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Abstract: In Tunisia the most treatment waste is landfill (50% of wastes were land filled) and only 
5% are composted. And since our soil become more and more poor in organic matter, green waste 
can be a significant source of organic matter; in parallel we cited the domestic waste and dead 
posodonia collected from beaches. All these wastes coming from various origins can be exploited to 
produce stable compost able to correct the deficiency of soil. Exploiting waste could lead at different 
quality of mature compost.  We are not interested in only the quality of the mature compost but we 
are interested in the time of the composting cycle. The goals of this study were to characterize the 
maturity and the sanitary quality of compost in relation with the feed stock source (green waste (C1), 
green waste mixed with Posidonia (C2) and municipal solid waste (C3). The results obtained showed 
that the duration of the cycle of composting depends on the nature of the substrate. The longest cycle 
(200 days) was observed with the feed stock source C3. The C/N ratios ranged between 22 and 27 at 
the beginning of the cycle of composting and decreased notably during time of composting. NH4-N 
decreased over the progress cycle and at the end of composting progress, all wastes presented a 
content of NH4-N not exceeding the maximal value recommended for mature compost                           
(400 mg kg�1). The CO2 released by C1 was of approximately 6000 mg C-CO2 DM kg�1 at the start 
of the cycle and it reached at the end of the cycle of composting 2300 mg C-CO2 DM kg�1. 
Nevertheless, the deshydrogenase activity (DHA) recorded was important during the thermophilous 
phase at the level of the three piles C1, C2 and C3, where it reached the respective values of 5.9;  6.2 
and 4 TPFS/TPF/g of DM. Maturity stage showed the values of 0.3;  0.8 and 0.4 TPFS/TPF/g of 
DM, respectively. Salmonella appeared only at the level of the piles C2 et C3 at the beginning of 
composting. After 40th days composting these bacteria are not detected. Staphylocoques were not 
detected at the level of the two piles C1 and C2.  The number of these bacteria was important in the 
compost C3, where it fluctuated between 103 and 105 bacteria g�1 of dry matter. Statistical analyses 
showed that the compost of municipal solid waste C3 presented a value of salinity (6.8 g Kg�1 of 
DM) higher than those obtained at the level of the other studied piles 2.6 g kg�1

 

of DM for C1;                   
4 g Kg�1 of DM for C2).  We also noted that the compost C2 was relatively rich in P (2.17%/ of 
DM) and MgO (2.62% of DM) as compared with the two other studied piles which contain a 
percentage of MgO of 0. 73 in C1 pile and 0. 8 in C3 pile. Although important heavy metals contents 
determined in the three studied composts were lower than the levels indicated by the standards of the 
European Union.  
 
Key words: Vegetable residues, posidonia oceanica, municipal solid waste, compost, 

staphylococcus, salmonellas 
 

INTRODUCTION 
 
 Overexploitation and abusive use of chemical 
fertilisers led to soils poorer in humus content. 
Composting can not only transform waste by reducing 

