 1.00 0.27 14.25 1.42

Green waste compost

min. 6.88 6.56 7.36 44.13 3.03 0.39 14.44 0.73 1.79 1.19 9.11 0.23

max. 7.09 6.82 11.41 67.65 4.36 0.74 16.46 0.92 2.66 1.74 14.99 0.38

mean – – 9.00 53.97 3.55 0.56 15.18 0.82 2.29 1.36 12.44 0.32

S – – 1.31 8.13 0.42 0.11 0.60 0.06 0.24 0.18 1.45 0.04
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The comparison of total heavy metal content 
in different composts (Table 4) shows the highest 
mean content of Fe, Mn, Zn and Cd, and the low-
est of Pb and Co in sewage sludge compost. The 
green waste compost was characterised by the low-
est content of total N, Fe, Mn, Zn, Cu, Cd and Ni, 
whereas municipal solid waste compost had the 
highest mean content of total Cu, Pb, Ni and Co.

Analysing the concentration of determined 
trace elements soluble in HCl at the concen-

tration 0.5 mol∙dm-3 a slightly different dis-
tribution of mean highest and lowest values 
was found than in the case of their total forms 
(Table 5). The largest amounts of Fe, Mn, Zn 
and Cd soluble in HCl at the concentration 
0.5 mol∙dm-3 were recorded in sewage sludge 
compost which, simultaneously, contained 
the least of Cu, Pb, Ni and Co. Compost from 
municipal solid waste had the highest amount 
of the described form of Cu, Pb, Ni and the 

Table 3. Content of macroelements soluble in HCl at the concentration 0.5 mol∙dm-3 in examined composts

Value
P K Mg Ca Na

[g∙kg-1]

Compost from sewage sludge

min. 1.32 12.81 3.99 19.5 0.65

max. 1.42 17.30 5.22 35.4 2.56

mean 1.37 15.21 4.74 28.5 1.36

S 0.04 2.15 0.60 7.9 0.73

Municipial solid waste compost

min. 0.86 2.73 1.74 56.8 1.77

max. 1.36 6.73 2.46 72.3 11.01

mean 1.15 4.55 2.20 67.6 4.37

S 0.18 1.36 0.24 5.2 2.72

Green waste compost

min. 0.34 0.92 0.51 8.86 0.14

max. 0.55 1.65 0.73 13.7 0.30

mean 0.42 1.26 0.59 11.2 0.23

S 0.06 0.19 0.08 1.3 0.05

Table 4. Content of trace elements soluble in concentrated HNO3 + HClO4 in examined composts

Value
Fe Mn Zn Cu Pb Ni Co Cd

[mg∙kg-1]

Compost from sewage sludge

min. 7995 320.6 470.0 86.8 14.5 11.33 1.11 0.934

max. 9625 485.8 993.6 96.9 20.2 12.97 2.26 2.843

mean 8923 390.8 721.4 93.4 17.0 11.82 1.53 2.313

S 635 60.7 13.6 4.0 2.4 0.67 0.43 0.084

Municipial solid waste compost

min. 4871 140.2 373.0 76.6 52.9 16.55 2.15 1.103

max. 11095 284.2 691.8 249.6 138.9 30.03 4.48 3.415

mean 7516 181.6 487.6 122.4 81.8 22.12 3.17 1.826

S 2066 33.2 132.2 50.0 29.8 5.42 0.60 0.779

Green waste compost

min. 5865 138.1 66.9 17.4 15.0 6.70 1.56 0.168

max. 8550 190.9 162.1 28.5 39.2 9.34 2.63 1.233

mean 6650 159.1 89.7 21.7 21.8 7.60 2.04 0.662

S 933 19.6 22.8 3.5 7.2 0.98 0.32 0.37
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lowest amount of Mn and Zn (Table 5). In the 
compost from urban green waste there was the 
most Co and the least Mn, Zn and Cd soluble 
in HCl at the concentration 0.5 mol∙dm-3.

DISCUSSION

As far as undesirable components, such 
as glass and plastics, are concerned, the best 
properties were detected in sewage sludge 
compost, while a high amount of glass 
in the compost from city green waste ex-
cluded from agricultural use. Ciesielczuk  
et al. [2011] point to a considerable amount of 
glass in compost produced from municipal solid 
waste. The reaction of examined compost made 
from sewage sludge, straw and sawmill waste is 
similar to the results obtained by Czekała and 
Sawicka [2006] for the compost from sewage 
sludge with different share of straw and saw-
dust. Lower pH in sewage sludge compost in 
comparison with municipal solid waste compost, 
was also reported by Lisk et al. [1992]. Alkaline 
reaction of compost from municipal waste was 
obtained by Kazanowska and Szaciło [2008], Raj 
and Antil [2010] as well as Zao et al. [2013], and 
in compost from green waste Beesley and Dick-
inson [2010]. However, composts investigated by 
Krzywy-Gawrońska [2010] from sewage sludge 
with varying amounts of green waste, straw and 
coal ash were characterised by alkaline reaction.

