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Abstract

The environmental and safety usage of the compost as an organic fertilizer depends on the quality of the solid waste and
the quality of the produced compost. In order to investigate the impact of the compost to be produced from the compost
plant in Syria, a study was made in the Faculty of Agriculture, Damascus University. This study investigated the 15 year
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usage of the compost produced from compost plant of Damascus on the soil in Rural Damascus.

Arandomized block (RB) design was made. Five pairs of similar fields were located. In each pair, one field was randomly
assigned to receive compost from the Damascus compost plant, set about 15 cm deep (the treatment) , and the other
received no compost (the control). Three subsamples were taken from depths down to 30 cm from each of the ten Fields.
Each soil sample was analyzed in order to determine its chemical composition.

The results of the analysis showed that the soil in which compost was used has a higher concentration of heavy metals
like , Pb, Cu, Fe, Zn...etc.

Content of Zinc element in soil has ranged between 18.19 mg/kg in field No.(5) and 4.22 mg/kg in control field No. (3) .
The content of Fe in the soil ranged between about 17.10 mg/kg in the treatment field No. (2) and 8.92 mg/kg in the
control field No. (3).

The values of Mn in the studied soil have ranged between 15.7 and 8.30 mg/kg in the treatment field No.(5) and control
field No.(5) respectively.

The values of Pb in the studied soil have ranged between 29.41 and 9.53 mg/kg in the treatment field No.(5) and control
field No.(3) respectively.

The values of Cd in the studied soil have ranged between 4.71 and 2.00 mg/kg in the treatment field No.(1) and control
field No.(5) respectively.

Statistical analysis showed significant treatment effect for all five pairs combined and also for most pairs individually.
The study recommends continuing the research to establish a standard for the quantitative and qualitative content of
heavy metals in the compost used for fertilizer .
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Introduction

The topic of treating the solid wastes is one of the priorities taken by Ministry of Local Administration in Syria (MLA) which
is trying to reach an integral mechanism for separating the solid wastes to their components, recycling them and safely
disposing of the refused elements resultant from the separation operations in suitable sanitary landfill sites .

Damascus City and Aleppo City are considered the biggest resources for wastes generation in which the quantity of
the resultant wastes exceeds one thousand tons per day in each. In general, it is estimated that each person generates
about half a kilo per day (Alboukhari, 2002).

Compost can be produced as the case in the solid wastes treatment plant in Damascus Countryside which produces 700
tons per day and where the received garbage are separated to its organic and inorganic material, and where part of the
inorganic materials can be used in recycling while the other parts (refused elements) go to the landfill. The organic part is
treated by aerobic fermentation for the purpose of producing compost which is used in turn in fertilization (MLA, 2004).
The strategic plans appliedin treating the solid wastes in Syria, within this framework, a national work plan and environmental
strategy have been achieved that included special instructions regards the collection, removal and treatment of the solid
wastes (UNDP, 2003) and the directive plan for the solid wastes through which in 2005 a several study scenarios have
been studied related to the treatment and landfill of the solid wastes in a safe and environment friendly way. There has
been an accreditation to the scenario that recommends the generalization of the bio-mechanical methods as an efficient
and appropriate style in the solid wastes management by the administrative units in Syria, and within which there has
been a suggestion to establish 24 plants for solid wastes treatment and compost production to be used in farming, in
addition to the determination of the administrative units need to the sanitary landfill sites by 40 landfill sites distributed on
the various Administrative Units in proportion to the wastes volume and extension limit. (MLA, 2004).
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Research Justifications:
Some of the farmers have been using the Compost produced by the solid wastes plant for many years (may reach
15 years) in their fields in Damascus Countryside. No accurate scientific evaluation has been made for the effects
resultant from such use. Bio-mechanical methods have been used in treating the wastes, and the experience of the solid
wastes treatment plant in Damascus Countryside in the production of the compost from the municipal wastes have to be
generalized in the future to all the Syrian Cities, in accordance with the directive plan for the solid wastes management,
which in turn means that the use of the compost resultant from the municipal wastes will be generalized to all the regions
of agricultural investment in Syria, particularly when all the administrative units in Syria will be provided with plans for
the solid wastes treatment and production of compost. Therefore, and through this research, it is useful to evaluate the
effect of using the compost on the change of farming soil content related to the heavy metals, in soils used compost for
long times in organic fertilization as the case is in Damascus Countryside.
The compost produced from the municipal wastes led to the increase in the concentration of the heavy metals in soil such
as Cu, Zn and Cd (Achiba, et al., 2009). Woodbury (1992) showed that the use of compost led to the transfer of those
heavy metals to the plants grown in those soils. Epstein et al. (1992) showed that the use of compost from the municipal
wastes reflects negatively on the health and the environment due to its content of heavy metals.
The importance of observing the compost’s content of heavy metals comes from the purpose of enriching the soil with
those elements on one side, and of preventing the pollution of soil thereby in case of the increase of those elements over
the permitted limits, on the other side. (Smith, 2009).
In a more definite way, (Wang et al., 2007a,b) showed that each of Zn and Cu has a poisonous effect on soil bacteria,
in case their rates increase over the permitted limit, and their effect on soil microbes. Their effect differs according to the
textural composition of the soil, where it increases in the loamy soil more than in the clay soils (Olaniran , et al., 2011),
they also affect negatively on the organic carbon in soil with the increase in their rates (Wang , et al, 2007a,b). In general,
the subject of the contamination coming from the trace elements concentrations in soils is important due to recent
interest in contamination potential and toxic effect of these elements on people and environment (Slagle, 2004).
Objectives of the Research:
1.Evaluating the environmental effect of using the compost on the soil composition when organic fertilization is used for
long periods.
2.Investigating the positive or negative effects expected from the compost used as a fertilizer that will be produced from
the plants intended to be established according to the solid waste master plan in Syria.