its harmful effect but also corrects when added to soil, 
the deficit in organic matter. The nature of the raw 
material used during composting has a direct effect on 
the quality of the final product.  There is a significant 
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need for the amendment of soils by compost. The 
quality of the amendment may have a significant impact 
on environment. The quantity of municipal solid waste 
produced in Tunisia was estimated to range from 0.5 to 
1.5 kg/day/person, characterised by a high percentage 
of fermentable organic matter (60 to 70%). If we didn’t 
select harmful materiel, at the beginning of composting, 
the quality of the mature compost can be affected. We 
may indicate an example the high percentage of heavy 
metals in the municipal solid composts.  Some metals 
are mobile and can reach even the fruit or the 
groundwater[1]. The choice of another biodegradable 
material containing low quantities of toxic substances 
can be an interesting alternative for preserving the 
natural environment. For instances the important 
quantity of potential composted vegetable residues and 
market wastes of Tunis city estimated to more than 17 
tons per day constitutes a favourable substrate for a 
biological treatment. Nevertheless more than 90% in 
volume of composted vegetable residues was composed 
by organic matter and was accompanied by relatively 
low water content, which requires its mixing with 
another waste. In another side Posidonia oceanica, the 
dominant sea grass species in the Mediterranean, where 
it covers 50 000 km2 [2], is known to be a reef-building 
organism capable of long-term sediment retention. 
Posidonia oceanica is however experiencing a 
widespread decline throughout the Mediterranean sea, 
which may reduce sediment retention and increase 
beach erosion in the coastal zone[3]. For this fact, we 
will exploit for the preparation of Posidonia compost 
only dead plants of Posidonia collected near beaches. 
The sea plants Posidonia oceanica can be collected 
only neighbourly the hotel sectors and be transformed 
into compost. This sea plant is known by its high 
content in carbon, nitrogen and phosphorus. The 
desalination of this plant did not present a technical 
problem since Posidonia oceanica was a plant with a 
smooth surface, impermeable to salt existing in its 
natural environment and a simple rinsing eliminates the 
quasi totality of chlorides. Composting is a self-heating, 
aerobic, biodegradation process of organic waste 
materials. We can diversify the feed stockpile to reach 
mature compost with less heavy metal content. The 
present study investigates the exploitation of different 
wastes in goal to prepare stable compost. To establish a 
comparative study between the composting of different 

wastes; the prevailing of both physical-chemical 
conditions such as temperature, total organic matter, 
moisture, C/N ratio, pH and microbial parameters such 
as pathogenic bacteria, CO2, deshydrogenase activity, 
present in the compost. 
 

MATERIALS AND METHODS 
 
 Composting materials: Compost C1 was prepared 
with garden vegetable residues (70%) mixed at the 
beginning with market wastes in order to correct the 
C/N ratio. Compost C2 was prepared with mixture of 
vegetable residues (70%) and the sea plant Posidonia 
which was washed for several times to eliminate all 
chlorides compounds. The substrate of the third pile C3 
was a municipal solid waste collected from the area of 
Tunis City. Plastics and other undesired materials were 
removed and the substrate was added with 30% of 
bulking agents, i.e. wood. All types of wastes used were 
putted in piles of (L×l×H = 2×1.5×1.5 m3). The 
compost piles were turned once the temperature 
dropped to 55°-60°C and watered to 45-50% moisture 
content. The temperature was measured daily by a 
digital thermometer at the depth of 0.5 and 1m, in each 
pile. 
 
Sampling procedure: Sampling was performed at the 
start of the composting process and repeated at the 
interval of 5 days by taking four samples. The last ones 
were taken immediately after mixing the pile. The 
heterogeneity of the urban residues constitutes a major 
difficulty to carry out a representative and reproducible 
sampling. A sample of 5 kg is taken starting from 
various points of the pile according to the method 
described by Gillet[4]. This same sample was used to 
take three reduced sub samples. The weight of each one 
was 1 kg. The first sub sample was stored at -40°C to 
provide a collection of sample; the second one was used 
for the physicochemical analyses and the third one 
served to the microbiological analyses. Experiments 
were started in April 2004.   
 
Chemical analysis: During composting, the 
temperature was measured every two days at two 
depths in each pile (0.5 and 1 m) with a temperature 
probe thermometer. The pH was determined in 1:10 
(w/v) waters/ distilled water soluble extract, the 
humidity content was ascertained according to Garcia[5] 
and organic carbon was determined according to the 
Anne method[4]. Total nitrogen was estimated  based on 
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Fig. 1: Temperature and pH progress during the three 

cycles of composting Compost C1 was prepared 
with garden vegetable residues (70%) mixed at 
the beginning with market wastes in order to 
correct the C/N ratio. Compost C2 was prepared 
with mixture of vegetable residues (70%) and 
sea plant Posidonia. This last one was washed 
for several times to remove all chlorides 
compounds. The substrate of the third pile C3 
was municipal solid waste added with 30% of 
bulking agents. 

 
the method of Bremmer[6]. Heavy metals content was 
determined following the method recommended by 
Rauret[7]. 
 
