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Abstract: The aim of the investigations was to determine the quantitative changes of selected or-
ganic compounds during composting of municipal solid wastes (MSW). The object of the study was
a differently matured compost produced according to open pile/windrow semi-dynamic technology
from selectively collected biodegradable municipal solid waste. During the experiment, tempera-
ture and moisture of the composted wastes were monitored. In the collected samples - taken from
differently matured compost - total organic carbon (TOC) and total nitrogen (TN) were determined.
The organic matter fractionation method described by Stevenson and Adani et al. was adopted,
which allows to determine the carbon content of the following groups of organic compounds: hy-
drophobic (HSC), hydrophilic (WEOC), acidophilic (Cac), cellulose (CCEL), core-HA (ligno-humic,
CALK) and residual carbon (non-hydrolysing, CR). The TOC and TN content, as well as the origin
and quality of the starting materials, allow the product tested to be classified for fertiliser purposes.
The most intense changes were observed during the thermophilic composting phase. In spite of the
optimal technological conditions of the process, the predominance of the CR and CCEL fraction was
observed, and the share of humic compounds did not exceed 30% TOC. The investigated compost
met legal, ecological and economic criteria for products of biological recycling, thus can be used as
a good organic amendment to improve soil organic matter balance, stimulate soil biodiversity and
carbon sequestration.

Keywords: humic substances; compost quality; municipal waste; transformation of organic com-
pounds

1. Introduction

Soil organic matter plays a crucial role in carbon capture and storage. Overall, soil
management and utilization should result in maintain soil quality, fertility and produc-
tivity especially as stocks of soil organic carbon have declined in many agricultural sys-
tems all over the world. In the last decades there has been a growing interest in the use of
alternative fertilizers such as brown coal, biochar, composts produced from segregated
biodegradable waste or biomass, as well as other organic amendments, in agricultural and
horticultural production. Soil organic amendments are a good source of stable organic
carbon and, due to the presence of good-quality nutrients, can be efficiently used to im-
prove the balance of organic matter, enhance carbon sequestration and stimulate activity
of soil biodiversity [1,2]. On the other hand, the increasing amount of waste requires a
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reasonable strategy in its management. It focuses mainly on: quantity and toxicity reduc-
tion, recycling and reuse, and energy recovery [1,2]. Urban waste management and pro-
cessing is currently a priority in the environmental policy of many countries. As a conse-
quence of increasing pro-ecological awareness of citizens and governing elites, develop-
ment of those fields of science and technology, which allow reasonable waste manage-
ment, has been observed [3]. Based on the recent studies [4,5,6], the most important factors
determining the waste management method were defined and characterised: qualitative
composition (morphology), chemical, physico-chemical and biological properties, collec-
tion method (selective or non-selective collection), legal and economic aspects. Municipal
solid waste is characterised by variability of morphological composition and physico-
chem-biological properties depending on the level of civilisation development of the pop-
ulation, economic diversity, urbanisation and infrastructure, type of buildings and the
size of settlements [7,8]. Furthermore, many studies indicate that the average chemical
composition of municipal waste, and especially the content of individual groups of or-
ganic compounds, is difficult to determine. Their quantity ranges within a very wide lim-
its and depends on many factors [9,10]. It is assumed that on average, in the biodegrada-
ble, organic part of municipal waste, carbohydrates and lignin constitute 40% - 80%, pro-
teins 1% - 15%, and fats and hydrophobic substances 5% - 30% of dry mass [4,5].
Carbohydrates are considered to be the most common compounds in organic matter
(OM) on earth and therefore predominate in the biodegradable compounds of composted
waste [11,12, 13]. Their properties, in particular susceptibility to biotransformation pro-
cesses, result mainly from the presence of hydroxyl groups and are strictly dependent on
the structure and degree of polymerisation [8,10,14]. Mono- and disaccharides are the pri-
mary source of carbon and energy and are involved in most of the metabolic processes
conducted by micro-organisms during composting. In addition, they have the ability to
bind nitrogen and phosphorus compounds and thus become one of the main organic do-
nors of these elements [8,14]. In contrast, polysaccharides, highly polymerised com-
pounds whose structure is stabilised by hydrogen bonds, are classified as very stable sub-
stances with low chemical activity. The most important is cellulose, the proportion of
which can achieve above 50% of the organic matter of the composted mass [13,14,15]. Since
the intensity of cellulose transformation depends on the microbial activity of the compost-
ing microorganisms, it is most often considered as an organic carbon and energy store
[13,14].
According to the current understanding, lignin is decomposed into phenolic monomers
under the action of hydroxyl radicals, which are then converted by oxidation to quinone
monomers. The resulting monomers combine with other compounds to form supramo-
lecular polymers which can be transformed into humic substances (HS) by biochemical
changes [15,16,17,18]. Moreover, due to its strong polymerization, lignin is very resistant
to biotransformation processes. During composting, its transformations depend on the
intensity of extracellular enzymatic processes initiated by fungi and actinomycetes. Due
to their chemical and structural similarities, both lignin and humic acids belong to the
group of natural biopolymers able to condense under variable environmental conditions.
In its active form, lignin is a component of the lignin-humic complex which, due to its
properties, can bind or unbind important compounds for humification processes, such as
biphenyls, phenylcoumarins, diarylpropane, ether and glycerol [12,13,15].
Proteins are the most essential component of all living cells and their properties depend
primarily on the chemical structure (sequence of amino acids) and the position of peptide
chains in relation to each other and in space [15,16]. Taking into consideration the trans-
formation processes of proteins during composting, it is more reasonable to classify pro-
teins according to the chemical properties that determine their solubility in water and
their ability to combine with other substances [19,20]. Spheroproteins are considered to be
among the most reactive. As water-soluble proteins, they are a very rich source of nitrogen
and carbon. Many authors indicate [7,8,19] the biotransformation products of spheropro-
teins are incorporated into humic acid structures and contain most of the nitrogen
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attached to them during humification processes. The biotransformation of complex pro- 98

teins composed of a protein part and a non-protein component (metal cations, lipids, 99