Material and Methods

In this research, some fields were specified in Damascus Countryside, from those which have depended in the last fifteen
years on fertilization by the compost produced by a solid waste treatment Plant. Other fields were specified within the
same region from those which have not used compost as a source of organic fertilization. Five fields were designated
from those which used the compost (Treatment Fields) and other five fields similar to them as for the location, nature
of soil, and investment (Control Fields) , the annual precipitation in the region of study ranges between 200 to 225 mm,
which is classified as semi-arid. The average temperature is 10C° in winter and 25C° in summer. The area of each field
ranges between 0.5 to 1 hectare. The crops planted in those fields are shown in Table 1.

Soil samples were collected at a rate of three replicates from each field from the (Treatment Fields) and from the (Control
Fields). The samples were taken from 30 cm deep. They were subjected to the following chemical analyses:

EC, pH, T-Nitrogen, Calcium Carbonates, Organic matter, Phosphorus and Potassium.

PH was measured by pH meter (Beckman model). The EC of soil extract was measured with conductivity meter. The
total nitrate was analyzed by using Caldahl and Spectrophotometric methods. The available Phosphate was analyzed by
using the Olsen method, (Olsen et al .,1954) and Spectrophotometric method. The potassium was analyzed by using the
flame- photometric method. The organic matter was analyzed by using the wet oxidation method (Jackson, 1958). Total
heavy metals concentration such as Zn, Fe, Mn, Cu, Pb, and Cd was analyzed by treating the samples first by a mixture

The Arab Journal for Arid Environments 10 (1-2) 39 (2-1)10 dslotl clinll 3y yal dlntl




of hydrochloride acid and nitric acid and second by using the atomic adsorption GPC33.

The analyses were performed in the Agricultural Research Laboratories belonging to the Ministry of Agriculture in
Damascus/Syria.

The compost used in the soil as organic fertilizer was analyzed by the laboratory of Atomic Energy Agency in 1997 in
Damascus. lts analyses showed that the average amount of the organic matter was 47,43% and the total amount of
Nitrate was 1,19%. The total average concentration of heavy metals in the analyzed samples was: Ni 87,9 mg/kg, Cu 484
mga/kg, Zn 111 mg/kg, Cd 5,02 mg/kg Pb112 mg/kg and Mn 316 mg/kg.

Statistical analysis of the results was made by using SPSS Program by resorting the one way analysis of variance and
Univariate Analysis of Variance .

There was an evaluation of the effect of using the compost (produced from the Solid Wastes Treatment Plantin Damascus)
on the change in the rate of the heavy metals in the soil of the treatment fields; while there was no study for that effect on
changing the rates of the major elements such as P, N, and Ca, since the rates of these elements in the soil of the control
fields were not homogeneous among each other.

Table 1. shows the treated fields and controls as related to the region, the planted crops, the used fertilizers and duration
of use.

Table 1. Specifications of the studied fields and control fields.

