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ABSTRACT: In this study, natural water content, organic matter content, specific gravity and pH values of the fresh and aged 
synthetic waste samples in different compositions were examined. In order to determine composition effect on the physico-chemical 
properties three synthetic MSW compositions were composed by using 11 different waste materials. Synthetic samples were prepared 
in representative different compositions as average compositions of Europe (E), Turkey (T) and the United States of America (U) to 
examine the effect of the composition on the physico-chemical properties. In addition to E, T, and U compositions, the modified 
compositions were prepared by extracting some materials or decreasing the percentage of dominant materials in the composition. The 
specific gravity values were 1.72, 1.27, and 1.90 for E, T and U compositions. The pH values of the E and U compositions were 
obtained as 5.9. However, T composition has higher pH value (10.5) because of higher ash content in the composition. As ageing 
progress, the pH values of E and U compositions increased.  
 
RÉSUMÉ : Dans cette étude, on a examiné la contenu de l’eau naturelle, la contenu de la matière organique, la gravité spécifique et le 
contenu pH des échantillons de déchets synthétiques frais et ageés dans la composition diffèrent. On a composé trois compositions 
synthétiques MSW en utilisant 11 déchets différents matériels afin de déterminer l'effet de la composition sur les propriétés physico-
chimiques. Des échantillons synthétiques ont été préparés dans des compositions représentatives différentes en tant que compositions 
moyennes de l'Europe (E), de la Turquie (T) et des Etats-Unis d'Amérique (U) pour examiner l'effet de la composition sur les 
propriétés physico-chimiques. En plus des compositions des  E, T et U, les compositions modifiées ont été préparées par  l'extraction 
des certaines matières ou la diminution du pourcentage des matières dominantes dans la composition. Les valeurs de gravité 
spécifique étaient de 1.72, de 1.27 et de 1.90 pour les compositions des E, T et U. Les valeurs de pH des compositions E et U ont été 
obtenues sous la forme de 5.9. Cependant, la composition de T a une valeur de pH plus élevée (10.5) en raison d'une teneur en 
cendres plus élevée dans la composition. Comme progrès ancien, les valeurs de pH des compositions E et U ont augmenté. 
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1  INTRODUCTION 

Municipal solid wastes contain different materials with various 
engineering properties. The stability of waste bodies, the 
mechanical behavior of landfills, and the integrity of lining 
systems are directly related to the waste characteristics. 
Uncontrolled waste storage which is not with well-defined 
engineering properties causes economic loss. For that reason, 
the engineering properties of MSWs must be well defined.  
Moreover, the engineering parameters MSWs can vary widely 
with temperature, time, and composition, legislative actions, 
and seasonal fluctuations (Langer 2005, Zekkos 2005, Cho et al. 
2011, Karimpour-Fard et al. 2011). 

The studies have shown that physicochemical properties of 
MSW affect the mechanical properties of soils. The design 
parameters such as compressibility, shear strength and 
hydraulic conductivity vary significantly according to basic 
engineering parameters such as unit weight, organic matter, 
water content, particle size, specific gravity and pH. 

Composition effect plays an important role to determine 
engineering characteristics of MSW. However, composition of 
solid waste will vary depending on many factors. Social 
surroundings, average income level, industry level, climatic 
conditions and owners’ equity of country shapes the solid waste 
composition. Therefore, solid waste compositions vary widely 
from country to country. For example metal and plastic waste 
takes large share in industrialized countries; low income  

 

 
countries have abundant in organic matter content (Aykol 2008). 

In this study, synthetic municipal solid waste samples in 
different compositions were prepared in laboratory conditions 
and physico-chemical engineering properties were determined. 
The  synthetic MSW samples were used in order to control 
particle size and composition. The U composition represents the 
MSW composition of the United States of America (USA) 
(USEPA 2008). The Turkey's MSW composition T sample 
MSW composition ratios were compiled from the Ministry of 
Environment and Forestry report (COB, 2006), Turkey 
Statistical Institute reports (TUIK, 2010) and literature (Aykol, 
2008). The E composition represents the European average 
MSW composition. The OECD (Environmental Data 
Organization for Economic Cooperation and Development) 
(2007) data was used for generation of the European 
composition ratios. The MSW composition percentages of four 
different country; with developed industry Germany, with a 
high literacy rate Finland, Italy and France with large 
populations were selected.  

