
Introduction

In most parts of the world today, solid wastes are dis-
posed of either in open dumps or sanitary landfills, or by
incineration. As incineration and sanitary landfilling are
expensive – both in initial investment and throughout their
operation – their use is mostly confined to developed coun-
tries, while open dumping is the method used in economi-
cally developing countries, mainly due to its simplicity and
low cost. Developing countries’ traditional means of dis-
posing of solid waste has been to dump it at these open sites
or at sea and in rivers. For this reason, few studies of waste
characteristics or management alternatives have been con-

ducted [1-3]. While the need for water resources is contin-
uing to grow in our country as is the case in the world,
adverse environmental pressures on limited resources are
also increasing. One of these negative environmental pres-
sures is the leachate occurring in solid waste storage areas
[4-6]. Pollutants found in leachate are transported in the
short and long term in various ways and have negative
effects on the soil, living things, and our major sources of
water, namely surface and underground water sources [3, 7-
9]. 

Organic wastes constitute a major part of municipal
solid waste. They cause some unwanted problems both in
sanitary or unsanitary landfilling and incineration of munic-
ipal solid waste. Some of the problems in sanitary or unsan-
itary landfilling are leachate, which have polluting potential

Pol. J. Environ. Stud. Vol. 23, No. 5 (2014), 1659-1668

Original Research
Assessing the Impacts of Seasonal Variations 

on Predicting Leachate Generation in Gumushane

Open Dump Using Water Balance Method

Salim Serkan Nas1*, Evin Nas2

1Department of Civil Engineering, Faculty of Engineering and Natural Sciences, 
Gümüshane University, 29100 Gümüshane, Turkey 

2Department of Construction Technologies, Karadeniz Technical University, 61300 Trabzon, Turkey 

Received: 15 July 2013
Accepted: 21 March 2014

Abstract

Leachate quality varies depending on many factors such as the depth and the content of solid waste, sea-

sonal variations in solid waste, and the duration of storage of solid waste; design and operation of storage

space; geological and hydrogeological characteristics of storage area; and environmental interaction of

leachate, which affect each other. One of the two major sources of leachate is the moisture content of the waste

stored and the other is the mass of water entering the storage area from outside. A major part of the mass of

water entering the storage area from outside is the infiltration of rain water through the storage area. 

The purpose of this study is to assess the seasonal variation in leachate of Gümüshane (Central) open

dump area using the 'water balance method' for the determination of the factors affecting the seasonal varia-

tion in leachate of landfill, which particularly holds a higher risk of contaminating the environment. In addi-

tion, some of the measures to be taken in solid waste storage areas in order to minimize the mass of leachate

are presented.

Keywords: water balance method, leachate, open dump, sanitary landfill

*e-mail: serkannas@gmail.com



for groundwater and superficial water sources, generated as
a result of degradation and decomposition of organic mate-
rials and uncontrolled release of landfill gases, which may
cause serious health problems when inhaled, such as hydro-
gen sulphur (H2S), carbon dioxide (CO2), and methane
(CH4) [4, 10, 11]. Some of the problems in incineration are
that additional fuel is needed due to the fact that organic
materials have high moisture content and low caloric value,
and air pollution, which is caused by some unwanted gases
generated as a result of incineration [5, 10, 12, 13]. 

Today, incineration, composting, unsanitary storage,
pyrolysis, plasma arc, sanitary storage, and recycling meth-
ods can be used for the disposal of solid waste [3, 4].
Sanitary storage (landfill) is regarded as the most common,
economical, and environmentally friendly practice imple-
mented all over the world for the disposal of solid waste.
Unsanitary storage for the disposal of solid waste, on the
other hand, is the process of randomly discharging solid
waste in the open land without taking any measures [4, 5,
14-16]. Leachate and gases occurring in such uncontrolled
waste storage areas may accumulate and become very dan-
gerous for the environment [13, 17]. Over the past 20 years
experimental testing and field pilot studies have been con-
ducted to develop and improve landfill techniques and
designs, the goal being to control the negative effects of
landfill sites on the environment. Increasingly, landfills are
considered to be bioreactors improving waste degradation
[18]. 