FildN. | Region | PEMed | pogines | Duration | Accompanied
(m3/hectare)
T1 Murj Alsultan Fruitful Trees Compost 30 15 years Barley
T2 Murj Alsultan Fruitful Trees Compost 30 15 years Barley
T3 Alnashabieh Fruitful Trees Compost 30 15 years Barley
T4 Deir Alhajar Olive Trees Compost 30 15 years Barley
T5 Dair Alassafir | Fruitful Trees Compost 30 15 years Barley
C1 Murj Alsultan Fruitful Trees e Barley
C2 Murj Alsultan Fruitful Trees e Barley
C3 Alnashabieh Fruitful Trees | - | - Barley
C4 Deir Alhajar Olive Trees e Barley
C5 Dair Alassafir | Fruitful Trees --- | - Barley

T: Treatment Field, C: Control Field

The soil samples from the treatment fields and the control fields amounting to (30) samples were analyzed. Tables 2 and
3 give the results of the chemical and physical analyses. However, with the exception of Cd, the content of Zn, Pb, Mn,
Fe, and Cu in the treatment fields and control fields are within the acceptable range, (Adriano,1986; Schachtschabel,
2002).

Results and Discussion

The particle size analyses results of all the soils in the treatment fields were similar to a great extent as for the content of
sand, clay and silt, the thing that makes it possible to compare between the treatment fields and control fields as regards
the change in the rates of the heavy metals in the studied soils.

The table 3 shows the average rates of the heavy metals in the treatment fields and control fields, where the treatment
fields were coded with the term (T1, T2, T3, T4 and T5) while the control fields were coded with the term (C1, C2,C 3,
C4 and C5).
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Table 2. Results of the chemical and physical analyses of the studied fields.

EC P K Mechanical
Samples | pH | (ms/ (()"r) C?;;ﬁ (:;o) available | available analys.es (%)

cm) (mg/kg) | (mglkg) Sand | Silt | Clay
T1 79 14 2.76 65.75 0.19 139.76 118.51 26 27 47
C1 74 28 1.75 65.53 0.19 192.08 246.28 28 22. 50
T2 8.1 0.73 2.88 62.40 0.2 106.68 146.08 23 26 51
C2 7.9 1.11 1.84 63.03 0.17 101.23 122.93 28 3 41
T3 8.0 3.70 1.62 31.97 0.15 75.64 229.50 34 50 16
C3 7.8 242 2.03 66.6 0.16 154.03 248.85 30 18 52
T4 82 | 149 BES 57.60 0.22 241.33 457.88 18 20 62
C4 8.1 0.74 3.1 61.22 0.22 366.24 143.7 15 23 62
T5 79 | 5813 1.88 27.59 0.18 124.9 518.25 32 34 34
C5 8.1 5.93 0.84 30.76 0.1 47.07 266.66 30 25 45

T: Treatment Field, C: Control Field

The comparison between the content of the heavy metals in the soil of the studied (treatment) fields and in the control
fields has shown significant differences. In general, the effect of using the compost was positive in increasing the rate
of the heavy metals in the fields where the compost was used in comparison with the control fields where the compost
was not used. In more accurate words, there has been a study of the relation between the effect of using the compost
in increasing the rate of the heavy metals in the fields where used, in comparison between the treatment fields and
control fields at the level of the one field; and consequently, the study of the exchangeable effect for the use of compost
in increasing the heavy metals in soil among the fields, through the application of a statistical analysis program (SPSS).
That is why a simple and complex exchangeable contrast analysis has been performed, for each element apart, as
follows:

Zinc Element:

Content of zinc element in the soil was ranged between 18.19 mg/kg in field No. (5) and 4.22 mg/kg in control field No.
(3). The results of the statistical analysis of zinc accumulation in the soil, have shown that there are significant differences
(P=<0.05). The table No. (3) shows as well the difference values in the content of the studied zinc between the treatment
fields and control fields, which found high in the treatment fields No. (1), (3), (4) and (5) in comparison with the control
fields; while this did not appear clearly in field No. (2), because the quantity of the used compost therein was just 30 m3/
hectare.

As for the difference in the content of the total heavy metals at field level, the results of the statistical analysis of zinc have
shown no significant differences among the fields No. (1), (2) and (4). This means that the fertilizer’s effect in the increase
of the Zn content was in a homogeneous way, and in more than half of the control fields (Table 3).