Microbial analysis: The enumeration of total microbial 
organisms (mesophilic and thermophilic) was done 
using the poured count agar method and incubation was 
made at 22 or 45°C during at least 5 days.  Actinomyces 

count was realized by using antibiotic selection 
method[8]. Concerning Bacillus enumeration, a weight 
of 10 g from each sample was diluted in a volume of  
45 mL of sterile distilled water. Then, the aerobic                 
Gram-positive purulent  bacteria  were isolated  
following  the treatment of sporulation (80°C during 10 
mn).  Purification of colonies was carried out by 
consecutive culture of the same clones for several times 
on the surface of the trypticase-soy-agar (TSA, oxoid). 
The purified colonies were stored in agar medium 
containing glycerol at -20°C. Bacillus isolates were 
confirmed by a microscopic observation after Gram 
staining, oxydase and catalase tests.  The formation of 
endospore is tested in nutrient agar (NA, Oxoid) 
amended with 0.003 % (weigh /vol) of manganese 
sulphate. Fungi enumeration was carried out on 10 g of 
each sample suspended in 40 mL of phosphate buffer 
(1.25 g of KH2PO4, 2.80 g of K2HPO4 and 1 l of 
deionized water pH 7.1) and aliquots (100 µl) from a 
serial dilution were plated on Potato dextrose agar 
(PDA)(250 g  of autoclaved  strained  potatoes,  20 g  of  
dextrose and 10 g of agar in 1liter of water). The 
inoculated plates were incubated for 3 days in darkness 
at 25°C +/- 2°C. The detection of Salmonella was 
determined as recommended by Standard methods of 
American Public Health Association[9]. The release of 
CO2 was measured according to Lasaridi[10]. 
Deshydrogenase activity (DHA) was measured by 
spectrophotometer (Philips 8620 series) according to 
Tabatabai[11]. 
 
Evaluation of the compost toxicity using seed 
germination:  The test was done at 27°C in darkness. 
Wheat seeds were sown (6 to 8 seeds) in Petri dishes 
containing paper soaked with the extract of compost or 
distilled water. After 48 h of incubation, the number of 
germinated   seeds and  the  length  of   the  roots   were  
determined. An index of germination (% of germination 
x % of growth root) was determined.  If the index lower 
than 50 % as compared to the control test reveals an 
immaturity of the compost.   
 
Statistical analysis: All experiments were repeated 
three times and analysed by the SPSS statistical 
program (SPSS for Windows, SPSS Inc.). The values 
presented are the average of three replicates and means 
were separated by the least significant difference 
according to the Student-Newman-Keuls Test. Pearson 
correlation determinations were also performed using 
SPSS statistical analysis. 
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RESULTS AND DISCUSSION 
 
