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PREFACE 

The U.S. Agency for International Development (AID) commissioned this 
environmental water quality impact assessment in response to a request from the Government 
of Egypt through its Ministry of Public Works and Water Resources (MPWWR). The 
results of this activity, Phase I of a two-phased assignment, will serve as the basis for the 
design of a Water Management Action Plan under Phase II. Both phases are funded by the 
AID Mission in Egypt, through the Project in Development and the Environment (PRIDE), 
and by the MPPWR's Water R ~ r c h  Center (WRC). PRIDE is a centrally funded project 
that provides technical assistance in eiivkonmental and natural resource management to 

- AID'S Near East (NE) Bureau, missions, and host-country institutions. 

- PRIDE is being implemented by a consortium led by Chemonics International and 
including RCGIHagler, Bailly, Inc.; Science Applications International Corporation (SAIC); 
Capital Systems Group, Inc.; Industrial Economics, Inc.; Environomics, Inc.; Resource 
Management International (RMI), Inc.; and Lincoln University. 

James L. Welsh, an engineer with over 40 years of experience in water resource 
planning and water quality evaluation, served as the team leaderlwater quaiity assessment 
specialist for this assignment. Mr. Welsh is a senior consultant with RMI/Bookman- 
Edmonston Engineering, Inc., Sacramento, California. Dr. Khalil H. Mancy, chairman of 
the Department of Environmental and Industrial Health of the University of Michigan School 
of Public Health, served as water quality specidkt on this activity. Dr. Mancy, a water 
quality and environmental health specialist, has studied Egypt's water resources throughout 
his career. He advised Mr. Welsh on data availability and analysis and the identification and 
prioritization of water quality issues, and helped write this report. 

Mr. Welsh arrived in Egypt to begin his eight-week assignment on February 2, 1992. 
Dr. Mancy participated in the assessment for a two-week period beginning on February 12 
and again in early April when he finalized the report in the United States with Mr. Welsh. 
While in Egypt, the team was assisted by sjxxialists from the MPWWR's Water Research 
Center, under the direction of Dr. Mahmoud Abu Zeid, director of the WRC. The WKC 
specialists include Dr. Fatma El-Gohary, water pollution control specialist, and Drs. Soheir 
Abu-Elela and Rifaat Abdel Wahab, assistant water pollution control specialists for this 
activity. 

PRIDE appreciates the continuous and active support and participation of Dr. Abu 
Zeid and his staff. The PRIDE team also expresses its appreciation to the following 
individuals at USAIDlEgypt: Glenn Rutanen-Whaley, mission environmental officer; 
Richard Rhoda, director of the Office of the Environment; Flynn Fuller, agricultural 

- development officer, Office of Water and Irrigation, Directorate of Agriculture; Clem 
Webber, director, Office of Irrigation and Land Development; and Chris Crowley, associate 
mission director for program development and support. 



This project has two major purposes and has been divided into two phases. The first 
goal and the project's first phase assess water q d t y  and water pollution in Egypt and 
describe their environmental and health impacts. The second phase of the project is 
presented in a separate report, "Egypt Water Management Action Plan: Phase 11," that 
develops a water management action plan for environmentally sound water use and 
development in Egypt. Both phases rely on existing data and information from 
knowledgeable policy and technical experts, and both documents are intended for policy 
officials and decisionmakers who are responsible for Egypt's water resources management. 

This Phase I report covers historical patterns of water quality in the Nile River, 
canals, and drains; the current quality of groundwater and surface water; municipal, 
domestic, and industrial wastes; zgricultural drainage water; health impacts of the water 
quality situation; water quality monitoring; and capacity building and water quality 
management recommendations. 

All these issues are vital to Egypt. The Nile River is the sole water supply for nearly 
56 million people, a burgeoning industrial base, and over 7 million acres of highly 
productive irrigated lands. Neveltheless, a number of trends threaten the country's capacity 
to supply good quality water, maintain its fisheries, and preseme the Nile's environmental 
quality. Among these patterns are intensive water use, growing amounts of untreated wastes, 
and an expanding population's increasing water needs. Appropriate management of the 
Nile's water resources is central to Egypt's continued prosperity and its leading role in the 
Arab world. 

Under 1990 conditions, Egypt has sufficient water of adequate quality in the Nile 
system to meet current water needs. That will still be true in the year 2000 if Nile supplies 
increase and irrigation efficiency improves, and, most importantly, if adequate water quality 
is maintained. Agriculture diverts water from other uses and produces more wastewater than 
any other use in Egypt. Domestic and industrial water usages are much s d e r  but often 
produce inadequately treated wastewater. The quality of industrial waste discharges is 
generally very poor; heavy metal discharges pose the greatest concern, followed by toxic 
organic discharges. 

Shortcomings in the available data constrain efforts to describe current water quality 
and predict future trends. Nevertheless, it is clear the Nile's water quality generally declines 
and biological productivity increases as the river travels north. The causes include major 
withdrawals for irrigation, minor municipal and industrial withdrawals, large agricultural 
drainage returns to the river, and discharges uf municipal and industrial wastes. These 
changes in the river are most obvious in the vicinity of Cairo. In addition, within the Delb, 
salinity and organic loading substantially increase particularly in tht: drains. 



Municipal and domestic wastes are a problem especially for,Egypt's rud population. 
Currently, an estimated 95 percent of these 31 million persons have no access to sewer 
systems or wastewater treatment facilities. Instead, they rely on onsite disposal using a 
leaching pit adjacent to the house or direct discharge of raw sewage into drains and canals. 
This situation poses major hazards for domestic water supplies in the villages and exposes 
edible crops and agricultural workers to domestic waste discharges. The lack of rural 
sanitation is the major health-related waterquality problem in Egypt. 

The number of sewage treatment facilities for urban populations will increase by the 
year 2000, but the present undersupply of rural wastewater treatment facilities will remain 
largely unchanged. In addition, between 2000 and 2020 urban treatment capacity is expected 
to fall behind demand. \ 

Egypt has three major water quality monitoring programs, but they suffer from a 
variety of shortcomings. The basic program, which is on the Nile River and Delta, develops 
little diversity of data, has inadequate funding and staffing, and needs upgrading for its 
labora~ory facilities to accommodate the number and type of analyses needed. The program 
has minimal data storage and evaluation capability and does little to disseminate data to 
concerned users. The second program, for drainage monitoring, is limited mainly to 
drainage salinity. The third program, for groundwater monitoring, has focused mostly on 
specific investigations, although some meaningful data have been compiled. 

For Egypt to meet its water planning, pollution control, and research needs, the 
country urgently needs a comprehensive water quality data program. It should be 
accompanied by adequate funds, effective laboratory facilities, competent professional staff, 
and effective data storage and retrieval systems. Such water quality management planning 
must integrate water quantity and quality concerns. Egypt's water quality information efforts 
should be centered in the Ministry of Public Works and Water Resources, and they should be 
supported by the Ministry of Public Health and other concerned agencies. Egypt should 
identify the pollutants that will pose the greatest future threats to its water resources. The 
country should better control agricultural, municipal, and industrial wastes. Egypt should 
move forward on the second phase of this environmental water quality assessment. That will 
provide significant guidance for revising and implementing the preliminary recommendations 
of this first phase of the study. Finally, Egypt should develop a water and waste disposal 
cost recovery plan that could create an adequate financial base and provide an equitable 
distribution of costs for the country's water use and waste disposal systems. 



SECTION I 
INTRODUCTION 

The River Nile, the life b l ed  of Egypt, is the sole water supply for nearly 56 million 
people, a burgeoning industrial base, and over 7 million acres of highly productive irrigated 
lands. Intensive water use, disposal of largely untreated wastes, and continuing demands for 
even more water by a rapidly expanding population are stretching the country's capacity to 
supply good quality water, maintain fisheries, and preserve the environmental quality of this 
magnificent river. While the k i t iona l  concern with securing sufficient Nile water for 
Egypt's survival and economic development cannot be overemphasized, unchecked water 
quality deterioration significantly threatens the country's aquatic resources, public health, 
environmental well-being, and wnomic growth. Bold changes are needed in the 
management of the nation's aquatic resources. 

Despite the rapid economic growth, the resources required to cope with water quality 
management problems are lagging behind real needs. Only recently has there been 
significant pollution control in new factories. Progress in retrofitting of old hctories with 
waste treatment equipment has been slow. In rural areas domestic wastes are generally not 
treated, and in major cities they are only with massive assistance from donors. The 
Cairo population is growing so fast that even the current plant construction program for 
massive sewage treatment may not keep pace with the need. Intensive reuse of agricuitural 
drainage water, which contains high proportions of municipal and industrial waste, requires 
careful planning and vigilance to maintain crop production, protect the Delta resources from 
lasting damage, and maximize water supplies. 

Egypt can continue its lead role in the Near East only by carefully managing the 
environment. A decline in crop production, wide-spread water-related disease, and the 
destruction of productive fisheries will increase Egypt's reliance on the outside world at a 
time when resources to pay for foreign goods and services are diminishing. Learning to 
manage a valuable and unique resource, the River Nile, is central to Egypt's continued 
prosperity. 



SECTION 11 
B A C K G R O r n  

A. Objectives and Scope of the Study 

This study was initiated to assess water quality and water pollution in Egypt and its 
environmental and health impacts (Phase I) and develop a water management action plan for 
environmentally sound water use and development (Phase 11). This report presents an 
assessment of the environmental water quality in Egypt and the basic quirements fcr 
management programs. 

The study relies on existing data and information fiom knowledgeable policy and 
technical experts. The report is aimed at policy and decision makers who are responsible for 
formulating, financing, implementing, and administering plans for water resources 
management in Egypt. 

B. Study Methodology 

Tine study was carried out by a group of international and local water resource experts 
who were asked to provide as much information as they could on the following topics: 

Historical pattems of water qlsality in the River Nile and canals 
Historical patterns of water quality in agricultural drains 
Current pattems of water quality in groundwater 
Current industrial and municipal discharges to the Nile, canals, and drains 

These topics were documented in four working papers (Annexes A, B, C, and D) that 
describe what is known about the Nile basin watcr quality and the factors affecting it. This 
report summarizes the most significant factors and provides additional information on current 
and projected population, agricultural and industrial development, and water supply and ux.  

C. Availability of Water Quality Information 

Water quality data and information in Egypt are scarce and cannot be accessed easily. 
Scattered water quality information was found in government offices, universities, and 
research institutes in various reports but they were often not available in a form suitable for 
analysis. The utility of this information is further limited by frequent restrictions on 
accessibility. The data that were available in reports were presented in different formats, 
generated by different measurement techniques, and were often not subjected to quality 
assurance programs. 

One of the most useful data sets available was the comprehensive water quality 
information system that was developed through a joint project of the University of Michigan 



and the Academy of Scientific Research & Technology (ASRT) in 1978. The Water Quality 
Data Bank was housed at the National Research Center, equipped with modern computer 
facilities, and staffed with qualified, experienced personnel. This center no longer exists. 
All activities were terminated after external funding was exhausted. A complete set of the 
collected data can be found only at the University of Michigan in the United States. 

Water quality data, and information on associated sweillance and monitoring 
programs weie found at several institutes. These institutes were visited and the responsible 
persons were interviewed. 

D. The Ministry of Public Works and Water Resoums 

The Ministry of Public Works and Water Resources (MPWWR), formerly the 
Ministry of Irrigation, has traditionally been in charge of Nile flow control. It focuses 
principally on irrigation water service and management of the complex system of dams, 
barrages, canals, drains, and pumping stations. In collaboration with corresponding agencies 
in Sudan, and to a lesser extent with other riparian countries, MPWWR was instrumental in 
developing and implementing River Basin Agreements defining Egypt's share of the River 
Nile flow. As the only government agency concerned solely with water resources in Egypt, 
responsibilities of MPWWR include water planning and management, water allocations, and 
the development, operation, and maintenance of the irrigatioc cnd drainage systems. 

The construction of the Aswan High Dam, completed in 1968, was one of the 
MPWWR's great achievements. This major hydraulic intervention significantly changed both 
u?stream and downstream river conditions. Subsequently, campaigns against the Aswan 
High Dam generated controversy about the effects of these changes and policy and decision 
makers became interested in Nile River water characteristics and changes brought about by 
the High Dam. By alithority of Presidential Decree No. 830 issued in 1975, the MPWWR 
established the Water Research Center (WRC), which includes four general departments and 
12 m a r c h  institutes, to address these &sues h d  to more e f f~ t ive l~ rnana~e  ~ ~ y p t ' s  water 
resources. 

WRC has developed general water resource plans and undertaken numerous specific 
studies relating to the management of Nile resources. Highly qualified professionals hzve 
conducted these activities, aided by international organizations providing strong technical 
expertise, and impressive results have been achieved in specific areas. 

Water quality studies have been undertaken in connection with agricultural 
development, particularly in reuse of agricultural drainage water. Water quality monitoring 
programs have dweloped information on the Nile and on drainage and point source 
discharges from industrial plants. Groundwater quality data have been collected as part of 
specific studies. However, budget uncertain ties, lack of technical personnel, rneffective 
communications, and organizational constraints within both MPWWR and other 
governmental organhtions hamper effective management, integration, and implementation of 
water-related programs. 



While MPWWR allocates irrigation supplies, it does not allocate water for municipal, 
domestic, or industrial use. These supplies are taken as required, based on municipal needs 
as determined by the constructing agency, by individual domestic users, and by villages and 
industries as needed. 

MPWWR is responsible for establishing and enforcing waste discharge requirements 
under Law 48, the Water Pollution Control Act of 1982, through a committee comprising 
concerned agencies. However, since thc law sets standards which are essentially 
unenforceable, little action has been taken. Many industries are in violation of discharge 
requirements. 



SECTXOW m 
WATER SUPPLY AND USE 

A. Present Conditions 

Egypt, at the lower end of the Nile Bash, is entirely dependent on waters originating 
outside the country. Egypt achieved relative water slipply stability through the 1959 Nile 
Water Agreement with Sudan, which allocated 55.5 billion cubic meters per year (bcdyr) to 
Egypt with completion of the High Aswan Dam in 1968. The active storage capacity of 130 
bcm in the Aswan Dam Rese~oir  provides multiplc year carryover to meet Egypt's 
allwtion and Sudan's allocation of 18.5 bcm, and absorb the estimated annual ewapration 
loss of 10 bcm. The dam gives complete control of the Nile below Aswan. However, 
fluctuations in annual inflow created by climatic variations over several yean have already 
reduced yields. Similarly, Egypt's share of the Nile may be subject to potential actions by 
upstream riparian countries. 

The current and projected water supply use and disposal of the Mile Valley, Delta, 
and associated groundwater resources is shown in Table 1 far conditions in 1990 and the 
year 2000. These values zre based on "Egypt's Water Resources Management and Policies" 
presetited to the World Bank on June 24-28, 1991, by the MPWWR. 

It must be stressed that values of current supply and demand, with the exception of 
Aswan Dam releases, drainage quantities reused, and outflow to the Northern Lakes, are 
estimates based on limited data. These estimates are limited to major water use categories 
such as irrigated area, agricultural diversions, groundwater pumpage, and municipal and 
industrial diversions. The values have been reoriented and interpreted to reflect common 
categories of supply, use, and disposal, and to permit identification of items particularly 
significant for environmental *, ,d water quality management for 1990 and projections for the 
year 2000. They represent the latest figures which could be found, to the extent possible, 
reflecting official Egypt water policies. 

The 1990 population of Egypt was 56 million people, 95 percent of whom occur)y ?he 
Nile Valley and Delta which comprise only 3.4 percent of the land area of Egypt. The net 
water supply to this area, which is the agricultural and industrial base of Egypt, is 54.0 bcm, 
the present ncmal release from the dam. The current ground water pumpage of 4.5 bcm is 
recharged fronl the River Nile and from infiltration of diversions and water applications. 
Minimal groundwater is exchanged with the surrounding deep aquifers. Rainfall, declining 
from a maximum of 200 mrnlyr at the coast to about 20 m d y r  near Cairo and to less than 5 
mmtyr in Upper Egypt, is an insignificant water source in the Nile Valley and Delta. 

ni- 1 



TABLE 1 
RIVER NILE WATER SUPPLY USE AND DISPOSAL 

BCM/YR 

ITEM 1990 2000 2000 
ACTUAL PROJECTED PROBABLE 

NET WATER SUPPLY-Ri~zr Nile at Aewan 54.0  57.5 55.5 

WATER DIVERSIONS-EXTRACTIONS 

Agriculture 66.8  66.7 67.9 

River Nile and Canals 5 9 . 1  56.3 58.5 

- Groundwateis 3 .0  3.4 3.4 

I Planned Drainage Reuse 4 .7  7.0 6.0 

Unofficial Reuee 2 . 0  2.0 2.5 

Municipal-Domestic 3.7  4.4 4.4 

Surf ace Water 2.2  2.9 2.9 

Groundwater 1.5 1.5 1.5 

Industrial 4 . 6  7.9 7.9 

Evaporation 2 . 0  2 .0  2.0 

Naviqat ion 1 . 8  0.3 0.5 

TOTAL 78.9 81.3 82.7 

DRAINAGE AND WASTE DISCiiARGES 

Agricultural Drainage 19.0  17.6 20.0 

Municipal-Domeetic Discharge 1.5 1.8 1.8 

Ir8?d~8trial Diecharqee -- d. .- 4.4 5.4 5.4 

-- Cooling Water 2 .9  3.3 3.3 

Source: HPWWR 

Industrial Ptoceee Waete 

TOTAL 

CONSUMPTIVE WATER USE AND DISPOSAL 

Aqriculture 

Municipal-Domestic 

Induntrial 

Drainage Outflow 

Evaporation 

Navigation 

Fayourn Sink 

1 .5  

24.9 

34.5 

2.2 

0.2 

12.8 

2 .0  

1 .8  

0.5 

2 . 1  

24.8 

42.2 

2 .6  

0 .4  

8 .5  

2 . 0  

0 . 3  

0 . 3  

2.1 

27.2 

38.5 

2.6 

0.4 

11.0 

2 .0  

0.5 

0.5 



At the Delta Brragz below Cairo the average annual flow is about 33 bcm, a net 
reduction of about 21 lxm from Aswan, reflecting the extensive agricultural diversions, and 
r e @ !  flows in the Nile Valley, the export diversions and the municipal and indlstrial use in 
and above Cairo. At Cairo, flows range from about 70 million cubic meters per day 
(mcmldy) during the closure period to 160 million mcddy in summer, averaging 90 million 
mcddy, compared to the peak releases at Aswan of about 240 bcm. 

The following tabulation shows proportionate consumptive water uses and disposal 
and C,recasts for the year 2000. 

USE 

Irrigated agriculture 
Municipaldomestic 
Industrial 
Navigation 
System evaporation 
Drainage outflow 

PERCENT OF USE 
1990 2000 
64 75 
4 5 

<1 <1 
3 <1  
4 4 

25 16 

In 1990 nearly 33 percent of the Nile's net water use was for agricultllre, iilcluding 
64 percent consumptively used by crops, with another 29 percent indirectly allocatab!e to 
agriculture for drainage outflow and evaporation, irrigation distribution channels, and drains. 
Only 7 percent is used for municipal, domestic, industrial, and navig-tion needs combined. 

Nmly 79 bcrn of water is divcrd from the Nile system or pumped from 
growidwater compared to the net supply of 54 bcm, showing that more than 46 percent of 
the Nile supply is rlsed at least twice in the more than 1,150 km journey from Aswan to the 
Meditenancin Sea. Presently, irrigation on 7.4 million acres of land requires a gross supply 
of 66.8 bcm; municipal and domestic use, 3.7 bcm; and industrial use, 4.6 bcm Navigation 
needs from October to January require a 1.8 bcrn release from the Aswan Dam. Estimated 
evaporation losses from waterways, lakes, distribution channels and drains are 2.0 bc.3. 
Agriculture diverts 85 percent of the WA water; municipal and domestic use, 5 percent; 
industrial use, 6 percent; navigation, 2 percent; and evaporation, about 3 percent. However, 
agriculture consumes 34.5 k m  or 64 percent of the net water supply while domestic and 
industrial municipal mnsurSr= 4 percent and less than 1 percent, respectively. Drainage 
outflow, which comprises about two-thirds drainage h m  irrigateor lands and cne-third from 
municipal and industrial waste discharges, makes up 25 percent of the consumptive water use 
and disposal. Thus, 38.9 bcrn or 72 percent of the net supply is consumptively used. 

An estimated 24.9 bcrn of agricultural drainage and municipal and industrial waste 
discharges, which have been used at least once and degraded by that use, are returned 
annually to the system, generally ~ n m t e d ,  to remove or neutralize pollciants. 

Currently Egypt has an adequate supply of water. However, present levels of reuse 
and lack of waste treatment suFgest the usability of this supply is diminishing. 



B. Future Requirements 

The Government of Egypt has e..+ablished policies and actions to the year 2000 
covering water resource requirements a? 1 proposals for supplying those requirements. Water 
supply, use, and disposal estimtes are shown in Table 1. 

By the y= 2000, Egypt's population is expected to be 70 million people if the net 
growth rate of 2.4 percent and active efforts to reduce disease and improve health standards 
continue. The population will conhue to be concentrated in the Nile Valley and Delta. The 
plan is to increase acres under irrigation by 1.6 million tci a total of 8.8 million. Extensive 
irrigation distribution, drainage, and farm managemen! improvements are also planned. 

Egypt water plans include resumption of construction and implementation of the first 
phase of the Jonglei project in t!!e Sudd Region of Sudan to channelize the Nire and drain 
extensive swamps, saving 4.0 ~ T T  of water each year, of which 2.0 bcm would accrue to 
Egypt, providing a firm water supply of 57.5 bcm. Planned reuse of drainage flows would 
increase from 4.7 to 7.0 bcm. 

Irrigation diversions would decrease ta 66.7 bcm, reflecting the increased water needs 
of the additional land, which would bc offset by reduced diversion needs from improved 
irrigation efficiency. Municipaldomestic and industrial needs would increase by 19 and 72 
percent, respectively. Navigation requirements would be decreased to 0.3 bcm through 
improvements to the Esna Barrage and other measures to improve water level control and 
provide for water storage in Lake Burullus for later use. Total diversions and extractions 
from the Mile system would increase by 3 pereat while the supply would increase by 6 
percent. The amount of water used at least twice would inazase by 5 percent. 

The amount of waste discharges and drainage would remain about the same, because 
I 

of increased irrigation efficiency and less agricultural drainage from existing land, offsetting 
drainage from new irrigated lands. The drainage would contain a measurably higher 
conebrltration of salts, pesticides, and nu trisnts. Significantly, the municipal and industrial 
process dischzrgz; =ill stress the ability to maintain adequate quality. If un!xzked, pollution 
in the river system wou!d greatly increase, posing substantial risks to the wztsC environment. 

In the ymi 2000, 93 percent of the water would be used for agriculture, with a net 
- increase of 12 percent for consumptive use and a decrease in drainage outflow of 11 per 

cent, leaving 7 percent for municipal, domesGc industrid, and navigation combineJ. 

The data in Table 1 demonstrate that Egypt would have an adequate water supply 
under development proposed in the year 2000 if t'le additional supplies and increases in 
irrigation efficiency ak realkd and, most importantly, if adequate water quality is 
maintained. 

However, the water supply available to Esypt by the year 2000 is not expected to 
include increased supply from the Jonglei project. While Egypt is anxious to restart 
construction, political conditions in Sudan remain unfavorable. Moreover, environmental 



consequences of channU!ion have not been thoroughly reviewed and may further impede 
implementation. 

While Egypt has embarked on an ambitious program to increase irrigated lands, 
progress to date suggests that considerably less land than planned will be put into cultivation 
by the year 2000. Currently about 100,000 acres of the 1.6 million acres of new land 
nkiled r has been put into production since 1990. About 700,000 acres of new irrigated 
lands, a very sizable increase, may be realized by the year 2000. In- in average 
irrigation efficiency tn about 70 percent arc sought, but experience to date suggests that 
hopes of raising the average efficiency above (3 to 65 percent are optimistic. 

The combination of these factors results in the water supply and use evaluation shown 
in Table 1, year 2000. Under these conditions, Egypt is unlikely to have sufficient water of 
adequate quality. Diversions for inigation would remain high due to increased irrigated 
lands and continued low water-use efficiency. 



SECTION IV 
WATER Q U P m  

This section of the report is a summary of water quality and the status of pollution of 
surface and groundwaters in Egypt. It includes an overview of sources of pollution and 
projections or' future trends. 

A. Surface Water 

A l .  The Aswan High Dam Rarvoir 

Since the construction of the Aswan High Dam, the river quality in Egypt has had to 
depend primarily on the water quality and ecosystem characteristics of the Aswan Figh Dam 
Reservoir and less on water quality of the upper reaches of the Nile. Since 1964, the source 
of the Nile in Egypt has been the reservoir, which has an area of about 5,000 kd, a total 
capacity of approximately 164 bcm and a residence time of about two years. The water 
relwsed from the dam generally exhibits the same seasonal variations and the same overall 
characteristics from one year tG the next. 

Water quality management of the Aswan High Dam Reservoir should be an integral 

- 
part of a comprehensive river rlznagernent program in Egypt. This should include 
monitoring of the water quality and ecosystem characteristics of the reservoir at different 
locations south of the dam. 

The quality of water released from Aswan High Dam Resemoir reflects the combined 
effects of the watershed area, upstream uses, pollution loads, multi-year storage, and mixing 
and evaporation in the reservoir. There is little cunent development around the reservoir. 

- Water quality data for the reservoir are almost totally lacking, except for a few analyses of 
mineral and biological quality. The mineral quality is remarkably good with a Total 
Diswlvd Solids (TDS) of less than 200 parts per million (ppm). TDS appears, as expected, 
to havc increased slightly from 1977 to 1986 with a decline in inflow and storage. From 
1986 to 1991 the change was more than reversed with an increase in inflow and storage. 
Biological production is low. Stratification occurs as demonstrated by low dissolved oxygen 
levels sometimes recorded in water discharged from Aswan from the low level outlets. 
Development around the lake would contribute to organic loading, would likely increase 
biological productivity, and would expand the zone of low oxygen levels. 

A2. River NileAswan to Delta Barrage 

Only Limited water quality data exist for the River Nile from Aswan to Cairo. 
Mineral quality, BOD, suspended material, coliform data, and nutrients art available for 
some locations along the Nie, for a few municipal and industrial discharges to the Nile, and 
for most chins discharging into the Nile. These data are available for some locations for 



one or more times during the years from 1975 to 1991. Table 2 lists 34 water quality 
monitoring sites from the Aswan High Dam to the Nile Delta that were used to summarize - 
available information on river water quality during this time period. Insufficient data are 
available to effectively define temporal or spatial relations, pollution loading, or specific 
problems. 

Since the construction of the High Aswan Dam, the quality of the River Nile below 
Aswan has reflected the uniform quality of stored water and of managed releases, both 
seasonally and from year to year. The releases exhibit occasional low dissolved oxygen. 
Figures 1-4 show typical past and present quality in the River Nile. 

Downstream changes occur in river water quality and hydrobiology. Water quality - 
generally declines and primary productivity increases as the river travels north. 'The changes 
result from the major diversions, mostly for irrigation, the resulting inigation return flows, 
treated and untreated municipal waste discharges, untreated industrial waste discharges, and 
different hydrodynamic conditions regulated by six Nile barrages in the 960-krn, 10- to 12- 
day river journey from Aswan to Cairo. The changes are more pronounced as the river 
passes the densely populated urban and industrial centers at Cairo and in the Delta. 

Between Aswan and El Khassas, 40 km south of Roda Island in Cairo, an estimated 
21 bcrn of water are diverted from the river directly or by main canals or groundwater 
pumping. About 4 bcm of irrigation drainage, industrial, and municipal waste is returned 
through the 72 major drains or directly to the river. The present TDS increases on the order 
of 40 ppm suggest some storage of dissalved salts in the system, probably into storage in 
waterlogged =eas, which have increased since regulation of the Nile by the dam, and 
infiltration into shallow groundwa:er. Dissolved oxygen levels are at or near saturation in 
much of the river. BOD loading in the river from industrial waste discharges, particularly 
the sugar refineries, and from major cities creates high peaks immediately downstream with 
some reduction in dissolved oxygen, but assimilative capacity is sufficient for dissolved 
oxygen to recover within a few kilometers. Fecal coliform peaks increase up to 5,000 
MPNf100 mi or more downstream frommajor municipal waste discharges and some drains 
and decline to levels of 200 to 1,000 mpnl100 ml in intervening reaches. These levels 
indicate a relatively high degree of bacterial contamination. Recent benthos data (1991) 
indicate some heavy metals, including chromium, in the reach between Nag Hammadi and 
Assuit. 

