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Abstract: Long-term raining over accumulated solid waste disposal dumps would result in heavy metal contamination in 
both soil and groundwater, specially when no separation of industrial waste is made in Nablus Area of Palestine. A 
column leaching experiments were conducted to study the leaching behavior of Pb, Cd, and Cu from domestic solid 
waste over three types of local soils, clay, sandy, and a mix of both in one, three and five 100 cm depth, soil packed in 
eleven plastic columns under different rainfall loading of one, five, and ten years of average annual rainfall. Experimental 
results showed that (1) The concentration of heavy metals in leachate passing through soil were highest out of sandy soil 
followed by sandy clay soil and the least was out of clay soil, (2) As the applied layer of solid waste over the soil in the 
columns increases, the concentration of heavy metals and organic matter increase, (3) As the amount of rainwater 
applied over solid waste increases, the concentration of heavy metals decreases in the leachate from all columns, (4) 
The concentration of heavy metals absorbed by clay soil was much higher than than those in the sandy and mixed clay-
sandy soil indicating that clay soil is good for metal remediation or removal but not suitable for using the soil for 
agricultural production purposes, and (5) The TOC removal efficiencies were greater in clay and clay-sandy soil and 
significantly improve with time. 

Keywords: Leaching behaviour, Domestic solid waste, Heavy metals, Soil columns, Rainfall loading. 

1. INTRODUCTION 

The disposal and management of domestic solid 
waste have become critical concerns in the context of 
environmental sustainability and public health. Major 
environmental problems have arisen at landfills 
because of the migration of leachate from the landfill 
site and the subsequent contamination of surrounding 
land and water. Whether leachate is to be collected 
and treated or be allowed to discharge to the soil, it is 
essential to have estimates of leachate flow and 
strength, and variation of these with time, as the site 
develops through closure and after closure [1, 2].  

Heavy metals are found naturally on the Earth's 
crust since the Earth's formation. Due to the 
astounding increase of the use of heavy metals, it has 
resulted in an imminent surge of metallic substances in 
both the terrestrial environment and the aquatic 
environment [3]. 

In addition, a considerable amounts of heavy metals 
(e.g., Pb, Cd, and Zn) from strong garbage removal, 
wastewater water system, pesticide application, and 
environmental data and documents can accumulated in 
surface soil and can possibly drain into groundwater 
[4]. Removing heavy metals from the soil is a truly 
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troublesome issue since they are express 
extraordinarily intense tainting [5].  

Future management options for solid wastes are 
likely to include land disposal. While the environmental 
ramifications of this option are now better understood, 
additional data is required to permit a thorough 
assessment of contaminant leachability from solid 
wastes [6]. 

The average daily generation of household solid 
waste in Palestine in 2015 was estimated at 2.9 kg 
(about 5.7 Kg per household): around 3.2 kg in the 
West Bank and 2.4 kg in Gaza Strip. The overall 
estimated quantity of solid waste generated daily was 
about 2551 tons [7]. As it is dumped on land for along 
time, solid waste is exposed to many conditions among 
which its exposure to natural rainfall, temperature, and 
fermentation.  

 Domestic solid waste in Nablus is collected from 
households, commercial markets and industrial 
factories without separation. This waste also include 
wrecked cars, metal materials, demolition and 
construction waste, gardens refuse, paper and paper 
boards, residential waste, commercial waste, industrial 
waste, and other waste materials. Industrial waste 
come from sweet factories, lathes and blacksmiths, 
shoes factories and workshops, textile factories, stone-
cutting facilities and quarries, waste from hospitals and 
clinics, olive and vegetable oil factories, and ghee and 
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detergents industry. The daily quantity of solid waste 
collected varies from 0.9-1.0 Kg per person. 

Because in most areas in Palestine there is no 
separation in the collection of domestic and industrial 
solid waste, the composition of leachate from solid 
waste may contain various heavy metals and other 
toxic elements in addition to normal composition.  

Leaving solid waste in open landfills and dumps and 
under sunlight and rain will lead with time to its 
decomposition and the leakage of leachate carrying 
toxic substances including heavy metals to soil and 
then to groundwater, which is the main source of water 
supply in Palestine.  