pH, C/N ratio and temperature evolution: The 
thermophilic step was characterized by a temperature 
exceeding 60°C, during 70 days at least for the three 
piles studied (Fig. 1). The temperature of the pile C1 
reached 55°C only four days after the beginning of 
composting.  The duration of thermophylic phase 
depends on the nature of the substrate; indeed the 
duration of the thermophyle phase is proportional to the 
duration of fermentation. The thermophylic period of 
municipal solid waste C3 last relatively a long time 
(150 days). Whereas, for the two other piles C1 and C2 
the duration of thermophylic period was respectively 70 
and 85 days. The shortest thermophilic phase of 70 days 
observed at the level of pile C1 was sufficient to 
remove the principal pathogenic bacteria. Watering was 
applied in order to recover the water loosed to have 
moisture ranging between 40 and 60%. Moisture 
appeared to be a main influencing factor to microbial 
activity. Low moisture conditions can inhibit many 
beneficial microorganisms. However excess moisture 
increases the emission of anaerobic odours with 
production of certain toxic volatile substances such as 
methane[12, 13]. Unlike the temperature, pH can be an 
indicator of maturity at the level of the three piles 
studied. The pH value reached at the end of the cycle of 
composting and at the level of the three piles was of 
about 8.5 (Fig. 1). The increase of pH values can be 
considered as an indicator of maturity. In addition, this 
alkalinity increase can act against some pathogenic 
fungi since a large number of fungi grow only under 
acid conditions[14]. The length of composting cycle 
depended on the nature of the waste used. The shortest 
cycle was observed at the level of pile C1 where the 
pile of composted vegetable residues lasted only 95 
days. However, the addition of 30% of Posidonia to the 
pile delayed the operation of composting, which 
attained in this case 155 days.  The longest fermentation 
period  was  observed  for  the pile  of  municipal   solid 
waste (200 days); this result may due to the high 
heterogeneity  of   this   substrate. The  municipal  solid  
waste cycle took twice as much time as that needed for 
the  vegetable  waste compost  cycle, suggesting  that  a  
good choice of the substrate could lead to gain time. 
 The C/N ratio represented one of the parameters to 
characterize the quality of the mixture of the feedstock. 
It ranged between 22 and 27 in the present experiment 
and decreased afterwards, according to the progress of 
the composting process (Fig. 2). We noted that 
microorganisms present in the compost of municipal 
solid waste, consumed part of nitrogen for 27 parts of 
carbon. The high values of C/N ratio indicate that  some 
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Fig. 2: C/N ratio progress during the three composting 

processes studied 
 
complex nitrogen substrates, such as keratin, were 
difficult to be used by the micro-flora. As a 
consequence, the microorganisms will need a longer 
period for its consumption. Haug[15], found that an 
initial C/N ratio varying from 30 to 35 seems to be an 
optimal condition for a fast composting of the 
municipal solid waste. This suggestion didn’t exclude 
the fact that we also could have a fast biological 
breakdown even with a C/N ratio lower than the limit 
recommended by Haug[15].  Indeed, the decrease of the 
C/N ratio is explained by the transformation of carbon 
into carbon dioxide followed by a lower decrease in the 
concentration of organic acids[16]. At the end of the 
process, the values of C/N varied between 10 and 15 
(Fig. 2).  According to Jedidi et al. [17] this decrease 
corresponded to a stable form of the organic matter.  So 
this C/N ratio is regarded as a criterion of maturity of 
compost Hardy et al., [18]. Consequently, taken as 
condition of maturity, C/N ratio showed that we obtain 
stable compost after only 200 days for municipal solid 
waste substrate. Hachicha and Ghoul[19], showed that 
the maturity of the municipal solid waste compost was 
reached, only after 70 to 75 days according to a 
stabilisation of the C/N value. This difference in 
duration can be attributed essentially to the nature and 
the composition of the waste in the pile. On the other 
hand, Hue and Liu[20] established that this C/N ratio was 
not a good indicator of compost stability. Currently, this 
C/N ratio alone is not sufficient to determine the 
maturity of compost. It is therefore necessary to 
associate it with some others physico-chemical 
parameters such as the total organic matter and the tests 
of phyto-toxicity[21]. Certainly, low C/N values didn't 
indicate the stability of the material. For example 
organic waste like manures, or activated sludge, 
presented   sometimes  the  C/N  ratios  lowers  than  20 
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Fig. 3:  Nitrogen content progress during the 

composting process 
 
despite the instability of the product[15]. Moreover, 
Jedidi et al.[22] found that the incorporation of compost 
to soil with a high C/N ratio caused a nitrogen 
immobilization and marked a real deficiency of 
nitrogen content for plant. The studies of Inbar et al. [23], 
related to this C/N ratio, showed that a compost with a 
weak C/N ratio, could lead to a toxicity of the plants by 
NH3.    
 
