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ABSTRACT -

_ The objectxve of thls research is to assess the environmental impact of solid waste management system in the city
of Mansoura, Egypt. Number of studles has been reviewed for some of the world's cities’ indicating ways of dealing
with solid waste recycling, either for reuse or for poWer generation and the policies and programmers developed to
help in reducing solid waste. On the other hand light has been shed on solid waste management systems in Egypt
in General and in pamcular the urban areas and show various methods and policies in existing systems for various
aspects such as administrative and financial aspects. Having analyzed the different stages of the solid waste system
in Mansoura city, including. waste generation, collection, tranﬁport and final disposal, where these data are an
important tool that can be used to assist decision-makers in Mansoura city to develop realistic solutions to improve
this system. Recommendatxons for improving the system of solid waste in the city of Mansoura have been

presented.
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1. INTRODUCTION

Solid waste is a very general term which
encompasses. all waste materials Vin solid
conditions. Most solid waste regulations
include hazardous waste within the
definition of solid waste. Solid wastes are
divided into three main categories:
municipal, industrial, and agricultural

waste.,

Municipal solid waste has several sources

such as  residential,  commercial,
institutional, construction and demolition,
and municipal services. In general, the
amount of solid waste has been increasing
in urban areas and the more urbanized the
area is, the higher the amount of waste

generation.

A solid waste management system consists
of prepared plans and plants that are built
for final disposal of waste as well as
recycling, reuse, composting, and
incineration. The municipal solid waste

management system deals “with the-

municipal solid waste' from- its  source of -

generation until its final disposal, which
includes all the oberations and
transformation of this waste. The activities
of the municipal solid waste management
system can be categorized as six functional
elements which are: (1) waste generation;
(2) handling, ‘separation, storage, and

processing at the source; (3) collection; (4)

implementation  of  the

transfer and transport; (5) separation,

processing and transformation; = (6)
disposal. Solid waste ‘management is the
prescribed
measures, proper waste management
procedures in the collection, transport and
waste disposal, including control of these
activities descriptive. Waste management
in developed countries has created
industries  with

numerous  recycling

activities' that includes considerable

amounts of secondary materials and

_provide new jobs.

The existing solid waste management
system in the city of Mansoura is highly
secondary

inefficient.  Primary  and

collection, transportation and open
dumping are the only activities practiced;
these are actually done in a non technical
manner. In this work the obstacles in the
existing solid waste management system
are systematically assessed. It is also tried
to assesé the potentials fof its
irﬁproviséﬁon.‘ _ .
2. LITERATURE -
REVIEW

During the past decadc'as,' a large body-
of studies concernin_g the solid waste
management applications is undertaken. In
Iight pf success stories in various solid

waste recycling programs and studies,

solid waste management strategies in many
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de\}eloping countries. ought to' be
redrgéﬁiied to include a séparate collection
and proéessing system for vy,aste rebycling
that can work parallel * with  the
cénvention_al systems opera:ted by
municipal bodies which. are requnsiblé for
waste collection transportation and final
disposal. This approach will reduce
quantities of wastes to be disposed, create
employment and thus income for the poor
people. There are many ways to reduce the
amount of waste needed to be disposed,
such as waste preventién,~_recycling, and

composting.

In this section a thorough literature

review concerning models and tools

illuminating possible overlapped
boundaries in waste management practices

is conducted.

System dynamics computer . models
have been developed to predict solid waste
collection

generation, capacity and

electricity generation from solid waste and’

to assess the needs for waste management

of the ufban city [1-5]. Other models for

the prediction of solid waste generation in
a fast-growing urban area and describe a
waste generation and composition analysis
have been developed [6-9]. These provide
a comprehensive review of municipal solid
waste management system comparing

several MSW management elements (such

as' collection, budget, ‘and disposal) in
municipalities, village councils, districts
and the problems faced by these
institutions in handling 'theb waste. It also
provides information on MSW collection
service availability and waste disposal

practices in the studied districts.

There have been studies to examine
the positive impact of the recycling and/or
reduction in household wastes from
different countries worldwide. Many
studies focus on different analysis of
strategies for material and energy recovery
from waste and explore the potential
recovery of the energy available in the
municipal solid wastes [10-11]. On the
other hand, :_many research approximate
carbon and energy footprints of the waste
treatment phase and to find out what is the
best waste treatment option for
biodegradable materials [12].