Iron (Fe) Element:

The results of the statistical analysis for the difference of Fe content in the treatment fields and control fields was
significant (P<0.05). The content of Fe in soil ranged between 17.10 mg/kg in the treatment field No. (2) and 8.92 mg/kg
in the control field No.(3), (Table 3) , where the differences in the content of this element were high in the fields (1) and
(5) in comparison with the control fields. This was not at the same level for the fields (2), (3), and (4). To explain this, it is
required to perform a qualitative study specific for this matter. As for the visual effect of compost addition in increasing
the heavy metals at the level of the fields in total, there were no significant differences among the fields Nos. (1), (2),
(3), and (4). Consequently the results came homogeneous, as shows in the table No. (3).
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Table 3.

Results of the chemical and physical analyses of the studied fields.

Samples Zn Fe Mn Cu Pb Cd
(mg/kg) (mg/kg) (mg/kg) (mg/kg) ((mg/kg | (mg/Kg)
T1 15.41 14.56 13.66 10.26 27.74 471
c1 11.04 12.73 11.23 9.06 25.83 417
T2 10.40 17.10 11.28 6.54 22.68 468
C2 8.98 14.26 8.90 6.65 18.80 412
T3 11.76 10.65 13.11 3.92 14.96 4.01
Cc3 4.22 8.92 10.13 1.60 9.53 2.76
T4 10.13 15.11 11.25 5.23 15.17 428
C4 6.43 13.93 9.08 4.24 11.49 3.79
T5 18.19 15.13 15.70 10.07 29.41 263
C5 8.23 10.04 8.30 3.56 18.72 2.00

T: Treatment Field, C: Control Field

Manganese Element (Mn):

The values of Mn accumulation in the studied soils have ranged between 15.70 and 8.30 mg/kg in the treatment fields
No.(5) and control field No. (5) respectively. Moreover, a significant differences (P<0.05) appeared in all the studied
fields and control fields. At the study of the table No.(3), it seems clear that the values of the differences in the content
of this element between the treatment fields and control fields and which was most in field No. ( 5 ). This reveals a
difference in the rate of the qualitative effect of compost as regards enriching the soil with the heavy metals, according to
the kind of element and the rate of its existence in the added compost. As for the visual effect from adding the compost in
increasing the heavy metals at the level of the fields in total, there were no significant differences among the fields Nos.
(1), (2), (3), and (4). Consequently, the results came homogeneous as shows in the table No. (3).

Copper (Cu) Element:

The results of the statistical analyses of Cu accumulation in soil have shown a significant differences (P<0.05). As for
the effect of adding compost in increasing Cu rate in soil, which appeared distinctly in the two fields (3) and (5) but did
not appear at the same level in the fields (1), (2) and (4) as shown in the table No. (3). As for the results of the statistical
analyses regards the degree of the compost addition effect at the level of the fields in total, as shows in the table No. (3),
the results came the same as the other elements homogeneous in the fields (1), (2), (3) and (4).

Lead (Pb) Element:

The results of the statistical analyses of Pb accumulation in the soil have shown significant differences in the change of
its content in the treatment fields in comparison with control fields (P<0.05). It can be noticed in the table No. (3) that
there are distinct differences between the values the change of Pb contents in the Fields (1), (2), (3), and (5) but not in
the same degree in field (4) in comparison with the control Fields. As for the degree of the non-homogeneity in the effect
of adding compost in increasing Pb in the soils of the fields in total, as the case is for the other elements, the fields (1 -
4) were homogeneous in the degree of effect by compost in enriching and changing the content of heavy metals in soil
(Table 3).

Cadmium (Cd) Element:

As for Cadmium element, the study of soil samples taken from the fields that have used compost for a period of fifteen
years have not shown a significant differences of Cd accumulation (P<0.05) among the studied fields. As for the interaction
in the effect of adding compost at field level in total, as appears distinctly in table No. (3), there have been significant
differences among the fields (1 — 4) which indicates the non- homogeneity in the effect of compost addition in all the
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fields. Here the reason may be the difference in the rate of Cd used for a period of fifteen years, due to the non-stability in
the rate of the substances that contain Cd in the garbage that includes the batteries which constitute the major resource
of Cd in compost.

Conclusions and Recommendations:

The conclusions reached through the analyses of the data obtained statistically have shown that the addition of compost
to soil, periodically and with the traditional quantities, leads to the increase in the rate of the heavy metals accumulation
in the soil and in an escalating way.