On the other hand, many settlements in our country do
not have sanitary solid waste storage areas yet. Leachate
originating from irregularly stored masses of solid waste
may pose a significant threat to the environment. One of the
two major sources of leachate is the moisture content of the
waste stored and the other is the mass of water entering the
storage area from outside [5, 19, 20]. Leachate may contain
high amounts of pollutants originating from storage areas
and contaminate water sources. It is very expensive to elim-
inate the environmental pollution occurring in such situa-
tions and to clean the water sources [21, 22]. High-tech
solutions applied for leachate treatment (i.e. reverse osmo-
sis or ozonation) are expensive and energy consuming, thus
they are not suitable at many landfill sites, especially in
rural areas [21].

Heavy metals are one of the most important contami-
nants in water and soil. Heavy metals are discharged to the
environment by several industries and landfills. The
removal of heavy metals from wastewaters and leachate are
of critical importance due to their high toxicity and tenden-
cy to accumulate in living organisms [9, 23-25]. Solid
waste landfills become rich in heavy metals such as cadmi-
um, nickel, and zinc within a few years; and surface and
ground waters are subject to potential risk due to the move-
ment of heavy metals depending on the leaching capacity of
organic matter. Due to a number of unsanitary storage areas
in many parts of the world that lack a system for leachate
collection, the leachate containing organic and inorganic
pollutants negatively affect the quality of water resources
and soil layers [11, 26-28]. Previous studies have provided

evidence of organic carbon dissolved at high concentrations
in underground water sources, which suggest contamina-
tion due to solid waste leachate [5, 28].

In case excess mass of water above the water holding
capacity of the landfill infiltrate the solid waste piles, the
solid waste cannot retain this excess water and release it to
the environment. This excess water defined as leachate is
exposed to certain physical, chemical, and biological
processes during the infiltration through solid wastes and
contains many elements and compounds originating from
the content of solid wastes. These pollutant compounds are
dissolved or suspended in water and transported outside the
storage area [4, 5, 29-31]. A temporary perched leachate
zone may appear in an intermediate layer. This situation is
emphasized in very high landfills where, due to the consis-
tent decrease of effective porosity, the water infiltration into
the upper waste layers due to precipitation can be signifi-
cantly higher than the water moving down toward the lower
layers [11, 32, 33]. Some factors affecting the formation of
leachate in the solid waste dump site and the movement of
leachate toward the base of the area are shown in Fig. 1 [3,
6, 7]. 

The composition of landfill leachate is diverse and
depends on type of waste, the volume of infiltrating water,
the age of the landfill, waste storage technologies, and sus-
ceptibility of waste to degradation [17, 33, 34]. The quality
of leachate is highly variable and it has a wider range of
pollution load in comparison to many types of industrial
wastewater. The quality of the leachate varies depending on
many factors, such as the depth and content of the solid
waste, seasonal variations in solid waste, the duration of
storage, the mass of leachate transferred back to the area,
the design and operation of storage space, geological and
hydrogeological characteristics of the storage area, and
environmental interaction of leachate, which all affect each
other [11, 18, 25, 34].

One of the two major sources of leachate is moisture
content of the waste stored. The other is the mass of water
entering the storage area from outside. The water that enters
the storage area is comprised of infiltration of rainwater
through the storage area and waters originating from sur-
face waters and high levels of underground waters. Among
these different sources of water, rainwater is observed to be
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Fig. 1. A generalized pattern of leachate formation.



the most important factor affecting the mass of solid waste
leachate. Although the concentration of leachate is diluted
due to rainfall in the storage areas, the excess water from
rainfall causes this pollution to be transported over long dis-
tances [3, 6, 7]. In addition, in storage areas that lack an
upper cover layer, above the saturation point, 100% of the
rainfall on the solid waste percolates and mixes with sur-
face and underground waters [9, 15, 31, 32, 34].

The purpose of this study is to assess the seasonal vari-
ation in leachate of Gümüshane (Central) open dump area
using the 'water balance method' for the determination of
the factors affecting the seasonal variation in leachate of
landfill which particularly has a higher risk of contaminat-
ing the environment. The most effective measures that can
help reduce the mass of leachate are determined as a result
of the findings.