phosphates, etc.) is more difficult and complicated, while the resulting products may pro- 100
vide, in addition to nitrogen and carbon, additional substances derived from the non-pro- 101
tein part [14,16,18]. 102
Another group of organic compounds occurring in composted municipal waste are hy- 103
drophobic substances of the nature of lipids, waxes, tars, resins [7,8,9,21,22]. The transfor- 104
mation processes of this group of compounds during composting are not precisely recog- 105
nised. Some authors indicate that their biotransformation products may be transitional 106
substances in the synthesis of humic compounds [13,14]. Among all hydrophobic sub- 107
stances present in composted waste, the biotransformation of fats was best identified and 108
described [21,22,23]. As a result of hydrolysis in an alkaline environment, some compo- 109
nents may be activated, mainly glycerol and alkaline salts of fatty acids. In this form they 110
are biochemically active and may undergo further transformations. Since it is difficult to 111
trace the transformation of fatty acids to humic substances, some authors [13,14,22] con- 112
sider that their main role is to supply microorganisms with the energy they need to hu- 113
mify other types of organic compounds. 114
The heterogeneous and polymorphic nature of the substrates contained in composted mu- 115
nicipal waste makes it difficult to develop a universal model of composting processes and 116
a model of humic acids molecules [15,16,24]. A widely used classical procedure was to 117
analyse the fractions obtained by alkaline extraction of the solid samples tested [18,24,25]. 118
This method has recently been questioned by some authors [26]. Critics have claimed that 119
alkali-extractable fractions should be considered as the laboratory artifacts, hence unsuit- 120
able for studying qualitative and quantitative changes and function of humic substances, 121
especially in the field conditions. Despite these controversial opinions, the classical ap- 122
proach to HS research is strongly supported in contemporary literature [27,28,29,30] and 123
recommended by the International Humic Substances Society (IHSS) [31]. 124
An important aspect of municipal waste composting is the quality control system for the 125
substrates used, the composting technology and the quality of the final products obtained 126
[1,3,32,33]. One of the most advanced documents regulating these issues internationally 127
is the recently accepted European Union (EU) Circular Economy Package [34]. The formal 128
and legal solutions proposed therein, in conjunction with other studies [5,6,33], aim to 129
regulate the production of fertilisers from municipal waste (UWC), standardise their qual- 130
ity standards (certification) and provide direction for the development of future legisla- 131
tion on UWC management. 132
Regardless of the applicable law and scientific theories on humification and humic com- 133
pounds, when assessing the usefulness of products resulting from the Mechanical-Biolog- 134
ical Treatment (MBT) of waste, both origin and quantitative changes in specific physical, 135
chemical and biological properties should be taken into consideration. Therefore, the aim 136
of this study was to investigate the quantitative changes in selected organic compounds 137
during the composting of municipal solid waste (MSW). 138

2. Materials and Methods 139

The subject of the study was differently matured compost produced from selectively 140
collected biodegradable substances present in municipal waste from the Zabrze agglom- 141
eration (Upper Silesia, southern Poland, population: 173.5 x 10% inhabitants). Composting 142
was carried out according to the open pile/windrow semi-dynamic technology [35,36]. 143

2.1. Design of the working experiment 144

The total duration of the experiment was 15 weeks. The collected biodegradable mu- 145
nicipal waste contained approximately 50% (by mass) urban green waste (UGW) and 50% 146
domestic kitchen waste (DKW). The waste was mechanically mixed to increase homoge- 147
nisation and the prepared material was shaped into piles (dimensions Lx Wx H=18.0m 148
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x 2.0m x 1.5m). Samples for analysis were taken from fresh mixed material and from the 149
pile after 14, 28, 45, 56, 70, 90 and 107 days of composting. Samples were taken from 3 150
different locations regardless of the compost maturity stage, and the total number of sam- 151
ples was 24. Collected materials were air-dried, ground and sieved through a 2.0 mm di- 152
ameter. The temperature of the composted waste was monitored daily, while the moisture 153
content was monitored every five days. The pile was mechanically turned every 5 days 154
for the first 8 weeks and every 10 days between the 9th and 15th week of the experiment. 155
To maintain the moisture content at the optimum level [7,8], after 1, 4, 6 and 8 weeks the 156
pile was watered down to approximately 48-50% H20. 157

2.2. Basic chemical analyses. 158

In collected materials the following determinations were performed: content of total 159
organic carbon (TOC) and total nitrogen (TN) using Vario Macro Cube CN analyser (Ele- 160
mentar Analysensysteme GmbH, 63505 Langenselbold Germany). The device has been 161
calibrated for the determination of organic carbon and total nitrogen according to 2,5- 162
Bis(5-tert-butyl-2-benzo-oxazol-2-yl) thiophene organic analytical (BBOT-OAS) No. B2044 163
(Elemental Microanalysis Ltd, UK), certificate No. 314878 [37]. Inorganic carbonate carbon 164
(IC) was eliminated by acidifying the solid samples with hydrochloric acid (Cp =3%) ac- 165
cording to the procedure recommended by the instrument manufacturer [S1]. The deter- 166
mined organic carbon and total nitrogen contents were compared with standards for 167
chemical parameters for product qualification and compost quality assessment in the EU 168
[35]. 169

2.3. Detailed chemical analyses 170

The organic matter fractionation method described by Stevenson [16] and Adani et 171
al. [24,38] was adopted, which allows different groups of organic matter to be extracted 172

from solid samples by appropriately selected reagents (Figure 1). 173
174
| COMPOST SAMPLE |
HSC (lipids, waxes, ethanol:benzene (v:v=1:2)
resigns, tars etc.)
v
| COMPOST SAMPLE |
WEOC (amino acids,
carbohydrates, water (m:v = 1:10)
proteins,
hemicellulose) v
| COMPOST SAMPLE |
C ¢ fulvic fraction, B 5% H,S0, (m:v = 1:10)
fulvic acids, b
hemicellulose)
A 4
| COMPOST SAMPLE |
CCEL (cellulose) I-‘. 72% H;S0, (m:v = 1:10)
h 4
| COMPOST SAMPLE |
CALK (ligno-humic ) 0,1 mol dm-*NaOH (m:v = 1:10)

complex) \ 4
| COMPOST SAMPLE (CR) |

175
Figure 1. Simplified diagram of extraction method by Stevenson [16] and Adani et al. [24,38]. 176
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177