Possibilities for predicting long-term hazards of 
metals are limited. Due to the complexity of the soil or 
sediment system and the variability of numerous 
influencing factors, the long-term prognosis on the 
mobilization of metals from soils or sediments is highly 
uncertain [8]. Because of the long-term involved, 
verification of model predictions from field observations 
is not possible. Despite the large uncertainties 
involved, predictions of metal mobility from laboratory 
leaching experiments allow a range of results to be 
obtained under plausible assumptions and thus may 
support decisions [9]. 

Chemical withholding and trapping has been 
considered as a promising soil remediation technique 
compared with conventional techniques, e.g., 
excavation and off-site disposal [10, 11]. Heavy metal 
regathering or accumulation probably happens 
because of microbial activity, landfill, weathering, 
aging, acid deposition, and temperature fluctuation  
[12, 13]. 

Published data on the leachability of heavy metals 
from solid waste materials onto soil as assessed by 
dynamic leaching tests are scarce. In a previous 
contribution [14-17], the short-term leaching behavior of 
metal in surface soils derived from dredged materials 
was assessed using consecutive saturation extracts. 
Although metal concentrations in the saturation 
extracts of the oxidized soils were above levels found 
in pore-water of clean. Contaminants such as Pb, Cd, 
and Cu, commonly found in electronic waste, batteries, 
and household products, pose a substantial risk when 
released into the environment.  

Understanding their leaching behavior under 
different scenarios is paramount for formulating 
effective waste management strategies and mitigating 
potential environmental hazards. This research builds 

upon existing literature on heavy metal leaching and 
extends its scope by exploring the intricate interplay 
between domestic solid waste, diverse soil 
compositions, and the dynamic factor of rainfall loading 
[18]. 

This article delves into a comprehensive laboratory 
investigation of the leaching behavior and patterns of 
three prominent heavy metals—lead (Pb), cadmium 
(Cd), and copper (Cu)—from domestic solid waste. The 
study focuses on assessing the dynamic interactions 
between these heavy metals and three distinct types of 
soil columns subjected to varying rainfall loading 
conditions. 

2. MATERIALS AND METHODS 

2.1. Experimental Site 

This research was performed mainly by laboratory 
work, all laboratory work was done at the Water and 
Environmental Studies Institute laboratories and 
Experimental station at An-Najah National University 
located East of Nablus city, Palestine. Nablus city is 
located in the northern part of the Palestinian Territory. 
Ambient temperature in Nablus ranges 6.2-13.1 oC in 
winter and 19.5-29.4 oC in summer. Average annual 
rainfall in Nnablus is 663.6 mm and mostly fall between 
December and March [19]. 

2.2. Leaching Experiment Variables 

Three leaching experimental variables were tested: 

• Time: rain water application-variable 

• Solid waste intensity or thickness variable 

• Soil type variable 

2.2.1. Rain Water Application 

Nablus municipal water supply which is from ground 
water was used as the source for rain water 
application. Taking the average annual rainfall for the 
Nablus area of 663.6 mm (see Table 1 below) and the 
cross sectional area of the 6” PVC pipe we came to the 
amount of 681 ml as the dose for one year application. 
This water volume was applied as spray to the column 
and was homogeneously distributed in twenty doses 
one dose every three days with a total application 
period of sixty days. Four categories of rain water 
application were used: one (681 ml or o.124 m3/m2-
day), three (2043 ml or 0.0373 m3/m2-day), five (3405 
ml or 0.0621 m3/m2-day), and ten (6810 ml or 0.124 
m3/m2-day) application every three days interval. 
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Table 1: Intensity and Distribution of Rainfall for the 
Average Year 

Month Amount of rain water (mm) 

January 160 

February 156 

March 110 

April 40 

May 34 

June 3 

July 0 

August 0 

Septemper 0 

October 17 

November 76 

December 67 

Total Annual 663 

Data Source [20] 

2.2.2. Solid Waste 

Solid waste was collected from six containers 
around the city, 10 Kg from each container. The 
collected waste was brought to the experimental site, 
then mixed together before weighing and placing in the 
experimental columns. Three levels were tested one 
layer, three layers, and five layers of solid waste. Each 
layer consisted of 3.5 kg of solid waste or about 33 cm 
of column height. A sample from the mixed solid was 
was collected and brought to the laboratory for content 
analysis. Results of solid waste material composition or 
content are listed in Table 2 below. It is clear that the 
majority of solid waste content is organic matter. Also 
chemical analysis were conducted on a mixed sample 
and the results are listed in Table 2. Noticeable that 
SO4, TOC, Cu, and Cd are high in the sample. 