Materials and Methods

Methodology

The factors affecting the formation of leachate in solid
waste storage areas can be listed generally as precipitation,
surface runoff, groundwater recharge, decomposition of the
organic parts of the waste, liquid wastes, sludge, evapora-
tion, infiltration, moisture retention, and permeability [3, 6,
7].

In order to determine the mass of leachate occurring in
Gümüshane open dump site, moisture contents and densi-
ties obtained from measurements made during the months
of May 2004 to April 2005 and precipitation and evapora-
tion figures of Gümüshane between 2000 and 2004
obtained from the Directorate of Meteorology were used
(Fig. 2) [35]. In addition, using a handheld GPS device,
coordinates of the area were manually determined and the
effective drainage area of the open dump area was identi-
fied (Fig. 3).

Length and depth values that were read for approximate
cross-sections taken from the 1/25,000 topographic map of
the solid waste open dump area were used in (1) to obtain

the areas; and substituting these areas in (2), approximate
volumes of solid waste were obtained. Using the coordi-
nates in Table 1 in the calculation of the formula (1), the
effective drainage area was found.

or

(1)

...where:
Xi – apses value of the coordinate of the ith point
Yi – ordinate value of the coordinate of the ith point
S – area

(2)

...where:
V – volume
Si – area of the ith cross section
l – the distance between cross sections

n

i

ii lSSV
1

1

2

112 iii XXYS

112 iii YYXS

Assessing the Impacts of Seasonal... 1661

0

10

20

30

40

50

60

70

80

Ja
nu

ar
y

Fe
br
ua
ry

M
ar
ch

A
pr
il

M
ay

Ju
ne Ju
ly

A
ug
us
t

35.2
31.8

36.7

66.7

75.3

29.9

13.7
18

2

Se
pt
em

be
r

O
ct
ob

er

N
ov
em

be
r

D
ec
em

be
r

27.2
35.9

39.3

30

0
1
2
3
4
5
6
7
8
9

Ja
nu

ar
y

Fe
br
ua
ry

M
ar
ch

A
pr
il

M
ay

Ju
ne Ju
ly

A
ug
us
t

0 0 0 0

4.7

6.4

8.5 8.

A
ug
us
t

Se
pt
em

be
r

O
ct
ob

er

N
ov
em

be
r

D
ec
em

be
r

1

5.9

4.5

0 0

Fig. 2. The monthly average values of precipitation and evaporation of Gümüshane between 2000 and 2004 (mm).

Points X Y Z

1 540611 4480624 1156

2 540610 4480628 1155

3 540570 4480643 1151

4 540550 4480646 1550

5 540577 4480600 1552

6 540594 4480574 1551

7 540603 4480572 1550

8 540598 4480584 1551

9 540599 4480599 1552

10 540608 4480615 1554

Table 1. The coordinate points of the effective drainage area of
Gümüshane open dump site.



Leachate quantity is usually modelled and/or deter-
mined using a simple water balance approach taking into
account the amounts of water entering the landfill (i.e. pre-
cipitation, waste moisture in excess of moisture holding
capacity of the waste, and additional water input such as
water in wastewater treatment plant sludges if allowed) and
the amounts of water leaving the landfill (i.e. water con-
sumed in biochemical reactions and evaporation) [36, 37].
The determination of leachate quantities are done by using
the hydrologic evaluation of landfill performance (HELP)
and the water balance method (WBM). HELP model is the
most widely used tool to predict leachate quantity and ana-
lyze water balance in landfill lining and capping systems
[38, 39]. HELP model as the most widely used model
employs the same concept of water balance excluding the
biochemical reactions and computes the leachate quantity
based on a detailed meteorological and MSW characteris-
tics data [36]. The water balance method, as developed in
the soil and water conservation literature, is based upon the
relation among precipitation, evapotranspiration, surface
runoff, and soil moisture storage [40-42]. Precipitation rep-
resents that mass of water added. Evapotranspiration, the
combined evaporation from the plant and soil surfaces and
transpiration from plants, represents the transport of water
from the earth back to the atmosphere, the reverse of pre-
cipitation. Surface runoff represents water that flows direct-
ly off the area of concern. The soil moisture storage capac-
ity represents water that can be held in the soil. The Water
Balance Method equation giving variations of leachate in
landfills is generally written as follows [3, 5, 6, 31, 37, 38,
41-43]: 

(3)