Based on the applied procedure, the quantitative changes of organic carbon of the 178
following groups of compounds were determined: 179
o Carbon of hydrophobic substances (HSC): extracted by means of an ethanol and 180
benzene mixture (1:2 v/v) the Soxhlet extractor (extraction time: 4 hours). After extrac- 181
tion, samples were dried in controlled condition at temperature 40 °C for 24 h to evapo- 182
rate extractant. HSC was calculated as the difference in organic carbon before and after 183
extraction [21]; 184
o Water-extractable organic carbon (WEOC): determined in centrifuged aqueous so- 185
lution 5 g + 50 ml (1+10 m+v) after dynamic [39] extraction (three repetitions, intensity: 40 186
rpm, extraction time: 4 h per repetition, centrifugation: 4000 rpm 10 min-'); 187

o Carbon extracted with 5% H2504 (Cac): determined in centrifuged acid solution 5 188
g + 50 ml (1+10 m+v) after dynamic extraction (three repetitions, intensity: 40 rpm, extrac- 189
tion time: 4 h per repetition, centrifugation: 4000 rpm 10 min-! ); 190

o Cellulose carbon extracted with 72% H2504 (Ccer): two-stage extraction: the acid 191

stage 5 g + 50 ml (1+10 m+v) - three repetitions in acid, intensity: 40 rpm, extraction time: 192
4 h per repetition, centrifugation: 4000 rpm 10 min and the neutralisation stage with 193
water 5 g + 50 ml (1+10 m+v) - three repetitions, intensity: 40 rpm, extraction time: 1 h per 194
repetition, centrifugation: 4000 rpm 10 min". CceL content determined the summed solu- 195
tions of the both stages. 196

. Carbon of the ligno-humic complex extracted with 0,1 M NaoH dm- (CALK): deter- 197

mined in centrifuged alkaline solution 5 g + 50 ml (1+10 m+v) after dynamic extraction 198
(three repetitions, intensity: 40 rpm, extraction time: 4 h per repetition, centrifugation: 199
4000 rpm 10 min); 200
J Residual carbon (CR): non-hydrolysing organic carbon and humin fractions [40] 201
remaining in the sample, calculated acc. to the formula: CR = TOC — (HSC + WEOC + 202
CAC + CCEL+CALK). 203
The organic carbon content of mentioned extracts was determined with a Vario Macro 204
Cube CN analyser (Elementar Analysensysteme GmbH, 63505 Langenselbold Germany) 205
with the hardware attachment for solutions. 206
2.4. Statistical Analyses 207

Most of the results presented in this paper are averaged values (arithmetic mean) 208
based on results from all replicates obtained during chemical analyses. The results ob- 209
tained from chemical analyses (three repetitions for each parameter at each time) were 210
statistically processed using ANOVA package of Statistica 13 software. The correlation 211
matrices for selected parameters were performed (Table 1), the LSD (significance level 212
<0.05) was calculated for the determined chemical properties for a 107-days period, mean 213
and standard deviation (3 repetitions for each parameter) for replicates at defined sam- 214

pling times. 215
3. Results and discussion 216
3.1. Changes in temperature and humidity of the composted waste. 217

The intensity of OM transformation and decomposition processes during compost- 218
ing depends on temperature and humidity which affect microbiological activity in the 219
composted material [7,8,40]. The average temperature of initial mixture was about 30.3°C 220
and after 34 days it reached the value of 55°Cv — the lower limit of the thermophilic phase. 221
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This phase with an average temperature >55 °C lasted 4 weeks (between 34t and 62nd
days) and the highest average daily temperature (61.8°C) was observed on the 47th day
of composting (Figure 2). After this period, a regular drop in temperature to average
27.8°C degrees was observed (107t day).

Many authors indicated [7,8,41,42] that a water content of 40 to 60 % H20 in the com-
posted mass is the most optimal for successful composting processes. Analysis of the
changes in this parameter (Figure 2) indicated that the moisture of the investigated com-
post was in this range, regardless of the thermal phase of the process. However, it should
be noted that moisture deficiencies have been corrected on several occasions. This indi-
cates the need for regular monitoring of parameters during the biological, aerobic pro-
cessing of municipal biodegradable waste and to intervene when negative phenomena
occur.

65,0

60,0 —8—Temp
55,0 —eo—Moisture
50,0

45,0

°C; %H,0

40,0
35,0
30,0
25,0

20,0
0 10 20 30 40 50 60 70 80 90 100 110

Composting days

Figure 2. Changes in: a) temperature and b) humidity during composting of municipal waste.

Both temperature and moisture levels showed a significant influence on the quanti-
tative changes of most of the analysed groups of organic compounds (Table 1). The ob-
tained results confirm previous studies [8, 9, 14, 17], which showed that the mentioned
parameters supports the maintenance and / or stimulates physico-chemical and chemical
processes as well as the activity of microorganisms responsible for the dynamics of or-
ganic compounds transformation.

Table 1. Correlation coefficients between investigated chemical properties and basic composting
parameters (time, temperature moisture) in the studied samples.

Parameter Time  Temperature  Moisture = TOC TN HSC  WEOC Cac CceL CALK CR
Time - ns -0.587 -0974 0915 -0.861 -0.930 -0.927 -0.980 0.895 -0.951

Temperature ns - 0593 -0.575 0.519 -0.583 -0.494 -0.682 ns ns ns
Moisture -0.587 0.593 - 0.496 0.487 ns ns 0.510 0529 0.603 0.517
TOC -0.974 -0.575 0.496 - -0.932 0.897 0949 0930 0960 -0.934 0.992
TN 0.915 0.519 0.487  -0.932 - -0.884 -0.950 -0.929 -0.866 0.924 -0.914
HSC -0.861 -0.583 ns 0.897 -0.884 - 0956 0.829 0.879 -0924 0.853
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WEOC
Cac
CceL

CALK
CR

-0.930
-0.927
-0.980
0.895
-0.951

-0.494 ns 0949 -0.950 0.956 - 0936 0914 -0979 0.915
-0.682 0.510 0930 -0.929 0.829 0.936 - 0.881 -0.912 0.906
ns 0529 0960 -0.866 0.879 0.914 0.881 - -0.880  0.928
0.512 0.603 -0934 0924 -0924 -0.979 -0.912 -0.880 - -0.915
-0.542 0517 0992 -0914 0.853 0.915 0906 0928 -0.915 -

significant at p<0.05; ns — not significant;

3.2. Changes in TOC, TN and TOC/TN ratio during composting of MSW.

The most suitable and very widely used parameters describing the biotransformation
conditions during composting [41,43,44,45] are the quantitative changes of TOC and TN
in different phases of this process and the accompanying changes of TOC/TN ratio (Figure
3a-c).