According to the Act on Fertilisers and Fer-
tilisation [Dz. U. 2007, No 147, item 1033] and 
the Regulation of the Minister of Agriculture 
and Rural Development [Dz. U. 2008, No 119, 
item 765], the examined composts manufac-
tured from sewage sludge and municipal waste 
meet the requirements in terms of organic mat-
ter content ≥ 30% for organic fertilisers in solid 
form. Many authors’ papers confirm [Lisk et al. 
1992, Kazanowska and Szaciło, 2008, Krzywy-
Gawrońska, 2010, Kosobudzki et al. 2000, Ribei-
ro et al. 1996] a substantial content of organic 
matter in composts produced from sewage sludge 
and municipal solid waste. On the other hand, the 
compost from urban green waste does not con-
form to the minimum content of organic matter 
for organic and organic-mineral fertilisers in a 
solid form, given in the regulations [Dz. U. 2008, 
No 119, item 765]. All examined composts with 
the content of total N > 0.3% meet the require-
ment of minimum N content in accordance with 
the Regulation [Dz. U. 2008, No 119, item 765] 
similarly to the composts described by Krzywy-
Gawrońska [2010]. The obtained C:N ratio, from 
11.3 to 15.8, prove the maturity of the product 
generated as a result of biological, aerobic trans-
formation of biodegradable wastes. In many au-
thors’ opinion [Kosobudzki et al. 2000, Jędrczak 
and Haziak, 2005, Meller et al. 2007], C: N ratio 
< 20, indicates compost maturity and a preferable 
C:N value is below 15 [Raj and Antil, 2010, Go-
yal et al. 2005, Ozimek and Kopeć, 2012]. Com-

Table 5. Content of trace elements soluble in HCl at the concentration0.5 mol∙dm-3 in examined composts

Value
Fe Mn Zn Cu Pb Ni Co Cd

[mg∙kg-1]

Compost from sewage sludge

min. 2443 284.3 463.1 0.451 0.811 0.169 0.050 1.735

max. 6468 434.6 985.6 7.089 8.140 2.121 0.667 2.416

mean 3776.2 365.88 676.98 3.296 5.049 1.203 0.357 2.015

S 1769.24 71.99 272.58 2.763 3.867 0.949 0.286 0.267

Municipial solid waste compost

min. 876 132.9 327.8 9.962 28.15 5.878 0.419 0.879

max. 2078 250.5 589.5 48.39 64.40 12.50 1.752 2.348

mean 1360.7 163.83 444.57 24.210 40.68 7.49 0.76 1.64

S 414.41 35.63 95.82 13.96 14.27 2.196 0.389 0.577

Green waste compost

min. 1160 127.8 52.9 9.487 14.62 0.967 0.841 0.118

max. 2130 172.0 147.1 15.45 18.54 1.639 1.214 0.966

mean 1475.2 141.34 67.23 11.465 15.852 1.290 1.015 0.523

S 298.74 13.97 28.52 1.78 1.16 0.24 0.12 0.29
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paring the content of P and K, on the basis of P2O5 
and K2O, with guidelines for organic solid ferti-
lisers [Dz. U. 2008, No 119, item 765] it can be 
stated that in all composts the potassium content, 
converted to oxide form, is within the given limit 
≥ 0.2%. In the case of oxide form of phospho-
rus content, only the green waste compost does 
not satisfy the requirements P2O5≥ 0.2%. Kaza-
nowska and Szaciło [2008], Krzywy-Gawrońska 
[2010], Lisk et al. [1992] and Zhao et al. [2013] 
also obtained similar content of phosphorus and 
potassium, converted to oxide form, above 0.2%, 
in the compost from sewage sludge and municipal 
solid waste. According to IUNG [1990] standards 
for organic soil nutrient resources, the content of 
phosphorus, potassium and magnesium deter-
mined in HCl at the concentration 0.5 mol∙dm-3 
was as follows: very high resources of potas-
sium and magnesium in all examined composts 
(I class), very high resources of phosphorus in 
the compost produced in Kołobrzeg and Wardyń 
Górny (I class) and high content of phosphorus in 
the compost from Leśno Górne (II class).

Among the determined heavy metals, the con-
centration of S, Pb, Ni, Cd, in analysed composts 
did not exceed admissible values listed in the 
Regulation [Dz. U. 2008, No 119, item 765] and 
directives [Szpadt and Jędrczak, 2008] for organic 
and organic-mineral, fertilisers and amendments. 

Comparing the obtained results for heavy 
metal concentration (soluble in HCl at the con-
centration 0.5 mol∙dm-3) with IUNG recommen-
dations [IUNG 1990] for organic soils, it may be 
stated that the content of Cu, Pb and Ni in all the 
examined composts and Zn in green waste com-
post is close to natural (0-degree of contamina-
tion). The level of Zn and Cd in sewage sludge 
compost and municipal solid waste compost ex-
hibits a slight contamination with these elements 
(II-degree of contamination). Concentration of 
Cd in green waste compost is elevated in relation 
to the standard values for organic soils (I-degree 
of contamination).

CONCLUSIONS

1.	 Composts produced from sewage sludge and 
municipal solid waste meet the legal regula-
tions for solid organic fertilisers.

2.	 The best utilisation properties were found in 
the sewage sludge compost and the worst in 
the city green waste.

3.	 The examined composts do not exceed heavy 
metal content limits (Pb, Ni and Cd) given in 
the Regulation of the Minister of Agriculture 
and Rural Development of 18 June 2008 con-
cerning the implementation of The Act on Fer-
tilisers and Fertilisation.
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