Nitrogen transformation during composting: During 
the operation of composting, the organic matter is 
transformed into mineral matter consumed by the 
bacteria.  The percentage of NH4-N decreased during 
the composting process (Fig. 3). The nitrogen 
distribution (NH4 and NO2) in the three piles during 
composting showed that at the end of composting, 
ammonia is converted to nitric acid (NH4

++2O2 → NO3 
+ 2H+ + H2O), (Schlgel[24]. The decrease of ammonia 
during composting depends on the rate of  oxygenation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Evolution of mesophilic and thermophilic 

bacteria during the three composting cycles 
 
 It can result that efficient quantity of O2 can 
decrease emission of ammonia during the process and 
accelerate the rate of mineralization[25]. At the end of 
composting, all piles NH4-N content didn’t exceed the 
maximum value for a mature compost (400 mgKg-1), as 
recommended by Zucconi and Bertoldi[26]. The amount 
of nitrogen recorded was important in the pile of 
municipal solid waste C3 (2% of NH4 at the beginning 
of composting); these values are lower at the level of 
the composts C2 (0.9%) and C1 (0.7%). These results 
suggest    that   the  municipal  solid  waste  lead  to  the 
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production of a compost more rich in nitrogen and can 
be a better fertilizer as compared to the two other 
studied composts used. The monitoring of this 
mineralization during a cycle of composting can be 
used as criterion of the compost maturity evaluation. 
 
Microbial dynamics: A large variety of mesophilic 
and thermophilic microorganisms was isolated from 
compost sampled at different periods during the 
composting process. These microorganisms can grow at 
temperatures varying between 10 and 70°C. Under 
aerobic conditions, temperature is a major factor 
determining microbiologic variety and the intensity of 
metabolic activities[27]. According to (Fig. 4), during the 
mesophilic phase there is a dominance of the 
mesophilic bacteria with a concentration of 104 
microorganisms g-1 of dry matter. It is the natural flora 
that colonizes the first substrate degrades preferentially 
the fresh organic-matter. At this stage, we have the 
degradation of the easy degradable materials such as 
sugars, proteins, etc. This idea was supported by the 
level of deshydrogenase activity, which was in the 
order of 4.8 mg TPF g�1 of dry matter for the municipal 
solid waste; this value can be the result of a high 
oxidation rate of the organic matter. This intense 
activity led to the increase of CO2 release and of 
temperature[28].  During   this   thermophilic   phase,  the  
number of mesophilic bacteria decreased and fluctuated 
between 103 and 104 microorganisms g�1 of dry matter. 
These mesophilic bacteria were partially killed as 
compared to the thermophilic, which number increased 
appreciably and reached more than 107 microorganisms 
g�1 of dry matter during the thermophilic phase. 
Mustin[29], noticed that the microorganisms of the 
compost, at any moment, create the conditions of their 
own destruction, which are to be optimal for the 
following microbial populations engaged in 
composting. During the cooling phase, the number of 
thermophilic bacteria decreased appreciably to 105 and 
104 microorganisms g�1 dry matter for C2 and C3, 
respectively, but it has conversely increasd to more than 
CO2 release was constant during the thermophilic step. 
Progress of CO2 release in the different piles C1, C2 
and C3 (Fig. 5) showed the same tendency that can be 
divided in two phases. The first one appeared at the 
thermophilic period with high release and the second 
appeared at the maturity period with low release. For 
example composted vegetable residues emitted, after 70 
days of composting approximately 6000 mg C-CO2 dry 
kg-1, this value deceased at the end of composting to 
2300 mg C-CO2 dry kg�1. A stabilisation of the CO2 
release was observed during maturity step. These 
results suggest that CO2 release  can   be  a  determinant 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Progress of CO2 release during the three 

composting process studied 108 in the case of 
the composted vegetable residues C1. This 
number didn't decrease either at the end of the 
composting process.  