...where:
L – leachate (m3/year) 
P – precipitation (rainfall) (m3/m2/year) or (mm)
S1 – the effective drainage area of landfill (m2)
LR – leachate recirculation (m3/year)
E – actual evapotranspiration (mm)
S2 – the average landfill (m2)

R – surface runoff (mm)
Wa – percolation in sanitary landfill during compression

(m3/year) 
B – the amount of water produced or consumed in the bio-

logical decomposition
W – the mass of water held in waste (kg) 

The rational method for estimating the surface runoff is
given as follows:

(4)

...where:
R – surface runoff (mm)
c – the runoff coefficient depending on the permeability

and infiltration capacity of the cover soil, the slopes,
and the amount and type of vegetation cover

P – precipitation (rainfall) (m3/m2/year) or (mm)
The mass of water held in the waste and the field capac-

ity are calculated with the following equations, respective-
ly [38].

(5)

(6)

...where:
W – the mass of water held in waste (kg)
FC – field capacity 
D – dry weight of MSW (kg)
A – average weight of MSW (kg) (without cover material)

Study Area

Gümüshane, located in the Eastern Black Sea Region of
Turkey, lies between the 38º45′ and 40º12′ eastern longi-
tudes and 39º45′ and 40º50′ northern latitudes. Gümüshane
is characterized by a rugged topography. The area of
Gümüshane is 6,437 km2 at an elevation of 1,210 m. The
lowest and highest elevations in the zoning plan are 1,105
m and 1,455 m, respectively. The temperature and other cli-
matic conditions of Gümüshane vary drastically: the mean
minimum temperature is found to vary from -15ºC in
February months to 9ºC in August, and the mean maximum
temperature is found to vary from 10ºC in January to 37ºC
in July. Gümüshane receives a yearly mean rainfall of 461
mm (Fig. 4) [35, 44].

In Gümüshane Province and its towns, open dump is
the only option that is presently undertaken for the man-
agement of the municipal solid wastes. The solid waste
collection method used in Gümüshane is the curb-side col-
lection method. Gümüshane’s municipal solid waste gen-
erally consists of wastes generated from residential and
commercial areas, parks, and streets. There are six open
dumps in Gümüshane Province and its towns, Torul,
Kürtün, Kelkit, Siran, and Köse. Total 70 tons/day munic-
ipal solid waste is generated in central locations, 25
tons/day of which is generated in the center of the city.
About 20-25 tons of solid waste collected within the
boundaries of Gümüshane municipality is disposed in the
valley of Kurudere on the southwestern slopes of

A
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Fig. 3. The coordinate points of the effective drainage area of
Gümüshane open dump site.



Parmaklik Hill, located between Topal and Rufene neigh-
borhoods north of Gümüshane Central. The area is approx-
imately 40-45 hectares and able to meet the need for 50-
100 years in the case of open dumping. The distance of
tour is approximately 4.5 kilometers from the municipali-
ty (Fig. 5) [35, 44, 45].

Results and Discussion

In the studies conducted between May 2004 and April
2005, the distribution of moisture content in organic matter,
which is one of the sources of leachate in a solid waste
dump site and the densities of solid waste were determined.
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Fig. 4. The open dump and residential areas of the Municipality of Gümüshane.

Fig. 5. The open dumping area of the Municipality of Gümüshane (all aspects).



In order to determine the composition of the MSW, approx-
imately 4,500 kg of solid waste samples were collected
from the open dumping area, Kurudere valley to the south-
west of Parmaklık hill, during the year. Four samples were
simultaneously taken in every week, and a total of 208 sam-
ples were taken in a year. Containers with 0.72 m3 capacity
were used in the sampling process. In order to obtain a rep-
resentative sample, 0.288 m3 of the MSW was collected
promptly after disposal. However, some large-volume
materials (e.g., car tires, old household items) and medical
wastes were excluded. The collected samples were trans-
ported to an indoor area. The samples were then spread out
on a plastic sheet and manually separated into their compo-
nents. The sorting process was performed by a team of two
people who were instructed on the sorting requirements. 