247

248

249
250
251
252
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370,0
350,0
330,0
310,0
290,0
270,0
250,0
230,0
210,0
190,0
170,0
150,0

g kg

a)

—e—TOC

0 10 20 30 40 50 60 70 80 90 100 110

Composting days

g kg™

b)

(=]
=
(=]

20 30 40 50 60 70 80 90 100 110
Composting days

34,0
31,0
28,0
25,0
22,0
19,0
16,0
13,0

10,0

c)

—a—TOC/TN

10 20 30 40 50 60 70 80 90 100 110

Composting days

Figure 3. Changes in; a) TOC and b) TN and c¢) TOC/TN during composting of MSW (markers:
measured values; lines: mean values).

Based on the results obtained, during the 15 weeks of the experiment, the TOC con-
tent decreased from 352.66 to 168.73 g kg, while the amount of TN increased from 10.75
to 14.23 g kg ! (Figures 3a and 3b). The most intense decrease in TOC content and increase
in TN content were observed during the first 8 weeks of composting. These changes were
statistically correlated with temperature and moisture content (Figure 2, 3a and b, Table
1) and were associated with the thermal phases of composting, particularly the

253
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255

256
257
258
259
260
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thermophilic phase. The observed changes in TOC and TN contents are compatible with
the results of previous studies [8,10,32,41,43]. It should also be noted that for both TOC
and TN, a stabilisation phase was observed after 70 days of the experiment (Figure 3a and
b, Table 2)

The study also indicated a decrease in the TOC/TN ratio (Figure 3c). Although the changes
in the values of this parameter were determined by changes in TOC and TN content, but
the processes involved in carbon mineralisation during composting had the greatest in-
fluence [41,46,47].

Table 2. Changes in means and standard deviations for replicates at defined sampling times and
LSD (p,0,05) for 90-day period of investigated chemical properties.

Composting time TOC TN HSC  WEOC Cac CcrL CALK CR
Parameter
[days] [g kg-1]
Mean 352.66 10.95 19.41 29.85 18.73 8543 28.02 171.22
! St. dev 1270 041 071 054 034 1.55 051 11.81
Mean 31693 11.55 11.41 2337 1826 7749 3044 155.96
H St. dev 146 054 066 049 038 2.08 0.64 243
8 Mean 292.08 11.66 999 1914 1931 71.89 3550 136.25
St. dev 277 049 007 057 057 3.02 1.05 291
Mean 26331 1326 6.26 753 12.08 6959 41.76 126.10
® St. dev 249 011 o011 028 0.12 122 1.30 2.53
56 Mean 232.85 1350 570 7.01 1046 6582 44.84 99.02
St. dev 145 028 021 027 024 1.80 038 2.18
0 Mean 185.68 13.77 513 522 892 6173 4538 59.30
St. dev 1.65 026 027 028 0.62 1.57  0.67 0.10
Mean 17570 14.33 446 281 939 5484 4592 58.27
0 St. dev 072 021 018 020 0.52 1.06  0.59 0.80
L7 Mean 168.73 1423 4.05 213 655 4955 45.05 61.39
St. dev 114 025 0.09 021 057 076 048 0.35
LSD 1662 121 131 134 159 476 264 15.77

Additionally, it should be noted that the analysis of the intensity of changes in the
value of TOC/TN index (Figure 3c) indicated that the studied product reached maturity
(TOC/TN<12) after 90 days (TOC/TN=11.9), which suggests optimal technological condi-
tions of the process [7,8,41,43]

Regardless of the determined TOC and TN content and the technology used, the EU
international fertiliser regulations define the principles for the use of biodegradable mu-
nicipal waste as a substrate for the production of organic or organic-mineral fertiliser sub-
stances or soil substitutes [2,3,32,34]. Therefore, the possibility of using the investigated
product as a component of alternative soil conditioners and/or substrates for agricultural,
remediation and environmental purposes should be considered. [1,3,5,34,48,49]

3.3. Changes in HSC, WEOC, Cac, Ccer, CALK and CR contents of the composted waste.

Although the TOC content decreased by over 50% during the 107 days of the exper-
iment (Figure 3a), the intensity and direction of changes in the carbon content of the
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extracted organic compounds varied (Figure 4a and b). Analysis of the results showed
that, except for the CALK fraction, the organic carbon of the other fractions analysed de-
creased with the progression of the composting time (Table 1).

50,0
45,0
40,0
35,0
30,0
250
20,0
15,0
10,0

5,0

0,0
0 10 20 30 40 50 60 70 80 90 100 110
Composting days

g kg

180,0 b)
160,0 —e—CCEL
140,0 ——CR

120,0

g kg

100,0
80,0
60,0
40,0

0 10 20 30 40 50 60 70 80 90 100 110
Composting days

Figure 4. Changes in: a) HSC, WEOC, Cac and CALK, and b) Ccer and CR during composting of
MSW (markers: measured values; lines — mean values).

Changes in the C contents of HSC, WEOC and Cac fractions showed a significantly
negative correlation (Table 1) with composting, temperature while Cac, Ccer, CALK and
CR indicated a significantly positive correlation with the moisture content. Furthermore,
the quantitative changes in the HSC, WEOC fractions were highest up to the 47th day and
CR up to the 70th day of the experiment, which may be related to the intensive biological-
chemical-physical processes in the thermophilic and in the early 2nd mesophilic phase
(Figure 4a and b). These results are in accordance with the studies of Ryckeboer et al. [14],
Bekier et al. [21] and Amir et al. [50], especially in the intensity of transformation of hy-
drophobic compounds (HSC). The authors indicated that the intensity of decomposition
of hydrophobic substances, was significantly correlated with composting parameters,
mainly temperature and time (Table 1). Similar correlations for water-extractable organic
compounds were described in the experiments of Kaluza-Hatadyn et al. [51,52] and Jam-
roz et al. [39]. Also, other authors [17,19,44] indicated the organic components of WEOC
are the main, available and important source of carbon and energy for microorganisms
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involved in composting processes. For this reason, quantitative changes of this fraction 309
were observed during the intense thermophilic phase. However, the intensity of the de- 310
crease in WEOC content (Figure 4a) may also be caused by the leaching of these fractions 311
from the composted MSW with the effluents. Analysis of the decrease in CR content (Fig- 312
ure 4c), represented mainly by humin, with the progress of composting, did not show a 313
significant influence of temperature on the intensity of these changes (Table 1 and 2). Re- 314
gardless of the extraction and/or isolation methods used and the biological activity of the 315
environment, CR fractions represent the highest part in TOC content, as confirmed by the 316
studies of Kononova [53], Stevenson [16] and Weber et al. [40]. However, it should be 317
noted that the interpretation of the biotransformation of fractions very resistant to micro- 318
bial activity, is a major scientific challenge. The lack of solubility, difficulty to determine 319
structure and complex interactions with the mineral components make research on this 320
fraction much more complicated. 321