 
factor that can indicates compost maturity. The 
municipal solid waste pile C3 emitted during the 
thermophilic phase approximately 2000 g C-CO2 kg 
DM. This may be related to the structure of the 
municipal solid waste material which is different from 
that of the vegetables residues. The last material has a 
non-compact texture that enables the circulation of air 
and can let volatile compounds such as CO2 and their 
absorption by alkaline solutions.  Generally, the trends 
in respiration rates of the compost at different ages 
correspond to changes of the chemical and physical 
parameters observed during composting[30]. These 
results suggest that the CO2 measurement can be an 
indicative parameter of the maturity of the compost. On 
the other side, it would be interesting to choose a  
substrate with less CO2 production in order to preserve 
the environment. For utilization in container media, a 
higher stability level (0.5 mg CO2-C g�1 DM) may be 
required. Presently, composts are typically used on the 
basis of past experiences with specific products from 
given suppliers instead of their use on the basis of 
standard physical, chemical and/or biological properties 
of the products that define quality. 
 Generally the compost enzyme activities are very 
considered to be sensitive to different experimental 
conditions and feed stock sources. Therefore, enzyme 
activities can be considered as effective indicators for 
stress or management practices. It is  also  obvious  that 
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Fig. 6: Deshydrogenasease activity, pathogenic 

bacteria and toxicity index progress during the 
three composting cycles 

 
the relationship between an individual biochemical 
property and the total microbial activity is not always 
obvious, especially in the case of complex systems like 
compost, where the microorganisms and processes 
involved in the degradation of the organic compounds 
are highly diverse. Nevertheless, deshydrogenase 
activity (DHA) has been used as an indicator of the 
microbiological activity in soils[5], The (DHA) measure 
during composting operation on the three different 
feedstock can indicate compost stability. The 
mesophilic    phase    was    characterized   by   a   weak 
 The compost C1 was prepared from composted 
vegetable residues (70%) mixed with respectively 
(10%) of mature compost of composted vegetable 
residues. The compost C2 was prepared from a  mixture 

of composted vegetable residues (70%) and Posidonia 
oceanica.  The fourth pile C3 was composed of 
municipal waste collected of the area of Tunis. 
deshydrogenase activity (Fig. 6). At the beginning of 
the cycle, the rate of DHA at the level of the three piles 
studied C1, C2 and C3 was in the order of 0.8; 4.5 and 
6 TPF/TPF/g of DM, respectively. During the 
thermophilic phase, a light increase of the enzyme 
activity observed and reached at the level of the three 
piles C1, C2 and C3 the values 5.9; 6.2 and 12 
TPF/TPF/g of DM respectively. At the maturation 
stage, there is a net decrease of the DHA neighbouring 
0.3, 0.8 and 0.4, respectively at the level of the three 
piles. This result indicates that the measure of DHA 
activity was predictive of the compost maturity. The 
DHA activity varied almost positively with the amount 
of soil organic matter. Indeed, the lower pH compost 
values associated to a higher C/N ratio, lead to a slow 
decomposition rate and consequently lead to less DHA 
activity than during the thermophilic phase. 
 Other authors also attributed the increase of the 
microbial activity to the high compost moisture. 
Generally, young composts exhibited a greater enzymes 
activity than the oldest ones. In the amended soil, the 
composts did not increase enzyme activity in an 
additive way. Deshydrogenase, the only strictly 
endocellular enzyme, was the only one for which the 
activity in the amended soil increased significantly in 
proportion to the addition of the compost. During the 
incubations, C mineralization and DHA activity were 
significantly correlated, indicating that deshydrogenase 
activity was a reliable indicator of global microbial 
activity[31]. 
 