Table 2: Percentages of Specific Weight Values for 
Solid Waste  

Composition Percentage 

Food Residues 72.4 

Paper and Cartoon 19.3 

Plastics 2.7 

Class 2.3 

Metal Cans 1.8 

Clothes 0.9 

Leaves,Wood, & Other 0.6 

Water Content 20.4 

 

2.2.3. Soil Type 

Three types of soil were used and tested in this 
experiment:- 

1- Clay soil (Burqa soil):- this soil selected from 
Burqa village about 15 km north of Nablus and is brown 
rendzinas type of soil. A major sanitary landfill was 
constructed there after studying the soil in the site to be 
clay and suitable. A total of 500 Kg of soil collected 
from that site, to be used in the column experiment.  

 2- Sand soil from Gaza Strip soil or about 200 Kg 
were collected and brought to the experimental site in 
Nablus to be used in the column experiment.  

3- Mixed soil: This soil mix was made mixed 
between clay soil and sand soil with percentage 1:10 
gm clay to sand. 

Table 3 below includes results of chemical analysis 
of raw solid waste, clay, and sandy soil. 

Table 3: Chemical Analysis of Raw Solid Waste, Clay, 
and Sandy Soil 

Parameter Solid Waste Clay Sandy 

 PH 8.22 8.02 7.92 

 EC (ds/m) 1.61 0.444 0.777 

 CO3 (mg/l) 1143 126 18 

 HCO3 (mg/l) 10133 1006.5 494.1 

 NO3 (mg/l) 100 23 6 

 SO4 (mg/l) 835.4 23 2 

 TOC (mg/l)  13500 0.0 0.0 

 COD (mg/l) 51724 0.0 0.0 

 Pb (ppm) 0.0 191.9534 15.9872 

 Cd (ppm) 143.1 530.83 16.3763 

Cu (ppm) 1583 100 75 

 
The measured solid waste values above (see Table 

3) are higher than typical solid waste composition and 
represent a strong in organic content solid waste. 
Same apply for the concentrations of heavy metals, 
specially Cd and Cu, compared to published values for 
solid waste [21]. Similar for soil, both soils have higher 
levels of metals than allowable [22]. 

2.3. Experimental Setup and Design of Experiments 

Column experiments are well-suited to determining 
the concentrations of heavy metals that can be 
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released using a relatively small solid waste and soil 
layers, and which also corresponds to shorter time 
periods. The design of a typical column leach 
experiment apparatus is illustrated in Figure 1. 

Eleven experimental columns were constructed. 
Each column consisted of five parts free board, solid 
waste layer, soil layer, gravel layer, and leachate 
collection funnel. Figure 1 is an illustration of the 
experimental column. Columns were made of 6” PVC 
plastic. A diffuser was placed between the solid waste 
layer and rain water application. Also two metal mesh 
sheets were installed separating solid waste layer from 
soil and soil layer from leachate collection funnel (see 
Figure 1).  

 

Figure 1: Schematic of experimental column. 

Gravel layer with particles about 2 cm in size with a 
height of 20 cm, was placed under the soil layer acting 
as a filter and for allowing air circulation through the 
column. After the gravel layer, a funnel was placed to 
collect the drained leachate.  

A 100 cm deep soil layer was about 29kg for sandy 
to 31kg for clay soil Kg in weight. Soil samples were 
taken from three positions in the soil layer at 33, 66, 
and 100 cm depth. 

The characteristic of each experimental column 
including solid waste loading, rain water application 
rate, soil type, and column total depth or height are 
listed and detailed in Table 4 below. The experiment 
was conducted over a duration of seventy days. 
Leachate was collected from the funnel at the bottom of 
the experimental column every three days. Also rain 
water application was done every three days. 