The study showed systematic decrease in in the organic matter content represented 322
by Cac and CceL (Figure 4a and 4b) during MSW composting. While the stability of the 323
CceL fraction, regardless of the thermal composting phases (Table 1) has been confirmed 324
by the experimental results of Ryckeboer et al, [14], Amir et al. [50], Bekier et al. [21,48] 325
and Katuz-Haladyn et al. [51], the decrease in Cac content was significantly correlated 326
with all composting parameters. However, it should be noted that the intensity of Cac 327
changes is in accordance with the work of other authors [54,55]. Senesi et al [56] and 328
Jerzykiewicz [57] indicated that transformations of small-molecule, mostly aliphatic com- 329
pounds representing this fraction may have crucical influence on the direction of humifi- 330
cation processes and the quality of organic matter obtained during composting. Further- 331
more, studies by Chefetz et al [9], Chen et al [54], Koivula and Hénninien [55] indicated 332
that the contents of acidophilic organic carbon increase in the thermophilic phase and 333
achieves a stabilisation and then remains on a decreasing trend. Therefore, the significant 334
correlations of CAC fraction transformations with time and moisture content are appro- 335
priate, indicating the suitable quality of the substrate used for composting and the optimal 336
process parameters. 337

The study indicated an increase in the CALK content during composting (Figure 4a). 338
This fraction is commonly classified as lignino-humic compounds, obtained by biotrans- 339
formation of lignino-protein complexes [15,16,18]. Therefore, the organic compounds con- 340
tained in the CALK extract should be considered as a mixture of the proper humic sub- 341
stances also defined as a core-HS. The results obtained are in accordance with the per- 342
formed studies confirming the increase of HS content in composts [8,9,17,40]. The increase 343
of CALK content with composting time, moisture and temperature was observed (Table 344
1). Furthermore, the dynamics of quantitative changes in carbon of this fraction indicated = 345
a stabilisation after the thermophilic phase (from day 56) with a slight increasing trend 346
until the end of the experiment (Figure 4a, Table 2). 347
It should be noted that the significantly negative correlations of time and temperature 348
with the content of hydrophobic fractions, WEOC, Ccer and CR (Table 1) are in agreement 349
with the studies of other authors [7,21,23,39,54] indicating that hydrolysis products 350
formed in thermophilic phase should be considered as a substrate in mesophilic biotrans- 351
formation processes and formation of HS. 352

3.4. Changes in the share of organic carbon of the extracted fractions in relation to the TOC. 353

Considering the different durability of the organic compounds contained in the 354
waste to the biotransformation processes during composting, many authors indicates the = 355
necessity to express the percentage of organic carbon of the extracted substances in rela- 356
tion to the TOC content [16,21,25,39,55]. This method of interpreting allows one to trace 357
which compounds and to what extent determine the organic carbon pool in the different 358
composting phases. The study showed the CR fraction was dominant both in quantity and = 359
in share of TOC (Figure 4c and 5). Furthermore, this relation was observed in all samples 360
tested, regardless of the compost maturity stage. It should be noted that, despite the 361
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significant decrease of CR content (Figure 4c), the organic carbon of this fraction repre- 362
sented the largest resource of total organic carbon in the composts studied. The observed 363
phenomena are confirmed by studies performed by other authors [8,9,39,54]. 364

HSC mWEOC mCAC mCCEL mCALK mCR

100% T
90%
80%
70%
60%
50%
40%
30%
20%
10%

1 14 28 45 56 70 90 107

% TOC

0%

Composting days

365
366
Figure 5. Changes in the share of organic carbon of the extracted fractions in relation to the TOC 367
during the experiment. 368
369

A different interaction was observed for the carbon of the Cac and Ccer fractions. 370
Despite a systematic quantitative decrease in the cellulose and acidophilic fractions, an 371
increase in the share of Ccei and very irregular changes in Cac were observed (Figures 4a, 372
4b and 5). While for cellulose these changes are acceptable [14,48,51], for the Cac fraction 373
the results are unusual and difficult to explain, indicating the need for research into the 374
transformations of small-molecule acidophilic compounds during composting. 375

The results obtained confirm previous studies [17,21,39,51] indicating that both the 376
carbon content of the hydrophobic and WEOC fractions and their share of TOC (Figures 377
4a and 5) decrease with the duration of composting. Furthermore, in samples composted 378
for 107 days, the summed share of the HSC and WEOC fractions did not exceed 3.5% of 379
TOC, indicating that the maturation and stabilisation of the composted waste was correct 380
[17,38,39]. 381

382

The results confirmed the formation and accumulation of CALK (core-HS) com- 383
pounds. A quantitative increase in CALK carbon content resulted in an increase in the 384
share of this fraction in TOC. These phenomena occurred with different dynamics, and 385
the most intense changes were observed between 28 and 70 days of composting (Figure 386
4a and 5). In the last 30 days of the experiment, these processes stabilised (Table 2), which 387
indicates the optimal course of the composting process and indicates the maturity of the 388
final product [15,16,18,41]. 389

4. Summary and conclusions 390

Both the type of technology and the selected physico-chemical properties of the sub- 391
strate indicate optimal composting conditions, enabling a positive evaluation of the ex- 392
periment. The applied technical solutions stimulated the formation and accumulation of ~ 393
core-HS compounds. The relatively low content (Figure 4a) and share of HSC and WEOC 394
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fractions in TOC (Figure 5), the dominance of CR and CCEL compounds and the optimal
TOC/TN ratio may result from the properties of the substrate [9,17,41,45]. Furthermore,
the results and observations obtained indicate that the studied compost produced from
selectively collected biodegradable waste can have a wide spectrum of applications
[1,2,4,34,58,59,60]. In addition, the lack of substances considered to be contaminants is an
advantage of the tested product [3,4,5]. Based on the results obtained, it can be stated that
the final product studied, resulting from the applied mechanical-biological treatment
(MBT), confirmed the benefits of biological, aerobic methods for recycling organic com-
pounds contained in the waste [1,3,32,33].