Pathogenic bacteria during composting cycle: One of 
the purposes of composting was to eliminate the 
pathogenic microorganisms and to avoid a later 
recontamination of waste[32]. Indeed, some authors have 
used tests of recontamination by inoculating Salmonella 
or E. coli in compost pile to find the optimal conditions 
of pasteurisation[33]. They noticed that final compost 
humidity must be lower than 20% and the ratio C/N 
ratio must be lower than 15. Composting must 
suppressifs all pathogenic bacteria. In our study 
salmonella was absent at the level of the two piles C1 
and C2, but this bacteria appeared in C3 pile only at the 
beginning of composting (Fig. 6). These bacteria were 
destroyed when the temperature reached 55°C[34]. 
Salmonella come essentially from the detriments of 
food and of meats. Salmonella species are regarded as 
the problem of the hygienic quality of the compost.  
This is probably related to the fact that these bacteria 
are ubiquist and of rapid growth. In  the  compost,  they 
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The compost C1 was prepared from composted 
vegetable residues (70%) mixed with respectively 
(10%) of mature compost of composted vegetable 
residues. The compost C2 was prepared from a mixture 
of composted vegetable residues (70%) and Posidonia 
oceanica.  The fourth pile C3 was composed of 
municipal waste collected of the area of Tunis are 
represented primarily by Salmonella sp., S. munchen 
and S. corvalis[35]. Concerning staphylococci, they were 
absent at the level of the two piles C1 and C2. The 
number of these bacteria was more important at the 
level of C3, where they have fluctuated between 103 
and 105 bacteria g�1 of dry matter. Their presence at the 
end of the cycle can be disturbing; however we noted 
the absence of Staphylococcus aureus.  In the domestic 
municipal solid compost staphylococcus xylosus was 
the main species observed. This bacterium is natural 
colonizer of soils. 
 
Quality of composts: At the end of the composting 
process, the three finished products showed the average 
characteristics regrouped in Table 1. Sstatistical studies 
showed that there were no significant differences 
between the main components of the three mature 
composts obtained. Only the municipal solid waste 
compost C3 presented a salinity value (6.8 g Kg�1 of 
DM), higher than those registered at the level of the two 
other piles studied (2.6g Kg�1 of DM for C1; 4g Kg�1 
of DM for C2). We also noted that the compost C2 was 
rich in P2O5 (2.17%/g of DM) and MgO (2.62% of 
DM), as compared to the two other piles studied (C1: 
0.73% of DM; and C3: 0.8% of DM).  Bacteriological 
analyses of the finished products deriving from the 
three organic matters showed a significant difference 
between the numbers of the  various  microbial   groups  

analyzed (Table 2). All finished products obtained 
didn’t contain Salmonella (Table 2). Concerning the 
analysis of heavy metals, high content were found at the 
level of the three piles studied. Nevertheless, these 
quantities of heavy metal didn't exceed the doses 
recommended by the USEPA standards[36] (Table 3). 
However, the application of such product to soil during 
successive years can lead to the accumulation of some 
metals in soil, such as chrome is known by its 
immobilization properties in soil. Heavy metals in 
compost pose a problem both at the environmental and 
agricultural levels. The heterogeneity of municipal solid 
waste and the inability to select the no degradable 
material in the feedstock may affect the quality of the 
mature compost[37]. The presence of heavy metals in the 
compost can be the result of the presence of different 
previous sources such as tubes, capsules, etc. Copper 
can result from fungicides. On the other hand, the 
cadmium and Pb can result from batteries and fuel 
respectively. 
 
Table 1: Physical and chemical characterisation of the different 

mature compost obtained from three organic matters studied 
 Finished compost 
 ----------------------------------------- 
 C1 C2 C3 
Humidity (%) 34 35 25 
PH 7.8 7.5 7.5 
Salinity (g/Kg dry matter)  2.6 4 6.8 
Organic matter (%/g of dry matter)) 31 3.5 26.5 
Tot N (%/g of dry matter)) 0.89 1.3 1.04 
K2O (%/g of dry matter)) 0.74 0.9 0.62 
CaO (%/g of dry matter)) 3 5.2 17.7 
C/N 22 15 17 
Na2O (g/Kg dry matter) 12 7 4 
P2O5 (%/g of dry matter)) 0.53 2.17 0.6 
MgO (%/g of dry matter) 0.73 2.62 0.8 

 
Table 2: Microbiological parameters evolution during a cycle composting at the level of three different fermentescible matrix 
Finished Mesophilic Thermophilic     
Compost bacteria bacteria Coliform Actinomyces Fungi Salmonelle 
C1 27 105 (a) 22 106 (a) 27 (a) 17 105 (a) 13 104 (a) 0 (a) 
C2 27 105 (a) 38 105 (c) 28 (b) 14 105 (c) 85 104 (c) 0 (a) 
C3 35 105 (b) 32 105 (d) 15 (c) 40 105 (d) 12 105 (b) 0 (a) 
(*) Means followed by the same letter are not significantly different at p = 0.5 
 