3. SWM IN THE CITY OF
MANSOURA
" In the city of vMansoura, solid waste

constitutes potential environmental threats

~ in addition to its negative aesthetic impact.

The waste is generated from different
sources. Most of the solid waste generated
is disposed in the main dump site (Iocafed
in the south east area of the city) where it
is openly burned. Burning of solid waste

poses potential hazards to the surrounding
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env1ronment as w1ll be elaborated further

'on The sohd waste system is:managed by

the two ‘districts separately, 'As will be

clarified in this‘.‘sec'tion,-the role of the-

_private sector in solid waste management

lirnited and . most activities . .are.

undertaken by the dlStrlCt administration.

3-1.SW Flow in- the Clty of

Mansoura .
- This work " highlights ~the _most‘

important steps involved.in the existing.

solid waste management system in the city

of Mansoura which includes generation,:-

collection, transportation, disposal, and -

strong recycling..

> 3-1:1 SW generation in the
~city of Mansoura
> Sources of SW-
" The sources of the solid waste in the
city of Mansoura are: flats, small factories,
' markets,

workshops,  general

stations, commercial shops, governmental -

offices, private offices, schools, hospitals,

clubs, and streets, -

> Total quantity of SW generated / day

It was beyond the scope of this study to.

precisely determme the quantity of solrd |

waste generated in the city of Mansoura'

Given that not all the generated waste is
collected filed sampling of waste of

different generators should have been the

i

traffic

method used ‘1o obtarn more’ _accurate

: ﬁgures

However, a rough working estimate of the
quantity of daily solid waste generated in’
the city'of Mansoura could be provided
through determining solid Waste‘_sourc‘es
and 'th-’e rate .of generation 'p'er source"'
mainly obtained from ~ the city
municipality. The total quantity of solid ~
waste generated' in 'the city of Mansoura-
was therefore estimated to be 750 tons/day 4
> Total quantity of SW generated per

capita/day
The quantity of solid waste generated per

capita in the city of Mansoura has been
estimated at 0. 70kg in the east district, 0.60
kg in the west district and 0.65kg as an

average for the city.

3-1-2 SW collection in the city
of Mansoura

There is only one formal system for sohd.
waste collection (SWC) in the city of
Mansoura. ‘Primary collection  is.
undertaken dby individuals at generating
sources‘to' sOIid. waste collection boxes
distributed by the formal system. A parallel, -
informal system of door-to-door collection
exis_ts through personal agreement with the
municipality solid waste transportation
crew. The solid waste collection boxes.
available 1n the city of Mansoura are

allocated at different points in the main
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streets and squares of the city. Number of

these boxes are -175. box in .the the east

district and 250 box the west district. The

volume of each box is 1 m.2..*

> Prlvate sector mvolvement in the
.collection of SW .. B

The willingness of Mansouvra‘citizen‘to pay

for a door-to-door collection arrangement,

revealed through agreement, with the:

municipality. transportation. crew . has:

encouraged some private collectors . to

provide such service. The private sector

involvement in solid waste collection and .

transportatlon has been 1n1t1ated by a'ﬂ_

private company called "Mansoura

Richland". The company had an-agreement :

with the Governorate_to collect, transport, .

and dispose of solid wastes.

Collection capacity of the formal system
Based on the number of the‘-colle_ction
boxes an approximate figure for the to't.eil“‘:
daily SW capacxty in each dlstrxct of the;w_j_ ‘

city of Mansoura can be estlmated usmg

the followmg relatlon -

Total dally SW collectlon capamty =

BOXES NO * BOXES VOLUME* F * sw1)

*ACR
Where:

F: is the filling factor and it is assumed to

be 0.8 (this means that the boxes are 80%

full before they are emptied each time).
SWD: is the solid waste density ton/m’.

ACR: is the-average collection round from
the boxes. I this study ACR ‘is known to
be 3.0 for east and west as per _the

municipality records.

Therefore, the dally SW collection
capacity in the east district =175 * 1;0 *
0.8 * 0.5 * 3.0 =210 ton, and the daily SW
collection capacity‘: in wes't'district =250 *
10*08*05*30——300ton,andasa
result the daxly SW collectlon capamty in
the 01ty of Mansoura = 5 10 tons

| Comparmg the above ﬁgure w1th that_

obtamed prev_lonsll_.y,“ a slight difference is
det.ectab]e. This result shows that there is
no critical shortage in collection capacity.