Many engineering parameters of MSWs are affected by its 
composition. For example, large settlements were observed on 
the MSWs with high percentage of organic matters (Dixon and 
Jones, 2005). Moreover, fibrous structure compositions have 
higher shear strength values (Langer, 2005). Although 
composition is a significant parameter that shapes the 
engineering behavior of MSWs, limited number of studies were 
conducted on the effect of composition on engineering behavior 
of MSWs. In this study, the physico-chemical and index 
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 properties of MSW samples were determined in different 
compositions on fresh and aged samples.  

2  MATERIALS AND METHODS 

2 .1  Materials 

In this study, synthetic (lab-prepared) MSW samples were used. 
The MSW compositions were composed by using 11 different 
waste materials, namely; kitchen waste, broken glass, garden 
waste, plastic particles, wood shavings, metal dust-chips, ash, 
paper and cardboard pieces, textile pieces, and fine grained soil 
(Figure 1). 

Three synthetic (lab-prepared) municipal solid waste 
samples were prepared in different compositions which are 
summarized in Table 1. As seen in the Table 1, E composition 
has the highest percentage of paper - cardboard waste (35%), T 
has the highest organic content percentage (45%) and U 
composition includes bigger plastic (12%) and metal waste 
(9%) percentage than the other MSW compositions. 

 
 

 
Figure 1. The waste materials used in sample preparation 
 
 
Table 1. Composition ratios of MSW samples for E, T and U samples 

Used Material 

 
MSW composition ratios (%) 

 
E T U 

Kitchen waste 17.5 22.5 16 

Garden waste 17.5 22.5 16 

Broken glass 6 4 7 

Plastic particles 8 10 12 

Wood shavings 6 4 7 

Metal dust chips 5 2 9 

Ash 0 15 0 

Paper pieces 28 12 22 

Cardboard pieces 7 3 6 

Textiles 3 5 5 

Fine-grained soil 2 0 0 
 
Before preparation of the synthetic MSW sample, materials 

were sieved from the pre-determined sieves. Following this, 
materials were mixed at defined proportions. In this way, all the 
materials used in this study were identical. Particle size 
characteristics of the used materials can be seen in Table 2.  

In order to examine the composition effect on 
compressibility behavior of MSW six modified compositions 

were also constituted (E-1-1, E-1-2, T-1-1, T-1-2, U-1-1 and U-
1-2). In the modified compositions the most dominant materials 
were removed or reduced by percentages. Lab-prepared 
synthetic E-1 composition was constituted by averaging four 
prominent European countries' (Germany, Finland, Italy and 
France) MSW ratios. The average European composition 
contains significant amount of paper and cardboard wastes. For 
that reason, E-1-1 modified composition was constituted by 
reducing the paper-cardboard waste ratio from 35% to 10%. 
Another modified composition E-1-2 was formed by reducing 
the organic waste ratio from 35% to 10%. The Table 3 shows 
the properties of modified compositions. 

 
Table 2. Particle sizes of the used materials for MSW compositions 

No Materials 
Sieve 
number 
 

Particle 
size 

(mm) 

1 Kitchen waste -No.4 4,75 

2 Garden waste -No.4 4,75 

3 Broken Glass -No.10 2,00 

4 Plastic particles -No.4 4,75 

5 Wood shavings -No.10 2,00 

6 Metal dust-chips -1/4’’ 6,30 

7 Ash  -No.40 0,425 

8 Paper pieces  -1/2’’ 12,50 

9 Cardboard pieces -1/2’’ 12,50 

10 Textiles -1’’ 25.4 

11 Fine-grained soil -No.40 0,425 
 
 