A comparison of water quality data and an evaluation of waste loadings in 1977, 
1986, and 1991 suggest that while quality has slightly deteriorated, the river from Aswan to 
Cairo remains healthy and suitable for present beneficial uses, with some exceptions. The 
high fecal coliform counts should restrict water contact and suggest careful treatment for 
domestic use. 

The TDS at Aswan was less in 1991 than in 1977, but it remained the same at El 
Khassas, reflecting increased irrigation use and waste disposal. Dissolved oxygen levels 



TABLE 2 
NILE RIVER WATER QUALITY MONITORING SITE LOCATIONS 
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AT 34 SITES. 19751991 

700 

600 

5 
2 

500 
A - 
s 
a 
W n 400 
In 
C 
a 
d 
d 
V) 

300 

100 

100 
0 0 2 0 4 0 . 6  0 . 0  1 1 .2  

CThousanbP) 
K I L M T E R S  0 0 1 P 6 T R W  FCD* ASWAN DIU 

0 1976 + 1986 0 1991 

declined about two ppm from 1977 to 1991, while total BOD loading increased from around 
500 tons per day in 1977 to possibly 1,000 tons per day or more in 1991. There were 
similar increases in nutrients. 

Between 1990 and the year 2000 the river's TDS is expected to rise slightly with 
inc& irrigation use and efficiency. Increased population and need for municipal water 
supply and waste disposal will cause an increase in BOD loading and an attendant decrease in 
dissolved oxygen unless advanced waste treatment facilities, now planned but unhnded, are 
constructed. Industrial water use and untreated waste discharges will increase unless 
measures are taken soon to treat critical discharges. A 50 percent increase in BOD loading, 
further reducing dissolved oxygen levels, may be anticipated in the absence of additional 
treatment. Nutrient levels and biological productivity would increase, tending to decrease the 

I diversity of species. Under these conditions this stretch of the river would still be usable for 
most beneficial uses, but would be a less suitable supply for downstream users. Quality may 
be poor near :major waste discharges. 

In the strech from El Khassas to the Delta Barrage, there are major changes in both 
quantity and quality. There are diversions for export to Ismailia and the Suez area, for 



municipal use in Cairo, and for downstream inigation. The partially treated municipal 
wastes from Cairo and generally untreated industrial wastes from the Cairo area, including 
H e l m  and Shoubra El Kheima, reach the river or art discharged to Bahr el Baqar and other 
drains to the Delta. 

Waste discharged to the river from Khassas to the Delta Barrage is readily diluted and 
usually accompanied by water quality deterioration immediately downstream fiom the waste 
outfall. The accumulation of toxic substances like heavy metals in sediments near industrial 
outfalls is also prevalent. High sediment concentrations have been reported at the beginning 
of the Ismailia Canal and at Kafr El Zayat. 

The river in this stretch demonstrates the effect of the increased diversion and 
urbanization and industrial activity. Salinity increases by about 30 ppm. However, dissolved 
oxygen remains near the saturation level. Nutrients increase, as do fecal colfforms. 
Significantly, limited data show high levels for chromium and manganese and lower levels 
for copper and lead, reflecting the untreated discharges from chemical plants, tanneries, and 
possibly textile plants. Other toxic materials are probably present but they have not been 
analyzed. 

By 1996, Cairo is scheduled to have secondary treatment in place for all municipal 
wastes, including pretreatment of industrial wastes. Nile water quality should benefit 
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significantly from that action. However, the heavy metals previously deposited will remain 
for long periods in the sediments, continuing to accumulate in fish and threatening the health 
of humans who consume the fish. Furthermore, continued discharge to ~e drains will 
continue to degrade conditions them and in Lake Manzala, which receives the discharge from 
Bahr El Baqar. 

, 

A3. Nile Delta 

N I L E  RIVER BIOCHEMICAL OXYGEN DEMAND, 
AT 34 SITES. 1976- 1991 
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The Nile Delta quality reflects the effects of upstream depletion, return flows, and 
waste discharges. At the Delta Barrage, the water supply of about 33 bcrn with an average 
salinity of about 225 ppm is distributed to the Damietta and Rosetta Branches for distribution 
throughout the Delta, primarily for irrigation. About 3.4 bcrn with an average salinity of 
1,168 pprn of the estimated 18 bcrn of drainage water produced is officially reused and 
farmers unofficially pump some 2 bcm from drains. About 12.8 bcrn of water with an 
average salinity of 3,000 pprn is discharged to the Northern hkes and to the sea. Another 
1.8 bcrn of water released for navigation discharges directly to the sea. The drains d v e  
treated and untreated domestic wastes from Cairo and Delta cities and towns and untreated 
industrial waste fiom within the Delta. Drainage water adds nutrients which promote algal 
and hydrophyte production. Pesticide residues, depending on persistence and concentration, 
accumulate in fish. 
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N I L E  R I V E R  FECAL COLIFORM, 

Limited samples indicate wide ranges of pollutant concentrations in the branches and a 
few canals that are monitored. BOD levels up to 100 mgn and fecal colifonn mpn of 
1,500/100 rnl have commonly been observed. 

There is a general increase in primary production as the river travels north due to the 
cumulative effects of agricultural and human waste inputs. Eutrophic conditions occur in the 
northern Delta as the river velocity is greatly reduced, and bottom anaerobic conditions 
sometimes occur during the summer at Edfma and Faraskour. 

The Rosetta Branch has generally higher algal counts than the Damietta Branch, 
where hydrophytes predominate during spring and summer. Total algal counts range from 
10' to 10' organisms per liter and may reach 106 organisms per liter in the northern Delta. 
The predominant species an diatoms, except at the ends of the Rosetta and Darnietta 
Branches, where blue-green algal blooms flourish occasionally. 

Hydrophytes proliferation in the spring and summer in locations of low river velocity 
.and high nutrient content. Typical examples are found in the river stretch between Mansoura 
and Faraskour on t h ~  Damietta Branch. The main impacts on river use are (a) reduction in 
commercial fishery, (b) interference with river navigation, (c) mechanical plugging of water 
intakes and canals, and (d) depreciation of the river's aesthetic quality. 



It is believed that some chemicals 'are still being used to control hydrophytes. 
However, mechanical removal is widely used and will soon completely replace herbicides. 

The riverine fishery throughout the Nile system has been adverdy affected following 
the construction of the Aswan High Dam and downstream ecological perhuhions. A 
reduction in the number of commercialiy desirable fish species has been recorded in places 
where river conditions deteriorated (e.g., the northern Delta). Out of the 47 commercial 
Ejile fish species recorded in 1948, only 17 remain. The other species have not necessarily 
disappamd, but were not found in sufficient quantity to appear in the commercial catch. 

. . . .  Among the various riverine species, constitutes the main commercial 
fish catch in the Nile. Beginning from Assyut, only 14 species were present, and TilaDia 

constituted 60 percent of the total catch. At Cairo, only 13 species were present and 
Ti- 

. . .  constituted 66 percent of total catch. The quantitis of TilaDia in the catch 
did not increase. Rather, other species, such as M e  m w ,  decreased. In the Damietta 
Branch, 11 species were recorded and T i a  il nilotica decreased to 10 percent of the total . . . .  
catch. In the Rosetta Branch, 1 1 species were found and constituted 71 
percent of the catch. 

Unde: year 2000 projected conditions, it is expected that inflow to the Delta will 
decrease to about 30 bcm, Delta use and reuse of drainage water will increase to 7.0 bcm, 
and the pollution load from domestic and industrial wastes will increase by nearly 40 percent. 
This would result in a Delta outflow of about 9.0 bcm with a salinity approaching 4,000 ppm 
and significantly increased pollution loads to the Northern Lakes. If expected water 
development is realized, more Delta outflow would decrease salinity to about 3,500 ppm. 

The Northern Lakes are the sink for Nile drainage and wastes prior to outflow of 
some wastes to the sea. The lakes receive the drainage water from the Nile Mta and major 
inputs of municipal and industrial waste from Cairo, Alexandria, and other areas. 

Lake Maryut receives sewage from Alexandria, drainage and domestic and industrial 
waste from four major Delta drains, and wastes directly from about 40 industrial plants in 
addition to 22 identified plants discharging to the drains. Mercury levels of 1,295 ppm have 
been reported in fish from the lake although the circumstances are not clear. BOD levels of 
2000 mgn and oil and grease levels of 2000 mgll have been found in the waters and 
mercury levels of 30-90 mg/l and chromium levels of 50 to 200 mg/l hdve been found in 
bottom sediments. 

Lake Manzala receives the drainage and wastes from Cairo via Bahr El war, from 
Hadous and Rarnses Drains, and from Port Said and Damietta. The lake remains aerobic 
except near discharges and supports an extensive commercial fishery. Heavy metal 
concentrations including cadmium, copper, and zinc are reported to be high. 

Studies arc underway now to develop means to improve lake quality. However, 
future decreased inflow, increased salinity, and more discharge of industrial and municipal 
wastes, although some may be treated, will continue to tax the quality of these resources. 



Furthermoz, existing heavy metals in the sediments will remain for bng periods, threatening 
the fishery. 

B. Groundwater 

Groundwater in the Nile Valley and Delta is an important resource for both irrigation 
and domestic water supply, particularly for villages. 

The Nile alluvium is in direct hydraulic contact with the River Nile. It is replenished 
from the River Nile, by excess irrigation water (subsurface drainage) and seepage from the 
irrigation distribution system and from drains. Rainfall is insignificant except for recharge 
that occurs in the northern sand dunes along the coast. The main sources of discharge from 
the alluvium are the seepage to the river, upward saline water flow to the clay-silt (north 
Delta), and groundwater abstraction for various purposes. 

The aquifer transmissivity ranges Erom 5,000 to 25,000 m2/day in the Valley and 
from 10,000 to 50,000 m2/day in the Delta. Aquifer storativity varies greatly according to 
the type of aquifer (from 0.1 for unconfined conditions to about 0.001 for semiconfined 
conditions). The hydraulic resistance of the top siltclay layer to vertical flow also varies 
greatly, with averages of about 800 days in the valley to 1,500 days in the southern part of 
the Delta. Groundwater flows mainly in the south-north direction and toward the river in the 
area close to the river. 

m e  main pollutants involved in groundwater contamination are pathogens, nitrogen 
compounds, and dissolved salts. The salinity of the groundwater in the Delta increases from 
Cairo to the Mediterranean Sea. Salinity in this region ranges from 5 0  ppm near Cairo to 
30,000 ppm close to the sea. In general total dissolved salt levels increase from south to 
north and also with respect to the depth of the water. The dissolved salt levels found in 
groundwater differ slightly from concentrations found in irrigation water. Decreases in Ca 
and Mg with respect to Na and K and an increase of S 0 4  and C1 with respect to HC03 
observed. 

Pollutants of concern, in addition to total dissolvei salts, are nitrogen compounds 
(nitrates, nitrites, ammonia, etc). Nitrogen enters the groundwater when it is leached from 
agricultural fields in the drainage water. The level of contamination depends on the 
hydrogeologic conditions and vulnerability of groundwater to pollution. 

Groundwater quality in the old land is not characterized by excessivc levels of nitrates 
or ammonium. Groundwater in the northern Delta is not suitable for use due to its high 
salinity. Iron and manganese are randomly distributed in the groundwater of the old land. 
The WHO guideline for manganese is often exceeded, particularly at shallow depths. Most 
of the free iron concentrations are below WHO guidelines. Release of iron fiom clay 
sediments may be the source of this contaminant. 

The reclaimed lands are noted for their saridy soils. Groundwater from sandy areas 
typically has high nitrate concentrations and lacks ammonium. The manganese 



concentrations are lower than those in the old lands. Free iron c o n c e n ~ o n s  generally do 
not exceed WHO guidelines but are higher than those in the old lands. 

Mast Egyptian villages have neither wastewfrn collection nor treatment systems. 
Onsite disposal, which relies on the dissipation or" the domestic wastewater through a 
leaching pit, is the most common practice. Recently, the Egyptian Government provided a 
large number of villages with piped drinking water, without providing for the collection and 
the disposal of the wastewater. The generated wastewater commonly exceeds the capcity of 
the onsite disposal facilities. The outcome is that a large n g m k  of villages are chrorGcally 
flooded with sewage effluent, causing contamhation of groundwarn and surface water. 
Results of recent surveillance programs indicate widespread fecal contamination of 
groundwater in the Delta. 

Domestic sewage may also contaminate groundwakr in urban areas. This is more 
likely to occur in urban areas with sandy or thin upper soils. In areas with sewage 
penetration of groundwater, there is a corresponding increase in nitrate concentrations. 
Groundwater in urban areas where a thick clay-silt layer protects the aquifer has low nitrogen 
levels. 

Pesticides have been noted in several agricultural areas. Even though polychlorinated 
pesticides have been banned for more than 20 years, they can still be detected in the 
groundwater. Organo-phosphates have also been detected in the groundwater. 

The groundwater in the area near Mansuriya contains high concentrations of both 
nutrients and pesticides, probably due to a combination of long-term cultivation and sandy 
soils. Human activities already affect the nitxate and organo-phosphate concentrations, which 
aie on the same order of magnitude as in the Mansuriya area. 

The higher concentrations of ammonium in deeper groundwater indicate 
denitrification. Total phosphate concentrations remain low in all situations, probably due to 
strong adsorption by the soil. The thick layers of clay prevent a serious migration of 
pollutants to the aquifer near Elenha, with probable adsorption and cation exchange being the 
responsible processes. 

The type and extent of pollution from agiliultural activities is typical of aquifers in 
the Nile floodplain. 

High levels of f e d  coliform in much of the sha9ow groundwater, the main 
domestic water supply in the Delta area. 

High levels of f e d  coliform in the urban areas with sandy or thin upper soils 
(Beni Suef, Abu Rawash, Giza) and slightly higher nitrate concentrations in thesc 
locations. 



Low to medium levels of fecal coliforms in sandy areas with wastewater drains and 
wastewater irrigation (Belbeis and El Gabal El Asfar). High nitrate concentration 
in these areas. 

Low levels of contamination with both f d  coliform and nitrate in urban areas 
with a thick covering clay-silt layer and extraction from greater depths (Shibin El 
Kanater and Imbaba). 

Previous investigations in Egypt by the Research Institute for Groundwater show 
similar results in groundwater quality in urban areas. Most of these investigations indicated 
a sharp decrease in fecal coliform with depth in both unconfined and semi-confined aquifers. 
Fecal coliforrn generally survives for less than a year in groundwater due to the low velocity 
of groundwater flow. Under phreatic (unconfined) conditions, the travel time to the aquifer 
is shorter, but the relatively long exposure to air increases die-off rates. 



SECTION V 
MUNICIPAL AND DOMESTIC WASTES 

' A. Present Condit?.ons 

In addition to greater C%ro with an estimated population of 16 million, about 60 cities 
lie within the Nile system in Egypt with a total population of about 13 million and individual 
populations of 50,000 to 1 million. About 40 of them have sewer systems and primary or 
secondary treatment plants existing or under construction. The current discharge from these 
cities, excluding Cairo, is about 0.5 bcm. A number of these plants are reportedly not 
operating or operating poorly because of overloading, shortage of parts and equipment, or 
lack of trained operating personnel. The reported capacity of the existing and planned 
plants, excluding Cairo, is about 2.8 mcdday. Most of these plants discharge to lakes or to 
drains whose water flows directly or i n d h t l y  to the River Nile and distribution channels or 
the drainwater is reused for irrigation. 

Cairo has six treatment plants operating or under construction with a design capacity 
reported to be about 2,850 mcmlday. Currently thret secondary treatmeut plants are 
operating and three primary plants are being upgraded ta secondary treatment with 
completion scheciuled for 1996. Because of plant overloads and other operational problems, 
raw and partidly treated wastes are discharged. These plants, when completed, will accept 
industrial wastes. Discharge totalling zh~u t  1 bcm flows to Mohit Drain, to drains leading to 
the Nile River or to Bahr El Baqar, and is used for irrigation. 

Egypt's rural population of about 31 million people live in an estimated 4,300 villages 
with populations ranging up to 30,000. The majority of these are in the Nile Valley and the 
Delta. An estimated 95 percent have access to neithcr sewer systems nor treatment facilities. 
The population depends on onsite disposal using a leaching pit adjacent to the house or on 
direct discharge of raw sewage to drains iind canals using buckets. The pits are periodically 
emptied and the contents commonly dumped into nearby drains or canals. Presently an 
estimated 0.3 bcm of high strength raw sewage and pit sludge infiltrates to shallow , 

groundwater, and is discharged to drains or canals or directly to the Nile. Since the early 
1980s, a program to develop viable village waste treatment facilities has been undenvay 
through NOPWASD with USAID sponsorship. 

Domestic water in larger villages is supplied by deep wells and in some cases by 
surface water. Most smaller villages derive their supply from shallow wells. The water 
receives little or no treatment and is subject to contamination from seepage of raw sewage 
and sullage water discharged near the house, by infiltration from leaching pits, or by direct 
hydraulic contact with shallow groundwater, particularly in the Delta. In the Nile Valley 
about 100 mcrnlyr is extracted from shallow wells and about 190 mcrn/yr from deep wells 
for domestic use. Within the Delta the corresponding quantities are 275 and 415 mcmlyr, 
respectively. 



Equally significant is the exposure of edible crops and agricultural workers to the 
domestic wastes discharged to canals and .drains through projects where the drainwater is 
generally diluted, but particularly for unofficial use where the water is directly used. 

Little information is available concerning the quality of the 1.8 bcm of treated and 
untreated, domestic waste discharged within the Nile system. 'I'DS levels of the sanitary 
sewage rangc from about 250 to 500 ppm. BOD concentrations of raw sewage are on the 
order of 900 to 1,000 mgA while concentrated sludge from pits may m g e  up to 5000 mgn. 
Since many treatment plants produce inadequately treated and disinfected wastes, the quality 
of waters reaching groundwater, the drains, and the Nile is poor. Fecal colifom counts up 
to 20,0001100 ml may be detected in drains receiving domestic wastes signifying high levels 
of viral and bacterial infectious agents and parasites. Within Upper Egypt, an estimated 
BOD loading of 500 tons per day from domestic wastes from cities, towns, and villages 
reaches the fiver Nile, while in the Delta the loading may also reach 500 tons per day, - 
excluding Cairo discharge to Bahr El Baqar which is about 300 tons per day. 

In the stretch from Aswan to Delta Barrage much of the domestic waste water from 
cities, villages, and individual houses reaches the river directly or through drains. Much of 
Cairo's wastewater is discharged to tributaries of Bahr El Baqar, where it reaches the 
Northern Lakes after a 170-km journey. The remainder is used directly for irrigation or is 
discharged to Mohit Drain and thence to the Nile. Cities within the Delta discharge to the 
drains, where the waste is reused in irrigation projects, reaches the Damietta and Rosetta 
Branches of the Nile, or is discharged to the Northern Lakes. Rural wastes in the Delta are 
discharged to the shallow groundwater via leaching pits or direct disposal to the ground, or 
are discharged directly or as concentrated sewage sludge from leaching pits to the drains or 
to the canals. 

Currently, dissolved oxygen levels in the Nile and major drains, based on limited 
information, remain at or above 5 mgll during much of the year, indicating that the 
assimilative capacity is generally adequate under present conditions. However, during the 
annual winter closure, dissolved oxygen levels in some drains and in the Damietta and 
Rosetta Branches may dip below 4 mgll for short periods. 

B. Future Needs 

By the year 2000 when the population is expected to reach 70 million, with urban 
area population estimated at 34 million or 49 per cent of the total, secondary sewage 
treatment is expected to operate in the major cities, including Cairo. Some 116 trcatrnent 
plants for cities and towns are projected for construction by NOPWASD. The urban areas 
within the Nile system may reach a population of 31 million. With increasing capability in 
the operation and management of treatment facilities, many of the plants are expected to 
produce effluent meeting secondary standards, including BOD removal and disinfection, 
although some primary treated water and discharges from inoperative or poorly operating 
plants are expected to reach the Nile. 



However, the rural areas, including villages and small towns, are sti l l  cJrpected to rely 
heavily on household systems with attendant disposal to shallow groundwater and to both 
canals and drains with little BOD removal or disinfection. BOD loading is expected to be 
about 800 tons per day divided equally between Upper Egypt and the Delta. 

Domestic wastewater, as the d e r  of pathogens and parasites, is the ?firnary some 
of most of Egypt's water quality problems. However, the long-term prospects for adequate 
domestic wastewater treatment capacity are very discouraging. The situation is summarized 
on the next page in Table 3, where domestic wastewater treatment demand and capacity are 
projected to 1990-2020, using 1986 as the base year. These projections indicate sligflt excess 
urban treatment capacity during 1990-2000, with severe rural excess demand, i.e., a serious 
sewage-borne water quality threat, during the same period. Beyond the year 2000, even 
urban treatment capacity falls well behind demand. Overall, during the 2010.2020 period, 
treatment capacity is projected b fall to about two-thirds of treatment demand. 



Table 3. Projected Egypt Domesec Wastewater Treatment Demand and Capacity, 1990-2020 

Population Assumptions 

I Urban 

Rural 

T o k l  

11 I Per Capita Assumplions I Liten Per Capita Per Day 

1986 1990 

WATER CONSUMPllON 

Per Capita Assumptions 

Urban 

Run1 

Annual Consumption 

Urban 

Run1 

Toral 
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SECTION VI 
INDUSTRIAL WASTES 

About 650 of the 20,000 industrial facilities in Egypt are major industrial facilities. 
The great majority of them are publicly owned, with 330 managed by the Ministry of 
Industry and 120 by other ministries (GOFI, 1992, personal communication). Many publicly 
owned facilities remove water from the River Nile and discharge liquid waste back into the 

r 
river or drains that enter the river. In major cities, most industries discharge to sewers, and 
the treated sewage is returned to the Nile. In western Cairo, a major industrial center, the 
treated sewage is discharged to Bahr el Baqar, which ultimately enters Lake Manzalla. Most 
private facilities are located in the new cities away from the Nile and discharge liquid wastes 
to land. Many others, however, are located in the larger towns and cities and discharge 
primarily to sewers. 

A recent National Research Center study using data in part from GOFI listed 367 
facilities in 34 categories. The most numerous facilities were in the following categories: 

Spinning and weaving (80 plants) 
Cotton ginning (30) plants 
Flour mills (25 plants) 
Oil and soap (24 plants) 

Over 63 percent of the industiies could be categorized as either food-related (grain 
mills; dehydration plants; macaroni, sugar, milk, and canning facilities) textile-related 
(textile, spinning and weaving, cotton ginning), or chemical-related (oil and soap, fertilizer, 
plastics and rubber, pesticides, general chemical). The remaining facilities are heavy 
manufacturing plants making vehicles, defense products, and other iron and steel products, 
and plants providing other goods or services such as cement or power. 

Excluding cooling water, it has been estimated that public industries have gross water 
withdrawals of 636 mm3/yr, of which a large percentage is returned to the watenvays via 
effluents (550 mm3Iyr). Consumptive water use by industry is thus about 86 mm3/yr, an 
insignificant amount compared with municipal and agricultural uses. The largest volumes of 
water use were found in the foud industry, with the smallest volumes used in the 
engineering industries. About 33 percent of the industrial water use occurs in Upper Egypt 
with the Greater Cairo Area also consuming a major share (25 percent). Industrial facilities 
in Lower Egypt (excluding Alexandria) use 25 percent of the industrially withdrawn water, 
and Alexandria industries u,se 23 percent. 

Despite a strongly worded law requiring treatment of all industrial wastes entering the 
Nile, and its canals, drains, and groundwater (Law 48/1982), the great majority of industries 
have not yet installed wastewater treatment. Indeed, very little information is available on 
the concentrations and loads of pollutants from individual facilities. Recent estimates for 
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public industries managed by the Ministry of Industry suggest that the average concentration 
of metals in chemical industrial discharges is about 1 m u ,  the standad qxcified in Decree 
8/1983. Since the chemical plant category includes many plants that do not discharge heavy 
metals, this high average indicates a large number of heavy metal facilities are discharging 
significantly more concentrated wastes than allowed. This evidence, combined with the fact 
that more that 74 pcrcent of the metals, 72 percent of the BOD, and 75 percent of the 
suspended solids are discharged from Cairo north, indicates that industrial facilities are 
probably substantially affecting the quality of the Nile and its canals in the Delta,. 



SECTION VII 
AGRICULTUIUL DRAINAGE WATER 

A. Present Conditions 

Agricultural drainage constitutes an important and substantial portion of Egypt's water 
resources. About 30,000 km of irrigation canals and 17,500 km of agricultural drains serve 
the estimated 7.2 million acres of irrigated land. The drains largely control groundwater 
levels, pzrticularly in the Delta. At the 1990 level of development, about 28 bcrn of drain 
water, comprising runoff of applied water, water leached through the soil, groundwater, and 
industrial and domestic wastes, reaches the drains or is discharged to the Nile. About 19 
bcrn is agricultural drainage. 

Most Upper Egypt drains discharge their water into the Nile by gravity. The areas 
served by these drains are relatively small due to the A ~ W  width of the Nile Valley. 
Lnformation about these drains is limited. In Upper Egypt h u t  10 bcrn of drainage and 
waste augment Nile flows and are available for use in the Nile Valley or Delta. 

All Middle Egypt drains discharge into the irri~ation system (Nile, Bahr Youssef, or 
Rosetta branch). The main drains are: 

Mohit, extending the total length of middle Egypt, with several outlets to thc Nile, 
ending at Rosetta branch; 

Ben Khaled, serving 11,400 feddans, discharges into Bahr Youssef by gravity; 

Menshat El-Dahan, serving 21,000 feddans, discharges to Bahr Youssef by gravity; 

Dir Tanhoria, serving 50,000 feddans, discharges to Bahr Youssef by a pump 
station; 

Sakoula, serving 65,000 feddans, discharges to Bahr Youssef by a pump station; 

Mazoura, serving 30,000 feddans, discharges to Bahr Youssef by a pump station; 

Wadi and Batts in Fayoum discharge to Lake Qanm. Drainage in Fayoum does 
not return to the Nile. 

1 
Ln;ormation regarding the quality of water in these drains is limited. 

In the Delta, drainage from 22 catchment areas flows by g~ravity to drains where it 
-- \ discharges to tire Northern Lakes or is pumped by 21 existing reurie stations to canals, mixed 

with fresh water, and reused. 
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Nile Delta activities generate an estimated 17.7 bcrn of flows to agricultural drains, 
mixed in varying proportions with domestic and industrial wastes. Under 1990 conditions, 
nearly 3.37 bcrn with an average salinity of 1,167 pprn was reused after mixing with fresh 
water, while 12.8 bcrn was discharged to the Northern lakes and the sea. Mixing increases 
the amount of water available by diluting the less saline drainage. water, making it suitable 
for irrigation use. A mixing ratio of about 1:l is sought with a final quality of 600 to 800 
ppm, although in most cases a larger proportion of fresh water is required. 

Based on field observations, a conservative estimate of 2 bcrn was unofficially reused 
by farmers withdrawing directly from the drains. This unofficial reuse increases the salinity 
of the drainage and directly affects the quality of water discharged and reused. 

Salinity of the drain water in Upper Egypt exceeds diversion salinity by 150 pprn 
caused by concentration due to about consumptive use between Aswan and Cairo, soil 
leaching, groundwater inflow, and municipal and industrial waste discharges. The salinity of 
160 to 180 pprn at Aswan increases to about 230 pprn at Cairo. While the salinity increase 
from Aswan to Cairo is well within acceptable limits, the higher salinity will increasingly 
limit reuse in the Delta. 

Throughout the Nile Delta, the groundwater levels are controlled by drains and some 
tile drainage. Consequently, the drain flows are a mixture of applied irrigation water, water 
leached through the root zone, and groundwater reaching the drains by lateral and upward 
movement. In the northern part of the Delta, the groundwater is saline, resulting in highly 
saline drainwater, which limits its reuse in these areas. 

Salinity of the 12.8 bcrn of discharged drainage in the Delta averaged 3,000 ppm, 
var; .,kg from 1,840 pprn in the Eastern Delta, to 2,670 pprn in the Middle Delta, to 4,210 
pprn in the Western Delta, where saline groundwater contributes highly saline water. Nearly 
7.0 bcrn of the remaining unused drainage water is less than 2,000 pprn and is potentially 
available for reuse under the present level of development after mixing with fresh water. 
However, the hydrologic, agronomic, and salinity interrelations are complex. A drainage 
system model has been developed at the Water Research Center that will be essential in 
forecasting water management and reuse options. 

Both unused and reused drain water has become steadily more saline since 1984. In 
1984 the reused portions of the drain water had a salinity of 867 ppm; by 1990 the reused 
portion had a salinity of 1,167 ppm. This trend is also seen in the salinity of the unused 
drain water. 