3.4. Laboratory Analysis 

Two types of laboratory measurements were 
concerned; chemical analysis of water and leachate 
and physical and chemical analysis of soil. For water 
and leachate analysis all measurements were 
performed according to standard methods for 
examination of water and wastewater [23]. All physical 
and chemical analysis of soil and solid waste were 
conducted according to methods listed in "Methods of 
Soil Analysis” [24]. 

3. RESULTS AND DISCUSSION 

Many analysis were conducted on the collected 
leachate including pH, EC, CO3, HCO3, SO4, NO3, 
TOC, COD, and heavy metals (Cd, Cu, and Pb). For 
this paper and for size and subject limitation, leachate 
volume, TOC, and heavy metals will be presented and 
discussed. 

3.1. Heavy Metal Concentrations in the Leachate  

Leaching of Cu, Pb, and Cd from the eleven 
columns are listed in Table 5. Results of analyzed 
heavy metals reveled an increase in Cd, Cu, and no 
readings for Pb. Effluent Cu from all columns increased 
from 100 and 75 for clay an sandy soil to about 585 
mg/l during the collection of leachate either after 29 or 
58 days since the start of the experiment. This was 
noticeable for columns with different solid waste 
loading, different rain water application, and different 
soil. This may mean that the Cu leached from the solid 
waste did not exceed the absorption capacity of the 
soils used. 

As listed in Table 5, leachate after 29, and 58 days 
and from all columns did not include Pb. An indication 
that neither the soils nor thee solid waste had Pb in it. 
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Cd concentration in leachate after 29 and 58 days 
since the start of the experiment were illustrate in 
Figure 2. The highest Cd concentration were found in 
columns 8, 7, and 4. These concentrations correspond 
to columns packed with clay soil. Also, these 
concentrations correspond to columns packed with 

solid waste loading of five layers, three layers and one 
layer, consequently and with rain water application of 
five years, three years, and one year, consequently. 
Which means that: 

• Clay soil and under the same experimental 
conditions leach more Cd than sand soil. 

Table 4: Description and Characteristics of Column Experiments  

Description Depth [cm] Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7 Column 8 Column 9 Column 10 Column 11 

Free Board 20            

Solid Waste Layer             

One 1 x 33 X X X X X X   X X X 

Three 3 x 33       X     

Five 5 x 33        X    

             

Soil Type             

Clay 100 X X X         

 Sandy 100    X X X X X    

Mixed  100         X X X 

             

Rainwater Intensity             

One Year  X   X     X   

Three Years        X X    

Five Years   X   X     X  

Ten Years    X   X     X 

Total column depth [cm]  153 153 153 153 153 153 213 275 153 153 153 

Notes: 
One year precipitation loading = 681 ml every three days for a duration of sixty days; One solid waste layer = 3.5 Kg of mixed domestic solid waste from Nablus 
dump site or about 33 cm depth in the column; Column = Six inch in diameter PVC pipe; Clay Soil = Burqa type clay soil about 15 km north west of Nablus; Sandy 
Soil = Sand soil from Gaza area; Mixed Soil = 1:10 clay to sand soil. 

 

Table 5: Concentration of Cd, Cu, and Pb in Leachate after 29 and 58 Days, ppm  

Cd Cu Pb 

Time Collected, days Time Collected, days Time Collected, days Column Number 

29 58 29 58 29 58 

Col.(1) 3.764 27.28 586 586 0.0 0.0 

Col.(2) 2.137 5.22 587 586 0.0 0.0 

Col.(3) 0.919 0.995 586 585 0.0 0.0 

Col.(4) 5.813 48.735 588 586 0.0 0.0 

Col.(5) 5.231 10.214 586 589 0.0 0.0 

Col.(6) 3.598 5.49 588 586 0.0 0.0 

Col.(7) 28.1 97.81 585 585 0.0 0.0 

Col.(8) 73.652 105.15 585 588 0.0 0.0 

Col.(9) 3.893 7.365 587 587 0.0 0.0 

Col.(10) 7.01 16.94 588 586 0.0 0.0 

Col.(11) 7.895 0.774 586 586 0.0 0.0 
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• As we increase solid waste loading, Cd in 
leachate increases. 