The components were divided into nine categories:
food and yard, paper and cardboard, metals, glass, plastics,
textiles, ash and scoria, diaper and others (wood, bones,
battery, construction and demolition wastes, stone, etc.).
The wastes were reduced in size by pre breaking and were
manually homogenized in a plastic container. A sample of
4-5 kg was used for coarse grinding. Four samples of 125 g
were taken from the coarsely ground homogenized wastes
and dried in an oven for 24-48 h at 75ºC until a constant
weight was obtained. The dried samples, called dry matter
(DM), were then placed into desiccators for cooling,
ground to obtain a particle size of less than 0.2 mm, and
stored in desiccators until needed. The moisture content of
the samples was determined from the decrease in weight.
Organic matter content of the dried matter was determined
by igniting the material at 550ºC in a furnace. After all, the
distribution of the moisture content of organic wastes was
found 78.5% on average; the average density was found to
be 0.313t/m3 (Fig. 6). All values in Fig. 6 were calculated
from the weekly sampling and sorting results, and are pre-
sented on a monthly basis.

The organic fraction of biological origin constitutes
almost 30% of the total MSW on average, which is lower
than the average for Turkey. Organic constituents account
for more than 50% of MSW in Turkey. In Gümüshane, peo-
ple utilize the organic fraction, especially food remains and

grass clippings, as feed for their animals. It was found that
a large amount of the wastes are organic because the year-
ly mean organic matter content of the dried wastes is 92.1%
(89.2% in the spring, 92.3% in the summer, 93.9% in the
autumn, and 93.0% in the winter). In Gümüshane, ash and
scoria constitute a large amount of the MSW generated in
the winter and spring seasons, because those seasons are
cold and solid fuels (coal/wood) are usually used in heating.
Ash and scoria are almost never generated in summer. The
percentage of ash and scoria generated is 53.85% in the
winter, 38.42% in the spring, and 10.31% in the autumn.
The major constituents of the MSW are organic and consti-
tute approximately 50% of the total MSW, except in
Gümüshane, whereas recyclable materials constitute almost
25% of the total MSW in medium-sized cities and 33% of
the total MSW in big cities. The yearly mean moisture con-
tent of the wastes is 78%. The moisture content of the
wastes is increased by rainfall. 

In general, the climate in Gümüshane Province is fairly
dry in the summer with an average rainfall of 62 mm, but
rainy in winter, spring, and autumn with an average rainfall
of 97 mm, 181 mm, and 121 mm, respectively, and total
average rainfall is 461 mm based on data for 1996-2005, as
collected from the Turkish State Meteorological Service
(TSMS) weather station in Gümüshane Province.
Therefore, the climate increases the moisture content of the
compostable wastes especially in spring, autumn, and win-
ter as the lids of containers are open. Although the climate
is fairly dry during the summer, the mean moisture content
of the compostable wastes for the summer season reaches
the highest value (83%) due to the wastes having higher
inherent water content. Because the optimum moisture con-
tent for aerobic composting is in the range of 50-60%, the
moisture content of 78% for the compostable wastes is fair-
ly high for composting and the excess moisture must be
removed. However, anaerobic digestion rather than aerobic
composting may be considered to handle the compostable
wastes so the moisture content would not be a problem and
need not to be removed.

The calculation method, which was followed using the
properties of solid waste of Gümüshane (Central), is given
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in Table 2. Monthly total precipitation and monthly total
solid waste quantities were used in the calculation. Since it
was not possible to obtain the seasonal variation of solid
waste, the daily average was assumed to be 25 tons, and
750 tons/month was used in the calculations. Rainfall and
evaporation data was obtained from the General Directorate
of State Meteorological Service and the average values of
the data for 2000-04 were used. 

Gümüshane open dump area still continues to be filled
up and due to the fact that there is no effective upper cover
layer, a large proportion of the rainfall permeates to the
body of the storage area. For this reason, the coefficient c,
used for the calculation of runoff with the rational method,
was taken as 0.30 in order to take into account the most
negative conditions. Determining an average weight for
each month, moisture holding capacity of the waste and the
mass of water held in waste using this capacity were deter-
mined. As a result, for the calculation of the mass of
leachate, the mass of surface runoff was calculated by sub-
tracting the losses due to evaporation and the mass of water
that can be held in the waste from the total mass of precip-
itation [35, 43, 45].