The drainage system receives untreated domestic wastes from rural systems that 
illegally dump into the drains, from seepage from contaminated groundwater, or from direct 
discharge of fecal material and urine. Limited bacteriological tests consistently show fecal 
coliform counts up to 1,500 mpn/lOOml. 



Agricultural drainage carries nutrients and pesticide residues. Industrial and domestic 
waste discharges to the Delta drains contribute organic material, heavy metals, and toxicants. 

Nutrients in the drains largely reflect fertilizer application with the unused portions 
passing through the soil column or as surface runoff from the ends of the fields. Nutrients 
contribute to eutrophication of drain and River Nile water, while nitrates, particularly in 
groundwater, may reach concentrations that cause health problems in infants. Nutrient levels 
in drains currently range from about 0.05 mgll to 0.5 for PQ4 and 0.8 to about 6.0 mg/l for 
No.3. Values appear to have about doubled since 1977, reflecting increased use of fertilizers 
and more irrigated land. 

In Egypt a wide variety of pesticides are used on agricultural crops, with about 
620,000 tons of 200 different types reportedly used since 1960. The persistent 
organochlorine compounds, while banned in the late 1960s, are still detected in Nile branches 
and Delta drains. A sample collected in early 1991 after the winter closure period showed 
DDT compounds of 4.6ngIl. Other samples collected before, during, and after the closure 
period in a number of drains had DDT compounds of up to 1.5 ngll, although most were 
about 3 to 5 ng/l, and in several samples none were detected. Earlier samples in 1979 
detected concentrations of 8 ngll at Cairo and above and 18 ngll at Kafr El Zlat. 
Concentrations of 4 to 18 ngll of various organochlorine compounds were found in Bar 
Hadous Drain, also in 1979. In 1991 the use of ametryn to control water hyacinths in drains 
was discontinued and Ametryn to control rooted aquatics will be discontinued soon, after 
which only physical or biological means will be used. 

Organophosphorus compounds are increasingly used, although data on their 
concentration in receiving waters are sparse. Ln 1979 concentrations of O.lng1l to 28 ngll 
were found in the River Nile. Lower concentrations were found in April upstream at Assuit, 
while the higher concentrations were found in the Delta at Kafr El Zlat in August. In Bar 
Hadous Drain, also in 1979, concentrations ranging from 10 to 80 ngll were detected. 
Although they are much shorter lived in the environment, the presence of these compounds 
indicates lack of adequate application control and threatens aquatic life. 

Few studies have been camed out to monitor the water quality in the drainage 
syskms for anything other than salinity. Simple tests have been done to check water 
pollution such as BOD, COD, and some micro-biological examinations. Traditionally, 
coliform bacteria have been the principal indicator of the sanitary quality of water. 

Various sites throughout the Delta have been monitored; ammonium concentrations 
range from 0.0 to 3.9 mgll; nitrate, from 0.0 to 49.0 mgfl; BOD, from 0 to 160 mgll; COD 
0 to 952 mgll; and coliforms, as high as 24 x 1061 100 ml. Although iron, zinc, manganese, 
and copper elements were found at low levels, their cumulative effects and bioaccumulation 
in the food chain are a concern. 

From the existing monitoring programs and studies carried out by different 
organizations, the drains and lakes identified as the most polluted are as follows: 



Al.  Lake Mariut, Alexandria 

The lake receives agricultural drainage, and domestic and industrial wastes from the 
following drains: 

Omoum Drain (agricultural drainage, industrial and domestic wastes) 
Kalaa Drain (agricultural drainage, domestic wastes) 
Drain of collective factories (industrial wastes) 

8 Gheit El-Enab Drain (agricultural drainage) 
Kabbari Drain (agricultural drainage, industrial wastes) 

The Drainage Research Institute of the Water Research Center found the following in 
a survey of the lake: 

Seven teen factories disc huge directly into the lake through pipelines. 
Four factories direct their wastewater to the lake in trenches which are desludged 
by tractors. 
Nineteen factories lie in the vicinity of the collecting point of the treatment plant. 
Ten factories discharge to El-Kabbary Drain which discharges to the lake. 
Five factories discharge to Smouhe Drain and then to the lake. 
Seven factories discharge to Gheit El-€nab Drain, which discharges into the lake. 

The Egyptian Environmental Affairs Agency (EEAA) has reported that high 
concentrations of pollutants directly affect fisheries. The measured paramekrs revealed the 
following, although the sampling details are unknown: 

BOD 2,000 mgll 
Oil and grease 2,000 mgll 
Hg 30.90 mgll 
Cr 50.200 mgll 

The Drainage Research Institute is carrying out a program to monitor effluent quality 
and a study to improve the quality of flow reaching El-Max pump station. 

Sources of pollution: 

Sewage drainage from El-Gabel Asfar sewer ('East Cairo") 
Agricultural drainage and sewage wastes via Bahr El-Baqar Drain 
Sewage drainage from Port Said and Damietta 
Industrial wastes 
Closing of the lake openings to the Mediterranean Sea and the Suez Canal 

The EEAA and Suez Canal University are developing an action plan to rehabilitate 
h k c  Manzala and develop its fisheries resources. 



A3. Bahr El-Baqar Drain 

The, drain originates at the confluence of two drains, namdy Bilbeis Drain and 
Qalyubia Drain. Both drains receive extensive industrial wastes from Shubra El-Kheima and 
domestic sewage water from Greater Cairo. The two drains discharge approximately equal 
quantities of drainage water annually, but the main quantity of Qalyubia Drain was pumped 
by Wadi P.S., now shut down because of pollution. 

Bahr El-Baqar Drain discharges about 1 bcm of drairxe water with a salinity of 
about 2,400 ppm to Lake Manzala. Anaerobic conditions have been reported through part of 
the drain. This water is very polluted and unsuitable for reuse. 

A4. Mohit Drain (Wesf of Cairo) 

The drain receives wastewater from Zenein and Abu-Rawash plants together with 
agricultural drainage. 

AS. Gharbia Drain 

The Gharbia Drain system consists of 10 pumping stations, three of which lift water 
to inigation canals. Both official and unofficial reuse intakes are found along the main part 
of the drain. All the generated drainage water is either reused by Hamul P.A. or unofficially 
by the farmers. Domestic wastewaters from villages and towns along the drain are deposited 
into the drain. It also receives extensive amounts of industrial wastes from oil and textile 
factories. 

An estimated 2 bcm of agricultural drainage water mixed with industrial and domestic 
wastes receiving little or no treatment and unsuitable for further use is discharged to the 
Northern Lakes from Gharbia, Mohit, and Bahr El Baqer Drains. 

Several Delta drains receive a preponderance of industrial and domestic wastes. Bahr 
El Baqar receives extensive industrial waste from Shubra El-Kheima and treated and 
untreated domestic and industrial waste from Greater Cairo. It discharges about 1 bcm of 
highly polluted saline water to Lake Manzala. Mohit Drain west of Cairo, which discharges 
at several points to the Nile before terminating at Rosetta Branch, receives domestic 
wastewater in its lower reach from Zenein and Abu-Rawash primary treatment plants serving 
Cairo together with agricultural drainagr: along its entire length. In some areas solid waste 
also contributes to the pollution load of the water. In many urban and rural areas solid 
waste, including garbage and material of sewage and industrial waste origin is dumped 
directly into canals, ditches, and the River Nile. 

The Wadi Pumping Station cannot oprate currently because of polluted drain water. 



B. Future Needs 

Planning for reuse projects in the early 1980s was marked by the desire to use as 
much drain water as possible, especially to irrigate large land reclamation projects in the 
eastern and western parts of the Delta and in Fayoum. 

Four projects of this kind were designed and are now under construction: 

Bl. H a l a m  Canal Project (Eastern Rut) 

Al-Sdam Canal is designed to be fed with fresh water from the Damietta Branch 
upstream of i3uaskour Dam supplemented with drainage wiiter from the Lower S e w  P.S. 
and Bahr Hadus Drain near its outfall. 

The average yearly discharge of the Lower S e w  P.S. is about 0.6 x bcrn and that of 
Bahr Hadus Drain is about 2 bcm, bringing the total to 2.6 bcdyear. 

The average salinities measured at both locations are 1,000 and 1,400 pprn 
respectively. The weighted average of both waters is then 1,300 ppm. When this is mixed 
with fresh water at a ratio of 1: 1, the expected salinity is 800 ppm. 

It is planned to use 1.5 bcrn of this quantity in the first and second phases of the 
project in addition to a similar quantity of Nile water. 

B2. Omoum Drain Project (Western Part) 

The objective of the project is to collect drain water from these catchments of Omoum 
Drain, Shereishra, and Truga and mix it with the fresh water of Nubaria Canal. The 
quantity of drainage water to be used in the project is about 1.0 x 109 m3lyea.r with average 
salinity of 1,800 ppm. The expected salinity after mixing will 'be 800 pprn. 

B3. Botita Pumping Station (htiddle Part) 

This station, which pumps part of the water delivered by Sarnatay P.S. and Segaiya 
P.S. to Zawia Canal, is located on the Main Gharbia Drain. A total of 0.25 bcmlyear is 
planned for use with average salinity of 900 ppm. The salinity of blended water after mixing 
will be 600 ppm. 

Following the completion of the construction of the above three projects, an extra 
quantity of 2.75 bcrn of drainage water will be used for irrigation. 

B4. Fayoum C;overnorate 

The MPWWR is planning for a fourth project consisting of three pumping stations for 
reuse of drainage water in the Fayoum Depression. 



The Tagen pump station will lift 0.135 bcrntyear of drainage water from Tagen Drain 
into Bahr Nazle Canal. Construction of a second major reuse pump station started in 1988. 
A pump station at Tarnya will lift 0.13 bcdyear from the Batts Drain to Bahr Wahbi Canal. 

A third major pumping station is being planned. About 0.13 bcmlyear will be 
diverted from Wadi Rayan Drain to Bahr Nazle tailend section. An extra 0.4 x 109 m3 of 
drainage water will be used to supply the main canals. 

Planned reuse of agricultural drainage will be increased by about 3.0 bcrn with the 
scheduled completion of the four reuse projects by the end of 1992 or early 1993. 

By the end of 1992, there will be nearly 6.4 bcm of planned reuse in the Delta, 
reducing outflow to the Northern Lakes to an estimated, 10.0 bcrn with an avenge salinity of 
about 3,500 ppm. 

Under year 2 0  level of development with the addition of 1.6 million acres, an 
increase in irrigation efficiency as planned by the Government of Egypt, and corresponding 
increases in domestic and industrial water use and discharges to reflect a population growth 
of 70 million, the drainage outflow is expected to decline to about 8.5 bcm with a TDS of 
nearly 4,000 ppm. This level of outflow salinity will require application of up to 1,400 ppm 
salinity water to some lands, possibly causing yield reduction in secsitive crops. This 
scenario represents atout the maximum usability of the River Nile from a salinity standpoint. 
It requires that municipal and industrial wastes from Cairo be disposed of separately as part 
of an isolated drain system as they are now, or treated so that the wastewater discharged will 
be usable for agriculture, when diluted in the Nile system. It is expected that nutrient and 
pesticide residues are also expected to increase, although data are insufficient to suggest the 
amounts. 



SECTION VIU 
HEALTH IMPACTS 

Diseasecausing organisms originating in sewage (e.g., viruses, bacteria, parasites) 
are the biggest problem in Egypt because of fecal contamination of surface and ground- 
waters. Data are too limited to accurately assess health risk from exposure to chemical 
contaminants in water ( e.g., from industrial waste origin). Heavy metals from industrial 
waste discharges are believed to be a serious problem, although confirming data are limited. 

Water-related diseases, such as infant and child diarrhea, are completely manageable 
in countries with adequate water pollution control programs. In Egypt, despite significant 
improvements in health services, infant mortality (first year of life) remains at the high level 
of 60 per thousand. Similarly, child mortality (1-4 years age group) has been 7.4 per 
thousand and the survival rate is 87.1. Diarrhea and other enteric water-borne diseases 
amount to about half of infant and child mortality in Egypt. 

Water quality deierioration in Egypt & be also assessed in terms of water-related 
diseases, such as typhoid, paratyphoid, infectious hepatitis, and infant and child diarrhea. 
These diseases are still considered endemic in Egypt with 90,000 deaths estimated by WHO 
in 1987. 

Human waste contamination of surface waters (i.e., wine and fees) is still prevalent 
in rural Egypt. This is manifested in the prevalence of schistowmiasis (Birharzia) which 
remains endemic despite the continuous control efforts. The prevalence rate for Schistoma 
m a m a  in Kafr El Sheikh has reportedly reached 30 to 40 percent. 

Most Egyptian villages have neither wastewater collection nor treatmeat systems. 
Onsite disposal of the domestic wastewater through a leaching pit is the most common 
practice. Recently, the Egyptian Government provided a large number of villages with piped 
drinking water without providing for the collection and the disposal of the wastewater. The 
generated wastewater commonly exceeds the capacity of the onsite disposal facilities. As a 
result, many villages are chronically flooded with sewage effluent, contaminating 
,groundwater as well as surface water. Results of recent surveillance programs indicate the 
widespread fecal contamination of groundwater in the Delta. 

The unregulated discharge of sewage and industrial waste effluents in Egjpt has 
created a significant pollution problem with serious health implications. WHO has indicated 
that the contamination of water resources and the lack of adequate water supply and 
sanitation facilities constitute the most common health problem in Egypt. Furthermore, a 
recent World Bank socioeconomic assessment determind that "Although access to water 
resources has improved significantly over the last decade, the lack of access to safe water for 
many households and the poor quality of the services at times pose a considerable, if not the 
most important, threat to the welfare of Egypt's population." 



SECTION IX 
WATEllR QUALITY MONITORING/INM)RMATION SYSTEM 

A. Existing Systems 

Three programs monitor the quality of Nile River water and associated groundwater. 

Ln 1976 a monitoring program was established by the Nile Research Institute with the 
Ministry of Health in collaboration ~ j t h  I d  governorates and research institutions. On the 
River Nile from Aswan to the sea, 390 stations were identified, including major  drain,^ to the 
Nile, industrial and municipal discharges direcgy to the river, and stations along the river at 
approximately 10-krn intervals. Constituents included salinity, major minerals, temperature, 
pH, suspended solids, oil and grease, biological analyses including DO, BOD, and COD, 
coliform, and limited nutrients. Eight sampling runs were made at various times from 1976 
to 1986, never at all stations, and some were sampled only once during 'the, eight-year period. 
Four additional sampling runs were made on the Rosetta and Damietta Bmnches between 
1984 and 1987. The Ministry of Health designed a comprehensive program in 1988, but 
collected only a few samples and curtailed the program in 1990 due to a lack of funds. The 
Nile Research Lnstitute redesigned its monitoring program in 1989 to include: 

13 major sites on the river 
22 minor sites 
Drains and industrial discharges to the Nile 

The WRC maintains two laboratories at Qanater. The Nile Research Laboratory is 
equipped to analyzz major ions, nutrients, biological parameters, and heavy metals. It 
analyzes the Nile system monitoring samples, except for specialid pesticides. The 
Drainage Research Institute Laboratory analyzes the Delta drainage monitoring samples for 
major minerals, nutrients, and biological parameters. 

The sampling frequency was to be at varying intervals: monthly at five major river 
sites, four times a year at all river sites and major pollution sources, and twice a year at 
minor pollution sources. Analyses cover a range of constituents, depending on source, 
include standard field measurements, nutrients, organic pollutants, major ions, trace metals, 
organic micro pollutants, and bacteriological and minimal biological parameters. Runs were 
made on the Rosetta and Damietta Branch in 1990 and 1991. Samples from all stations were 
made in July 1991 and April 1992. The samples arc analyzed in the Nile Research Institute 
laboratory, or when special analyses are needed, under contract at the Ministries of Health or 
Agriculturt. Most of the data are maintained in a Lotus 1-2-3 Ne. 

The WRC Drainage Research Institute developed a network of measuring stations on 
the key points of main drains in the Nile Delta and Fayoum in the late 1970s. Currently 
there are 102 measuring locations, 68 at pump stations and 34 at open drain locations. 



Conductivity is measured continuously and water samples are taken every three weeks to 
determine major ions. Samples are collected from some locations where domestic and 
industrial wastes occur for BOD and biological and bacterial analysts. Analyses arc 
conducted in the institute's laboratory. The data are maintained on a computerized datal.*lse 
and analyzed and published annually. 

The Drainage Research Institute, which is conducting a study of drain discharges that 
contain high amounts of municipal and industrial waste to Lake Maryut, is deeply concerned 
with polluted drainage, which impies the reuse of drain water. A proposed analysis of a 
broader range of constituents in drains would assess the seriousness of this problem. 

The WRC Research Institute for Groundwater has a longestablished monitoring 
nehvork of 500 observation wells in the Nile floodplain and desert fringes. Most tap the 
main aquifer. Samples for water quality analyses, primarily for mineral constituents and 
nutrients, arc collected periodically at a few wells. In a special study on groundwater 
pollution jointly funded by the Dutch Government, analyses of groundwater from a number 
of wells was utilized to conduct special studies on groundwater pollution. Limited pesticide 
data have been compiled. The analyses are stored in investigation files. 

In addition to the two laboratories in the Water Research Center capable of routine 
mineral analyses and minor biological and bacterial analyses, the government has several 
other laboratories. The Environmental and Occupational Health Center has a central 
laboratory and nine regional laboratories that analyz municipal water supplies, sewage, and 
industrial discharges. The Ministry of Agriculture supports Wo research laboratories, one 
concerned primarily with fertilizers and pesticide applications and quality of soil water and 
drainage, the other with pesticide residues in crops, soil, and drainage water. The National 
Research Institute has two wellquipped and maintained research laboratories. One, the 
water pollution control laboratory, is equipped to analyze domestic 2nd industrial waste, 
toxic substances, oil and degradation products, planhon, and aquatic plants, bacteriology, 
virology, and othu pathogens. The second is the National Laboratory of Environmental 
Toxins, which analyzes toxic substances in food, plants, and fish. The National Institute of 
Oceanography and Fisheries laboratory supports research on the Nile and Intcc. 

The dats from these laboratories were not readily available except in published papers 
and sometimes in the institute files. No specific data banks or computerized filing systems 
an maintained. In some cases, historic data cannot be easily located. Scattered water 
qldity data may sometimes be obtained from governmental files or individual research~:rs. 
In some cases, data found in reports or in the literature has gone through several hands and 
is not reliable. Sina little information is available about much of the data, validation is 
often difficult. 

The water quality monitoring program can be generally summarized as follows: 

There is no national environmental policy framework to coordinate existing 
monitoring resources and support national environmental quality objectives. 



The WIPC has made laudable progress in building a national water quality 
monitoring capacity, but faces severe financial, legislative, and institutional 
constraints in accomplishing the functions of an effective water quality monitoring 
prog-. 

The data management system limits overall effectiveness of the water quality 
monitoring program because: 

- data and informatio~ are not widely shared among the many relevant water 
quality interest groups; 

- data are not stored in formats that are meaningful for identifying critical water 
quality problems and solutions; and 

- data storage and retrieval procedures are not standardized to allow ease of 
analysis, interpretation, and dissemination. 

There are no criteriz, based on practical risk assessment methods, for determining 
the priority water quality problems and thus critical areas for scarce monitoring 
resources. 

The monitoring program is hampered by a weak water quality standards enforce- 
rnent system. The enforcement system is largely disconnected from efforts to 
identify critical problems and coordinate water quality management across diverse 
water user groups and government agencies. 

With regard to an effective water quality program for Egypt, the following critical 
wnclusions can be drawn: 

Adequacy of Sampling Sites. The reduction in the number of Nile River sites has 
concentrated resources on critical pollution sources and ensured more regularity in sampling 
and timely analysis of all sites. The shift in the Ministry of Health Program of river 
sampling from 83 to 35 sites in the Canadian projects brought needed focus to the monitoring 
system. While the program was curtailed due to a lack of funds, the Nile Research 
Institute's new monitoring program for 13 major and 22 minor river sites is an important 
foundation. Now, the challenge is to develop rrend analyses from regular sampling of each 
of these sites to measure overall changes in river water quality and to indicate where 
additional sampling is needed to pinpoint 'hot spots' of localized pollution that present 
serious environmental risks. Lakes are not sampled regularly, nor are many drainage and 
ground water sites. A greater contribution to trend analysis will come from regular sampling 
of a smaller number of drainage and groundwater sites, rather than an irregular pattern of 
samples drawn from different sites at different intervals. 

Placement or Sampling Sites. The location of the 35 river sampling stations is 
appropriate for a permanent network to establish trends in river water quality. The 
placement of groundwater and drainage sampling sites has not been analyzed well enough to 
determiiqe their effectiveness in identifying local and regional, pollution problems. 



Fhquency of Samples. The frequency of samples has varied, largely aceording to 
the availability of funds. Except in the case of the Nile River, most sites have been sampled 
less than once a year. 

Adequacy of Sampling Techniques. The Niie River sampling techniques have been 
established and maintained according to international standards for representativeness and 
accuracy. 

Adequacy of Analysis of Samples. The Nile River simples are analyzed under 
laboratory protocols developed by the WRC according to international standards. Tests for 
TDS, dissolved oxygen, BOD, and fecal coliform are routinely performed. Tests for heavy 
metals and pesticides are not performed regularly. 

Adequacy of Institutional Capacity. At least 17 laboratories in the WRC, 
Environmental and Occupational Health Center, Ministry of Agriculture, and National 
Research Institute monitor water quality. Considerable GOE and donor funding has resulted 
in a significant national capacity to analyze any specific water pollutant. However, there are 
insufficient staff, equipment, and operating and maintenance funds for regular operation of 
the sampling and analysis operations to support the expanded monitoring program these 
institutions would prefer. Without a comprehensive framework for setting monitoring 
priorities, there is likely to be some misallocation of current monitoring resources. For 
example, drawing fewer samples well is more likely to produce effective monitoring results 
than a more extensive sampling system that fails to pinpoint critical pollution problems. 

B. Required System 

The successful implementation of a national water quality management program will 
depend on the simplification of complex physiochemical and biological phenomena in models 
that will enable planners to develop management strategies. Furthermore, these models 
should also help to identify missing or redundant information, thus helping to create an 
optimal monitoring/information system. 

Because of limited funds and human resources, only information that is essential to 
the implementation of a management program should be collected. This will ensure that 
decision models are kept within manageable proportions. While these models should be 
simple enough to be readily understood, they should also be realistic enough to accurately 
describe c u m t  and future water quality characteristics. 

The environmental water quality information system will assimilate and synthesize 
data from various sources, providing valuable information on temporal and spatial scales. 
Independently, data from the different sources has limited utility in comprehensively 
assessing environmental water quality. The assimilation of data from physid, chemical, and 
biological measurements will provide a picture of the interdependent characteristics of water 
resources in Egypt. 



The Environmental Water Quality Information System will collect data from various 
sources (e.g., satellite images, meteorological information, physicochemical, biological, 
health effects, agricultural production, socioeconomics, and demographic data). In addition, 
the MPWWR surveillance and monitoring programs will generate data. 

The proposed water quality monitoring progrvn will have two essential components: 
the first, a quality assurance program that includes intralaboratory and interlaboratory 
calibration; the second, a water quality data bank and associated information/reference 
center. 

The bottom line for any new monitoring program is affordability, simplicity of 
operation, and sustainability with local government resources. 

At present, information in general is not necessarily accessible and reliable. 
Researchers and national and international agencies continuously generate data. Too often 
these data are believed to have served their purpose once they become part of a specific 
study or program and frequently appear in the appendices of progress reports. A large body 
of valuable data remains buried in inaccessible files and agency reports until they are 
discarded or lost. Agency reports in Egypt are frequently viewed as privileged information, 
generally unavailable in university libraries, and difficult to obtain. 

Another important concern is the reliability and validity of the data. In view of the 
lack of uniformity among the various measurement programs, available data exhibit both 
random and systematic errors. It is therefore imperative to provide the Environmental Water 
Quality Monitoring Program with data quality control and validation programs. The 
proposed information system should be able to retrieve relevant data and provide the user 
with applicable information. 

Establishing the information system should have a higher priority than starting any 
monitoring or surveillance programs. 



SECTION X 
CAPACITY BUILDING 

The evidence is compelling that the major constraint on Egypt's water sector is 
capacity building, that is, the ability to develop, utilize, and sustain available resources. 
Capacity building, basically a social-political process, must come from within. Technocratic 
and econocratic, financially induced development, does not succeed without the capacity to 
absorb. 

Capacity building for water resources is broadly conceived to include the 
establishment of a favorable policy environment and appropriate institutional development. 
The latter includes sound management systems, incentive structures, and the human resources 
development needed to sustain water-related programs. In this context, capacity building 
seeks to integrate the management of the several subsectors in the water resources sector. 

A. Donor Support 

Over the past two decades, there has been substantial donor support for Egypt's water 
quality management program. In 1975, the River Nile Project began as a joint study 
between the Egyptian Academy of Scientific Research and Technology and the University of 
Michigan. The project made an important contribution to water management research 
resources. The Nile Environmental Information Center was established by the project in the 
National Research Center to house an advanced water quality data bank. 

In 19?7, Cairo University and the Massachusetts Institute of Technology began a 
Technology Planning Program with interim funding fiom USAID. The program focused on 
water resources planning and included a substantial emphasis on water quality issues. 

In 1977, the Ministry of Irrigation and the UNDP began joint funding of the Egyptian 
Water Master Plan. Work initiated under the master plan project laid many of the 
foundations for the country's present water quality management program. 

The USAID-funded Irrigation Management Systems (UIS) project has made an 
important contribution to water quality management. A 1985 study of the North Zifta 
Irrigation System, supported by the project and the Ministry of Public Works and Water 
Resources, ana lyd  the environmental effects of using herbicides to control aquatic weeds. 
In 1987, the project assisted the MPWWR in an environmental assessment of the project's 
impact on Egypt's inigation system. 

In 1986, the Canadian International Development Agency began collaboration with the 
MPWWR on the River Nile Protection and Development (RNPD) project, with the WRC 
acting as the executing agency through the High Aswan Dam Side Effects Institute. The 
project has focused on the rational utilization of the Nile waters, mitigation of negative side 



effects, improvement of present river use, and definition and evaluation of protection and 
development options. This project has provided a critical degree of momentum to the water 
quality management capacity building p r o a s  begun under the Egypt Water Master Plan 
project. Key RNPD activities have included institutional upgrading, river studies, and water 
quality pollution control studies. 

The Netherlands and the UNDP are assisting the WRC Research Institute for 
Groundwater and the Egyptian Academy of Science and Technology in developing 
hydrogeological maps of the Nile Valley, the Nile Delta, and deserts. 

The Netherlands is funding groundwater management plans for selected areas under 
the Management and Development of Groundwater in the Nile Valley and Delta project. The 
Netherlands also supported assessments of groundwater quality during 1990-1991 under this 
project. These activities have also been supported by the USAID IMS project. 

B. Future Requirements 

If Egypt is to address its growing water quality problems, the water quality 
monitoring program will have to develop a number of managerial and institutional 
capabilities. Among these are determining whether water quality is improving or not, that is, 
trend analysis; determining where water quality most needs improvement, that is, problem 
analysis; determining compliance of discharges with license conditions or standards; locating 
discharges that are not licensed or violate license conditions; identifying the nature and 
extend of specific pollution problems; and determining whether suspected problems exist or 
not. Other key elements of capacity building in any country include policy environment 
iden ti fication; adequate institutional resources; water resources availability, quality, and 
demand; and human, educational, and financial resources. 

In the future, therc should be a more effective and less fragmented institutional 
structure for Egypt's water sector. This should go beyond a concern for water availability 
and incorporate sound management of water quality for all purposes, including agriculnue, 
industry, fisheries, and inland navigation. An integrated water management plan that 
addresses the water resources sector as a whole is needed. Urban population growth, 
expansion of housing projects, and rapidly rising per capita water use all wracerbate the 
competition for water from irrigation and other uses. 

There is a pressing need to reexamine the institutional structure in Egypt. The 
MPWWR has traditionally been a strong, effective institution. While it is a logical choice to 
take charge of integrated water management for Egypt, other options should k considend. 
The essential ingredient in capacity building is institutional development, including human 
resources. Most failures, whether managerial, technical, or financial, can be traced to 
institutional inadequacies, which in .turn can be blamed on the quality of their personnel. 

Many types of institutions have been successful; no model is universally suitable. 
Institutions arc products of a country's history and social and economic structure; the choice 
is a local prerogative. The major problem is that there are too many institutions with 



overlapping authority. The intention is not necessarily to add new institutions, but to use 
those that exist and consider other appropriate models. 