‘The'solid waste accumulated in some city
areas _rnay ) be the result of inaccurate
transpoftatton' schedules, = shortage in

transportatxon capaclty, _ inadequate

_ locatlon of collection boxes -(which might

increase the need for. addmonal boxes) or

careless behavior from some citizens.

3-1-3 SW Transportation in
the city of Mansoura

Solid -waste is transported from the
collection boxes to the main dump site by

the municipal transportation system.

> Mun1c1pal Transportatlon System '

The municipal transportation system of the

city of Mansura consists of the followmg:
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East district: 1 truck (20 ton) + 7 truck
(10 ton) + 15 truck (5 ton)-+3 tractors

+1 loader (120 hp). ,
West tlistrict: 1 truck (20 ton) + 8 truck
(10 ton) + 29 truck (5 ton) +3 tractors -

+ 2 loaders (120 hp).

The tractors and trucks are mamtamed and
overhauled in two central workshops one
for each district. These workshops are not
only providing service to, fleets of the
cleaning activities division but’ they are
also responsible for all rnaintenance and
repairs of other vehicles and equipment in
the districts. The capacity of this
transportation system is estimated as
follows:  _ . |
~Total daily SW transportation capacity =
~ No. of vehicles * Average vehicle 'capacity
* No. of collection rounds. Therefore,
Solid waste transported from . east
district = [(l ¥20)+(7*10)+(15*5)] *
0.7 * 3.0 shifts = 346.5 tons.

Solid waste transported from west
district = [(1 * 20) + (8 * 10) + (29 *5)] *
0.7 * 3,0 shifts = 514.5 tons.

Filling factor is assuined to be 0.7 (this
means that the truck are 70% full). o
The quality of s'olid waste transported daily
from the different zones of the east and
west districts of the city of Mansoura by
the municipal system. Distance between
each zone and the main dump site of the

city.

In sumrnary the total daily ~“waste
transported from east district is 218 tons
and from the west drstrict 1s 388 tons The
total da.ly solid waste transported from the
city is 606 tons. As stated earlier the total
quantity of solid waste generated in “the
city of Mansoura is 750 tons and the
collection capacity is 510 tons/day. It is
important to note that these 606 tons are
transported by the municipality system.
Additional quantity 1s transported from the
villages and center of Mansoura (400 tons)
by their own transportation means.
> Staffing Of the Cleaning Activities
Divisions

Cleaning activities divisions in the east and
west districts are staffed as follows:

East district

133 labor, 61 supervisor, and 15 deriver.
West district

253 lahor, 82 supervisor, and 40 driver.

> Financial Support of the Cleaning System

The solid waste management system of the
city of Mansoura is financially supported
by the cleanmg fund at the city level. The
total i mcome of the fund are collected from
citizens for cleaning service with the rules
of 2008 to. .regulate- the cleaning works
aCc‘ording to law 10 in year 2005. The fund
covers salaries of temporary employees,

cost of -the' cleaning tolls and
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beéutiﬁcati'on, and O& ‘M of the
iranspdnation system. -
3-1-4 SW Disposal in the city
of Mansoura

The solid waste of the city of Mansoura is

dumped in different places in the city such

- as the main dump site and the side dumps. ‘

» - Main Dump Site

The'majorl portion of the collected solid
waste is transported fo the main dump site
which is locdted in the south east region of
Mansoura. It is an open area of
.apbroximately 8 fedans (33‘600 $q. meters)
and receives 1000 tons of solid waste per
“day from thé city and some villages around
the city. (Source: The Cleaning
Administration Deﬁartment of Dakahleya

governorate).

Buming of the' solid waste is the most . |

common practice employed at present at

the dump. A substantial amount of ekpifed

‘food products i also burnt in the ‘main

dump -site producing - hazarddus gases
emitted to the surréunding community.
HbWever, it seems that bﬁ;'ning"is not -an'
effective means to get rid of the daily
collected quantities of solid waste. This is
demonstrated by the
increasing height of the solid waste day
after day (30-3,5‘m)j."'T'hc solid waste

accumulated in the main dump site has

been roughly estimated to amount 180,000

progressively

cu.” meters. Analyses samples of the

accumulated solid waste have shown

relatively high content of nitrogen,

phosphorus, potassium, zinc, and copper.
(Source: - The
development center, Talkha, Egypt).