• As we apply more rain water Cd in leachate 
increases. 

• The highest the combined rate of application of 
rain water and solid waste, the highest the 
concentration of Cd in the leachate and vice 
versa. The rate after 58 days, if we look at Figure 
1 above is almost linear. 

• As the solid waste loading increase from one to 
three, to five layers (columns 6, 7, and 8), the Cd 
increased. 

• Cadmium in leachate of clay and sandy-clay 
mixed soil was less that that for sandy soil 
columns indicating the power of clay in 
absorbing and/or adsorbing cadmium ions. 

• For one year rain water application, Cd in 
leachate for clay Column 1)and mixed soil 
(column 9) was less than that in leachate from 
sandy soil (column 4). 

• The high concentration of cadmium and copper 
in the leachate of all experiments indicate that 
cadmium and copper are of great mobility and 
assimilability. This result for cadmium agree with 
those found by Zhuang et al. 2014 [25] 

• No lead was observed in the leachate of all 
experiments indicate either its absence in the 

solid waste or very little and being totally 
absorbed by the soil. 

• The increase in cadmium in leachate is an 
increase in leachate toxicity. This agree with 
results obtained by Hu, et al. 2014 [26]. 

• The leachability of heavy metals from domestic 
solid waste through various types of soils 
(experimental columns 1-11) indicated the need 
for adopting strict solid waste management and 
control measures to limit ground water pollution. 

• The leachability of cadmium and copper is 
significantly affected by multivariate experimental 
factors associated with local conditions, i., e., 
solid waste loading, rain water intensity, and type 
of soil. 

• Results listed in Table are compatible and solid 
waste analysis (Table ). 

• Results indicate that domestic solid waste have 
both a higher heavy metals content and heavy 
metals leachability.  

3.2. Total Organic Carbon (TOC) in Leachate 

Table 6 and Figure 3 include monitored TOC in 
leachate out of the eleven columns after 15, 29, 44, 
and 58 days since the start of the leaching 
experiments. Results showed that: 

• In all columns leachate TOC was in decreasing 
trend with time indicating its accumulation in soil. 

 

Figure 2: Concentrations of Cd in Leachate after 29 and 58 days. 
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• Columns with sandy soil (columns 4-8), TOC in 
leachate was increasing with increasing solid 
waste loading.  

• Columns with sandy soil (columns 7-9) and clay 
soil (columns 1-3), TOC in leachate was 
increasing with decreasing time. TOC was the 
highest at 15 days after the start of experiment 
and the lowest after 58 days.  

• Columns with mixed soil (columns 9, 10, and 11) 
followed the general decreasing trend but the 
TOC values in leachate after 58 days were the 
minimal among all experiments.This may be as a 
result of clay particles absorbing more TOC with 
time. 

Table 6: Concentration of TOC of Leachate (mg/l) 

Column 
Number 15 29 44 58 

Column 1 300 1150 3080 453 

Column 2 10920 3980 1120 1120 

Column 3 1680 1356 560 390 

Column 4 7800 8400 840 700 

Column 5 5600 3200 600 1020 

Column 6 5740 560 300 540 

Column 7 10500 9320 5880 1150 

Column 8 26880 10500 8300 1200 

Column 9 4900 9800 780 85 

Column 10 2240 1045 550 70 

Column 11 1680 540 300 110 

 

3.3. Total Volume of Leachate Collected 

Leachate was collected from the eleven columns 
from a hose placed at the funnel placed at the bottom 
of each column. The measurements of total volume of 
leachate collected for clay soil for one year, five years, 
and ten years rain water application is given in Table 7. 
The measurements of total volume of leachate for 
sandy, and mixed (clay-sandy) soil for the three time 
periods are given in Tables 8 and 9.  

It was found that the total volume collected after 58 
days were about the same as applied while for clay soil 
the total volume collected was 15-22% less than total 
applied volume. However, this trend of percent of water 
volume recovered for clay soil was different and 
decreasing from 82% to 74%, to 63% consequently at 
half period application (29 days) for 1, 5, and 10 year 
application. This might be due to that soil pores at half 
time were subject to filling with water while at the end 
of the experimental period they were all filled with 
applied water. 