The capacity building process needs a strong commitment from the GOE to support a 
comprehensive strategic planning program that will: 

Determine a unified government assignment of water quality monitoring 
responsibility and authority to a specific agency or ministry 

Establish water quality program goals and action plans for those objectives 

Oversee action plans and monitor program objectives 

Revise program objectives or action plans as required to support the national 
environ mzntal strategy 

Along with the strategic planning process, major efforts are needed to improve water 
quality data management so as to ensure widespread sharing of data and information; 
maintain meaningful data for water quality decisionmaking; and standardize data storage and 
retrieval. 

Legislative reform is required to streamline Law 4811982 and Decree 8/1983 and 
remove cument technical and administrative barriers to enforcement of water quality 
standards. 

Finally, any capacity building process must address human resource development. 
Egypt has an adequate pool of scientists to support the basic water quality monitoring 
functions. However, water quality program managers and supervisors have little experience 
in envii-onmental science. Substantial short-term, nondegree training is needed in this 
emerging area to strengthen the skills of the existing staff. In the long run, Egyptian 
universities and colleges will need to develop undergraduate and graduate degree programs in 
environmental sciences. 



- - ~  - - 

SECTION XI 
WATER QUALITY MANAGEMENT 

Egypt has ions been in the forefront of the 10 ripaxian Nile nations in planning for 
the future of the Nile supplies. The region continues to review water needs for consumption 
and water-related development for hydroelectric power, navigation, fishing and tourism. 
Fulfillment of these demands will affect not only the quantity of water available to the 
downstream riparians, but also the quality, including potential impacts on the Aswan High 
Dam Reservoir. 

It is essential that Egypt prepare to negotiate pacts to manage upstream resources, 
projects that will use water and affect the quality, but also schemes to conserve water for 
downstream uses in a manner that benefits both Egypt and the upstream interests. Egypt 
must define its needs and expectations for water quantity and quality so as to establish an 
international water quality agreement with upstream riparians. While Egypt has information 
on existing and future water supplies and needs, insufficient data and analysis about the 
quality and quantity impacts on the reservoir and downstream uses. 

A water plan to define water supplies and needs, including further reuse of drain 
water, suggests that Egypt has sufficient water to meet its needs through the year 2000 if it 
taps scheduled additional water supplies of the Nile and groundwater, and if irrigation 
efficiencies are realized and municipal water distribution losses are minimized. That plan 
does not address the impacts of looming water quality problems resulting from increased 
municipal and industrial waste discharges on the availability and usability of future water 
supplies and the impact on supplies of failing to effectively treat and dispose of those wastes. 
Likewise, current planning does not incorporate the potential impairment of Delta water 
quality due to upstream Nile uses, both within and outside Egypt. Rational planning should 
carefully consider the impact of municipal and industrial wastes on the quality of drain 
waters, on existing reuse of drain waters, and on potential reuse of those waters for 
irrigation. 

In summary, Egypt must integrate water quantity and quality planning and take 
immediate steps to undertake and sustain the effort. These steps include securing the 
necessary data and information and developing expertise, institutional capacity, and financial 
resources. 

Specific areas that need management strengthening include water quality databases, 
training programs so staff understand and apply modem environmental science methods, 
strategic planning for the water quality monitoring program, and risk assessment methods to 
identify and choose strategic options for water quality problems. 
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SECTION XI1 
CONCLUSIONS 

A. Water Supply and Use 

1. Egypt has sufficient water of adequate quality in the Nile system to meet current 
water needs under 1990 conditions from river supplies, groundwater, agricultural drainage, 
and wastewater. 

2. Egypt will have an adequate water supply under development proposed in the year 
2000 if the additional Nile supplies and increases in irrigation efficiency are realized and 
most importantly, if adequate water quality is maintained. 

3. If the Jonglei p r o j ~ t  is not completed by 2000 and if irrigation efficiency is not 
substantially improved, available water supplies may not match water demands. Water 
quality in the Delta will deteriorate. Salinity of Delta Drains will sharply increase, coupled 
with increasing discharge of domestic and industrial wastes to the drains. If insufficient 
water is available, water levels in some canals and drains will decline as occurred in the late 
1980s. k s s  inflow of higher salinity will discharge to the Northern Lakes, which will 
decrease water levels and increase sea water intrusion and salinity. Continued attention to 
waste treatment will be necessary to reduce the load on the drains and Northern Lakes with 
attendant salinity management necessary. Some control of unofficial use may be indicated. 

4. Agriculture diverts water from other uses and produces more wastewater than any 
other use in Egypt. 

5. While both diversions and consumptive domestic and industrial water use consume 
small quantities of water compared to irrigation, the wastewater they produce has a major 
impact on beneficial uses. 

6. While agricultural drainage water overshadows domestic and industrial 
wastewater, quantities of the latter are important. With treatment and management, these 
wastewaters can remain part of the usable supply rather than degrading and rendering 
existing supplies unsuitable for use. 

B. Water Quality 

1. Water quality data arc insufficient to make possible effective evaluation of the 
quality of water in the Nile system and associated groundwater supplies, past or present, or 
to effectively forecast future quality. 



2. The quality of water released from Aswan Dam is relatively uniform throughout 
the year and from year to year, reflecting the uniform quality of stored water and managed 
releases. The quality is excellent, with low TDS, and relatively low biological productivity. 

3. Water quality generally declines and biological productivity increases as the river 
travels north due to major withdrawals for irrigation use, minor municipal and indusm 
withdrawals, large agricultural drainage returns to the river, and discharge of largely 
untreated municipal and industrial wastes. 

4. While quality has declined since early measurements in 1977, the quality remains 
good in the stretch from Aswan to Cairo. With the exccction of stretches immediately below 
major waste discharges, the river effectively assimilates wastes discharged. Quality is 
expected to remain good through the year 2000 in this stretch. 

5. In the vicinity of Cairo, the river undergoes major changes with large diversions 
and major discharge of partially treated municipal wastes and untreated industrial wastes. 

6. Within the Delta, large diversions of water and irrigation drainage, along with 
municipal and industrial wastes, substantially increase salinity and organic loading, 
particularly in the drains. Some drainage water is rendered unusable by these wastes. 
Significant reuse of drain water and dilution with canal water takes place. Sea water has 
intruded in the Northern Delta in historic times, creating highly saline drainage in this area. 
The remaining highly saline water is discharged to the Northern lakes and to the sea. This 
outflow maintains salt balance. 

7. Delta drainage water will become increasingly sa l i~~c  as reuse increases. Under 
year 2000 level conditions, most drainage water will remain usable if increased supplies and 
increased irrigation efficiency are realized to supply planned agricultural development and 
added water for municipal and industrial use. Absent additional supplies and efficiency, 
quality in the Delta will decrease markedly, with higher salinity drainage, decreased water 
levels, increased saline intrusion in the Northern Lakes, and general decline of drainage 
water suitable for reuse because of increased salinity and additional waste loads. 

8. s t h o w  groundwater quality reflects recharge h m  the river, discharge to the 
river, and return flows from irrigation. Significantly, infiltration of contaminated wastes 
from rural domestic disposal contaminates water widely withdrawn for domestic use 
throughout the Nile alluvium, particularly in the Delta. 

C. Municipal and Domestic Wastes 

1. Data art inadequate to effectively evaluate the quantity or quality of domestic 
wastes in Egypt, types and levels of trmtment, or the quantity, quality, or location of 
domestic waste discharges or their impact on receiving waters 

2. The main stem of the Nile from Aswan to Cairo can assimilate the BOD loads 
during most of the year from the present domestic zqd industrial wastes discharged to the 



Nile and to drains. Exceptions are immediately downstream of large discharges such as the 
sugar factories and from km 0 to about km 150 below Aswan. There, dissolved oxygen 
levels are very low due to discharge of oxygendeficient water from lower stratified levels of 
the Nasser Reservoir. 

3. The main stem of the Nile and most drains in populated areas have high levels of 
fecal coliform, and it is assumed, correspondingly high levels of infecti0u.s agents. Fecal 
coliform levels in the Nile main stem sometimes exceed criteria for raw drinking water 
supplies. 

4. Many drains in the Delta receive large quantities of inadequately treated domestic 
and industrial wastes, rendering the drain water unsuitable for agricultural reuse, although in 
many cases the water is currently reused both officially and unofficially, exposing edible 
crops and local workers to untreated wastewater. 

5. In Egypt, and pzuticularly in the Delta, the common practice of disposal of 
domestic waste directly to the ground, dmins, and canals, or to shallow pits with subsequent 
discharge to drains and canals, creates potential health problems for persons in contact with 
these wastes or for those using or in contact with the surface water or shallow groundwater. 

D. Industrial Wastes 

1. Consumptive water use in industry is insignificant compared to agricultural use. 

2. The known quality of waste discharges is generally very poor, and there are few 
data that allow adequate evaluation of most discharges. 

3. Of the known discharges, heavy metals pose the greatest concern. High levels of 
toxic organic discharges are also suspected. 

4. The concentration of industrial plants in the Helwan and Shoubra El Khiema 
areas, along with those near Alexandria, pose particular problems to water quality. 

E. Agricultural Drainage 

1. Salinity of drainage water in the Delta is the worst water quality problem affecting 
the Nile system because it controls the amount of water availzble for reuse. 

2. Pollution of the drain system by inadequately treak ! municipal and industrial 
wastes effectively reduces the amount of water available for reuse from agricultural drainage. 

3. Several drains in the Delta are polluted by domestic and industrial wastes. 
Notable examples are Bahr El Baqar, Belbis Mohit, and Gharbia. 

4. Under year 2000 level conditions with planned increases in irrigated acreage and 
reuse of drainage water, increase in irrigation efficiency and added municipal and industrial 



water u e  and waste production, the outflow salinity will reach maximum levels. Yields of 
salt-sensitive crops may be reduced due tc higher water supply salinities. Water supplies to 
meet projected needs will be sufficient only if municipal and industrial waste treatment and 
disposal practices provide a wastewater which, when diluted in the Nile system, would meet 
requirements for agricultural, municipal, and industrial uses. 

5. Limited data on pesticide levels in the drain water, particularly drain water which 
resui'; from reuse of mixtures of drain water and fresh water, appear to reflect inappropriate 
use of pesticides on crops. Data were insufficient to demonstrate pesticide levels in the Nile 
River. 

6. Lirnited data on nutrient levels in the drains indicate phosphorous and nitrate 
levels have about doubled since 1977, suggesting some increased eutrophication in the drains 
and the Nile River. 

7. The Nile system drains receive untreated domestic wastes highly contaminated 
with f e d  coliform and infectious agents and parasites which create health hazards for L5e 

- 
rural population in direct contact with drain waters or with drain waters used for irrigation or 
domestic purposes. 

8. Production and reuse of agricultural drainage water is a main cause of water 
pollution in Egypt. The agricultural drainage water, along with the domestic and industrial 
wastes discharged to the drains and the River Nile, are major resources. Egypt cannot afford 
to not use this supply most effectively. Additional reuse of this supply requires effective 
management and economic treatment of industrial and domestic wastes to ensure that supply 
meets demand. 

F. Health Impacts 

1. Lack of rural sanitation is the major health-related water-quality problem in 
Egypt. An estimated 95 percent of the rural population lacks community water supply or 
effective waste disposal. Contamination of shallow groundwater, the major supply of rural 
Egypt, occurs by surface or pit disposal of wastes. Direct discharge of rural wastes into 
drains and canals, which are used for laundry and other washing, and into water used for 
irrigation contributes to infectious diseases. 

rn 

2. Heavy metal accumulation in fish from industrial wastes, and toxic wastes from 
industry and untreated or partially treated municipal wastes are believed to contribute to 
public health problems. 

G. Water Quality Monitoring/Information Systems 

1. WRC has three water quality monitoring programs. The basic prcigram on the 
Nile River and Delta, while focused on generating baseline and general water pollution data, 
develops little diversity of data. Its funding and staffing are inadequate to operate the - 
monitoring program. Laboratory facilities need upgrading to accommodate the number and 



type of analyses needed. The program has minimal data storage and evaluation capability, 
and significantly, plays no role in dissemination of data to concerned users. The drainage 
program has compiled, used, and published valuable data, but its activities have been limited 
mostly to drainage salinity. The third program, groundwater monitoring, has been limited 
mostly to specific investigations, although some meaningfbl data have been compiled. 

2. A water quat.; data program designed to meet planning, pollution control, and 
identified research needs is urgently needed to begin compiling critical information. The 
program must have adequate funds, effective laboratory facilities, competent professional 
staff, and effective data storage and retrieval systems. These data must be available where 
needed for effective management of the Nile system. 

H. Water Quality Management Planning 

1. Egypt must integrate water quantity and quality planning and take immediate steps 
to secure the necessary data and information, including development of expertise and 
institutional capacity and financial resources to undertake and sustain the effort. 

2. Careful planning and management of agricultural drainage in conjunction with 
other water and environmental needs is necessary to attain a safe, dependable, effective 
water supply. 

I. Implementation 

1. Action should begin immediately to identify those industries likely to discharge 
heavy metals and toxins. Immediate measures should be taken to reduce such discharges. 

1 2. Priority should be given to identifying and upgrading rnunicipai waste treatment 
plants that are not operating properly. 

3. Attention should be given to improving mral sanitation through public education 
on how to properly dispose of wastes, develop and maintain a safe drinking water supply, 

- and eliminate dangerous contact with drain and canal water. 

4. A national mpaign to improve rural wells and waste disposal methods should be 
inaugurated. 



SECTION YUII 
RECOMMENDATIONS 

A. Develop an Integrated Water QuantityJQuality Management Program 

A comprt?kkens,ive, flexible master plan to guide use and management of the Nile 
waters and associzted groundwater is urgently needed. Action should be initiated now to 
begin correction of existing problems and to ensure the future health of the Nile system. The 
Water Management Action Plan to be developed in Phase I1 of this study will serve as a base 
to begin establishment of the budgetary elements, institutional and legal framework, 
information support, and analyticad methodology needed to expand the elements described in 
Phase I. Most importantly, implementation of the critical elements of the Water 
Management Action Plan to be developed in Phase 11 should begin concurrently with 
development of a water quality management plan. 

The planning process should be carried out with the direct involvement of agencies 
whose resnsibilities and authorities affect water management. 

The purpose of this plan will be to provide a flexible framework for budgetary 
decisions and implementation of actions to facilitate effective water development, allocation, 
and use decisions and waste discharge regulation. The plan should generate maximum usable 
water supplies, optimize water quality among competing uses, minimize water pollution 
control costs, and provide for an environmental setting that will protect fisheries and 
aesthetic values. Plan elements include: 

Water supply 
Water demand 
Water allocation 
Water management 
Waste water regulation 
Critical pollutants 
Environmental assessment 
Quality criteria 
Action programs 

Key principles are: 

1, Integration of water quality and water quality elements in all analytical and policy 
considerations. 

2. Institutionally viable, affordable, achievable within identified timeframes, and 
cnforcmble plan elements that include implementation plans and schedules. Adequate long- 
term financing to implement priority elements of the program developed concurrently with 
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the planning process. A realistic reflection of the available financing, staff support 
capabilities, and institutional framework in Egypt. 

3. Multi-year budget commitments to provide for continuity of the planning process. 

4. A planning framework encompassing interrelationships of water supply, water 
diversions, competing uses, waste disposal, and reuse through analytical procedures to assess 
damages, benefits, costs, and risks. 

5. Flexibility to adjust to continually changing conditions. 

6. Lnng-term and shori-term objectives with updates scheduled at intervals of not 
more than two years. 

7. A wide range of expertise on the planning staff including engineers, planners, 
geologists, economists, biologists, and other professionals and access to supplementary 
expertise from other organizations and through agreements with international groups. 

8. A wide range of readily available and continually updated resource, technical, and 
economic information to support the planning process. 

B. Establish a Comprehensive Water Quality Information Program in the Ministry 
of Public Works and Water Resources, Jointly Supported by the Ministry of 
Public Health and in Cooperation with Other Concerned Agencies 

Specific water quality data and information and access to a wide range of information 
is needed to support the development of a water quality management plan. The eiements of 
a data/information program include the system design, collection, analysis and validation of 
water-related data, data evaluation and storage, retrieval and disseminari~si of information to 
planners, regulators, decision makers and importantly, the public. Priority watex quality data 
needs may be defied as: 

1. Routine intensive monitoring at a few key points to evaluate the state of the 
resource, detect possible quality problems, and provide spatial and temporal base data for 
planning, regulation, and public dissemination. 

2. Specific data to evaluate an, ,kiltitied problem. 

3.' Scrcezning to determine whether a suspected problem exists. 

4. Effluent monitoring. 

Monitoring program design and implementation should be initially guided by relating 
priority pollutants identified in this study to specific areas of concern. 



A monitoring program must include adequate equipment for sampling and monitoring; 
laboratory facilities; validation and evaluation procedures; a storage, processing and retrieval 
system; and most importantly, adequately trained professional and support staff. 

The monitoring program must have continuity of budgeting and staffing, provision for 
professional advancement, and adequate staff training. 

To conduct, direct, and coordinate the development and implementation of a water 
quality program and a water information system, an effective institutional setting must be 
provided. 

It is recommended that the monitoring programs be within the Ministry of Public 
Works and Water Resources, suppoited by the Ministry of Health, to meet specific 
responsibilities. Interfaces, responsibilities, and authorities among concerned ministries 
should be established with direct support from other agencies according to identified needs. 
The monitoring and information systems should be guided and advised by steering 
committees from concerned agencies responsible for water-related matters. A detailed 
evaluation of the institutional framework and legal requirements for a monitoring/information 
system will be conducted in Phase 11 of this study. 

C. Initiate a Program to Identify Priority Pollutants 

A program should be developed to focus on priority pollutants defined as those which 
under future water use and waste production will pose the greatest threats to beneficial uses 
and the aquatic environment. The priority pollutant program would be conducted in 
conjunction with the water quality management plan and data monitoring programs. This 
program would prioritize pollutants most affecting water uses of the system in specific areas, 
as defined by water quality criteria for beneficial water uses; control measures w~uld be 
developed. Current priority pollutants are: 

Pathogenslparasi tes 
Heavy metals 
Salinity 
Pesticides 
Nutrients 

The human health aspects of pathogens and parasites in surface and ground water 
supplies, particularly in rural settings, are especially significant. Major efforts to improve 
rural sanitation, to develop safe water supplies, and to provide effective waste disposal are 
critical. 

D, Initiate Programs to Control Agricultural, Municipal and Industrial Wastes in 
Identified Problem Areas 

1. Develop a specific program to compile pesticide and nutrient data on agricultural 
drainage for assessing the potential problems and developing control and management 



measures. A screening program should initially focus on the discharge of drainage water to 
the canal and drain system. The system design and initial results should be related to the 
service area, cropping patterns, and applications of pesticides and fertilizers. 

2. Survey municipal waste discharges to the system and develop screening analyses 
for those sources likely to significantly impact the aquatic system. Review industrial wastes 
discharged to the sewer systems, review industrial pre-treatment requirements and results, 
and review potential toxic constituents and priority pollutants. 

3. Survey industrial plants to define those which are likely to discharge priority or 
other significant pollutants to the system. Develop discharge data and priority pollutant 
information initially for selected industries most likely to create water quality problems as the 
initial phase of an action program. 

E. Conduct Phase I1 of Environmental Water Quality Assessment 

Phase U of this program will provide significant guidance to revise and implement the 
preliminary recommendations of this Phase I study, particularly related to identification of 
water quality problems, water quality monitoring and management, and the institutional 
framework. 

F. Develop a Water and Waste Disposal Cost Recovery Plan 

Focus on possible charges for water-related services as a means to equitably develop a 
financial base and distribute costs of water use and waste disposal and to generate user 
recognition of the cost of service and responsibility for effective use and disposal. 

While water is a renewable natural resource, the costs associated with supplying the 
resource to the user, including procuring and maintaining the supply, storage in Aswan, and 
operating and maintaining the River Nile, barrages, canals, and other distribution facilities is 
significant. In addition, the costs of drainage and waste disposal, including damage to the 
resource and other users, need recognition. 
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ANNEX A 
SOURCES OF WATER POLLUTION 

Egypt's water pollution problem is closely tied to the Nile, the longest river in the 
world, extending for approximately 6,800 km from its most remote source in the East 
African Plateau to the Mediterranean and thus traversing approximately half of the African 
continent, as shown in Figure 1. The Nile drainage basin, an area of nearly 3.1 million km2, 
occupies one tenth of the African continent and is unique among major rivers of the world in 
that i t  includes three climatic zones: tropical, sub-tropical, and arid desert. The Nile basin 
extends over 10 riparian countries: Burundi, Rwanda, Tanzania, Zaire, Uganda, Kenya, 
Centnl African Republic, Ethiopia, Sudan, and Egypt. 

The Nile receives its water from two main watershed areas, the equatorial East 
African Plateau which feeds the White Nile, and the Ethiopian Highlands which feed the 
Sobat, Atbara, and the Blue Nile. The Blue Nile represents the major supply source, as 86 
percent of the main Nile's annual discharge is derived from the Ethiopian Highlands, and 
only 41 percent from the Equatorial Lakes. Furthermore, the silt carried by the main Nile, 
which forms the fertile Nile Delta, originates exclusively in the Ethiopian Mighlands and is 
carried by the Blue Nile. The Victoria Nile and the Bah El Jebel carry much smaller 
amounts of silt, which is largely lost !: the river flows through Lake Mobutu and the Sudd 
region. The annual silt load of the main Nile at Aswan varies between 60 and 110 million 
tons. 

Hydrological observations of the Nile date back to the ancient Egyptian who installed 
river gauges, known as nilometers, to determine the arrival and height of flood waters. 
Although not continuous, the Nile has the longest and most extensive hydrologid record of 
any river in the world. 

Annual discharges may vary dramatically from one year to another. During the 1971- 
75 period, the annual discharge of the main Nile at the entrance of the Aswan High Dam 
reservoir varied from a low of 53.102 mc~n in 1972 to a high of 100.045 bcm in 1975. 

Seasonal variations of the main Nile flow rate are even more ciramatic. More than 80 
percent of the river's total discharge occurs during the flood period, from August to October, 
and used to be directly discharged into the sea prior to the Aswan High Dam. During the 
remaining nine months the river carried only 20 percent of the annual discharge. 

The Nile constitutes over 90 percent of Egypt's fresh water resources, the remaining 
10 percent being largely groundwaters recharged from the river. Egypt's share of water 
according to the 1959 Nile Waters Agreement is 55.5 bcmfyr at Aswan. 
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Figure 1:Nile River Basin 

a-Aswan High Dam Reservoir 
b-Jebel E l  aulia Dam 
c-Khashm E l  Girba Dam 
d-Sennar Dam 
e-Roseires Dam 
f-lake Tana 
g-River Sobat 
h-Bahr E l  Ghazal 
i-Jonglei Canal 

j-Bahr E l  Bebel 
k-Lake Victoria 
1-Victoria Nile 
m-River Xatonga 
n-Upper xagera Lakes 

and Swamp 
0-River Kagera 
p-Lake Mobuta(Lake Albert) 
q-lake Kioga 



The Nile, more than any other river in the world, has been subjected to various 
controls by its human beneficiaries. Menes, the first pharaoh of united Egypt, dammed the 
river over 5,000 years ago to build the city of Memphis (reported by Herodotus in 440 BC). 
Later, the pharaoh Om Hotep used Lake Karoun at Fayoum for the storage of flood waters 
and low-flow augmentation. More recently, with the construction of the Aswan High Dam, 
the Nile has become totally controlled and fully utilized. The diversion of the river channel 
took place on May 15, 1964, and the High Dam was completed in 1968. The reservoir 
reached its operating level of 175 m in 1975 with a totd of 121.3 bcm of stored water. 

The Aswan High Dam reservoir extends over an area of 5,000 km3 with its northern 
two-thirds in Egypt (known as Lake Nasser) and its southern third in Sudan (known as Lake 
Nuba). At Aswan, the Nile is only 87 m above sea level and 1,180 km away from the 
Mediterranean. By the time the river reaches Cairo, it has dropped 74 m in 960 krn. North 
of Cairo, the Rosetta and Damietta branches of the Nile Delta empty directly into the 
hlediterranean. The river slope in the Delta is very low, estimated at only 12 m over 
approximately 240 km. 

A. General Sources of Water Pollution 

A l .  hiunicipal and Rural Domestic Wastes 

hlany canals and drains are suffering from an alarming increase in the discharge rates 
of municipal and rural domestic wastes. The expansion of water supply networks in villages, 
towns, and cities without the parallel construction of new sewer systems or the rehabilitation 
of existing systems has  led to serious water pollution problems. 

Twenty cities in Egypt have sewer systems and wastewater 1,'eatment plants. Very 
few treatment plants operate efficiently. 

Most Egyptian villages, on the other hand, have neither wastewater collection systems 
nor wastewater treatment facilities. There are, however, some pilot projects for the 
treatment of domestic wastewater in three governorates, covering a total of 24 villages: 20 
in Damietta Governorate, two in Menufeya Governorate, one in Dakahleya Governorate, and 
one village in Sharkeya Governorate (Environmental Studies Group, 1989). 

To appreciate the potential of pollution from municipal sources dong the main river 
channel, a review has been made of the distribution of the mcst important communities 
between Aswm and Cairo. Forty-thru: important towns were identified and their distribution 
is shown in Figure 2. The population of these towns ranges between 50,000 and 1 million 
inhabitants so they represent significant sources of municipal effluent. 

Tables 1-5 represent available information about existing sewage treatment works in 
Egypt. The quality of the treated effluent and points of discharge are identified. 
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Existing wastewater treatment facilities 
(Upper Egypt) 
Table 1 

Govern. 
No me 

ASWAN 

QEN A 

AL-OKSOR 

SOI{AG 

ASSlUT 

EL-MENIA 

BEN1 SEWIF 

EL-FAYOUM 

Discharge 
1 000m3/&y 

21 

30 

30 

50 

60 

20 

40 

43  

Point of 
Discharge 
EL-SIL 

DRAIN 
L.R. 

L R .  

SOtlAG 

DRAlN 

L.R. 

EL-MOHEET 
EL-GARBY 
DRAIN 

MOHIE EL-DEEN 

DRAIN 
EL-BAST 

DRAIN 

T y ~ e  of 
Treatment 
AERATED OXIDATION 
POND 

TRICKLING 
FILTER 

TRICKLING 
FILTER 

TRICKLING 

FILTER 

TRICKLING 

FILTER 

TRICKLING 
FILTER 

TRICKLING 

FILTER 

TRICKLING 
FILTER 

- 

COD 
5943 

do00 

5250 

9000 

- 

4800 

- 

7520 

BOD15 
3570 

3750 

- 

4750 

- 

3000 

- 

1960 

Load 
SS. 

8505 

1590 

720 

19850 

- 

8620 

- 

- 

Kglday 
P. 
- 

- 

900 

300 

- 

84 

- 

- 

NH3-N 
126 

I200 

5 40 

1500 

- 

300 

- 

- 



Existing wastewater treatment facilities 
(Delta region) 
Table 2 

Govern. 