Table 3. The properties of the modified compositions 

No Composition Sample property 

1 E-1-1 Paper-cardboard was reduced from 35% to 10% 

2 E-1-2 Organic waste was reduced from 35% to 10% 

3 T-1-1 Ash waste (15%) was removed 

4 T-1-2 Organic waste was reduced from 45% to 20% 

5 U-1-1 Plastic waste (12%) was removed 

6 U-1-2 Metal waste (9%) was removed 
 
Different from the other compositions T sample contains ash 

waste which is not present at U and E samples. T-1-1 modified 
composition was formed by removing the ash waste. The 
second prominent property of the T-1 composition is that it 
contains higher amount of organic waste (kitchen and garden 
wastes) than the E and U samples. In the modified T-1-2 
composition the organic matter ratio was decreased from 45% 
to 20%. The modified U samples were constituted by removing 
plastic (U-1-1) and metal (U-1-2) waste contents. 

2 .2  Methods 

The natural (initial) water content (w), organic matter 
content (OM), specific gravity (Gs), and pH of the synthetic 
MSW samples were determined in the laboratory. The specific 
gravity tests were conducted according to the ASTM D854-14 
standard test method. The initial (natural) water contents of the 
compositions were determined according to the ASTM D2216-
10 standard test. For accurate moisture content determination, 
the samples were dried at 65 °C and 105 °C without any organic 
matter loss (Reddy et al., 2009; Pulat, 2014). It was seen that, 

Paper & 
cardboard 

Kitchen waste Plastic 

Wood chips 

Textile 
Park & garden 

waste 

Soil 

Ash 

Metal 
shavings 

Glass 
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there is no significant difference at water content values at two 
different temperatures. The organic matter contents were 
determined according to the ASTM D2974-14 standard test 
method. The MSW samples were dried at 105 °C for 24 h, and 
then, burned at 440 °C to constant mass. The pH of the MSW 
samples was determined according to Kocasoy (1994) method. 
Fifty grams of MSW was poured into 125 ml of carbon dioxide-
free water, and then, stirred with a glass rod until it was 
completely wet. The suspension mixture was sealed with 
parafilm and was left to equilibrate for 24 h. A pH probe was 
then immersed in the mixture and a measurement was taken 
after it had stabilized (Figure 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Measurement of pH value of synthetic samples 
 

Ageing strongly affects the engineering behavior of MSW 
(Sivakumar Babu et al., 2010). In order to investigate the ageing 
effect, the synthetic MSW samples were stored in plastic 
containers under atmospheric conditions (rainy, sunny, and 
snowy weather) for one year. Then, the experiments were 
conducted on the aged samples. 

3  RESULTS AND DISCUSSIONS 

The particle size of the E, T and U compositions ranged 
between 63 mm and 0.01 mm. Figure 3 shows that the three 
compositions had comparatively similar grain-size distributions. 
The T sample was the finest among the three samples because it 
contained the highest amount of ash waste (15%). 
 

 
 

Figure 3. Grain size distribution of the E, T, and U compositions  

 
The water content and specific gravity values of the 11 

different materials which were used in MSW compositions are 
shown in Table 4. In order to avoid loss of organic matter, 
materials were dried at 65C for 24 hours. The water content 

values of the kitchen and garden wastes are extremely high in 
comparison with other materials. The specific gravity values of 
the used materials were obtained from literature and with 
laboratory experiments. The difference between literature and 
experimental values are high for some materials like wood 
shavings and paper pieces. This difference may due to the used 
material characteristics. The highest specific gravity value 
belongs to metal dust chips, the lowest one belongs to plastic 
particles.   
 
Table 4. Natural water content and specific gravities of used materials 

No Material 

Water 
content  

(%) 
 

Specific 
gravity 

(Gs) 
(Literature) 

 

Specific 
gravity  

(Gs) 
(Present 
study) 

1 Kitchen waste 620 1.10 1.32 

2 Garden waste 468 0.90 1.05 

3 Broken Glass 0.1 2.60 2.41 

4 Plastic particles 0 0.93 0.76 

5 Wood shavings 8 0.53 0.96 

6 Metal dust-chips 0.1 7.19 7.41 

7 Ash  1 0.66 - 

8 Paper pieces  3 1.20 1.77 

9 Cardboard pieces 2 0.69 0.95 

10 Textiles 0 1.31 1.18 

11 Fine grained soil 1.5 2.65 2.57 
 
The specific gravity values of the E, T and U samples were 

calculated according to percentage of each material and the 
results are 1.20, 1.52 and 1.73, respectively. The specific 
gravity values of E, T and U samples were also determined 
experimentally and the results were 1.72, 1.27, and 1.90, 
respectively (Table 5). The difference between the calculated 
and experimental values is high.  