> . Composition of  SW

transportation to main dump site

‘Egyptian  fertilizer

In general the solid waste is composed of

ﬁaper, carton, plastics, metals, wood, bone,

+ - rags, agricultural waste, dung, food and

others. Representative samples were
selected, - weighed and sorted to the
differenf components described above.
These components were also weighed
separately. Six and five representative
samples were selected from the east and
west districts respectively originating from
zones selected to represent the different
socioeconomic activities present all over

the city of Mansoura. The proportion of the

. various solid waste components of the total

'analyied sampIes‘lfrdm ‘the eaét'_ and west

distric_ts ére estimated. The pxjedqminant
compbnenf of the sambled solid waste is
orgé.nic matter (food‘l and agricuitural
waste) (69.3%) while the other recyclable
items (paper, carton, plastic, glass, metals,
wood, bones, rags) represent 20.2% of the

total quantity of collected solid waste at the

~ dump site.

P

> Site dumps



C.22

There is a substantial number of site dumps
in the cny of Mansoura most of Wthh
exists in the new residential area. A
significant number of these site dumps are

used,for the disposal' of construction waste.

> Mansoura composting plant

Unfortunately there is only one composting

plant in the city of Mansoura. This plant
capacity is 60 ton/day (which represents
about 10 % of the SW generated in the

city).

SORTING FOR RECYCLING OF SW
IN THE CITY OF MANSOURA

Sorting for recycling in the city of
Mansoura takes place at the following
three stages:

e At the solid waste generating sources.

e During solid waste transportation from

collection boxes to the main dump-

site.
¢ At the entrance of the main dump.
The sorted materials are plastic, paper,
carton, bones, metals, a_nd glass. These

materials are sold to some private dealers.

3-1-5 Ecological and health

hazards

In the city of -Mansoura, the present
pfactices for solid waste management pose
many ecological -and health hazards that
are rﬁost manifest at the following sites: (i)

at the main dump site where open burning

H. A. Abdel-Salam, S.H. El-Emam and Z. Ateia

of the solid waste is practiced, (ii) at some

collection locétions in‘,the: city ‘where the

solid waste -is scattered around the
collectic 1V boxes, (iii) at some “collection
points m the city where the solid waste
inside the collectlon boxes s, locally :

burned.

At the main dump site of the city of
Mansoura solid waste is continuously
burned; this contributes extehsively to the
air pollution of the surrounding areas.
Clouds of smoke and vapor are so intense
to a limit greatly reducing horizontal
vision. These gaseous emissions are swept
by wind to cover great residential areas

closed to the dump.

The emitted smoke and vapor are
essentially mixtures of carbon monoxide,
carbon dioxide, hydrocarbons, sulfur
oxide, nitrogen oxides and 'pérticulate.
These compounds are dangerous air

pollutants threatening the environment and

_human health. Air pollution exerts a

dramatic effect on the plant cover in the
vicinity of the main dump siie.‘ It is very
likely that the ground water could be
polluted due to the accumulated solid

waste in the main dump site.

4. "CONCLUSIONS AND
RECOMMENDATIONS

It can be concluded that, the solid waste

management in Mansoura is facing a lot of
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technical d’ifﬁ'c.ultie's[ Tﬁeré are’ various
recommendations that have to be taken
into consideration to improve the solid
waste'management ‘'system in the city of

Mansoura.

1. Existing laws concérning waste should
be enforced. The feasibility of its use
for land filling activities should be
assessed in terms of its’ economic

~ viability, Environmental and public
health  safety.  Collection  and
vtransportation of éonstrﬁdtion waste
should - be undertaken at developer's

expense.

2. An investigation of the désign of the
currently used collection boxes, their
distribution, service demand, fixation
as well as the schedule for the
transportation of waste from these
boxes will be helpful. Also an

assessment of * the techmical and

logistics - pérformance of the

4 transporté.,tion fleet currently in use by
‘the mun.icipality should be conducted
taking into account the incréasing
demand for service; this assessment is
to identify the moét efficient means to

modify the service.

3. Detailed community attitude surve};s
should be undertaken to enable

planners to plan for better service

provision. Studies of household's reuse

“and recycling habits, their perceptions
needs opinions and understanding of
the problem may be quite different

from the p]anners.

Media should give attention to educate

. people on the best way to manage their

waste.

Alternative disposal means should be
identified for hospital and industrial
hazardous types of wastes taking into
account their negative environmental
and public health impacts. The
segregation of these types of waste will
relieve the pressure on the -current

system.
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