Name 
EL-KALUBIY  A 

BAMiA 

Point o f  

Dicciurgs 

AGR. DRNN 

Dirchrrga 

1000msl&y 

42 

EL-SHARKIYA 

ZAGAZEEG 

EL-DAQAHLIYA 

EL-MANSOURA 

MIT M A Z A H  

D E l E l T A  

KAFR E L - B A T E K  

EL-KAI?A 

ADLIY A 

FARASKOR 

EL-RODA 

E L C O N A I M I A  

SHARBAWS 

KAFR E L - A R A B  

EL-BAISHHIA 

E L - R A H M A N U  

AL-ZARKA 

EL-SERW 

MIT EL-KOHLY 

D A K H L A  

KAFR S A A D  

KAFR S A A D  

KOFOR EL-GAB 

KAFR SEL IMAN 

MIT ABO G A L E B  

AL-WASTANY 

RAS EL-BAR 

-bps of  Load Kg ld ry  

Tru tment  COD ( BOD15 I SS. I P. I hH3M 

TRICKLING 

FILTER 

7560 

36000 

4620 

22500 TRICKLING 

FILTER 

90 

25200 

AGR.DRNN 

120 

I 

60 

2.7 

1 .A 

0.4 

495 44010 

AGR. DRNN TO 

EL-MANSOURIA 

AGR. DRAIN TO 

EL-MANSOURIA 

AGR. DRAIN TO 

LAKE M A N Z N A  

KAFR EL-LIATEK 

DRAIN 

LAKE H A N Z U A  

ADLIYA 

DRAIN 

TRICKLING 

FILTER 

AERATED OXIDATION 

POND 

TRICKLlNG 

FILTER 

AERATED OXIDATION 

POND 

AERATED OXIDATION 

POND 

AERATED OXIDATION 

POND 

- 

36 

- 

- ~ 

The facility i s  not operaling 

I FARASKOR 

j D R m  

99 

- 

2.57 

- 

- 

- 

- 

0 . 5  

0.5 

0.5 

0.6 

1.4 

Eatrndcd 

Acrrl~on 

Eat& 

ktuy*~ 

Eat& 

k tum 

Eat& 

13 

- 

ELCONAIhfIA 

DRAIN 

SHARBAWS 

DRAIN 

KAFR EL-ARAB 

DRAIN ! & r u m  

EL-BAISHHIA i AQUUIFE DRAIN 

EL-RAHM ANIA AERATED OXIDATION 

DRAIN l m N D  

- 
- 
- 
- 

8 

- 
- 
- 

32  

- 

84 

- 

27 

61  

19 

17 

- 

- 
- 
- 

- 

- 

1.1 - 
- 
- 

67 

- 

162 

- 

32  

50 

- 

- 

- 

-- 

- 

- 
- 
- 

- 
- 

- 

- 

- 

- 
- 

0.6 

2.2 

1.3 

0.6 

0.6 

7.7 

- 

N I L  

- 

- 

- 
- 

- 

EL-SERu 

DRAIN 

0.6 LflT EL-KOHLY jEatcn6cd 

IDRAIN I r ~ r ~ ~ ~ ~  

0 .6  'BAHAR ELGAT IALR&TED OXIDATION 

DR AIN ~POYD -- 

- 

KAFR SAAD AQL'UIFE 

DRAIN . - 
DRAIN NO 10 4QL'UIFE 

---*--- -... - 
EL-BORAY IAFRATCD OXIDATION 

31 

- 
- 

- 
- 
- 

- 
- 

DRAIN 

MIT ABO C U E 0  
DRAIN 

N-WSATANY 

DRAIN 

19 

21 

POYD 

Eatcnded 

k r a t m  

Eatcr~dtd 

Acrrt~on 

16 

- 

42 

- 
- 
- 

DEPRESSION DUh'Pz-LT- 

17 

- 

34 

- 
- 

- 

; 
- 

-1 

I J  



Existing wastewater treatment facilities 
(Delta region) 
Table 2 (Cont'd) 

Govern. 
Name 

D l u t u r g e  
1000mBl&y 

Pobu of 
Ducbu@ 

EL-MONOFIA 
SHBEN E L - K O M  

M E N O F  

EL-KOM E L A K D A  

SAkfEl, G W A B E R  

EL-GHARBIYA 
KAFR E L - Z I A T  

S A M A N O D  

T A N T A  

M A H L A  i i O B R A  

KAFR EL-SHAK 

EL-BEHARA 
DAMAN'HOR 

SHOBRAKEET 

T y p  of Load Kgldny 
T m m a l t  C O D  ( BOD15 ( SS. I P. 1 ~ ~ 3 - N  

40 

2 4  

0 . 7  

0.7 

AGR. DRAIN 

MENOF DRAIN 

EL-HERF DRAIN 

EL-SHOHADA 
DRAIN 

TRlCKLlNO 
FILTER 
ACTIVATED SLUDGE 

AQUMIFE 

AQUAUFE 

90 

I S  

60 

60 

20 

110  

8 

19600  

9 6 0  

- 

- 

GANAG DRAIN 

AGR DRAIN 

?m 

AGR DRAIN 

AGR DRAIN 

14000 

4 8 0  

9 1  

103  

TRICKLING 
FILTER 
TRICKLING 
FILTER 

TRICKLING 
FILTER 
TRICKLING 
FILTER 

8 0 8 0  

1752 

9 2  

132  

The facihty is not operat ing 

The f rc ihty i s  no1 operat ing 

DAMANHOR 
DRAIN 

- 

192 

- 

- 

29400  

4600 

TRICKLING 
FILTER 

The faclhty IS not operallng 

1600 

N:L 

- 

- 

1120 

16800 

3000 

AGR DRAIN 
RIVER NILE 

TRICKLING 
FILTER 

7 6 0  

3- 

3920  

I 8 3 3  

4 8 0  

5 0  

J 

2400 

%XI 

60 240 



EXISTING WASTEWATER TREATMENT FACILITIES 
(GREAT CAIRO) 
TABLE(3) 
.- 
Govern. 
Name 

Point of 

Discturgs 

Discharge 
1000mlldry 

(a)E AS7 - 
EL-BERKAt! 

- 
EL-GABAL 
EL-ASFAR 

SHOBRA 
EL-KAMAH 

(b)WAST: 
ZENIN 

ABO RWASH 

(C)HELWAN 

- 

TY rw of 

Treatment 

Load Kglday 
COD I BODiS I SS. I 1 P. ) NH3-N , 

1 

ACTIVATED SLUDGE 

.. 

. . 

600 

l ZOO 

600 

BILBEES 

DRAIN 

. . 

SIiEBEEN 

EL-KOM D 

ACTIVATED SLUDGE 

& TRICKLING FILTER 

PRIMER\' f REATMENT 

ONLY. 

ACTIVATED SLUDGE 

330 

720 

350 

NAIilA DRAIN 

EL-MOIIET 

DRAIN 
L.R. 



EXISTING WASTEWATER TREATMENT FACILITIES 
(ALEXANDRIA) 
TABLE (4) 

I 

Load Kglday 
COD I BOD15 I SS. I P. INH3-N 

TYF of 

Trcatrncnt 

Govern. 

Name 
EAST & 

MIDDLE 

WAST 
BORG 
EL-ARAB 

D~scharge 
! 000m'lday 

Point of 

Otuharp 

475 

175 

10 

SEWERAGE 

S Y S T E M  

. . 
0x10 P. 

MECHANICAL 

. . 



EXISTING WASTEWATER TREATMFNT FACILITIES 
(CANAL CITIES) 
TABLE(5) 

' ~overn .  
Name 
EL-ESMAELIA 

POIIT S A I D  

EL-SUIZ 

Type of 

Treatment 

TRICKLING 

FILTER 

PRIMERY 

T R E A ~ E N T  

0XID.P. 

Discharge 
1000rn31day 

90 

I50 

200 

Point of 

Dirhnrgc 

DRAIN 

LAKE MANZALA 

DRAIN 

Load Kglday I 
COD 

28620 

42900 
76000 

BOD15 
13500 

24000 
45200 

SS. 
16380 

106800 
44000 

P. 
- 

- 
- 

NH3-N . 
- 

- 
- 



In Egypt, villages represent a significant source of pollution into the River Nile 
system. There are approximately 4,300 villages in rural Egypt, whose average population is 
10,000 but may be as high as 30,000 (USAID, 1983). 

The number of villages located in the relatively narrow strip of irrigated land along 
the River Nile between Aswan and Cairo is approximately 1,500. 

Number of Villages per Governorate in Upper Egypt 

Governorate 

Aswan 
Qena 
Sohag 
Assiut 
El Minya 
Seni-Suef 
Giza 

Total 1,446 

(1) Villages participati-ng in the US AID BVS project (US AID, 1982) 
(2) Estimated number 

At present most of the rural population depends on on-siz disposal of wastewater. 
The most common on-site disposal facility is a kind of leaching pit without ground floor, 
built inside or in front of the houses. The walls of the pit are made of brickwork with a 
rather open structure. This pit serves to collect excreta and a limited amount of sullage 
water. After biological digestion, wastewater and soluble compounds of the digested excreta 
leach into the soil surrounding the pit. The solid elements are accumulated in the pit at a 
rate of circa 25 liters per person per year. A significant proportion of the households, 
however, lack such a facility. 

The pits have to be emptied regularly by means of vacuum truck. Tfre leaching pits 
are sometimes emptied by hand, which requires people to enter the facilities with buckets. 
The vacuum trucks are generally discharged into nearby drainage canals. 

In many villages in the Delta, the amount of sullage water discharged into the pit is 
limited due to the high level of the groundwater table, which seriously affects the infiltration 
capacity of the surrounding soil. Houses near streams or drains often have drainage pipes 
for wastewater discharge into these streams. 



BOD LOAD OF WASTEWATER DISCHARGING TO THE RIVER NILE 
TABLE(6) 

ASWAN 
STP 
KOM OMBU 
(SUGAR) 
EDFU 
(SUGAR) 
EDFU 
(SUGAR) 
TOTAL 

QENA 
STP 
LOUXOR 
ARMANT 1 
(SUGAR) 
ARMANT 2 
ARMANT 3 
Qus 
(SUGAR) 
DESHNA 
(SUGAR) 
NAGA HAMM. 
(SUGAR) 
NAGA HAMM. 
(ALUMENIUM) 
TOTAL 

SOHAG 
STP 
OlL&SOAP CO. 
SPINNING CO. 
COCACOLA CO. 
TOTAL 

21000 

21000 

88000 
643000 

1972000 

2703000 

30000 
30000 

? 
? 

? 

60000 

46240 
335722 

502510 

884472 

3570 

3570 

2358000 

2358000 

1211920 

- 
1211920 

L.R. 
- 

973000 

973000 

50000 ' 4750 

114000 

76800 

13200 

204000 

322620 

322620 

14580 

14580 

? 
? 

50000 

45600 

21888 

6336 

73824 

84000 

169200 

14400 

16800 

284400 

875 

875 4750 

44520 

36548 

1642 

76440 

159150 



BOD LOAD OF WASTEWATER DISCHARGING TO THE RIVER 
TAB LE(6) 

MINY A: 
STP 

FLOUR CO. 
(5 FACTORIES) 
COTTON SPINNING 

OlLkSOAP AND 
COTTON GINNLNG 
TOTAL 

GOVERN. 
NAME 
ASSIUT 
STP 
PHOSPHATE CO. 
ABU HOL (CARPET) 
POWER GENERATION 
OLWOAP CO. (TO 
SPINNING CO. 
TOTAL 

BEN SUIF: 
STP 
COITON GlNNlNG CO. 

SPlNNlNGkWEAVlNG Ca 

TOTAL 

AWCULT U RE 
Q BOD 

FAYOUM: 
STP 
'IYITAI. 

msJ&ay 
509000 

509000 

DOMESTIC 
Q 

tnsJdsp 

20000 
(IBRAHIMIA CANAL) 

20000 

40000 1 4960 1 I 
40000 1 4960 1 

Lglddy 
115069 

115069 

2193000 

2193000 

2580 
(IBRAHIMIA CANAL) 

1200 
(IBRAHIMIA CANAL) 

24000 

27780 

876320 

876320 

1219000 

14 
2.66 

L.R. 
16.66 

406790 

406790 

40000 

. 

40000 

lo00 
14 

360 
1200 
2574 

60000 

? 

CBRA4IMIA CANAL) 

60000 

L.R. 

1200 
(IBRAHIMIA CANAL) 

1200 
(LAND) 

2400 1219000 



A2. Industrial Wastewater 

Although modem industry has existed in Egypt since the early 19th century, industrial 
exploitation of natural resources increased after World War I. Food processing, textile 
manufacturing, and cement and fertilizer production were the main industries. Industrial 
development in the early 1950s took a new course, shifting away from the tradttional 
agrarian base to heavy industries such as steel, machinery, and chemicals. An important 
feature of Egypt's industrialization at the time was the concentration of new industries in the 
metropolitan areas along the Nile Delta: north and south of Cairo, particularly in Helwan 
and Shoubra El Keima, Kafr El Zayyat, and Talkha, and in the Alexandria metropolitan 
area. 

Because the trend during that period was to support industrial development and attain 
rapid returns on investment, inadequate attention was paid to the long-term issue of 
environmental deterioration. An added problem was that most new industries were state- 
owned, making enforcement of government regulations almost impossible. Although Law 
"93" on wastewater disposal was promulgated in 1962, its regulations and standards were not 
applied to public sector industries, inspection was discouraged, and rules not enforced. Out 
of fear of hindering industrial development, no industry was ever prosecuted under this law. 
As a result, untreated wastewaters have been discharged ever since into the Nile, lakes, 
drains, &d the Mediterranean. 

In 1983, the Ministry of Industry's General Organization for Industrialization (GOFI) 
scheduled an urgent action plan to control pollution of the Nile from the liquid wastes 
discharged by 25 industrial plants belonging to the Ministry. This plan was modified in 1985 
to include 188 industries classified into three categories, according to their effluent discharge 
points. Priority was given to industries discharging into the Nile, followed by those 
discharging into canals, drains and sewer systems, in that order. Apart from the Egyptian 
coke company (Tibeen), which installed a facility for treatment of phenolic waters, very little 
has been implemented. 

The nature of industrial wastes depends upon the processes in which they originate. 
Industrial wastewaters vary in nature from relatively clean cooling water to waste liquids that 
are heavily laden with organic or mineral matter, or with corrosive, poisonous, or explosive 
substances. 

Discharge of untreated or partially treated wastewater is a major cause of water 
pollution. The principal hazard to public health caused by industrial wastes is toxic 
pollution, which may enter a municipal water supply or a stream used for recreational 
purposes. Polluted waters endanger public health not only from direct use of the water but 
through food fish that live in the polluted stream. 

The Government of Egypt reportedly owns and operates 367 industrial facilities. 
Table 7 lists government-owned industries and the ministries responsible for each. This is 
important information when considering the implementation of industrial pollution control 
programs. 



Table (7) 

Public lndustries in Egypt 

Ministry 

Ministry of Industry 
Ministry of Industry 
Ministry of Industry 
Ministry of Industry 
Ministry of Industry 
Ministry of Industry 
Ministry of Industry 
Ministry of Industry 
Ministry of Industry 
Ministry of Industry 
Ministry of Industry 
Ministry of Industry 
Ministry of Industry 
Ministry of Industry 
Ministry of Industry 
Ministry of Industry 
Ministry of Industry 
Ministry of Industry 
Ministry of Industry 
Ministsy of Industry 
Ministry of Industry 
Ministry of Industry 
Ministry of Defense 
Ministry of Defense 

Industrial Sector 

Oil & Soap 
Starch & Glucose 
Sugar & Distillation 
Milk Products 
Canning Food 
Soft Drinks 
Beer 
Macaroni 
Leather & Tanneries 
Tobacco 
Fertilizer 
Plastic & Rubber 
Pesticide 
General Chemical 
Matches 
Pulp 8 Paper 
Textile, Spinning & Weaving 
Jute 
Non Metallurgical Mining 
Heavy Industries 
ALUMINUM 
Transportation Industry 
,Heavy Industries 
Transportation Industry 

Number 
of 

Plants 

24 
6 
9 
9 
5 

10 
2 
8 
3 
6 
7 
5 
2 

12 
3 

16 
80 
4 

11 
15 

1 
5 
1 
1 

22 
33 

2 
5 
5 

25 
3 
6 
8 

13 

767 

Ministry of Industry 1 MISCEUANEOUS 
Ministry of Economics  innin in^ of Cotton 
Ministry of Agriculture 1 Wine 
Ministry of Agriculture Ionion & Vegetables Dehydrating 
Ministry of Supplies 1 R I C ~  Mill 
Ministry of Supplies 
Ministry of Petroleum 
Ministry of Health 
Ministry of Housing 
Ministry of Electricity 

Flower Mill 
Petrochemical 
Pharmaceutical 
Cement 
Power Station 

Total 



The Ministry of Industry, however, is the major owner of governmental facilities. It 
owns 72 percent of the 367 public industries, followed by the Ministry of Economics with 9 
percent, and the Ministry of Supplies with 8 prcent. Ownership of the remaining 11 percent 
is split between the Ministries of Defense, Eiectricity, Agriculture, Housing, and Health 
(RNPD, 1989). 

Most of these industries are discharging their wastewater without treatment into the 
River Nile, m t a l  lakes, agricultural drains, and canals. The government factories at 
Helwan and Hawamdia are listed in Table 8. 

At present, industrial use of Egypt's water is estimated to amount to 3.7 bcrn/year. 
Out of this total, 2.1 bcmlyr is used as cooling water (e.g., power plants) and 0.6 bcmlyr is 
used as process water. By the year 2000, the industrial use of water is estimated to increase 
from 2.1 to 6.7 bcdyr  for cooling water and from 0.6 to 3 bcm/yr for process water 
(GOFI, 1985a). Under such projections, nearly five times the current quantity of industrial 
effluent (process water) will have to be treated and discharged into the various aquatic 
components of the Nile system. Whether or not these projections are reached, it is clear, 
that growing industrialization is taking place in the short term, resulting in an increase in the 
volume of effluents and toxic wastes and in the variety of toxic contaminants discharged into 
the river system. The situation calls for the implementation of pollution control measures for 
the existing industries and information and monitoring systems for this growing 
industrialization. 

B. Greater Cairo Sources of Water Pollution 

Greater Cairo and Helwan has a population of some 15 million and includes areas that 
are industrial, commercial, residential, or mixed. Heavy industry is generally located around 
Helwan and Shoubra El Kheima with various large individual factories located throughout the 
city. 

Many small industries are spread throughout the city; wastewater discharges from 
these industries are generally low in volume. However, short discharges of highly toxic 
material may cause problems. 

Some districts are also centers for specific types of industry, such as tanning (Ein 
Sierra), and the combined discharges from such areas can present a problem. 

Industry in Greater Cairo comprises 75 percent public and 25 percent private sector 
factories. Of the public sector factories, GOFI monitors some 80 percent. The other 20 
percent are under different ministries such as Health and Housing. 

The 127 public sector factories under GOFI control (December 91) are classified as 
follows: 

23 chemical industries 
27 textile and spinning industries 



Table 8. Factories at Hzlwan and Hawamdia 

FACTORS B U T  NORTH HELVIAN 

EGYPTIAN STARCH AND GLUCOSE CDMPAXY 
TOURA PORTLAND CEMENT COMPANY 
THE EGYPTIAN TELEPHONE COMFAlVX 
M I L I T A R Y  FACTORY NO 45 (MAASARJ. CO. FOR ENG. I N D U S T . )  
THE EGYPTIAN COMPANY FOR F J I P E S  mD CEMLWT PRODUCTS 
E-NASR AUTOMOBILE MANUFACTLTCING TOMPmY. 
THE EGYPTIAN TRANSPORTATION 
CAIRO SOUTH POEWR STATION.  
EL-NASR S T E E L  P I P E S  AlJD F I T T I N G S  COKFANY. 
LASOCIETE CENERAL EGYPTIENNE DE 1"LATERIA.L DE CHEMINS DE FER 
(SEMAF) 

MILITARY FACTORY NO 99 
MILITARY FACTORY NO 9 (HELWAET IRON FOUNDRIES) 
MILITARY FACTORY NO 9 9 9  (NACHINE TOOLS) 
MILITARY FACTORY NO 909 (HELWAN D I E S E L  ENGINE CO.)  
MILITARY FACTORY NO 63 (NO FERROUS METAL CO.) 
GALVANIZING FACTORY ( Z I N C  COATING) 

FACTORIES  AT SOUTH HELWAN 

M I S R  COMPANY FOR EQUIPMENT OF S P I N N I N G  AND WEAVING 
HELWAN S P I N N I N G  AND WEAVING CO 
STELCO COMPANY. 
HELWAN PORTLAND CEMENT COMPANY. 
MILITRARY FACTORY NO 360 
MILITARY FACTORY iJO 3 6 (AIRCRAFT FACTORY) 
MILITARY FACTORY NU 135 (ENGINE FACTORY) 
CEMENT FACTORY O F  EL-TEBEEN. 
NATIONAL CEMENT COMPANY. 
EGYPTIAN IRON & S T E E L  COMPANY. 
EL-TEBEEN POWER STATION 
PREFABRICATED HOUSES COMPANY. 
EGYCO . 
SOUTH CAIRO FLOUR MITT.. 
EGYPAC 
GENERAL METAL COMPANY 
( C H P I I C A S  F E R T I L I Z E R  PLANT) 
( E L  NASR CO. FOR COKE AND CHEMICALS) COMBINED 
EL-NASR FORGING INDUSTRY 

F A C T O R I E S  AT HAWAMDIA 

36. SUGAR REFINERY O F  HAWAMDIA 
37. SUGAR AND D I S T I L L A T I O N  COMPANY 
3 8 .  FACTORY O F  ORGANIC CHEMICAL INDUSTRY 



7 metal industries 
Q 32 food industries 

29 engineering industries 
9 mining and refractories industries 

These industries consume some 162 million m3/year of water and discharge some 
127.5 nlcrntyr of effluent. . - 

55.5 M.m3/year discharge to the sewers 
6.5 M.m3/year t~ underground and superficial drains 
24.5 M m3/year to canals 
21.0 M.m3/year to drains 
20.0 M. m3/year unidentified 

w 

'To date the major polluted areas in Greater Cairo have been identified as Shocbra El- 
Kheima and Helwan. Industries in Greater Cairo car. be classified as follows: 

Indus: -one located between south Maadi and Helwan: 

0 El Nasr factory for the production of automobiles 
Factory No. 9 cast iron works 
Factory No. 63 casting for non-ferrous metals 
Factory No. 909 diesel engine manufacturers 
S tee; pipe manufacturer 

0 Cement factory 

These factories are not connected to the sewerage network and some discharge their 
wastewater into lagoons. 

South Helwan. This zone contains the iron and steel complex aeroplane 
manufacturer plus He1 wan textiles. Figure 3 shsws the location of industries in Elwan, 
with the respective names listed in Table 8. 

Shoubm El Kheima. Various factorit are located in this zone and include: 

Spinning, weaving, and dyeing 
Glass manufacture 

0 C;ble manufacture 
, ,lectric appliance 
( '2ment pip 
hr, 'id foundries 

The results of a wmprehensivt study carried out by the WPCD of the NRC are 
presented in Figures 4, 5, 6, and Table 9. 



Figure 3. Greater Cairo Area 
Factories at Helwan and Hawamdia 



Figure 4 
PERCENTAGE DISTRIBUTION OF INDUSTRIES 
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Figure s 
WASTEWATER DISCHARGED FROM DIFFERENT 
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Figure . 6  
LOADS OF POLLUTION CONTRIBUTED FROM 

DIFFERENT INDUSTRIAL SECTORS 
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Table 9. Organic Load Contributed by the Different Industrial Sectors in Shoubra El- 
Khema 

Source: National Research Center (NRC) and WPCD 

Type o f  

Industry  

COD Load 

(Kg/day) 

BOD5 Load 

) (Kg/day) 

Miscell- 

anecus  

1366.9  

244 .9  

o i l &  
Soap 

7006 

4568 

Starch  

Y iest 
g l u c o s e  

3239.4 

P u l p 6  

Paper 

2322.3  

Metal 
Ind. 

11676.3  

I 
1257.7  1148 

P l a s t i c  
& 

Rubber 

236.7  

- 
661 .7  7 7 . 9  

T e x t i l e  

& 

Dyeing 

26372.3  

Total  Load 

52219.9  

8533.9 16492.1  



Imbaba Industrial Zone. This zone contains many large factories that drain their 
effluent into the Giza sewerage system. These factories include textile and metal producers, 
printshops, and shipyard workshops. 

Diffuse Factories. The second category is diffuse industrial units, often with smaU 
work forces and located within the residual areas. 

Tanneries. Cairo has approximately 52 tanneries, all in one area south of the city. 
They discharge acids, chrome salts, and animal residues (including blood, hair, intestinal 
contents, and fat). 

In general, industrial wastewater in Greater Cairo represents 23 percent of total 
industrial wastes in Egypt (December 91). 

It should be mentioned, however, that projects being undertaken by CWO and GOSD 
involve the construction of an extensive sewerage network and six major treatment plants. 
Three will be located on the East Bank, two on the West Bank, and one at Helwan. These 
plants will significantly reduce pollution within the city and provide the potential for effluent 
and sludge reuse in agriculture. 

Three of the treatment plants (Zenein, Helwan, and Berka) are already in operation 
and the others are under construction at Gabal El Asfar, Shoubra El Kheima and Abu 
Rawash. By 1995, total treatment capacity shou.ld be 3,280,000 m3/dy (Table 10). 

C. Agriculture as s S x m e  of Water Pollution 

Egypt is one of the few countries in the world where agricultural production depends 
almost entirely on artificial irrigation. The main source is the Nile, which provides irrigation 
water for 7.2 million feddans (El Goweily, 1991). 

The water is transferred from the Nile to the fields through a system of main canals 
and rayahs, secondary canals, third order canals, and Meskas. The length of the irrigation 
system is about 30,309 km. 

The cultivated area is covered with a network of drains starting from the collectors 
and ending with the main drains. The total length of the drainage system in Egypt is about 
17,497 km. Most of the drainage system of Upper Egypt discharges wastes into the River 
Nile, while most of the Nile Delta discharges into the northern lakes or directly into the sea. 

The major impacts of agricultural activities on water quality are the following: 

Changes in salinity due to agricultural activities 
Q Increasing water quality deterioration due to chemical fertilizers and pesticides 
Q Possible eutrophication of water bodies due to leaching of fertilizers 



Table (1 0) 

Treatment Plant Capacity within 
the CWO project Area 

Commissioned as primary treatment plants, secondary treatment units under construction. 

P= Primary treatment S= Secondary treatment 

Capacity 
m3/day 

1,000,000 
600,000 
600,000 
350,000 
400,008 
330,008 

3,280,000 

- 

Treatment 

P+S 
P* 
P* 
P+S 
P 
P+S 

Name 

Gbal El Asfar 
Berka 
Shoubra El Kheima 
HeSwan 
Abu Rawash 
Zenein 

Total Capacity 

Location 

East Bank 
East Bank 
East Bank 
East Bank 
East Bank 
East Bank 



The impacts of the above factors vary from place to place depending on a variety of 
factors, which fluctuate due to many variables, including management activities. 

C1. Irrigation and Salinity 

The increased salinity arising from irrigated agriculture is considered to be an acute 
problem in the arid and semi-arid areas of the world. Some countries that are particularly 
affected are listed in Table 1 1. It is estimated that 60 to 80 million of the 270 million 
hectares presently irrigated worldwide are affected to some extent and another 20 to 30 
million hectares are severely affected (UNEP and WHO, 1988). 

It is estimated that because of irrigation in Upper Egypt, nearly 2.3 billion m3 of 
drainage water is returned to the Nile annually, either directly or indirectly. This means that 
total soluble salt concentration of the Nile is higher in lower Egypt (250 ppm) as compared 
to Upper Egypt (180-200 ppm) (Abu zeid, 1988). Fortunately, because of the high dilution 
effect of the Nile, this increase in salt concentrations is not significant in terms of any type 
of possible water use. 

However, the salinity of drainage water in Egypt is, of course, much higher than that 
of river water. The salt concentrations vary from location to location, dqxnding on soil 
type, texture, irrigation practices, cropping patterns, and other special factors such as 
seawater intrusion. Even at each individual location, salinity of drainage water varies every 
month, with the highest observed values in January and February when the irrigation system 
is closed for annual maintenance, and during June to August when cropwater requirements 
reach peak values due to maximum evapotranspiration losses. The average salinity of 
drainage water in the Middle Delta during 1980 to 1983 and 1988 are shown in figures 7 and 
8. Comparison of the available data indicates the tremendous increase in salinity during this 
period. 

It should be mentioned, however, that with the continuity of the ongoing projects of 
rationalization of irrigation water use, improvement of the irrigation networks (lining of 
canals and modification of gates) and promotion of night irrigation, tailend losses will 
decrease, thus reducing the quantity of drainage water. This mpv lead to higher 
concentrations of salt, residual pesticides, and other pollutants. 

Effective management of waterlogging and salinity requires highly developed 
institutional arrangement and enormous financial resources, i' irrigated agriculture is to be 
sustained at the required levels. 

C2. Fertilizer Application and Nutrients 

The exponential increase in fertilizer use in countries thrc~ghout the world is well 
documented. Egypt is no exception. 

The heavy reliance on fertilizer and herbicides is directly related to the construction 
of the Aswan High Dam, P.ior to the construction of the dam in 1964, 24 million tons of 





FIG ( 7 )  Average r r l i n i q  of ;he drainage water in the Uiddle Delta 
In g/a3 daring 1988. 
Source: Abu-Zeid M. 6 Biswas,A.K. 





silt were deposited on the Egyptian flood plains per year. This amount has decreased to 2.1 
million tons per year, with the remainder settling in southern Lake Nasser (Figure 9). The 
loss in nitrogen (Sediment N) and phosphorus (Soluble P) is estimated to be 12,000 and 
6,000 tons, respectively. This loss has required a significant increase in the use of 
fertCzers, which in turn has resulted in increased values of nutrients and phosphorus in the 
soil, a d s  a d  drains (Environmental Studies Group, 1989). Table 12 presents the amount 
of fertilizers used in agriculture between 1952 and 1989. 

The increase in nutrients from fertilizer seepage, coupled with clearer waters resulting 
from the elimination of silt have greatly stimulated weed growth. About 4 percent of the 
GOE's waterway maintenance program has been devoted to using herbicides. To combat the 
Bilharzia (snail) problem, canals and drains are also sprayed with Bayluscide (Baldwin, 
Ferguson, et al., 1988). 