Considering the results obtained and the interpretation of the observed transfor-
mations, the following conclusions can be drawn: (1) The quantitative changes in total
carbon and total nitrogen, observed during composting, showed significant correlations
with time, temperature and moisture content of the composted mass; (2) The most intense
changes of organic carbon contents were observed in the hydrophilic, core-HS and resid-
ual fractions; (3) The composting conditions, the technology applied and the properties of
the substrate stimulated both the quantitative increase in CALK and the share of this frac-
tion in TOC; (4) The study showed that the highest share of organic carbon in the final
product was incorporated in the residual, cellulose and core -HS fractions, respectively;
(5) The contents of TOC, TN, the origin and quality of the substrate used allow to qualify
the studied product as organic or organic-mineral fertilizer; (6) The investigated composts
from selectively collected biodegradable municipal waste meet legal and ecological and
criteria for products of biological recycling, thus can be used as a good organic amend-
ment to improve soil organic matter balance, stimulate soil biodiversity and carbon se-
questration. Further investigations determining soil and plant response to the compost
application are needed to confirm its benefits as an attractive option for soil amendment.

Author Contributions: Conceptualization J.B., E.J; methodology J.B., EJ.; validation E.J.,, M.D., L.C-
P,.; formal analysis ]J.B. E.J.; investigation J.B.; resources J.B., E.J, M.D.; data curation J.B., E.J, LC-P.;
writing —original draft preparation J.B.; writing —review and editing E.J]., A.K, M.D, L.C-P.; visuali-
zation ].B.; supervision E.J., L.C-P. ; project administration ].B. All authors have read and agreed to
the published version of the manuscript.

Funding: This research has been supported by a grant from the National Science Centre, Poland,
project no. N N305 395738.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The APC/BPC is financed/co-financed by Wroclaw University of Environmen-
tal and Life Sciences The authors would like to acknowledge the technical staff of the Waste Man-
agement Plant in Zielona Gora.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

Fiorucci,P.F.; Minciardi, R-M.; Robba, M.; Sacile, R. Solid waste management in urban areas development and application
of a decision support system. Resour Conserv Recycl 2003, 4, 301-328.

Hamer, G. Solid waste treatment and disposal: effects on public health and environmental safety. Biotechnol. Adv. 2003, 22,
71-79.

Ghisellini, P.; Cialani, C.; Ulgiati, S. A review on circular economy: the expected transition to a balanced interplay of envi-
ronmental and economic systems. J. Clean. Prod. 2016, 114, 11-32.

Sakai, S.;. Sawell, S.E.; Chandler, A.].;. Eighmy, T.T.; Kosson, D.S.; Vehlow, J.; van der Sloot, H.A.; Hartlén, J.; Hjelmar, O.
World trends in municipal solid waste management. Waste Manage. 1996, 16, 341 — 350.

Guerrero, L.A.; Ger Maas, W. H. Solid waste management challenges for cities in developing countries. Waste Manage.
2013, 33, 220-232.

Marshall, R.E.; Farahbakhsh, K. Systems approaches to integrated solid waste management in developing countries. Waste
manag. 2013, 33, 998-1003

395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425

426
427

428
429

430
431
432

433

434

435

436
437
438
439
440
441
442
443
444
445
446
447



Agriculture 2022, 12, x FOR PEER REVIEW 14 of 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.
32.

33.

34.

35.
36.

Miikki, V.; Senesi, N.; Hanninen, K. Characterization of humic material formed by composting of domestic and industrial
biowastes: Part 2 spectroscopic evaluation of humic acid structures. Chemosphere 1997, 34, 1639-1651.

Castaldi, P.; Guido, A.; Roberto, M.; Pietro, M. Study of the organic matter evolution during municipal solid waste com-
posting aimed at identifying suitable parameters for the evaluation of compost maturity. Waste manage. 2005, 25, 209-213.
Chefetz,B.; Hatcher, P.G.; Hadar, Y.; Chen, Y. Chemical and Biological Characterization of Organic Matter during Compost-
ing of Municipal Solid Waste. |. Environ. Qual. 1996, 25, 776 — 785.

Chang, J.I; Tsaji, ].J.;; Wu, K.H. Thermophilic composting of food waste. Bioresour. Technol. 2006, 97, 116-122.
Albersheim, P. The walls of growing plants. Sci. Am 1975, 232, 80 — 95.

Tiquia, S.M. Evolution of extracellular enzyme activities during manure composting. J. Appl. Microbiol. 2002, 92, 764 — 775.
Komilis, D.; Ham, R.K. The effect of lignin and sugars to the aerobic decomposition of solid waste. Waste Manage. 2003, 23,
419 - 423.

Ryckeboer, J.; Mergaert, J.; Coosemans, J.; Deprins, K.; Swings, ]. Microbiological aspects of biowaste during compost-
ing in a monitored compost bin. J. Appl. Microbiol. 2003, 94, 127 - 137.

Waksman, S.A. Humus. Origin, Chemical Composition and Importance in Nature. Williams and Wilkins, Baltimore, USA,
1936. https://soilcarboncoalition.org/files/Waksman-Humus.pdf (25. May 2022).

Stevenson F. J. Humus Chemistry: Genesis, Composition, Reactions. John Wiley & Sons, New York, USA, 1994.

Sanchez — Monedero, M.A.; Roig,A.; Cegarra, J].; Bernal, M.P. Relationships between water — soluble carbohydrate and
phenol fractions and the humification indices of different organic wastes during composting. Bioresour. Technol . 1999, 70,
193 - 201.

Schnitzer, M.; Monreal, C.M. Chapter Three - Quo Vadis Soil Organic Matter Research? A Biological Link to the Chemistry
of Humification. Adv. Agron.2011,113, 143-217.

Chen, XM.; Liu, R; Hao, JK; Li, D; Wei, ZM,; Teng, RN; Sun, BL. Protein and carbohydrate drive microbial re-
sponses in diverse ways during different animal manures composting. Bioresour. Technol. 2019, 271, 482-486.

Rodziewicz, A.; Sobolczyk, J.; Laba, W.; Choiniska, A.; Bubel, F.;  Bekier, J]. Wykorzystanie szczepionki drobnoustrojéw
do kompostowania odpaddéw keratynowych w bioreaktorze statycznym. Inz. Ap. Chem. 2009, 48, 98-100.

Bekier, ].J; Drozd, J.; Jamroz,.E.; Jarosz, B.;, Kocowicz, A.; Walenczak, K.; Weber, J. Changes in selected hydrophobic
components during composting of municipal solid wastes. J. Soils Sediments 2014, 14, 305-311.