For sandy soil, percent of water volume recovered 
at the end of experiment (58 days) was close for the 
three periods (94-98%) and similarly at half period 
(81%-86%). 

For sandy-clay soil, percent of water volume 
recovered at the end of experiment (58 days) was 
close for the three periods (88-97%). At half period 
results are different (75%-98%). 

The difference between total applied and total 
collected is possibly due to the transport characteristics 
of the various soils. However, it is clear that mixing of 

 

Figure 3: Change of TOC levels in leachate with column and time click on it so dots disappear. 
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the clay and sandy soil did improve the percent of 
water recovered. 

4. CONCLUDING REMARKS 

Based on the results obtained the following 
concluding remarks were observed: 

Table 7: Total Volume of Collected Leachate for Clay Soil 

One Year Five Years Ten Years 
Time (day) 

Total Applied Total Collected Total Applied Total Collected Total Applied Total Collected 

0 681.25 0.0 3406 0.0 6812.5 0 

4 1362.5 538 6812 1420 13625 3620 

8 2043.75 1148 10218 4635 20437.5 7720 

11 2725 1848 13624 8235 27250 12920 

15 3406.25 2638 17030 12035 34062.5 18820 

19 4087.5 3188 20436 15135 40875 24470 

22 4768.75 3788 23842 17405 47687.5 28320 

25 5450 4488 27243 19625 54500 34120 

29 6131.2 5038 30654 22785 61312.5 39120 

32 6812.5 5458 34060 25685 68125 44070 

36 7493.7 5978 37466 28855 74937.5 49770 

39 8175.0 6128 40872 31015 81750 56370 

43 8856.2 6658 44278 34165 88562.5 61870 

47 9537.5 6878 47684 37165 95375 68170 

50 10218.7 7638 51090 40565 102187.5 75270 

53 10900 7938 54496 43025 109000 81770 

58 10900 8128 54496 46775 109000 87720 

 
 Table 8: Total Volume of Collected Leachate for Sandy Soil 

One Year Five Years Ten Years 
 Time (day) 

Total Applied Total Collected Total Applied Total Collected Total Applied Total Collected 

0 681.25 0 3406 0.0 6812.5 0 

4 1362.5 410 6812 1620 13625 4700 

8 2043.75 1025 10218 4970 20437.5 10800 

11 2725 1635 13624 8520 27250 17000 

15 3406.25 2425 17030 12090 34062.5 23600 

19 4087.5 3025 20436 15640 40875 29870 

22 4768.75 3705 23842 18980 47687.5 36000 

25 5450 4425 27243 21510 54500 43230 

29 6131.25 5170 30654 24890 61312.5 50580 

32 6812.5 5860 34060 28310 68125 57380 

36 7493.75 6590 37466 31530 74937.5 63550 

39 8175 7190 40872 34230 81750 69850 

43 8856.25 8040 44278 38180 88562.5 77290 

47 9537.5 8770 47684 41580 95375 84290 

50 10218.7 9480 51090 45070 102187.5 91190 

53 10900 9930 54496 47670 109000 98140 

58 10900 10670 54496 51470 109000 104740 
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• Domestic solid waste after rain water application 
caused an accumulation of heavy metals (Cd, 
and Cu) in leachate from various types of soils,  

• Cadmium and copper are of great mobility and 
assimilability 

• The leachability of cadmium and copper is 
significantly affected by multivariate experimental 
factors associated with local conditions, i., e., 
solid waste loading, rain water intensity, and type 
of soil. 

• Domestic solid waste used have both a higher 
heavy metals content and heavy metals 
leachability. 

• Adopting strict control measures for domestic 
solid waste disposal management in obligatory 
to protect ground water pollution. 

• Mixing of the clay and sandy soil did improve 
water flow through the column and the percent of 
water recovered. 

• Clay soil proved to have great tendency 
absorbing and/or adsorbing cadmium ions and 
therefore good in cadmium removal. 
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