C3. Pesticides 

Only limited attention has been given to the leaching of pesticides fkom cultivated 
land, despite the fact that use of these compounds has increased greatly in recent years and 
new compounds have been introduced particularly since the DDI' ban in the late 1960s 
(Figure 10). 

Among the many factors that affect the leaching of pesticides to water bodies are, 
properties of individual pesticides, soil characteristics, hydrogeological conditions, climatic 
factors, and cropping patterns which dictate type, rate, and timing of pesticide ap~lication. 
Because of so many variables, it is not possible to generalize on the extent of pesticide 
leachings to water bodies or their concentration levels. 

Presently, 11ot enough is known on the impacts of pesticides on human and animal 
health. This is because toxicological research on all the currently approved pesticides has 
been grossly inadequate. WHO guideline limits for selected pesticides in drinking water are 
shown in Table 13. 

About 620,000 tons of about 200 different types of pesticides have been used in the 
Egyptian environment over the last 30 years. Table 12 presents the annual wnsumption of 
pesticides in Egypt (1952-1989). 

Egypt's heavy reliance on pesticides to increase food production and protect its crops, 
as in the case of cotton, a primary export commdity, poses a serious environmental risk. It 
has been estimated that every square meter of the Delta has received 30 grams of pesticide 
since 1952 (Baldwin, Ferguson, et al., 1988). 

The uncontrolled use of pesticides, which results in residues seeping from the soil to 
the irrigation water, into the drains, and finally Into the Nile, poses serious environmental 
and health risks. 



Table 12. Insecticides and Chemical Fertilizer Use in Agriculture 

Source: CAMPS (1990) 

Potassium 
Fertilizers 
(Tons) 

- 
36400 
50506 
50767 
601 77 
61 441 
56322 

Phosphatics 
Fertilizers 
(1 000 Tons) 

92 
1064 
1094 
1223 
1236 
1272 
1 204 

Year 

1952 
83/84 
84/85 
85/86 
86/87 
87/88 
88/89 

Insecti- 
cides 
(Tons) 

21 43 
1631 6 
16371 
23461 
2071 8 
171 52 
17997 

Azot and 
Ammonia 
Fertilizers 
(1 000 Tons) 

648 
4815 
4123 
4999 
501 3 
51 04 
4983 



Table (1 3) 

WHO recommended guideline limits 
for pesticides in drinking water 

Atrazine 
Bentazone 
2,4-D 
Lindane 
MCPA 
Met hoxyc hlor 
Metolachlor 
Pendimethalin 
Pyridate 
Simazine 
Trifluralin 

YHO Guidelinr; 
(m911) 



Cicsure 
L I ------ 

i A f t ? ?  Clan 
CC - 
b 

C!osure 

Fisurt i 9 :Seiimcnr conc:nunrions in the Niic before a ~ d  rrfic: 
me ciosm: of the Hign 3am at G&j, 25 .km tx: low . ~ S W Y I  

Sourc:: Scamp (1983) 

Pestlclocs 
praauc:lon 

an0 use  

Figure( ~@H)Hhtoric trends in pesticide use 

hme: UNEP 6r WHO (1988) 



In a study conducted between August and October 1979, in three selected agricultural 
areas, Lindane, Endrin, DDT, and its degradation product ODD) were detected in al l  soil 
and water samples collected, the highest concentration being that of DDT. Figures 11 and 
12 present the different concentrations of organophosphorus and organochlorine pesticide in 
Nile water, fish, and soil. 

Concentrations of selected organo-phosphorus and organochlorine pesticides in 
Hadous Drain during August and October 1979 are shown in Figures 12 and 13. 

Contamination of groundwater by pesticides has become an important cause for 
concern prin~arily in Europe and North America. Little information is available on 
groundwater contamination with micro-pollublts. 

D. Northern Lakes 

Three major environmental problems impact inland lakes: land reclamation, runoff 
from surrounding areas, direct discharge of untreated wastewater, and discharge of irrigation 
water from drainage canals. Collectively, these problems have contributed to a significant 
deterioration of water quality and the disappearance of several important species of fish. 

Land reclamation by indiscriminate filling of inland lakes and marshlands has a 
detrimental effect on the entire ecosystem, diminishing fishery resources, destroying the 
habitat for migratory water fowl, and frequently causing significant changes in water table 
levels in the surrounding area. Runoff, particularly in proximity to agricultural areas, may 
lead to serious contamina!ion from herbicides, pesticides, and fertihrs,  often misused and 
over applied. Discharge of untreated wastewater and irrigation water from drainage canals 
into inland lakes is a major source of contamination, introducing persistent materials such as 
heavy metals, carcinogens, and other toxic wastes. 

According to 1990 estimates, about 13 billion cubic meters of agricultural drainage 
water are discharged annually into the Mediterranean and the Delta lakes (El Khordagui and 
Mancy, 1981). Three of the four major Eastern Delta drains discharge into Lake Manzala, 
most of the 11 Middle Delta drains discharge into Lake Burullus, one of the two main 
Western Delta drains discharges into Lake Edku, with the other discharging into Lake 
Maryut, and two of the eight Middle Egypt drains discharge into Lake Qaroon 
(Environmental Studies GroupESG, 1989) (Figure 18). 

The most important northern lakes are Manzds, Maryut, Idku, Burullus, Malaha, and 
Bardawil. 

Dl. Lake Manzaln 

Lake Manzala is located on the northeastern edge of the Nile Delta, between Damietta 
and Port Said. It is separated from the Mediterranean Sea by a sandy beach ridge which has 
three open connections (bugaz) between the lake and the sea. 



Figure 1 1 .  Concentration of Pesticides (Organo-phosphorus) in Soil Samples 
Collected from El-Mansora Province 

Figure 12. Concentration of Organochlorine Insecticides in Soil (Samples Collected 
from El-Mansoura Province during August 1979) 

A-34 
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Academy of Scientific Research and Technology. Cairo. 1982. 

Figure 13. Concentration of Total Organochlorine Insecticides in River Nile 
Waters (1979) 



Figure 14. Concentration of Organophosphonrs Insecticides in River Nile Waters 
During 1979. 



Figure 15. Concentmtion of Organochlorine Insecticides in Fish Samples Collected 
from River Nile 



Figure 16. Concentrations of Pesticides (organo-phosphorus) in Bahr Hadous Drain 
During August & October 1979. 

Source: Aly r a d  Badawy, 1981. 



Figure 17. Concentration of Organochlorine Insecticides in Bahr I-Iadous Drain 
During October 1979 

Source: A l y  ant1 Ili~clrrwy. 190 1 
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Lake Manzala used to include 1,698 sq km. However, continuous land ..-eclamation 
projects set up to meet a rapidly growing population have significantly decreased the size of 
the lake, which reached 769 sq. km, in 1988. 

- According to a USAID-funded study on Egypt's biological resources, 'existing plans 
will reduce it to 469 sq. km' (Baldwin, Ferguson, et al., 1988). Land rezlamation for 
agriculture together with the introduction of perennial irrigation, the construction of cards 
and drains, and the discharge of nutrients have greatly rnodXed rate Manzala. 

Today, the lake is characterized by low saline levels near drain and canal outlets in 
the south and west, saline waters in the extreme northwest, and brackish waters over most of 
the remaining areas. Table 14 presents the nutrient load discharging into Lalce Manzala in 
1982 (Maclaren Engineers, Planners and Scientists Inc., 1982). The data suggests that there 
are several sources contributing to the contamination of the lake, incl~sding wastewater from 
Cairo discharged though Bahr El Baqar, Hadous, and El Sinv drains. 

Nutrients from the major drains have modified the aquatic life, resulting in a less 
diverse but highly productive system, which supports a large wmmercial fishery. In the El  
Genki region irr the south, fish standing stock densities rn h e  highest in the lake, reaching 
700-1,300 kglfeddan. In addition, El Genki also enjoys the highest average yield of 850 
kglfeddan for open fishing and 2,000 kglfeddan for closed fishing (Maclaren Engineers, 
Planners and Scientists Inc., 1982). 

The lake is of international importance as a wintering area for water birds, mainly 
ducks (100,000) and coots (150,000), and is used in the summer by many migrating species. 
In addition, aquatic birds are an important resource both locally and inter.!ationally. 
According to a 1982 estimate, 135,000 birds are sold on the local markets annually for a 
value of approximately LE 100,000 (Maclaren Engineers, Planners and Scientists Inc., 
1982). In June 1988, approximately 1,200 hectares in the eastern part of Lake Manzala in 
the Port Said Governorate were declared a natural protectorate (Baldwin, Ferguson, et al., 
1988). 

The lake is very shallow, with an average depth of 1.3 m. The water in the lake is 
not mixed uniformly, due to the islands. The lake can be divided into five basins, which 
each have a different salinity regime (Figure 19). 

It is worth mentioning however, that the implementation of the Northern Sinai 
Agricultural Development project will involve the diversion of 1,270 million m3/year of 
drainage water through El-Salam Canal for land reclamation in Sinai. The reduced flow 
toward Lake Manzala will increase the salinity of the lake, especially in the southern part. 

This will affect the fisheries in the lake. The yield of freshwater species might 
decline, while yields of marine species will increase. 







D2. Lake Maryut 

Lake Maryut, which is located south of Alexandria, consists of a series of shallow, 
brackish, in te ra I~e~ted  basins that are used extensively as discharge sites for heavy 
industrial and domestic wastewater. Little information has been published on conditions of 
the lake in the last 10 years, but several environmentalists have expressed concern about the 
alarming conditions prevailing in the W. 

According to a study on industrial waste disposal in Alexandria, the effluent froril the 
city's eastern sewage treatment plant, which handles a discharge of about 100,000 cubic 
meters per day, is discharged into Lake Maryut, now considered to be an enormous waste 
disposal oxidation pond covering as area exceeding 3,000 hectares. In addition, an average 
of 100,000 cubic meters of wastewater from the city's southern industrial area is discharged 
daily into the lake. Lake Maryut also receives the agricultural drainage water from the west 
bank of lower Egypt, which ranges from 6 to 7.5 million cubic meters a day (Mitwally, 
1981). 

The Moharrem Bey Industrial Complex, in Alexandria's southern area, comprises 
paper reprocessing, textile finishing, yeast and starch production, and edible oil refining 
plants, as well as a foundry and several small plants for production of matches and macaroni. 
The effluent of all plants, except that of textile finishing, is discharged into the lake at an 
approximate rate of 12 million cubic meters per year. The heavily polluted effluent from the 
textile finishing plmt is discharged into the lake f h u g h  a separate outfall at a ~ .  mual  rate 
of approximately 5 million cubic meters (Hamza, 1981). 

The high eutrophication resulting from industrial and agricultural runoff threatens 
Lake Maryut's biological and economic productivity. Over the past 10 y m ,  fish production 
has dropped by approximately 80 perctnt. Moreover, even the few species of commercially 
utilized fish it produces are threatened. According to the Baldwin study on Egypt's 
biological resources, the lake has experienced seven fish kills from heavy concentrations of - 
DDT, DDE, and Lindane (Baldwin, Ferguson, et al., 1988). Current conditions of the lake 
can, for all practical purposes, be regarded as an ecological disaster, with significant 
potential for long-term damage to the surrounding environment and health of the general 
public. 

D3. Lake Idku 

Lake Idku is a shallow marine lagoon located east of Alexandria and connected to the 
Abu Kir Bay. The lake makes an important contribution to Egypt's economy. It supports a 
commercial fishery and supplies the brackish water to Abu Kir Bay that is necessary to 
nurture its shrimp fishery. Lake I d h  also supports regular bird catching activities (Baldwin, 
Ferguson, et al., 1988). However, agricultural drainage and indushial wastes dumped into 
the Abu Kir Bay are negatively affecting the lake. 



D4. Lake Burullus 

Lake Burullus lies midway between the Nile's two branches. It is internationally 
important as a sanctuary for wintering birds. Connected to the Mediterranean, its waters are 
shallow and brackish. 'It supports a commercial fishery and its southern shores are used ror 
enclosing shallow basins to capture or rear fishw (Baldwin, Ferguson, et al., 1988). 

DS. Lake Qarun 

Lake Qarun is situated in Fayoum, southwest of Cairo in the westem desert. It 
covers approximately 214.4 sq. km, stretches 45 km from east to west, and about 9 km from 
north to south at its widest point, with no outlet. The average depth of the lake is 4.5 m, 
and it is 44 m below sea level. 

The two principal drains entering Lake Qam are El Bats and Wadi. A third drain 
also enters the lake at the southwt edge, El Bashma Drain. Of the three drains, El Bats is 
the largest, contributing about 10 times more flow to the lake than the Wadi Drain and about 
30 times more flow than the El Bashma Drain. 

The constant inflow from the drains with no outlet except largely through evaporative 
losses has resulted in substantial increase in the salt content of the lake (3.3 percent). At the 
current rate of salinity increase, the total dissolved solids concentration could reach 50,000 
mg/l or more by the y a r  2000. This will affect fish production and the available fish 
species. 

D6. El bialaha and Bardawil Lakes are both located in northern Sinai, El Malaha 
bordered by the Suez Canal, and hdaweil situated west of A1 Arish. They are both 
shallow and hyper-saline, and have several outlets to the Mediterranean. Commercial fishing 
is well established at both lakes. 

El Malaha is a particularly i m p m t  habitat for breeding, migrating, and wintering 
aquatic birds. It seves as a nesting ground for flamingoes and slender billed gulls (Maclaren 
Engineers, Planners and Scientists Inc., 1982). 

Baradwil, on the other hand, atuiitts bird hunting, especially for quail, for market 
purposes (Baldwin, Ferguson, et al., 1988). 

E. Assessment of Water PoUution Effects 

Assessment of available information shows that the Nile and its waterways in Egypt 
currently suffer from increasing pollution caused by the discharge of untreated industrial and 
domestic wastewater, contaminated agricultural drainage water, and oil and grease from 
navigation. 



River Nile Research Institutt (RNI) has repod  that 63 ~Iischarge points along the 
ETile are from industrial effluent, power stations, and domestic wtes and 79 discharge 
points are mainly from agricultural drains (Table 15). 

The industrial wastes are considered a main s o w  of wi:m pollution, because of 
their toxic chemicals and organic loading. It is estimated that *wastewater frurn 350 industries 
are discharged directly into the Nile or through municipal syetems which disclmge into the 
Nile. Table (16) shows the overall volume and polluting loads for thc various regions of 
Egypt and Table (17) presents the main polluting industries. 

Studies of special and seasonal distribution of trace metals in river water and 
sediments reveal the presence of higher concentrations of chromium and manganese in ad 
diments. In most examined san~pls, however, concentrations of copper and lead were 
found to the lowest. Profiles of rnetals in sediments ala indicates differences in 
concentrations, and demonstrates contamination h r n  wastewater discharges. High 
concentrations were found at Helwan, Kah El Zayat, and Talkha (Ragaaei, 1982). 

In Helwan, the Iron and Steel Factory and the Nasr Automobile Company discharge 
large quantities of toxic wastes. Accordir~g to the Helwan Wastewater Master Plan (1987), 
the industria! wastewater discharged from the Helwan area amounts to 42,314,000 cubic 
meters per annum. In Talkha, a study of the El Nasr company for Fertilizers and Chemicals 
(SEMADCO) reveals that until 1982, unb;eated process wastewater was discharged into the 
Tawila Drainage canal and into the Nile ilt rates of 1,000 cubic meters per hour (Weston, 
1982). 

In Shoub~r, El Kheirna, which represents one of the highest coricentrations of industry 
in Egypt, industrial activities range from ~ e t a l  production, foad processing, detergent and 
soap manufacturing, to textile finishing a - d  paper production. Huge volumes of untreated 
wastewater are discharged into agricu1tu:ral drains ciaily. Water Pollution Control 
Department, 1984-1989 industries were identified as being the major sources of water 
pollution in the area. The textile industries representing 48.3 percent of the total number are 
the main contributors to organic load, at almost 52 percent (26,372 kglday). 

The metal industry, on the other hand, which represents only 15 percent of the total 
number, discharges almost 50 percent (49.8) of total wastewaters discharged as0 contributes 
7.6 percent of the total BOD, load (El-Gohary et al., 1990). 

The Nile 2nd its waterways also suffer from an alarming increase in the discharge 
rates of municipal and rural domestic waste. The expansion of water supply networks in 
villages, towns, and cities without the parallel construction of new sewer systems or the 
rehabilitation of existing systems has led to serious water pollution problems. A limited 
number of cities and towns in Egypt have sewer systccls and wastewater treatment facilities. 
The effluent of these plants, in many cases, is not complying with the standards. The plants 
are receiving wastewater exceeding their designed capacity in addition to not Wig operated 
and maintained properly. 



Table 15. List of Drains & Industrial Effluents 

I Name - Description 
No. I 

1 
2 
3 
4 . 
5 
6 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
32 
33 
34 
35 
36 
37 
38 
39 

Sewarage Orain 
Agricultural Excess Water R.B. 
Agricultural Excess Water R..B. 
Au~iwiiutui Excess %:x Z S .  
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Over Flow From Canal R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
lndustrial Effluent R.B. 
Agricultural Excess Water R.B. 
Agricuttural Excess Water 1 8 .  
AgricuI*~ ral Excess Water R.B. 
Agrfcuitural Excess Water R.B. 
Power Station 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Mixed From Water & Ind. R.B. 
Agricultural %cess Water R.B. 
Agricultural Excess Water R.B. 
Agricub:al Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water LB. 
Agricultural Excess Water LB. 
Agriwltural Excess Water R.B. 
Power Station 
lndustrial Effluent LB. 
lndustrial Effluent L.B. ' 

Industrial Effluent LB; . 
Agricultural Excess Water R.R. 
Agricultural Excess Water L.B. 
Agricultural Excess Water E.B. 
Industrial Effluent R.B. . 
Agricultural Excess Water L.B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water 18 .  
Industrial Effluent L.B. 
lndustrial Effluent L.B. 
Industrial Effluent L.B. 

6.000 
9.900 

37.250 
A 2 . W  
46.550 
47.1 50 
47.500 
48.000 
48.850 
49.1 00 
50.000 
51 .OOO 
53.000 
55.000 
57.650 
63.600 
64.650 
70.450 
70.750 
73.850 
75.750 
76.000 
99.850 

101.750 
109.250 
116.200 
119.600 
122.450 
122.500 
123.000 
135.600 
139.500 
143.100 
147.000 
149.100 
187.700 
196.700 
204.500 
204.505 
204.510 

I 
Aswan SewerageDrain 
Khour El Sail Drain 
fl Tawansa Drain 
FI Shoikh Ihrak.=r;-, =;&::,;; 

El Ghaba Drain 
Abu Wanas Drain 
G.B.Drain ' 
El Shatb Drain 
Main Draw Drain 
EL Berba Drain 
Korn Ombu Sugar Ind. 
Kom Ombu Drain ' 
Benban Drain 
Meneha Drain ' 
Main Ekleet Drain 
Ekleet Power Station 
Berak El Raghama Drain 
Fatera Drain 
Khour El Sail Drain 
Selesla Orain 
Kagouk Drain ' 
Awana Orain 
Radisia Drain 
Hasia Drain ' 
Hager Drain ' 
Edfu Drain ' 
Kalh Power Station 
Edfu Paper Pulp A. 
Edfu Paper Pulp B. 
Edfu Sugar Ind. 
El Mahameed Drair 
Houd El Saba~a 
Hagz El Bahary Drain 
Seba Phosphate dram 
Hagar El Sebia 
I*lrataana Drain ' 
Ghoreara Drain 
Armant Sugar Ind.1 
Arrnant Sugar lnd.2 
Annant Sugar lnd.3 



Table 15. List of Drains & Industrial Effluents (continiled) 

Source: River Nile Rerurch htitutc 

I 

Serial 

No. 
40 
41 
42 
43 
44 
45 
46 

47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 

Km From 
Asuan 

209.000 
220.800 
220.850 
224.500 
236.033 
237.700 
245.100 
246.850 
25 1.550 
265.300 
265.400 
270.700 
275.900 
286.750 
288.800 
299.750 
314.000 
331.200 
333.500 
337.500 
340.350 
343.200 
343.250 
363.000 
377.800 
384.000 
392.750 
432.700 
443.200 
444.550 
445.600 
445.605 
454.700 
473.850 
486.400 
486.700 

Name Description 

El Salamia Drain ' 
El Mraibia Drain ' 
El Rayayna Drain 
Outlet Louxor Water Treatment ' 
El Zeinia Drain 
Habail El Sharky Drain 
El Shanhoria Drain 
Ques Sugar lnd. ' 
Danfik Drain 
Sheikhia(E1 Hagaza) Drain ' 
Grinding Mill ' 
El Ballas Drain 
Katt (Oitt) qrain 
El Tramasa Drain 
Khour El Sail Qena ' 
Eahari Dandra Drain 
Deshna Sugar ind. 
Hamad Dram ' 
Saldmia Drain ' 
Alumenium Ind. ' 
Magrour Hoe Drain 
Naga Hammadi Sugar 1nd.A. 
Naga Hammadi Sugar 1nd.B. 
Abu Homar Power Station 
Naga Hamadi Drain 
Abu Shousha Drarn ' 
Mazata Dram 
Essawia Oram ' 
Onton Ind. 
Souhag Drain 
Souhag Oil Ind. 
Cocacola Ind. 
Seflak Dram 
Ekheem Drain 
Raaina Dram ' 
Tahta Oram 

.4gricultural Excess Water R.B. 
Agriarkfxcess Water From Canal LB. 
Agricultural Excess Water LB. 
Industrial Effluent 
Agl icullural Excess water Re. 
Agricultural Excess Water R.B. 
Agricult.Excess Water From Canal R.B. 
Industrial Effluent R.B. 
Agricultural Excess Water L.B. 
Agriwltural Excess Water R.B. 
Industrial Effluent L.B. 
Agricultural Excess Water LB. 
Agricultural Excess Water R.B. 
Agricultural Excess Water L.B. 
Mixed From Agr.& Ind. R.B. 
Agricult.Excess Water From Canal R.B. 
Industrial €!fluent R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Industrial Effluent 
Agricultural Excess Water LB. 
Industrial Effluent L.B. 
Industrial Effluent L.B. 
Power Station 
Agricultural Excess Water L.B. 
Agricult.Excess Water From Canal L.B. 
Agricultural Excess Water R.B. 
Agricult.Excess Water From Canal L.B. 
Industrial Effluent L.B. 
Agricultural Excess Water L.B. 
Industrial Effluent L.B. 
Industrial Eft' ,n 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agriarlt.Excess Water From Canal R.B. 
Agricultural Excess Water L.B. -. 



Table 15. List of Drains & Industrial Effluents (continued) 

Sour#: River Nile Resurch Institute 

Oe-ccn'ption 7 
Agricultural Excess Water LB.  
Agricultural Excess Water R.B. 
Agricult.Excess Water From Canal R.B. 
Power Sratian I 

lndusvial Effluent 
Agricultural Excess Water LB.  
Agricultural Excess Water R.B. 
Agricultural Excess Water L.B. 
Industrial Effluent L.B. 
Industrial Effluent L. B. 
Industrial Effluent L.B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water R.B. 
lndustrial Effluent 
Agricultural Excess Water L.B. 
Agricultural Excess Water L.5. 
Agricultural Excess Water L.A. 
Agricultural Excess Water L.B. 
Industrial Eflluent 
Agricultural Excess Water L.B. 
Agricultural Excess Water L.B. 
Agr~cultural Excess Water L.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. , 
Mixed From Agricultural 8 1nd.R.B. 
Power Station 
Industrial Effluent L.B. 
Industrial Effluent L. B. 
Industrial Effluent L.B. 
lndustrlal Effluent L.B. 
Power Station 
Mixed From Agricultural 8 Ind.R.0. 

Narne 

Abu Teeg Drain 
El Badary Drain 
El Metmar Drain 
Asuil Pcwer Stzticn ' 
Assuit Water Treatment Plant ' 
Selim Drain ' 
Marawana Drain ' 
El Zenar Drain 
Mankabac! Pipe 1 
Mankabad Pipe 2 
Mankabad Pipe 3 
Bany Shaker Drain ' 
El Rayamoun Drain 
Abu Hems Drain 
Min~a Water Treatment Plant ' 
Makoussa Dram 
Etsa Oram 
El Shelkh Zied Drain 
Ebsilg Dram ' 
Benr Suil Water Plant ' 
Ahnas~a Dram 
El Saayda Drain 
El Zaw~a Dram 
Khour El Sail Atfih Drain 
El Dessamy Oram ' 
kalr Gazara (El Saaf) o r a ~ n  
El Masanda Oram 
Ghamaza €1 Soghra Dram 
Gharnaza El Kobra Dram 
El 1ib::en Dram 
E3ccn Power Stallon ' 
Hawamdia Chem~cal 1 ' 
Hawamdia Chem1cal2 ' 
Hawamdia Cherrlical 3 ' 
Hawamdia Chemical 4 ' 

5 i i a 1  

No. 

75 
76 
n 
78 

79 
80 
8 1 
82 
83 
84 
85 
86 
87 
88 
89 
90 
9 1 
92 
93 
94 
95 
96 
97 
98 
99 
100 
0 

I 102 
103 
104 
105 
106 
107 
108 

Km From 
Aswan 

520.800 
525.400 
525.850 
536.0% 
537.000 
541.600 
544.250 
550.200 
552.200 
552.205 
552.210 
5a8.600 
637.400 
642.750 
682.000 
632.500 
701.100 
;'52.150 
780.500 
837.000 
807.200 
808.000 
84 1.000 
848.900 
865.200 
871.300 
879.S00 
88,4.500 
888.950 
898.100 
901.000 
9C4.000 
904.080 
904.300 
904.350 

109 
11 0 I 909.200 Helwan Power Stat~on ' 

91 0.150 ,Khour Sail El Badrash~n 



Table 15. List of Drains & Industrial Effluents (continued) 

Source: River Nile Resurrh Institute 

Km From 
Aswan 

No. 1 Name 

Chemical Ind. 
Hawamdia Sugar Maulas 
Hawamdia Suga; Pipe 1 
Hawamdia Sugar Pipe 2 
Hawamdie Su~ar  Pipe 3 
~awamdia Sugar Pipe 4 
Hawamda Sugar Pipe 5 
Hawarndia Sugar Pipe 6 
Khour Sail El Masara Drain 
Kotsica Starch&Gluwse Dr. 
Kotsica Starch&Glucose Dr. 
El Nasr Glass tube 1 
El Nasr Glass tube 2 
El Nasr Glass tube 3 
El Nasr Glass tube 4 

11 1 
1 12 
11 3 
1 14 ' 

1 1  5 
1 16 
1 1  7 
1 18 
1 1  9 
120 
121 
122 
123 
124 
125 
126 
127 
128 
R 1 
R2 
63 
R4 
RS 
R6 
R7 
R8 
D l  
02 
03  
04 
05  
0 6  

Description 

Industrial Effluent L.B. 
Industrial Effluent L.B. 
Industrial Effluent L.B. 
Industrial Effluent L.B. 
Indusuhl E!!!uenr L.B. 
Industrial Effluent LB. 
Industrial Effluent LB.  
Industrial Effluent LB. 
Mixed From Agricultural & 1nd.R.B. 
Industrial Effluent R.B. 
Industrial Effluent R.B. 
Industrial Effluent R.B. 
Industrial Effluent R.B. 
Ind~strial Effluent R.B. 
:naustrial Effluent R.B. 

91 1.400 
91 1.900 
91 2.1 00 
91 2.1 05 
91 2.1 15 
91 2.1 20 
91 2.1 25 
91 2.1 30 
91 2.900 
91 6.550 
91 6.551 
939.600 
939.605 
939.610 
939.615 
939.620 
946.250 
947.900 
962.850 
1024.400 
1039.500 
1053.700 
1073.400 
1074.500 
1074.505 
1074.51 0 
1098.000 
1098.120 
7 124.500 
11 25.200 
1135.300 
11 66.000 

El Nasr Glass lube 5 
Sakeel Power Stat~on 
Delta Cotton at Kanater 
El Rahawy Dram 
Sabal Oram 
El Tahreer Ora~n 
Zawe~t El Bahr Oram 
Tala Oram 
Pestlcldes Cornoany 
El Malaya Company 
Salt8Soda Comgany 
Ta!kha 1 Fenllizers 
Talkha 2 Fenl!i:ers 
Batra Dram 
Hign Sew1 
High Serw Power Stat~on 
Faraskour 

'industrial Efflu~nt R.B. 
Power Station 
Industrial Effluent 
Mixed From Agricultural i3 1nd.R.B. 
Agricultura; Excess Water R.B. 
Agr~cultural Exc~ss Water L.B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water R.B. 
Industrial Effluent R.B. 
Industrial Effluent R.B. 
lndustrtal Effluent R.B. 
Industrial Effluent L.B. 
industrial Effluent 1 8 .  
Agricultural Excess Water R.B. 
Agr~cultural Excess Water L.B. 
Power Station R.B. 
!Industrial Ftf luent R. B. 