The initial water content, organic matter and pH values of 
the fresh and aged E, T, and U samples are shown in Table 5. 
The initial water content value depends on the kitchen and 
garden waste content. For that reason, the highest initial water 
content value belongs to T sample. As ageing progress under 
open air conditions the initial water content values increase for 
all samples due to rain conditions during ageing.  

The highest OM contents belong to synthetic fresh E (62%) 
and T (65%) samples. The higher content of kitchen and garden 
waste in the E and T sample than U sample increases the OM 
content of the composition. With ageing effect the OM content 
of the samples decreases significantly. The decrement 
percentages of the OM contents for E, T and U samples are 
32%, 20% and 19%, respectively. The highest decrement 
belongs to E sample which have higher paper and cardboard 
pieces content. Also, the kitchen and garden waste percentages 
are higher of the E sample.    

The pH values of the E and U sample are similar. However, 
the pH value of the T sample significantly higher because of ash 
wastes in the composition.  

In order to see the effect of different materials in the 
composition, the modified compositions were generated. The 
physicochemical and index properties of the modified 
compositions are shown in Table 6. The results have shown that, 
when paper and cardboard waste percentages decrease in the E 
sample composition the specific gravity decreases from 1.72 to 
1.68. The initial water content increases, because the organic 
waste percentage increased in the composition. When the 
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 organic waste percentage reduced from 45% to 20% in the T-1-
2 sample, there is no significant change at the specific gravity. 
However, the initial water content value decreased from 62% to 
22%. When the metal waste content (9%) removed from U 
sample (U-1-2) the specific gravity decreased significantly from 
1.90 to 1.27. Furthermore, there is no significant difference at 
the obtained initial water content values.       
 
Table 5. Physico-chemical and index properties of synthetic MSW 
samples 

Composition 
Specific 
gravity  

Initial water 
content (%) 

Organic 
matter (%) 

pH 

E 1,72 44 62 5,94 

T 1,27 62 65 10,47 

U 1,90 40 58 5,92 

E-A - 125 42 6.6 

T-A - 114 52 9.4 

U-A - 109 47 6.7 
 
 

Table 6. Physico-chemical and index properties of synthetic MSW 
samples 

Composition Specific gravity  
Initial water content 

(%) 

E 1.72 44 

E-1-1 1.68 72 

E-1-2 1.82 12 

T 1.27 62 

T-1-1 1.34 83 

T-1-2 1.30 22 

U 1.90 40 

U-1-1 1.95 47 

U-1-2 1.27 45 

4  CONCLUSIONS 

In this study, water content, organic matter content, specific 
gravity and pH values of the fresh and aged synthetic waste 
samples in different compositions were investigated. Synthetic 
samples were prepared in representative different compositions 
as average compositions of Europe (E), Turkey (T) and the 
United States of America (U) to examine the effect of the 
composition on the physico-chemical properties. According to 
the results of this study, the specific gravity values were 1.72, 
1.27, and 1.90 for E, T and U compositions. The T sample 
which has higher organic content in the composition has the 
lowest specific gravity value. The pH values of the E and U 
compositions were obtained as 5.9. However, T composition 
has higher pH value (10.5) because of higher ash content in the 
composition. As ageing progress, the pH values of E and U 
compositons increased. The natural water content values also 
related with the organic content. When organic content in the 
composition increases, the natural water content of the 
composition increases, too. The change in physico-chemical 
properties were also obtained on the modified compositions. 
The results have shown that, when paper and cardboard waste 
percentages decrease, the specific gravity decreases. When the 
organic waste percentage reduced the water content value of 
The MSW samples decreased significantly. When the metal 

waste content removed, the specific gravity decreased 
significantly.  
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