Maliki, A.D.; Lai, K-M. Design and application of a pre-composting test step to determine the effect of high fat food
wastes on an industrial scale in-vessel composting system. Int Biodeter Biodegr 2011, 65, 906-911.

Hachicha, R.; Hachicha, S.; Trabelsi, I, Woodward, S.; Mechichi, T. Evolution of the fatty fraction during co-composting
of olive oil industry wastes with animal manure: Maturity assessment of the end product. Chemosphere 2009, 75, 1382—
1386.

Adani, F.; Ricca, G.; Tambone, F.; Genevini, P. Isolation of the stable fraction (the core) of the humic acid. Chemosphere
2006, 65, 1300-1307.

Iglesias-Jimenez, E.; Garcia, V.P. Determination of maturity indexes for city refuse composts. Agric Ecosyst Environ 1992,
38, 331-343.

Lehmann, J.; Kleber.M. The contentious nature of soil organic matter. Nature 2015, 528, 60-68.

De Nobili, M.. Comment on “humic substances extracted by alkali are invalid proxies for the dynamics and functions of
organic matter in terrestrial and aquatic ecosystems”, by Kleber and Lehmann. J. Environ. Qual. 2019, 48, 787-789.

Hayes, M. H. B.; Swift, R. S. Vindication of humic substances as a key component of organic matter in soil and water. Adv.
Agron. 2020, 163, 1-37.

Olk, D. C, Bloom, P. R, Perdue, E. M., McKnight, D. M., Chen, Y., Farenhorst, A., Senesi, N., Chin, Y.-P., Schmitt-Kopplin,
P., Hertkorn, N., & Harir, M. (2019). Environmental and agricultural relevance of humic fractions extracted by alkali from
soils and natural waters. J. Environ. Qual. 2019, 48, 217-232.

Myneni, S. C. B. Chemistry of natural organic matter — the next step: Commentary on a humic substances debate. J. Envi-
ron. Qual. 2019, 48, 233-235.

International Humic Substances Society. Available on-line: (http://humic-substances.org (accessed on 30. June 2022).

Sonia Chelinho, Carla Pereira, Patrik Breitenbach, Dilmar Baretta, José Paulo Sousa. Quality standards for urban waste
composts: The need for biological effect data. Sci. Total Environ., 2019, https://doi.org/10.1016/j.scitotenv.2019.133602
Vaverkova, M.D. Landfill Impacts on the Environment —Review. Geosciences 2019,. https://doi.org/10.3390/geosci-
ences9100431

Richard Hughes, The EU Circular Economy Package — Life Cycle Thinking to Life Cycle Law? Procedia CIRP 2017,
https://doi.org/10.1016/j.procir.2016.12.006

Hay, J.C.; Kuchenrither, R. Fundamentals and application of windrow composting. J. Environ. Eng. 1990, 116, 746-763.
Cesaro, A.; Belgiorno, V.; Guida, M. Compost from organic solid waste: Quality assessment and European regulations for
its sustainable use. Resour. Conserv. Recycl. 2015, 94, 72-79.

448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503


https://doi.org/10.1016/j.scitotenv.2019.133602
https://doi.org/10.3390/geosciences9100431
https://doi.org/10.3390/geosciences9100431

Agriculture 2022, 12, x FOR PEER REVIEW 15 of 15

37.

38.
39.

40.

41.

42.

43.

44.

45.
46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Elemental Microanalysis Limited. Certificate of Analysis No 314878. https://www.elementalmicroanalysis.com/Down-
loads/B2044-2046-2049-314878.pdf

Adani, F.; Genevini, P.L.; Tambone, F. A new index of organic matter stability. Compost Sci. Util. 1995, 3, 3 — 20.

Jamroz, E.; Bekier, J.; Medynska-Juraszek, A.; Kaluza-Haladyn, A.; Cwielag-Piasecka, I.; Bednik, M. The contribution of
water extractable forms of plant nutrients to evaluate MSW compost maturity: A case study. Sci. Rep. 2020, 10, 12842.
Weber, J.; Jamroz, .E.; Kocowicz, A. et al. Optimized isolation method of humin fraction from mineral soil material. Envi-
ron Geochem Health 2021, https://doi.org/10.1007/s10653-021-01037-3.

Chen, Y.; Inbar Y. 1993. Chemical and spectroscopical analyses of OM transformations during composting in relation to
compost maturity. In: Science and Engineering of Composting; Hoitink H.A.]., Keener, HM., Eds.; Renaissance Publi-
cations, Worthington (OH), USA,1993; pp. 551 - 600.

Licznar, M.; Drozd, J.; Licznar, S.E.; Weber, ].; Bekier, J.; Walenczak K. Effect of municipal waste moisture level on
transformations of nitrogen forms in the course of composting. Ecol Chem Eng A ,2010, 17, 787-797.

Mondini, C.; Sequi, P. Implication of soil C sequestration on sustainable agriculture and environment. Waste Manag. 2008,
28, 678-684.

Bekier, J.; Drozd, J.; Licznar, M. Nitrogen transformations in composts produced from municipal solid waste. Ecol Chem
Eng A 2011,18, 497-506.

Eggen, T.; Vethe, O. Stability indices for different composts. Compost Sci. Util. 2001, 9, 19-26.

Chanyasak, V.,; Kubota H. Carbon / organic nitrogen ratio in water extrect as measure of composting degredation. J. Fer-
ment, Technol. 1981, 50, 215-219.

Pare, T.; Dinel, H.; Schnitzer, M.; Dumontet, S. Transformations of carbon and nitrogen during composting of animal ma-
nure and shredded paper. Biol. Fertil. Soils 1998, 26, 173-178.

Bekier, J.; Jamroz, E.; Sowinski, J.; Adamczewska-Sowinska, K.; Kaluza-Hatadyn, A. Effect of Differently Matured Com-
posts from Willow on Growth and Development of Lettuce. Agronomy 2022, https://doi.org/10.3390/agronomy12010175.
Adamczewska-Sowinska K, Sowinski J, Jamroz E, Bekier J. Combining Willow Compost and Peat as Media for Juvenile
Tomato Transplant Production. Agronomy 2021, https://doi.org/10.3390/agronomy11102089

Amir, S.; Merlina, G.; Pinelli, E.; Winterton, P.; Revel, C.; Hafidi, M. Microbial community dynamics during composting of
sewage sludge and straw studied through phospholipid and neutral lipid analysis. ] Hazard Mater 2008, 159, 593-601
Kaluza-Haladyn, A.; Jamroz, E.; Bekier, J. The dynamics of some physical and physico-chemical properties during com-
posting of municipal solid wastes and biomass of energetic plants. . Soil Sci. Ann. 2018, 69, 155-159.