TABLE 16 : "Yearly Water Consumption, Effluent 

Volumes, and PoLluting Loads - Regions 

Sourre: h v c r  Nile Rtse~rch Institute 

TABLE 17: Average Water Consumption, Effluent Volumes and 

Polluting Loads for Industry throughout Egypt 

Source: River Nile Resurch Institute 



Discharge of untreated or partially treated sewage into streams upsets the natural 
cycle. Excessive pollution usually places too much unstable organic matter in the streams. 
The consequence is the flourishment of anaerobic organisms with the resulting odor and other 
health and environmental nuisances. 

Pathogenic organisms discharged by persons harboring intestinal parasites or suffering 
from infectious diseases, particularly typhoid, paratyphoid, the dysenteries, and other 
gastrointestinal infections, or excreted by carriers of these diseases, are always potentially 
present in domestic sewage and render it dangerous. 

An increase in incidence of infectious diseases and the exposure of people to potential 
hazardous chemicals is therefore to be expected. 

Livestock using contaminated water for drinking will suffer from diseases that could 
be transmitted to the consumer. Fish caught from contaminated sources will be an 
intermediate host for some of the infections and diseases, and will transfer accumulated 
toxicants to the human consumer. 

With regard to contamination from agricultural and drainage water, relatively high 
concentrations up to 220 uglkg 1 of organochlorine insecticides were found in collected fish 
samples (Badawy, 1982). In a study conducted between August and October 1979 in three 
selected agricultural areas in Egypt, Lindane, Endrin, DDT, and its degradation product DD 
were detected in all soil and water samples collected, the highest concentration being that of 
DDT (Aly and Badawy 1981). Available data on oil and grpse reveal that the highest 
concentrations are found in areas where most of the shipyards, docking facilities, and oil 
refineries are located. The concentration decreases downstream from these s leas, which may 
be attributed to diluticn, vaporization, biodegradation, andlor sedimentation. The 
concentration of total oil and grease in  water samples collected from midstream around Cairo 
was found to be around 2.5 rngll (Moursy, 1983). The most polluted areas in the Cairo 
region are around the iron and steel factory, boat docks, and electric power stations (Moursy, 
1981). At the port of Lake Nasser, on the other hand, oil and grease concentrations of up to 
15.2 mgll were detected. This is probably due to the presence of docking facilities and oil 
spills from ships (Moursy, 1983). 

Table 18 and Figures 20-22 show the total hydraulic and BOD loads discharge into 
the River from Aswan to Beni-Suef. Figures from 23 to 27 present the variation of BOD 
and COD values along the river and its two branches. 

F. Water Quality Management 

The success of a nationwide Water Management Program largely depends on policies 
and programs, legislation, and an appropriate institutional framework for implementation. 
Public awareness of water quality issues and the ingredients for programming and 
implementing effective control measures are also vital. 



Table 18. Hydraulic and BOD Loads Discharging into the River Nile from Point 
Sources of Pollution 
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HYDRULIC AND BOD LOADS DISCHARQINQ INTO 
THE RIVER NILE FROM POINT OF SOURCES OF POLLUTION. 



Figure 20. Hydraulic and BOD Loads Discharge Into River by Governorate 
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Figure 21. BOD Loads Percentage Distribution of Point Sources of Pollution 
Along the River Nile in Upper Egypt 
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Figure 22. Hydraulic Percentage Distribution of Point Sources of Pollution Along 
the River Nile in Upper Egypt 
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Figure 23. Variation in COD and BOD of River Nile Water from Aswan to 

Damietta 
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Figure 24. Variation in COD and BOD of  River Nile Water from Aswan to 
Damiet ta. 

COD 

BOD 

DISTANCE/KM. 
Figure 25. Variation of COD and BOD of River Nile Water from Aswan to 

Rosetta 



-i3- COD 

* BOD 

Figure 26. Variation of COD and BOD of River Nile Water from Aswan to 
Rosetta 
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Figure 27. Variation in COD and BOD Along Rosetta Branch During and After 

the Winter Closure Period 



F1. Control Strategy 

Restoring and maintaining the quality of our water resources should be a national 
priority. To date, investment in water supply in both urban and rural areas has by far 
exceeded investment in sanitation. As a result, construction and operation and maintenance 
of wastewater systems ha:  :-erg& as a major envirocmental challenge for the next decade. 

Wide-scale construction and operation of low-cost sanitation systems should be an 
integral part of any rural or urban environmental management plan. Special effort should be 
devoted to developing appropriate treatment systems. Although these Systems may differ 
between urban and rural areas and among rural settlements in the Delta and Upper Egypt, 
their replieability potential is bound to be significant. 

To date, most studies have focused on end-of-pipe treatment of industrial wastes. 
Very little attention has k n  given to in-plant control measures. Concurrently, the 
immediate institution of improved housekeeping measures and operation and maintenance 
procedures could potentially reduce environmental risks significantly. Simple management 
practices such as cleaning oil traps, leakage control, and separation of cooling waters 
complemented by sedimentation and neutralization processes, as necessary, .may bring about 
a considerable reduction in pollution. 

Special attention must be focused on the deteriorating water quality conditions 
resulting from the uncontrolled use of pesticides, herbicides, and fertilizers. A national 
program for minimizing nutrient discharge into canals and watenvays and for developing 
alternative approaches to wed control is urgently needed. 

Environmental impact assessment has to be mandatory for proposed development 
projects to be able to develop a water management action plan (immediate, midterm, and 
long term). This will ensure the availability of an adequate quantity of water of the right 
quality . Also, waterquality data collection and monitoring are essential. 

F2. Legal Asylcts 

To date, legislative inputs for pollution control have been largely fragmented, cutting 
across different line ministries and specialized government agencies with no clear 
responsibility for enforcement. A notable exception is Law 4811982. 

Although the promulgation of this law reveals a commitment on the part of legislators 
to protecting the principal water resource, some 10 years of application have shown many 
areas where arnendmen t and modifications are required. 

Legislative reform is necessary to protect Egypt's natural resources and improve 
environmental and living corrditions. .An Environmental Act, covering all aspects of risk to 
man and the environment is under preparation. 



It should be noted that the Act will need to be supplemented by a large body of 
regulatory standards and enforcement techniques directed at specific environmental concerns. 
A substantial amount of indepth research will be required to establish guidelines and set 
standards that arc commensurate with local conditions and priorities. 

F3. Institutional Aspects 

The Ministry of Public Works and Water Resources is responsible for issuing permits 
to commercial, industrial, and tourist establishments for the discharge of liquid wastes into 
Egyptian waterways, including the Nile, canals, lakes, and groundwater reservoirs-in 
compliance with Law 4811982. The Ministry is responsible, in accordance with its Decree 
811983, for setting the regulations, standards, and specifications for treated wast2waters and 
receiving waver bodies before discharge into surface waters. In addition, the Ministry is 
solely responsible for issuing permits for new floating vessels and may cancel licenses and 
seek removal or correction of polluting facilities. The Ministry is also solely responsible for 
licensing the construction of any establishment that pduces  waste to be discharged into 
watenvay s. The Ministry's imgation engineers are responsible for the required 
inspection-at least once every three months-and technical studies of establishments located 
within their areas of jurisdiction. Law 481 1982 empowers water resources police wish the - 
authority to arrest violators. 

Finally, Law 48 stipulates that it is the Ministry's responsibility not to pollute 
wateways when selecting and using chemical herbicides for aquatic weed eradication. The 
Law stipulates that the Ministry take the necessary precautions, in all cases, prior to, during, 
and after herbicde treatment to prohibit use of the treated waterway until it has ensured that 
the adverse impact of herbicides on water quality has been eliminated and that the water is 
suitable foi. use. 

The Ministry of Health is responsible according to Law 27,11978 (on public water 
sources for drinking and domestic use) for meeting specifications and standards for water 
sources and drinking water, as well as for collecting and analyzing, at least every three 
months, treated liquid effluents from establishments licensed to discharge into waterways. 

The Ministry of Reconstruction, Housing, and Development has several agencies 
responsible for the controhf water quality, to bc discharged into sewers. These are : 

The National Organization for Potable Water and Sanitary Drainage (NOPWASD) 
established by Presidential Decree 197 1 - 198 1) 
The Greater Cairo Organization for Sanitary Drainage 
Tlie Greater Cairo Water Authority 
The Alexandria Water Authority 
The Alexandria Sanitary Drainage Authority 
Several companies for potable water and sanitary drainage in Damietta, Kafr El 
Sheikh, and Beheira 



According to its Decree 643/1962, implementing Law 9311962, the Ministry sets 
specifications and standards for wastewater discharged into public sewers and specifications 
for its disposal into the sea and on land. 

The Ministry of Agriculture is responsible, in its choice and use of pesticides, not to 
pollute watenvays whetha by direct spraying or by mixing pesticides with drainage water 
from agricultural lands, or by washing machinery, spraying equipment, or pesticide 
containers in waterways, in accordance with standards agreed upon by the Ministries of 
Agriculture, Water Resources, and Health in compliance with Law 48/1982. 

The Ministry of Interior's Waterways Police plays a role in the control of pollution of 
the Nile and its waterways accordiiig to Law 48/1982. The Waterways Police is responsible 
for conducting continuous inspection patrols all along the waterways and for apprehending 
floating and river units that discharge their wastes into waterways, or that suffer from fuel 
leaks. 

G. Water Quality Monitoring 

GI, Concerned Institution 

The responsibility of water quality monitoring is not entrusted by law to any ministry. 
However, the legal framework for the control and protection of the water resources is laid. 
down in law 27 and law 48. In Law 27 the standards and codes for drinking water are 
given. The Ministry of Public Health (MOH) is respnsible for the execution of Law 27. 
Law 48 provides standards and codes for discharge of wastewater effluents in the receiving 
fresh water bodies. The Ministry of Public Works and Water Resources W W W R )  is 
responsible for the implementation of Law 48. 

In executing its tasks, the MPWWR cooperates with the MOH and the Ministry of 
Interior. The MOH carries out the regular sampling and analysis of indust&l and domestic 
effluents. 

Since it is the responsibility of MOH to care for the health of the people, it has the 
authority to do the following activity through its specific departments: 

Sampling and analysis of intake of drinking water treatment plants 
Sampling and analysis of effluents of drinking water works (surface and ground) 
Sampling and analysis of sewage treatment plants efflucnts 

These activities are carried out on a regular basis by members of the central 
laboratory in Cairo and the regional laboratories in the governorates. The drinking water 
authorities are also analyzing the intake and treated water within the premises of the drinking 
water facilities. 

The laboratories in the sewage treatment works are resr:!nsible for analyzing the 
influent and effluents of the waste water treatment plants. 



62.  Monitoring Activities 

Although water resources management has been emphasized, water quality 
management has been given little attention. There arc however, a variety of sources of water 
quality data in Egypt. Historical data exist primarily for agriculture and irrigation, and are 
maintained by the two ministries. These data are concerned with the major anions and 
cations and other basic water quality parameters such as: Ph, total dissolved solids, total 
suspended solids, conductivity, and temperature. Another prime source of data is the 
Institute of Oceanography and Fisheries, which conducted a series of investigations in the 
lakes of the Nile Dzlta. Many basic physical and chemical parameters, in addition to 
limnologid factors, have been studied by the Institute, often in conjunction with the 
University of Alexandria. These data may be found in graduate theses and various 
publications of the Institute. The Institute of Oceanography and Fisheries in Cairo has 
conducted some water quality investigations as put  of broader limnological studies on 
various waters in the country. Results of these studies may be found in reports of the 
Institute and relevant scientific publications. 

Another principal source of data is the records of the various water authorities in 
EgYQt. 

The 5rss comprehensive monitoring program was carried out in 1975 as part of a joint 
Eg yptianIU. S . project, sponsored by the Egyptian Academy for Scientific Research and 
Technology and the University of Michigan, Ann Arbor. The monitoring has been 
conducted using local groups in Aswan, Assuit, Cairo, and Alexandria. No interlaboratory 
calibration progmn exercise has been carried out. By the end of 1978, the research team of 
the Water Pollution Control Department of the National Research Center took over the whole 
responsibility. 

The river was divided into segments, taking into account: (a) geographical features, 
(b) adminisimtivc boundaries, and (c) human activities. The segments were identified as 
follows : 

Lake Nasser and Aswan Reservoir 
Aswan segment 
Assuit segment 

* Cairo segricnt 
Zclfta segment 
Farz'kur segment 
Rosetta segment 

Sampling sites for each segment were assigned to enable reliable characterization of 
water quality. The survey also covered point sources of pollution ar ultimate sink. 

During 1975-1976, the survey was carried out monthly, afkr which it was conducted 
qwrserly until the end of 1980. The analysis covered a braad range of water quality 
parameters in addition to a variety of biotic factors. This survey has provided the most 



comprehensive body of data regarding the status of the river. In 1981 and 1982 one survey 
was done each year. 

The same project has developed a central computerized data storage and retrieval 
system, into which all the data generated by the study were deposited. Also, all historical 
data made available to the project regarding water quality hi the river, the canals, and the 
drains were stored in the system. 

Since the objective of this project was to assess the impact of the Aswan High Dam, 
consequently the creation of a huge man-made water impoundment on the water quality of 
the river, the project terminated after fulfilling its objectives. 

In 1979, the High Aswan Dam Side Effects Research Institute, HADSERI, started a 
monitoring program with the assistance of the MOH. The program stopped from 1980-83 
and then continued again in March 1984, November 1984, 1985, and 1986. The sampling 
program was carried out from Aswan in stretches of about iO km. Sampling was also 
carried out for point sources. The analysis covered almost all physico-chemical parameters 
of the water quality. However, the results were of limited utility as they were not 
continuous and also they represent a single point in time over the course of each year. This 
discontinuity may be due to lack of funds required for the monitoring activity. 

The Drainage Research Institute (DRI) established a measurement program for the 
quantity and quality of drainage water (approximately 90 locations). 'I'he objective of this 
program is to assess the potentialities of reusing drainage water for agriculture. Electric 
conductivity and Ph are measured bi-weekly. Other samples are analyzed every two months. 
The analysis are limited to: total soluble salts, sodium, calcium, magnesium, boron, 
chlorides, and nitrates. Recently, bacteriological examinations of drainage water has been 
added to the program. Data are stored in a computerized database and published annually in 
data books. 

The Research Institute for Ground Water (RIGW) is the authorized research body 
within the MOYWWR in the field of ground water for agricultural, domestic, and industrial 
uses. The RIGW operates, since 1953, an observation well network in the Nile Valley and 
Delta. Since 1958, water levels are recorded monthly by locally employed observers. Water 
samples are taken once every year by the staff of the hydrochemical unit and a:alyzed in the 
RIGW. Analysis covers: electric conductivity, Ph, cations (Ca, Mg, Na, K), and anions 
mco , ,  co, ,  c1, sod)- 

In February 1988, the Water Laboratories of the Environmental and Occupa!ion 
Health Center (MOH), wia financial support from the Egyptian Environmental AfK-iirs 
Agency, established a monitoring program for surface water. The monitoring network 
includes: 

Nine water analyses laboratories in Greater Cairo (Environmental Health Center in 
Embaba), and regional Laboratories in Alexandria, Daquahlia, Damietta, Ghrbia, 
Beni Suef, Minia, Assuit, and Aswan. 



One hundred and seventy-one fixed sampling sites on the River Nile, its towri 
branches, together with 10 of the main irrigation canals and agriculture drains. 

The main sources of pollution are identified and included in the sampling points. 
Analysis is done for 24 parameters determining water quality: pH, alkalinity, hardness, DO, 
BOD, COD, TDS, TSS, conductivity, SO,, C1, SiQ, N$, Nq, Na, K, Ca, g, Fe, n, and I 

Faecal Coli form. 

The data are being tabulated and will probably be procesd and published in a 
quarterly newsletter. 

H. Summary and Conclusions 

Egypt is a predominantly urban country, the majority of its population being 
concentrated on 4 percent of the land, primarily along the banks of the Nile and its Delta. 
Urbanization continues at a rapid pace; the urban population is growing at 3.2 percent 
annually, as compared with the country's overall 2.4 percent growth. Rexnt estimates 
suggest that by the year 2000, Egypt's population will increase from its present level of 55 
million to 70 million, with the urban population expected to grow to about 37 million at an 
estimated growth rate of 5.9 percent 

To satisfy the needs of its growing population, Egypt has been engaged in an 
intensive program of economic development. New towns were built, modem industrial and 
agricultural protects were introduced, water resources were tapped, and roads were 
constructed. 

The combined impact of urbanization and industrial production has created acute 
e..vironmental problems. The compulsion for economic growth and lack of understanding of 
the long-term damage potential of pollution have resulted in the manifest deterioration of 
Egypt's natural resources. The Egyptian Government has recently become increasingly 
aware of the importance of environmental risk management on economic development, 
health, and quality of life. This report assesses the challenges facing the country in 
implementing a nationwide program to improve the quality of the Egyptian water resources 
for generations to come. 

Available information indicates that the River Nile is subjected to several sources of 
pollution. Most of the towns and many of the industries are discharging wastewater into 
drains which ultimately discharge into the Nile. Aside from the drains, there are also 
industries discharging effluent directly into the River. 

Another serious source of water pollution in Egypt is the uncontrolled use of 
pesticides and fertilizers, which results in residues seeping from the soil to the irrigation 
water, into the drains, and finally into the Nile. 

Existing data concerning water quality of the drains, industrial wastewater, and 
effluents of sewage treatment facilities is very limited. This report's assessment of the water 



quality is based on existing data, which is incomplete and in some cases not reliable, creating 
a situation that supports the need for developing a more adequate &!abase on agricultural 
drains and pollution sources. 

The following conclusions can be made: 

High levels of toxic material is discharged into the River and the Northern lakes. 
The main polluted areas of the River are at Aswan, Kafr El-Zayat, and Talka. 

* A database of polluting sources does not yet exist and legislative controls, although 
in place, are not enacted. 
A water quality map for the River Nile system does not exist. 

I. Recommendations 

Restoring and maintaining the quality of the environment, including air, water, 
and soil, should be a national priority. 

Implementation uf low-cost sanitation systems should be an integral part of any 
rural or urban environmental management plan. Special effort should be devoted 
to developing appropriate model!; and raising awareness among the general public 
to maximize public participaticn in sustaining operations. While models may differ 
between urban and rural areas and among rural settlements in the Delta and Upper 
Egypt, their replicability potential is bound to be significant. Demonstration 
programs for the above-mentioned systems and technologies should be adopted as a 
priority to mitigate against the proliferation of expensive, inappropriate 
technologies. An equally important element of wastewater management systems is 
the development of an integrated program for sludge reuse and disposal. The 
development of such a program is essential given the increasing burden of sludge 
generated from current and future plans for wastewater treatment. 

Controlling environmental pollution from industrial sources is best achieved by 
controlling pollutants emission. Experience gained during the last two decades 
suggests that in many circumstances it is more efficient and less expensive to 
incorporate pollution preventive measures than corrective techniques. 
Consequently, the immediate institution of improved housekeeping measures and 
operations and maintenance procedures could potentially reduce environmental 
risks significantly. It has been suggested that simple environmental management 
practices such as cleaning oil traps, controlling leakage, and separating cooling 
water as complemented by basic sedimentation and neutralization processes, as 
necessary, may considerably reduce pollution. 

Special attention must be focused on the deteriorating water quality resulting from 
the uncontrolled use of pesticides, herbicides, and fertilizers. A national program 
for minimizing nutrient discharge into canals and waterways and for developing 
alternative approaches to weed control is urgently needed. 



Solid waste alongside wastewater management should be part and parcel of an 
integrated approach to environmental management in rural and urban areas. Waste 
management plans covering both urban and rural settlements need to be developed. 
These plans should be guided by the use of simple collection, transfer, and 
resource recovery technologies. They should focus on maximizing the involvement 

of the private sector in service delivery, capitalizing on its resources and 
traditional interest in the business. 

Assessments of waste processing and disposal alternativ~es conducted for several 
governorates suggest that comporting, supplemented by sanitary landfilling for 
ultimate disposal of noncompostable waste, offers a cost-effective and 
environmentally sound option. 

0 Environmental concerns should be integrated into the basic educational system. 
Communication networks shou:d work on raising consciousness and converting the 
general public into environmental advocates. The government and businesses 
should begin training their staffs to account for the environment in their respective 
professional disciplines. This is necessary to introduce and sustain the concept of 
sound management of water resources at all levels. 

A biological map for the River Nile and its major branches should be prepared and 
should be updated every five years. 

To effect control of point sources of pollution, it is necessary to monitor the 
volume and quality of the discharge from theses sources. Since sampling and 
analysis is by far the most costly part of any monitoring program, it is important to 
make use of existing monitoring activities camed out by various institutions 
(organization for potable water, general organization for sanitary drainage, and 
national organization for water and sanitary drainage). 
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ANNEX B 
DRAINAGE WATER QUALITY 

A. Introduction 

The fast growth of Egypt's population creates an urgent need to expand agricultural 
land area and increase the cropping intensity. The major obstacle to the achievement of 
these goals is the shortage of irrigation water. 

The Egyptian water budget consists mainly of the country's share of the Nile water 
which is fixed according to international agreements at 54 bcmlyr, minor quantities of 
groundwater, and negligible rainfall over the northeast and northwest coastal areas. 

Reuse of drainage water is one of the most promising means of promoting water 
resources and increasing water use efficiency. 

At present, about 13 bcmlyr of drainage water flows unused to the Mediterranean S e a  
and the coastal lakes. Fifty-five percent of this water (about 7 bcmlyr) falls in the salinity 
class of 2,000 ppm 01: less. In addition, approximately 3.4 bcmlyr of drainage water mixed 
with fresh water in canals is reused for agricultural purposes. 

To date, the only water quality panmeters used in designing drainage water reuse 
projects have been salinity levels. However, other water quality paranleters and 
environmental concerns must be considered. 

B. Genenl Description of the Drainage System in Egypt 

The cultivated area is covered with a network of drains starting with the collectors 
and ending with the main drains. The drainage network is about 17,500 km long. 

B1. Upper Egypt Dnins  

Most Upper Egypt drains discharge their water into the Nile by gravity. The areas 
served by these dnins are relatively small due to the narrow width of the Nile Valley in this 
area. The main drains are Nagaa Hammadi Drain (57,000 feddans), Souhag Main Drain 
(56,500 feddans) and Abou-Teeg Drain (75,800 feddans). 

B2. Middle Egypt Drains 

All drains discharge into the inigation system (Nile, Bahr Youssef, or Rosetta 
Branch). 'rhe main drains are: 



Mohit Drain extends the total length of Middle Egypt. It has several outlets to the 
Nile and ends at Rosetta Branch. I 
Ben Khaled Drain serves 11,400 feddans and discharges into Bahr Youssef by 
gravity. 

Menshat El-Dahan serves 21,000 feddans and discharges to Bahr Youssef by 
gravity. 

Dir Tanhoria serves 50,000 feddans and discharges to Bahr Youssef by a pump 
station. 

Sakoula Drain serves 65,000 feddans and discharges to Bahr Youssef by a pump 
station. 

hlazoura Drain serves 30,000 feddans and discharges to Bahr Youssef by a pump 
station. 

Wadi and Batts Drains discharge to Lake Karoun. 

B3. Nile Delta Drains 

The drainage system in the Nile Delta comprises 22 drain catchments, each of which 
consists of a single or a multiple drainage zone as shown in Figure 1. These drain 
catchments can be classified as follows: 

The above classification shows that the number of single zone drains is 15. They all 
end with pumping stations except the Sabal and Tala zones, which flow by gravity to the 
Rosetta Branch. Each multiple zone drain includes several drainage catchments, which are 
drained by gravity or by lifting. 

B-2 

Mdtlpk zone drains 

Bahr El Baqv (1) 
Bahr Hadous (2) 

Gharbia Main Drain (9) 
Drain No. 1 (10) 
Nashan Drain (1s) 

Edku Drain (18) 
Omourn Drain (22) 

f 
Rcgjoo 

Errtern Delta 

Middle Delu 

Western Delta 

Sin& tome drritu 

UPW (3) 
tower Sew (4) 
Mataria (5) 
Farsttour (6) 
Sa bal (7) 
Tala (8) 
Bumllus (I I )  
Tua (12) 
No. 7 (13) 
Lower no. 8 (14) 
No. I I  (16) 
Zaghloul (1 7) 
b l q  (19) 
Tabla (20) 
Qd= (21) 



Table 1 on page 4 shows the general characteristics of the drainage system in the Nile 
Delta. 

Figure 1. Drainage Catchments in the Nile Delta 

C. Drainage Water Monitoring Network in the Nile Delta and Fayoum 

Cl. General Description 

The Drainage Research Institute @RI) of the Water Research Center took the lead in 
establishing a network of measuring stations on the key points of main drains in the Nile 
Delta and Fayoum in the late 1970s. The ultimate goal of the monitoring program is to 
obtain knowledge about the accurate values of the quantity and quality of drainage water at 
the outlet of each single zone catchment and at different locations on the niain drains where 
significant changes take place due to the addition or withdrawal of water to or from the 
drain. 

A complete description of the measurement network in the Delta is presented in Reuse 
Repon No. 20. 



Table  1. Oenera l  C h a r a c t e r i s t i c s  of the  Drainage System. 

D e s c r i p t i o n  Eas t e rn  Middle Western Whole 
D e l t a  D e l t a  D e l t a  D e l t a  

Croes  a r e a  1 
N e t  d r a i n e d  a r e a  } 
N e t  a r e a  d r a i n e d  } 
by g r a v i t y  1 
Net a r e a  d r a i n e d  } x lo6 
by l i f t i n g  1 f  eddan 
N e t  a r e a  from 1 
which d r a i n a g e  1 
water  i s  reueed } 

Number of o u t l e t e  t o  eea  
Number  of o u t l e t e  t o  c o a s t a l  . 

l a k e s  

N u m b e r  of r e u s e  l o c a t i o n s  

Number of pumping e t a t i o n s  

Number of pump u n i t e  

Range o f  pump s t a t i o n  d i s -  
charges  (ml/e) 

Range of l i f t i n g  head ( m )  

Average of l i f t i n g  head ( m )  

Number of open l o c a t i o n s  

Range of  d r a i n  d i s c h a r g e s  
a t  open l o c a t i o n e  ( m 3 / s )  

Approximate t o t a l  l e n g t h  
of main d r a i n e  (km) 

Range of  bed wid th  ( m )  

The measurement locations are shown in Figure 2 for the Delta area and Fayoum. 
Their distribution is arranged in Table 2. 

Table  2 .  D i s t r i b u t i o n  o f  Measurement Loca t i ons  i n  t h e  Nile D e l t a  and Payt~um. 

Eae te rn  Hiddle  Weetern Fayoum 
Del ta  De l t a  De l t a  

Pumping e t a t i o n  2 1 2 4 2 2 1 

Open d r a i n  l o c a t i o n e  13  4 7 1 0  

T o t a l  3 4 2 8 2 9 11 

Source o f  Tablag 1 and 2: Drainage Reeearch I n s t i t u t e ,  WRC 





Figures 3, 4, and 5 show the schematic diagrams of th.e main drains and the 
measuring stztions in the Eastern, Middle, and Western Deltas, respectively. Single zone 
catchments as well as these locations on the main drains are divided into pumping stations or 
open locations depending upon whether water is lifted or flows by gravity. - - 

Figure 6 shows a schematic diagram of all activities included in the monitoring 
program. These activities are divided into the measurement of water quantity and quality at 
pumping stations or open locations, as explained in the following sections. - 

C2. Water Quantity Measurements 

Flows lifted by pumping stations or passing through open drains are measured by the - 
establishment of rating curves which relate discharges to the lifting head in the case of - 
pumping stations and to the water depth in the case of open locations. Operators of the 
pcmping stations keep continuous daily records of lifting heads. Water level recorders are 
installed in open drain locations to give the variation in water levels. 

Stageldixharge relaticlns, are valid only when the flow is steady and uniform. This is 
not the case in locations where addition or abstraction of water takes place close to the 
measuring station. These relations cannot be obtained at or near the drain outfalls to the sea 
or a lake. In such cases, a velocity/discharge relation is established and continuous records 
of velocities are necessary. Such records are obtained by means of velocity recording 
devices. 

Discharges per unit time are multiplied by the actual operation time of each unit in 
the pumping stations to calculate the daily discharge lifted. 

In the case of open drain locations, the average daily water level is introduced to the 
stageldischarge relation to obtain the corresponding daily flow. For locations subject to back 
water effect the recorded velocity is substituted in the appropriate velocityldischarge relation 
to get the daily discharge. 

C3. Water Quality Measurements 

Water quality is measured in-situ with simple Electrical Conductivity (EC) and 
Concentration of Hydrogen Ion (Ph) meters in pumping stations, and with continuously 
recording devices (EC Recorders) in open locations. This guarantees daily records of these 
parameters. 