Table 3: Determination of heavy metals concentrations at the level of the three types of composts tested as compared to standard norms 
  Metal (g kg�1 MS)  
Finished ----------------------------------------------------------------------------------------------------------------------------------------------------------- 
Compost Cr Cu Cd Zn Ni Pb 
C1  11.41±0.07 (a) 30.3±0.16 (a) 1.9±0.1(a) 175.74±0.06 (a) 50.04±0.01(a) 120.27±0.20 (a) 
C2  18.36±0.07 (b) 54.49±0.10 (b) 1.76±0.05 (b) 300.26±0.16 (b) 98.16±0.17 (b) 245.25±0.15 (b) 
C3  22.42±0.03 (c) 88.84±0.06 (c) 2.01±0.01 (c) 400.12±0.13 (c) 99.70±0.57 (c) 306.66±0.01 (c) 
 
EUN - 1000 20 2500 300 750 
USEPA - 1500 39 2800 420 300 
USEPA Standards for the use or disposal of sewage sludge. Fed regist. 58: 9248-9415. 
(*) Means followed by the same letter are not significantly different at p = 0.5. 
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Pb was present at high amounts essentially in vegetable 
compost. The origin of this metal in such substrate can 
be attributed to traffic car in the nearly streets. So, the 
risk of heavy metals reside essentially in their 
concentration during the process because there is a loss 
of the organic matter and an absence of 
biodegradability of heavy metals and their harmful 
effect when added to soil.  
 The evaluation of the compost toxicity revealed 
that the finished products derived from the different 
feedstock didn't present toxicity since the index of 
germination was higher than 50% compared to the 
control. The index of toxicity is a major parameter in 
the determination of the maturity of the compost. Fig. 6 
shows that maturity is reached when the index value is 
close to the half of the value of the control test. The 
index for the control has a value equal to 396. 
Consequently the start of maturity is indicated when the 
index value attain 198.  This value is reached on the 
level of the pile C1 after 70 days; however the addition 
of Posidonia delayed the maturity by 50 days. With 
regard to the third municipal solid substrate, the 
maturity started only after 155 days of the beginning of 
the cycle of composting.   
 

CONCLUSION 
 
 Compost from different feedstock sources provided 
stable compost with a C/N ratio of around 15. All 
parameters used are important for the characterization 
of compost maturity. However, to preserve the 
environment, it would be useful to choose a substrate 
which leads to less pollution by CO2 and with a short 
time of composting. Taking account of these two 
parameters, the composted vegetable residues enriched 
with Posidonia can be an interesting substrate in 
compost production. In the basis of the obtained results, 
it can be concluded that the composting operation is 
affected by the nature of feed stockpiles. Monitoring of 
various parameters such as temperature, pH, NH4, NO3 
and CO2 release during the composting process can be 
critical to characterize compost maturity. Indeed and in 
the same context, soluble-C, soluble-N, NH4

+, NO2
- and 

their ratios give a good profile of the compost 
evolution. The starting organic matters affect the 
quality of finished compost. However, heavy metals 
content may constitute an ecological and agricultural 
problem, since they can be accumulated in soil and 
exceed the limits indicated by norms. Our 
investigations revealed variation in the size of the 
different microbial populations (bacteria, fungi and 
Actinomyces). The three organic substrates studied led 
to  a   stable  compost  exempt  of  pathogenic  bacteria, 

except at the level of the municipal solid compost C3 
where saprophyte Staphylococcus was found at high 
concentrations (S. xylosus). These same biological and 
biochemical properties vary widely in accordance with 
the type and the range of biodegradable materials and 
process characteristics. In addition this report describes 
the importance of such data and information for 
producers and grower and recommends the use of 
Posodonia as an alternative to domestic compost.  
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