Kaluza-Haladyn, A.; Jamroz, E.; Bekier, ]. Humic substances of differently matured composts produced from municipal

solid wastes and biomass of energetic plants. Soil Sci. Ann. 2019, 70, 292-297.

Kononova, M. M. Soil Organic Matter: Its Nature, Its Role in Soil Formation and in Soil Fertility. 2nd ed.; Publisher: Per-
gamon Press Ltd.1966,

https://books.google.pl/books?id=ExjLBAAAOQBA]&printsec=frontcover&hl=pl&source=gbs ge sum-

mary r&cad=0#v=onepage&qg&f=false

Chen, Y.; Chefetz, B.; Adani, F.,; Genevini, P.; Hadar, Y. Organic matter transformation during composting of Municipal
Solid Waste. In: The Role Of Humic Substances in Ecosystems and in Environmental Protection; Drozd, J., Gonet, S.,
Senesi, N., Weber, J., Eds.; PTSH, Wroclaw, Poland, 1997; pp. 795 — 804.

Koivula, N.; Hinninien, K. Concentrations of monosaccharides in humic substances in the early stages of humification.
Chemosphere 2001, 44, 271 —279.

Senesi,N.; Miano, T.; Provenzano, M.R.; Brunetti, G. Characterization, differentiation, and classification of humic sub-
stances by fluorescence spectroscopy. Soil Science 1991, 152, 259-271.

Jerzykiewicz, M. The effect of Hg(II) ions on the free radicals of humic substances and their model compounds. .
Chemosphere 2013, 92, 445-450.

Cataldo E., Fucile M., Mattii G.B. Composting from municipal solid waste: a sustainable tool for the environment and to
improve grape quality. The Journal of Agricultural Science 2022, 1-14, doi:10.1017/50021859622000570
Kwiatkowska-Malina J. Qualitative and quantitative soil organic matter estimation for sustainable soil management. 2018,
] Soils Sediments 18, 2801-2812

Debska, B., Dtugosz, J., Piotrowska-Dtugosz, A. et al. The impact of a bio-fertilizer on the soil organic matter status and
carbon sequestration—results from a field-scale study. / Soils Sediments 16, 2335-2343

(2016). https://doi.org/10.1007/s11368-016-1430-5

Supplementary Materials
S1. File VMC manual.pdf., Chapter 6, 91-101.

504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555

556

557

558


https://doi.org/10.1007/s10653-021-01037-3
https://doi.org/10.3390/agronomy12010175
https://doi.org/10.3390/agronomy11102089
https://books.google.pl/books?id=ExjLBAAAQBAJ&printsec=frontcover&hl=pl&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.pl/books?id=ExjLBAAAQBAJ&printsec=frontcover&hl=pl&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://doi.org/10.1007/s11368-016-1430-5

= M Gmail Q agriculture

[Agriculture] Manuscript ID: agriculture-2024157 - Review Request Accepted

® agriculture@mdpi.com
£ to me, Katie

Dear Dr. Badrus,
Thank you very much for agreeing to review this manuscript:

Manuscript ID: agriculture-2024157

Type of manuscript: Article

Title: Quantitative carbon changes of selected organic fractions during

aerobic biological recycling of biodegradable municipal solid waste (MSW) as

a potential soil environment improving amendment — a case study

Authors: Jakub Bekier, Elzbieta Jamroz *, Magdalena Debicka, Irmina

Cwielag-Piasecka, Andrzej Kocowicz

Submitted to section: Ecosystem, Environment and Climate Change in

Agriculture,
https://www.mdpi.com/journal/agriculture/sections/Ecosystem_environment_climate change_agriculture
Sustainable Remediation and Management of Agricultural Soil and Water

Resources
https://www.mdpi.com/journal/agriculture/special_issues/Remediation_Agriculture_Soil_Water

Inbox >

Thu,


badrus zaman
Highlight

badrus zaman
Highlight

badrus zaman
Highlight


= M Gmail Q| agriculture X 3E

[Agriculture] Manuscript ID: agriculture-2024157 - Acknowledgement - Review Recei

® agriculture@mdpi.com Mon, Nov 21, 1:41 P
£ to me, Agriculture, Katie

Dear Dr. Badrus,
Thank you for submitting your review of the following manuscript:

Manuscript ID: agriculture-2024157

Title: Quantitative carbon changes of selected organic fractions during
aerobic biological recycling of biodegradable municipal solid waste (MSW) as
a potential soil environment improving amendment — a case study

Authors: Jakub Bekier, Elzbieta Jamroz *, Magdalena Debicka, Irmina
Cwielag-Piasecka, Andrzej Kocowicz

To help us improve our services, we kindly ask you to fill in our online
survey on the peer-review process at
https://www.surveymonkey.com/r/reviewerfeedbackmdpi

We encourage you to register an account on our submission system and bind
your ORCID account (https://susy.mdpi.com/user/edit). You are able to deposit
the review activity to your ORCID account manually via the below link:
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Congratulations Badrus Zaman!

Your recent review of "Quantitative carbon changes of selected organic fractions during
aerobic biological recycling of biodegradable municipal solid waste (MSW) as a potential
soil environment improving amendment — a case study" for Agriculture has automatically
been added to your Web of Science researcher profile as part of our partnership with
MDPI.

This review was added automatically because the automatic addition of reviews from
partnered journals is enabled on your account. You can change this setting in your
profile's review settings page. Please check our FAQ portal if you have any questions.
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Dear Dr. Badrus,
We are writing to inform you that the following paper which you kindly

reviewed has been published:
https://www.mdpi.com/2077-0472/12/12/2058

Thank you for your participation in the peer-review process. The paper was
accepted by the Academic Editor following the peer review process, in which
review reports were received from 4 reviewers. To see comments from the
manuscript’s other reviewers please create an account on our submission
system at https://susy.mdpi.com with your review email,

badruszaman2@gmail.com, and visit the “Reviews” Section.

You may also download a PDF certificate
(https://susy.mdpi.com/reviewer/certificate/displayFlle/15249702) of your

review record.
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