Since it is not possible to precisely determine most of
the variables given in formula (3) for calculating the mass
of leachate, some empirical equations and formulas were
developed to determine the mass of leachate. Depending on
how the waste is compressed, the waste is capable of hold-

ing 25-60% of the rainfall under the most inimical condi-
tions. In addition, a range of 0.5-15 m3/ha/day is given in
the literature for the mass of leachate. Considering the mass
of leachate recorded in various European countries, the
mass of leachate is low in arid areas under hot climate and
high in areas with high levels of precipitation. In addition,
the presence of a final cover layer and the degree of non-
permeability significantly affect the mass of leachate [3, 6,
7, 36, 38, 41, 42]. The variation in the mass of leachate
obtained using the water balance method given in Table 2
and the mass of leachate originating from the precipitation
occurring in Gümüshane are given in Figs. 7 and 8. All val-
ues in Figs. 7 and 8 are presented on a monthly basis.

Conclusions and Recommendations

The mass of leachate is proportional to the mass of pre-
cipitation, and therefore it should be limited. For this pur-
pose, if possible, areas with low precipitation should be
chosen, an upper covering layer and a blanket should be
prepared, the area should be covered with grass after stor-
age, adequate surface drainage should be performed, dis-
posal of sludge and similar wastes should be limited, and
waste should be sufficiently compressed. In addition, in
regions with unfavorable topography, the heads of valleys
where surface waters are less should be selected; if possi-
ble, areas with low base-permeability should be preferred,
and the mass and location of groundwater should be deter-
mined. 

An average solid waste of 20-25 tons/day is estimated
to be produced in the city center of Gümüshane province.
As a result of approximate calculations made in accordance
with these amounts, a considerably large difference is
observed between the annual amount of waste to be pro-
duced in Gümüshane and the approximate calculations
made using topographic maps. Previous density of the
waste, the mass of solid waste, and the exposure of solid
waste to biological degradation should be taken into con-
sideration for such a small amount of waste pile formed in
20 years. 

The effective drainage area is found to be 1,956 m2. The
average annual mass of solid waste leachate in Gümüshane
is 5.76 m3/ha/day and it is observed to reach its highest level
in May with 14.26 m3/ha/day. Looking at the most effective
factor in the formation of leachate, i.e. the precipitation, it
is observed that the precipitation is at its highest level in
spring and in particular in May. Again it is observed that
there is no evaporation in Gümüshane during this month,
the proportion of organic matter in the solid waste is around
30%, the ash is around 20%, the density of solid waste is
0.250 ton/m3, and the moisture content is 78%. 

When the monthly average mass of precipitation that
contributes to the leachate in Gümüshane is considered, it is
observed that the highest figure is calculated for May.
Therefore, the necessary precautions should be taken
against the leachate, which may occur in the area due to the
high amount of sudden precipitation observed particularly
in this month. 
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An effective management should be established for
solid waste collection and disposal operations and the neg-
ative impacts of solid wastes on environment should be
reduced by means of activities such as recycling. 

As can be seen from the calculations, the mass of
leachate is increasing in proportion to the mass of precipi-
tation in open dump areas due to the fact that the necessary
measures are not taken to prevent the entry of precipitation
in the area. To prevent/reduce the mass of rain entering the
storage area, dikes should be opened around storage areas,
the mass of water that may enter the area from outside
should be reduced and, if possible, intermediate cover lay-
ers should be prepared. 

Care must be taken for the disposal of hazardous wastes
in accordance with the relevant regulations. Hazardous
wastes such as medical wastes that can be found in masses
of solid waste negatively affect the quality of leachate and
increase the harm to the environment and people. 

Since the leachate of solid waste storage areas depends
on many variables, the resulting leachate should be
removed from the area by means of establishing collection
systems in storage areas and the changes in this leachate
should be examined and monitored. In order to determine
the effects of solid waste storage area on the environment,
the required EIA reports should be prepared and it should
be kept in mind that more effective solutions can be imple-
mented to reduce the negative effects of wastes. The Solid
Waste Control Regulation is applied properly in the stages
of collection and transportation, but the main problem is
preparation of the sanitary landfills and rehabilitation of the
open dumps because of insufficient financing. Educational
programs on solid waste collection, separation, and recy-
cling will be helpful to decrease the waste loads on the open
dumping area.
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