This expected increase in the rate of the heavy metals in soil differs in accordance with the composition of the
added compost and the way of treating it. Consequently, the treatment Plants that will be established based on the
recommendations of the execution plan should be upgraded with various techniques different from what is already
available in the Solid Wastes Treatment Plan in Damascus Countryside, particularly in the part related to the screens and
separation operations.

The permission to use compost as an organic fertilizer in farming soils safely will be given after the issuance and of a
Syrian standard determining the tolerated rates of heavy metals in soil, in dependence on the farming system and the
chemical and physical specifications of the soil and its horizons according to the various soil horizons.

Upgrading the standard related to compost should take into consideration the climatic condition in the region where the
compost will be used, the specifications of the soil, and the crop to be planted there. The adopted standards should
depend on standard thresholds not on marginal values in classifying the compost according to the regions where compost
is permitted to be used.

It is recommended to proceed more experiments to evaluate the effect of the wastes plant product (Compost) on the
various kinds of soils as regards to the quality, and experiments that lead to the determination of the suitable quantities
to be added to soil according to the kinds of crops and kinds of soil to be used in.

References

-Achiba, W., A. Lakhdar, N. Gabteni, G. Laing, M. Verloo, P. Boeckx, O. Cleemput, and N.Jedidi. 2009. Accumulation
and fractionation of trace metals in a Tunisian calcareous soil amended with farmyard manure and municipal solid
waste compost, Journal of hazardous material. Hazmat,10866; No. P.10.

- Adriano, D.1986. Trace element in the terrestrial environment. Springer,Verlag, Berlin, Heidelberg, New York. 536p.

- Alboukhari, A. 2002. The current situation of the solid waste in Syria, Presentation (in Arabic).

-Epstein, E., R. Chaney, C. Henry and T. Logan, 1992. Trace elements in municipal solid waste compost, Biomass and
Bioenergy. Volume 3(3-4): 227-238.

-Jackson M. 1958. Soil chemical analysis. Prentice Hall Inc. Englewood Cliffe N. J : 151-153 and 331-334.

-MLA, 2004. Waste Management Master Plan, Ministry of Local Administration, Syria Trivalor, Engineering Management
Company France.

-Olaniran, A., A.Balgobind and B.Pillay. 2011. Quantitative assessment of the toxic effects of heavy metals on 1,2-
dichloroethane biodegradation in co-contaminated soil under aerobic condition, Chemosphere 85: 839-847.

-Olsen, V., F.Cole, S. Watanabe and L.Dean. 1954. Estimation of available phosphorus in soil by extraction with sodium
bicarbonate. USDA Circular No.939.

-schachtschabel, S. 2002. Soil science book, Spectrum Academic Verlag Gmbh Heidelberg. Berlin. P 329.

- Slagle, A., J. Skousen, D. Bhumbla, J. Sencindiver and L. McDonald, 2004. Trace element concentrations of three
soils in Central Appalachia, Soil Survey Horizons Vol. 45 (3):73-85.

-Smith, S. 2009. A critical review of the bioavailability and impacts of heavy metals in municipal solid waste composts
compared to sewage sludge, Environment International 35: 142-156.

The Arab Journal for Arid Environments 10 (1-2) . (2-1)10 dslotl clinll 3y yal dlntl




-UNDP . 2003. Strategy & National Environmental Action Plan for the Syrian Arab Republic, prepared by: The Ministry
of State for Environmental Affairs, in coordination with: The World Bank, financed by: The United Nations Development
Program.

-Wang, Y., J. Shi, Q. Lin, X. Chen, Y. Chen. 2007a. Heavy metal availability and impact on activity of soil microorganisms
alonga Cu/Zncontamination gradient, Original ResearchArticle. Journal of Environmental Sciences, Vol. 19(7) : 848-853.
Wang, Y., J. Shi, H. Wang, Q. Lin, X.Chen and Y. Chen . 2007b. The influence of soil heavy metals pollution on soil
microbial biomass, enzyme activity, and community composition near a copper smelter, Original Research Article,
Ecotoxicology and Environmental Safety, Vol. 67 (1): 75-81.

-Woodbury, P.1992. Trace elements in municipal solid waste composts: A review of potential detrimental effects on
plants, soil biota, and water quality, Biomass and Bioenergy, Volume 3 (3-4): 239-259.

Ne Ref: 363

(2-1)10 dalodl el 3y pall dlnt 1 The Arab Journal for Arid Environments 10 (1-2)