Water samples are taken routinely once every three weeks and brought to the DRI 
laboratory for a complete chemical analysis, performed according to established and well- 
known methds and procedures. The laboratory analyses are shown in Table 3. 



Salt C.8 

O u t l r l l  t I (EM-1) LI dewmr Or. Hanut P.8 . 
(En-19) l r h r  Mrdur Drmin 1 IEH-1) 

~ e m e e z i ' ~ r .  

Irdmqm P.0 
(EH-14) 

(LH-3) 

Cfld C.0 
IEH-101 

Schernalic Diagram of Sakr Hadus Drain 

Schematic Diagram of  Bahr Baqar Drain 

Source: DRI 

Pig. 3 Schematic Diagrams of Main Drains in Eastern 
Delta. 
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Schemalic diagram of Gharbia main Drain 
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" !L- 
Schematic Diagram Of Drain No. 1 

Upper P.S. no 8 
IMN-1) 

Schematic Digram of Nashart Drain 

Fig. 4 Schematic Diagrams of Main Drains in Middle Delta 

Source: DRI 
B-8 



Schematic Diagram of Urnun Drain 

Schematic Diagram of Edko Drain 
Source: DRI 

Fig. 5 Schenatic fiagrarns of Main Drains in Western Delta 
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Since sewage and industrial systems discharge their wastes into the drains and thus 
pollute their water to varying degrees, samples are collected from certain locations for the 
following biological analysis: 

The biological oxygen demand (BOD) 
The chemical oxygen demand (COD) 
Quantitative determination of E.Coli and coliform bacteria in terms of the most 
probable number (MPN) 

The biological analysis is carried out upon request. 

Table 3. Laboratory Analysis of Drainage Waters 

Source: DRI 

It should be mentioned that in  less than 10 years, DRI has carried out the following 
activities: 

Equirdrnt 
wrigbt 

20 

12.2 

23 

30 

61 

35.4 

48 

39.1 

Maintenance of a semi-automated network 
Development of regulatory measurements 
Updates of rating curves for each location 
Installation and periodic maintenance of measuring equipment 

Uuiu ' 

mmhos / cm 

rneq / 1 

meq / 1 

meq / 1 

mcq / 1 

rneq/ 1 

meq / 1 

rneq / 1 

P H 

meq / 1 

m g / l  

m g / l  

Roouor llrm 

a. For Routlne Analysis 
(all samples) 

E l m r i d  conductivity 

Calcium 

Magnesium 

Sodium 

Carbonate 

III. ~r h o n ~ ~ c  

Manganese j Mn Cu I m g / l  

iron : FC I m g / t  

Z~nc  Zn mg f 1 

Symbol 

EC I 
Ca 

Mg 

Na 

C O ~  
HCO, 

Chloride I CI 

Sulphare So, 
Acidity-Alkal~n~ty 1 P* Potassium K 

I 

Boron I B 
1 

Copper 



Storage of measured and collected data in a database system 
Publication of fully detailed yearbooks 

D. Quantitative and Qualitative Analysis of Drainage Water 

The ultimate goal of the measurement network established in the Delta is to provide 
MPWWR with the required information on the quantity, quality, and location of drainage 
water for the present situation. The results obtained from the regular monitoring are 
satisfactory. The rnajor output of this program is the publication of yeahoks covering the 
1984-90 period, which include the average monthly discharges and complete chemical 
analysis of drainage water at each measuring location (Reuse Reports No. 13, 14, 15, 3 1, 
32, 33, 34). Tables 4 and 5 summarize the results of the measurement program published in 
those reports. In Figure 7, the total drainage water that flows unused to the sea and the 
drainage water that is officially reused are presented, together with their salinities, for the 
1984-90 period. 

Further analysis reveals the quantity of drainage water produced in each part of the 
Delta divided into salinity classes. This gives an idea of the potential drainage water that can 
be made available for imgation according to any prespecified criteria of suitability. Figure 8 
shows the distribution of unused drainage water among the three Delta regions (East, Middle 
and Western) for the year 1990 according to the salinity levels in each region. The data in 
this figure indicate the following: 

About 55 percent of the drainage water discharged to the sea is below 2,000 
gm/m3. 

A quantity of 0.756, 0.172 and 0.157 x lo9 m3 can be made available for imgation 
from the East, Middle and Western Delta, respectively, with a salinity of less than 
1,000 gm/m3. 

If water of salinity up to 1,500 gm/m3 is to be used, a quantity of 3.11 x lo9 m3 
can be made available. If the maximum salinity limit is taken at 2,000 gm/m3, a 
quantity of 6.885 x lo9 m3 can then be made available. 

The above figures comply, more or less, with the short- and long-term plans of 
MPWWR, which call for the use of further 4 x 109 m3 of drainage water by the 
year 2000. 

Regular monitoring of the drainage water enables investigation of the changes in 
quality that occur with space and time. Spatial and temporal variations are functions of 
several factors including: 

Irrigation water quantity and quality 
Cropping patterns 
Climatic conditions 
Soil types 



Table 4 
Quantity and Salinity of drainage water flows unused to the Mediterranean Sea and the Coastal Lakes 

Table 5 
Quantity and Salinity of drainage water reused in the Delta 

I 

Elstern Delta 

Middle Delta 

Western Delta 

ToLol 

Quantity : million mYyear 
Salinity : ppm 

1984 1985 

Eastern Delta 

Middle Della 

Wkstcrn Delta 
:.:.;;.. .: :.:. :, ::.; :>. ......... .. .......... ........... . . . . . . . . . . . . . .  :.: x.:fi:; .:.: >. 

:::: ..;.:.;.:.:. ... ............: >.s.;. ... ..... ........... 
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Source of Tables 4 and 5: Drainage Rcsamh Institute, WRC 
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Salinity 

1550 

-2280 

2925 

2265 

Quantity 

3779 

5080 

4376 

13235 

Quantity 

3182 

4361 

4337 
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Quantity 

Salinity 

819 
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955 
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Salinity 
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3320 

2418 

Salinity 

1827 

2430 

3387 

2624 

3317 

4546 

4425 

12288 

Quantity 

1284 

777 
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2855 
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Salinity 
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Salinity 
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927 
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1130 
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1035 1412 1077 1527 1094 
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Fig. 7 
nused Total Drainage water in the Nile Delta 

Source: DRI 
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Groundwater conditions 
Seawater intrusion into areas close ta the Mediterranean Sea 

Figure 9 illustrates the yearly average drainage water salinity at various parts of the 
Delta for the year 1990. Differences are found between the various parts. 

h the southern part of the Delta, the drainage water salinity is affected only by 
irrigation water salinity. It mges  ktween 750 and 1,000 ppm. 

In the middle part of the Delta, where soil salinity is considered moderate, the 
drainage water salinity ranges from 1,000 to 2,000 ppm. This rise in drainage 
water salinity could be attributed to: 

- The salt originating from seepage of saline groundwater, particularly in those 
parts of the Delta that are below mean sea level; - The salt originating From desalinization of soils through subsurface drainage; 
and 

- The salt accumulated in the soil cultivated with field crops, during periods of 
high demand for water. These salts leach into the drains during the period of 
low water demand. 

However, in the most northern part of the Delta parallel to the seacoast, d , i a g e  
water salinity is considered high and reaches more than 3,000 ppm in some iocations. This 
could be due to the following causes: 

The non-official reuse of drainage water which causes a corresponding increase in 
drainage water salinity reaching from 3,500 to 7,000 pprn in the various parts of 
the Dolta; 

The seepage of seawater inland coupled with the normal subsoil water, which 
should have already acquired some salinity during its flow with the generally 
descending gradient of land surface northward. Thus, the salinity of subsoil water 
at those parts of the Delta increases greatly. In this case, where the groundwater 
table is high, it will contribute to the salinity of the drainage water; and 

High soil salinity at this part of the Delta. 

The composition of the soil solution and, consequently, drainage water varies greatly 
depending on place and time as a result of changes in soil salinity, temperature, and t!!e 
preferential solubility of different salts at different temperatures. Figure 10 shows the 
dominant salts in the drainage water at various parts, of the Delta (El-Guindy, 1989). 

In the southern part of the Delta, where the soil salinity is low, the main source of 
salts in the drainage water is the irrigation water delivered to the fields. The 
dominant salts in the irrigation water are Ca and Mg HC03. 



Fig. 9 Average Drainage Water Salinity for the Year 1990 

Source: DRI 



During the winter months, the predominant anion in the drainage water in this part of 
the Delta is bicarbonate, while high summer temperatures increase the solubility of SO4 
making this the dominant anion. In summer, the prevalent action in the drainage water in 
this part of the Delta was sodium, which is the dominant cation in the soil also. 

Toward the north, the salt content of the soil greatly modifies the composition of 
the drainage water. Since natural salts present in soil and imgation water have 
different solubilities, some of them (Ca CO,, Mg CO, and Ca SO4) may precipitate 
in the soil as the concentration increases. The more soluble salts, such as Na C1 
and Na, SO,, remain in soil solution, moving toward the drains. 

In the north, northwest, and east of the Delta, where the soil salinity is very high 
and consists mainly of Na C1 and Na, SO4, the dominant salt in drainage water is 
Na CI. This could be attributed to the fact that chlorides uslially move downward 
faster thm sulphates, which leads to the diflerence in distribution of salt 
composition between the soil and drainage w-ter. 



E. Reuse of Drainage Water in The Nile Delta r 

Drains between Aswan and Cairo receive runoff from agricultural lands and are 
- 

discharged back into the River Nile. This slightly affects the quality of the Nile water as its 
salinity increases from 250 ppm at Aswan to 350 ppm at Cairo. Drains in the Delta vary 
dramatically in quality. Most Ddta drains receive municipal and industrial wc'zrs in addition 

.-F 
A 

to agricultural return flows, and discharge to the coastal lakes and the Mediterranean Sea. 
- 

The total amount of drainage water discharged to the sea depends on many factors 
including amount of water released at Aswan, cropping patterns, and irrigation efficiency. 
The total amount of drainage water discharged annually has varied from 14 bcm in 1984 to 
12.8 bcm in  1990. Surveys and monitoring of the quantity and quality of drainage water in 
the Nile Delta have shown that it is possible to reuse part of this water in irrigation. 

The effect of reducing the quantity of water released from the High Aswan Dam on 
the quantity and salinity of drainage water is indicated in Table 6. MPWWR is imposing 
strict policies for releases of the Nile water downstream of the High Aswan Dam. 

Table 6. River Nile Flow DIS High Aswan Dam and the Drainage Water 
Flowing to the Sea 

River Nile Flow x lo9 m3 Drainage Water 
Year 

Below HAD U/S Cairo Quantity Salinity 
lo9 m3 gm/m3 

Source: DRI 

El. Locations of Existing Reuse Pump Stations 

Delta Area. As a result of the pressing need to increase the availability of irrigation 
water and to improve the efficiency of its use, more and more drainage water was 



mixed with fresh water from the Nile branches and main irrigation canals. At present, 21 
reuse pumping stations are operating in the Delta Table 7). 

Of the existing reuse locations, only two, the Sabal Drain Outfall (MS-1) and Tala 
Drain Out'fall (MK-1) in Middle Delta, allow water to flow by gravity to Rosetta Branch. 
For the others, water is lifted by pumping. 

Fayoum Area. The sloping lands in Fayoum make natural reuse by gravity feasible. 
This feature was used in the original design of the present irrigation and drainage network. 

At other locations, small pumps were installed along the drains. Recently, large 
pumping stations have been constructed or are planned by the Fayoum Inigation Department 
(Figure 11). These stations will deliver their discharge to existing irrigation canals. By this 
mixing, water salinity can be kept within tolerable levels. 

. ,.-. . . r t  I --*-  -~U~LII r e .  / 
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Source: Fayourn Irrigation Dcputmeat 
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T a b l e  7. Location8 of Rmumm Pumping Station8 Fn Delta 

pppppp 

Pumping S t a t i o n  N o .  o f  S u c t i o n  Delivery D i r e c t o r a t e  
u n i t  Y,,:? 

E a s t e r n  Deltq 

Wadi P.S. 5 + 2  6 E l -Qa lubeya  D r a i n  Wadi E l - S h a r k i  Shalckia 
C a n a l  

Genena P.S. 4 5 Upper E r a d  Drain Bahr Tanah + E a s t  
Baht  S a g h i r  D a k a h l i a  
C a n a l  

Hanut P.S. 3 5 Bahr Hadue Drain Hanut C a n a l  S h a r k i a  
S a f t  P.S. 6 7.5 S a f t D r a i n  D a f f a n  C a n a l  Sha,rkia 
Upper Serwa P.S. 3 8 Garga F a r g a e  D a m i e t t a  E. 

Drain Branch Dakahl ia-  
Damie t t a  

B. Baqar Irr. P.S. 8 0.83 Bahr El-Baqar Main C a n a l  S h a r k i a  
Drain 

Blad El-Ayed P.S. 4 3.5 Blad El-Ayed Wadi E l - S h a r k i  S h a r k i a  
D r a i n  Cana l  

Maheama P.S. 4 3.5 Uaheama Drain Iemailia Cana l  7:smailia 

Middle D e l t a  

E a e t  Henuf ia  P.S. 2 + 3 2.5 + 5.0 A t i n e e n  Drain Abbaei  Rayah Gharb ia  
M a h a l l e t  Ruh P.S. 4 2.5 Tuca D r a i n  Meet Yazid  Gharb ia  

C a n a l  
Hamul P.S. 3 10.0 Gharb ia  Drain Bahr T e a r a  K a f r  El- 

Cana l  S h e i k h  
Upper No. 1 P.S. 3 5.0 D r a i n N o .  1 Damie t t a  Kaf :' El- 

Branch She ikh  
+ W. 

Dakah l i a  
T a l a  D r a i n  T a l a  D r a i n  R o o e t t a  Branch Menufia 
S a b a l  D r a i n  Sabrl Drain R o s e t t a  Branch M e n u f i ~  
Mahal la  El-Koubra 4 3.0 N a a o r i c  D r a i n  D a m i e t t a  C h a r b i a  
P.S. Branch 

Western Delta 

E tay  El-Baroud P.S. 

D e l i n g a t  P.S. 
Khandak El-Gharbi  
P.S. 
Edku Irr. P.S. 

Mar iu t  No. 1 P.S. 
Bustan P.S. 

..- - 

3 2.60 E t a y  El-Barud 
D r a i n  

3 5.79 D i l i n g a t  Drain 
4 2.65 Khandak El-Charbi  

D r a i n  
3 6.36 Edko Dra in  

3 6.0 Umum D r a i n  
3 Buetan D r a i n  

Khandak El-Sh. 
C a n a l  
El-Hagir  Cana l  
Abu-Diab El-  
Aweat C a n a l  
i4ahmudeya 
C a n a l  
Nubar ia  C a n a l  
Nubar ia  Cana l  

West 
B e h a i r a  
Nubar ia  
Weet 
B e h a i r a  
Nubar ia  

Nubar ia  
Nubar ia  

E2. Quantity and Salinity of Drainage Water Reused 

Delta Area. Tables 8 and 9 give the annual discharges and salinities of the reuse 
locations in the Nile Delta for the 1984-90 period. 

It may be noted that the amount of drainage water presently reused in irriga?ion in the 
Nile Delta is 3.37 bcdyr and the overall weighted salinity is about' 1,167 ppm (gm/m3). If 
the mixing ratio is 1: 1 (the portion of fresh-water in most cases is more than that of drainage 
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Fig- l2 Quantity of reused drainage water 
Eastern Delta (1990) 
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Fig- l4 QUANTITY OF REUSED DRAINGE WATER 
WESTERN DELTA (1990) 
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water), then the expected salinity of the mixture ranges from 600-700 ppm. This explains 
why this mixture can be used for such an extended period of time without serious problems. 

The monthly changes of reuse discharges for the different locations are presented in 
Figures 12, 13, and 14 for East, Middle, and Western Delta, respectively. It is clear that the 
maximum discharges occur between May and September. 

Fayoum Area. The present annual drainage flow of the irrigated lands in the 
Fayourn amounts to 714 x 106 m3. Only part of this water is reused because of the following 
limitations: 

To maintain Lake Qarun's average level at -43.80 m.MSL, an annual inflow of 
426 x 106 m3 is required. 
To maintain a favorable salt balance in the first lake of Wadi Rayan, an annual 
inflow of 120 x 106 m3 is required. 
In the lower reaches of the drains, the salinity of the waters is high and can be 
only a minor component in a mixture of drainage and irrigation water. 

The present reuse of drainage water is about 180 x 106 cmlyr by lifting, and an 
estimated 150 x 106 crnlyr by gravity. Drainage water has to be mixed with fresh irrigation 
water to ensure a good water quality. In the Fayoum, a mixing ratio of 1:l results in a 
salinity of dGe8OO ppm. 

E3. Unof'f~cial Reuse 

Besides the above reuse pumping stations, unofficial reuse is taking place in many 
locations. Details of such activities cannot be given because of the great number of gravity 
intakes and pumping points involved. However, field observations show that drainage water 
is intensively reused from south toward the north and then toward the fringes of the Delta. It 
is believed that a quantity as high as (1 5-2.0) x 109 cm/yr is being reused unofficially. 

E4. Reuse Projects Under Construction 

Planning for reuse projects in the early 1980s was marked by the desire to use the 
water of drain catchments. The purpose was to use as much drainage water as possible, 
especially to inigate large land reclamation projects in the eastern and western parts of the 
Delta and in Fayoum. Four projects of this kind were designed and are now under 
construction: H 

E4a. Al-Salam Canal Project (Eastern hrt) I 

Al-Salam Canal is designed to be fed with fresh water from the Damietta Branch 
upstream of Faraskour Dam supplemented with drainage water from the Lower Serw P.S. 
and Bahr Hadus Drain near its outfall. 

- 



The average yearly discharge of the Lower Serw P.S. is about 0.6 x lo9 m3 and that 
of Bahr Hadus Drain is about 2 x lo9 m3. These bring the total to 2.6 x lo9 cdy r .  

The average salinities measured at both locations are 1,000 and 1,400 ppm, 
respectively. The weighted average of both waters is then 1,300 ppm. When this is mixed 
with fresh-water at a ratio of 1: 1, the expected salinity is 800 ppm. 

The plan is to use 1.5 x 109 c d y r  of this quantity in the fist and second phases of 
the project in addition to a similar quantity of fresh Nile water. 

E4b. Ornoum Drain Project (Western Part) 

The objective of the project is to collect drainage water from these catchments of 
Omoum Drain, Shereishra, and Truga, and mix it with the fresh water of Nubaria Canal. 
The quantity of drainage water to be used in the project is about 1.0 x lo9 cmtyr with 
average salinity of 1,800 ppm. The expected salinity after mixing will be 800 ppm. 

EAc. Botita Pumping Station (Middle Part) 

This pumping station is located on the Main Gharbia Drain. The plan is to pump part 
of the water delivered by Samatay P.S. and Segaiya P.S. to Zawia Canal. The plan is to use 
0.25 x lo9 cmlyr with average salinity of 900 ppm. The salinity of blended water after 
mixing will be 600 ppm. 

Following the completion of the construction of the above three projects, an extra 
quantity of 2.75 x lo9 cm of drainage water will be used for irrigation. 

E4d. Fayoum Governorate 

The MPWWR is planning three projects for the reuse of drainage water in the 
Fayoum Depression. 

Of the present series of zuse pumping stations (Figure 15), the Tagen Pump Station 
is the fiist major reuse project. This station will lift 0.135 x 109 crnlyr of drainage water 
from Tagen Drain into Bahr Nazle Canal. 

Execution of a second major reuse projcct started in 1988. A pump station at Tamya 
will lift 0.13 x lo9 cmlyr from the Batts Drain to Bahr Wahbi Canal. 

A third major project being planned will divert about 0.13 x 109 m3/year from Wadi 
Rayan Drain to Bahr Nazle tail end section. 

Therefore, an extra quantity of 0.4 x 109 cm of drainage water will be used to supply 
the main wrIals. 



 om: MPWWR 
Figure 15. hleasurernents Locations at Pumping Stations and Open Drains in the 

Delta and Fayoum. 

F. Water and Salt Balance 

Long-term planning of reuse projects should take account of the oved l  water and salt 
balances of the country. However, the existing situation indicates those balances: 

The quantity of water passing the Aswan High Dam is approximately 54 x 1g9 
cmlyr. The salinity of this water is 250 gmlm' which resulu in a salt load of 13.5 
x 10' kg. 

The quantity of water upstream from the Delta Barrages is approximately 33.5 x 
10' cmlyr at a salinity of 350 gmlm'. The wlt load is then 12 x lo9 kg. 

The two salt loads are almost the same, which means that no accumulation of salts 
is taking place. 



The quantity of drainage water leaving the Delta is 13 x 109 cmlyr at a salinity of 
about 3,000 gm/m3. The salt load is then 38 x lG9 kg. 

The difference in salt load between the water coming into the Delta and that going 
out is too great to be attributed to the leaching of agricultural lands. 'X'his 
difference might be due to upward saline seepage and seawater intrusion. 

When the locations where drainage water salinity is 2,000 grnln? or more are 
separated from other points in the system, the salt load falls from 38 x 109 kg to 
11 x lo9 kg and the quantity is reduced to 7 x 109 m3 (Table 10). This means that 
the separated locations are responsible for the major part of the saline seepage and 
seawater intrusion. This can be justified since these locations lie close to the coast 
as shown in Figure 16. 

Table 10. Simpla Watar and S a l t  Balanca of the Dolta for the Year 1990. 

Excluding S a l i n i t i e e  
Above 2000 ppn 

Diecharge S a l i n i t y  S a l t  Load Discharge S a l i n i t y  S a l t  Load 
104nJ g m l d  10' kg lo6 d w/m3 lo9 kg 

East 362 1 1842 6 .670  2769 1385 3 .75  
Middle 4476 2671 11.955 2515 1690 4 . 2 5  
West 4723 4212 19.900 1660 1980 3 . 3 0  ----- ---.. ------ ---- ---- ----- 

12820 3004 38.525 6884 1639 11.30 

The above argument is made to show that about 7 x lo9 m3 of water of salinity of 
2,000 gm/m3 or less can be made available for reuse provided that the supply and 
demand remain the same, and that the locations and water elevation are suitable. 
However, the consequences of using such water have to be considered, which can 
be done only through the use of mathematical modeling and field experiments. 

G. Predicting the Quantity and Quality of Drainage Water through Mathematical 
Modeling 

The fundamental limitation in planning to reuse drainage water for irrigation is the 
uncertainty about the quantity and salinity of the water resulting from changes in water 
management in the corresponding catchment. Also, the uncertain consequences for 
agricultural production in the area receiving mixed drainage water limits this planning. 

To predict future results of changes in water management, agronomy, or hydraulic 
conditions, a mathematical model named SNARE (simulation of Water Management in the 
Arab Republic of Egypt) was developed jointly by the Land and Water Research Institute of 
The Netherlands and the Drainage Research Institute of Egypt. In this simulation model for 
the Nile Delta, all relevant physical and functional relationships have been combined in a 
simplified and schematized way. 
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Figure 16. Drainage Catchments Excluded in Table 10 

Following the path of inigation water from the Nile Delta Barrages, where it enters 
the Nile Delta to the points where it leaves the area, numerous subsystems can be 
distinguished (Figure 16): 

The water allocation to the intakes of the major irrigation command canals is 
treated in the model DESIGN. 

@ The estimation of the water requirement at farm level, taking into account the 
hydrological and climatic circumstances, as well as the moisture and salinity status 
of the soil, is treated in the iliodel WDUTY. 

The water distribution within the imgation command areas, resulting in a supply to 
the agricultural fields and operational losses to the drainage system, is treated in 
the model WATDIS. 



The Nile Delta's water losses to the atmosphere through evaporation and 
transpiration, to the aquifer hrough leakage and seepage, and to the Mediterranean 
Sea and coastal lakes through the drainage :ystem, are treated in the model 
REUSE. 

K 
Three clusters of water management scenarios have been analyzed with the SlWARE 

model: 

Water-saving strategies by replacing rice with maize in the cropping pattern and/or 
reducing the rice allocation duty. 

Extension of agricultural area in the eastern deserts in yearly increments of 44,000 
feddans, starting with the 1988 water management and croj~ping pattern situation. 

Improvement of the I d  water management situation 5y prohibiting the use of 
movable inigation pumps andlor prohibiting the unofficial reuse of drainage water 
by farmers. 

Ir 

For each strategy, the SNARE model package has been used to estimate the quantity = 

and salinity of drainage, the amount of available official reuse of drainage water, the 
evapotranspiration, and crop yields. A distinction has been made between the short (one 
year) and long-term effects (50 years) caused by a salinization or desalinization of the top 
soil. A specimen of the model results is shown in Figure 17, which illustrates the long-term 
effect of reducing the rice area in the Eastern Delta on the average drainage salinity, soil 
salinity, a ~ d  relative evapotranspiration (Abdel-Gawad et al. 199 1). 

The model has been applied to the Eastern Delta; its application to the other Delta 
regions is under way with completion expected by 1954. 

I .  Pollution of Drainsge Water 

Agricultural drains are designed to collect and transport agricultural drainage water. 
Conventionally, higher salt levels are the expected type of water pollution. However, with 
the application of agricultural chemicals to land, these chemicals also appear in the drainage 
system. Moreover, domestic wastewaters from villages, towns, and even cities, and 
industrial wastes reach these drains either directly or indirectly. This produces water quality 
problems in some drains. 

I i l .  Sources of Pollution to Dniringe System 

Municipal and Rural Domestic Wastes. The present expansion in water networks in 
several cities without a parailel construction of new sewerage systems leads to pollution of 
the waterways with consequent public health hazards. 



Source: MPWWR 
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Layout irriqation system Irrigation schedule 
Areas served l4vdrologicsl conditions I 

Physical Water supply 
d~rrrensions per clccade 

canal intake9 

levels 
canals 

WDUTY + 
Agricultural I "...I 

REUSE s 
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Figure 17. Schematization of the SIWARE Simulation Model, its Sub-Models, and 
Required In- and Output 
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The present state of municipal wastewater treatment facilities in Egypt is given in 
Tables 1 1 and 12 for Upper Egypt and the Delta area, respectively. 

Most villages and rural areas lack any system of wastewater collection or treatment. 
Raw sewage from about 5,000 rural agglomerations, semi-treated or untreated wastewater 
from Cairo and other urban centers, and mostly raw sewage from the rapidly growing, 
unserviced, peri-urban areas are discharged into the agricultural drains. 

Industrial Wastewater. Industrial wastes are considered a major source of 
environmental pollution for the water systems, because of their toxic chemicals, organic 
loading, dissolved oxygen, and nutrients. 

An estimated 350 industrial plants discharge directly into the Xile or through 
municipal systems which discharge into the Nile, and 227 are identified as releasing 
hazardous and toxic materials. 

It is reported that one r~lcmldy of effluent, which discharges directly from all the 
industries located along the River Nile, canals, and drains, contains a high load of organic 
matter, oil and grease, heavy metals, and toxic chemicals (RNDP, 1991). 

River Nile Research Institute (RNRI) has reported that 63 discharge points along the 
Nile are from industrial effluent, power stations, and domestic wastes, and 79 discharge 
points are mainly from agricultural drains (Table 13). 

Salinity. Drainage water contains high salt concentrations as plants evapotranspirate 
irrigation water leaving its salt load behind. Thus, excess irrigation water leaches these salts, 
as well as some salts already in the soil formation, to the drainage system. 

Pesticides and Herbicides. Pesticides and herbicides have been used recently on a 
large scale for crop protection, pest control, and weed control. The pesticide and herbicide 
residues pass through the soil into the drains via the imgation water. About 620,000 tons of 
200 different types of pesticide have been used in the Egyptian environment over the last 30 
years (El-Assiouti et al., 1989). Table 14 presents the annual consumption of pesticides in 
Egypt between 1962 and 1982. I t  is worth mentioning that data and research in this field are 
limited. 

In early 1991, use of herbicides to control aquatic weeds became an important media 
and political concern. Acrolein was used in canals to control submerged weeds, and ametryn 
to control water hyacinths in drains. Aquatic weeds are a major concern for efficient water 
management. In 1990, an estimated 13,000 km of canals and drains were infested by 
submerged aquatic weeds, and another 1,900 km were covered by water hyacinths. Because 
of the political and public concern, use of ametryn was cancelled for 1991. Also, acrolein 
will be used for only another two to three years, after which only manual, mechanical, and 
biological means will be used for weed control. 



Existing wastewater treatment facilities 
(Upper Egypt) 
Table 11 

Source: MPWWR 

Govern. 
Name 
ASWAN 

QENA 

AL-OKSOR 

- 
SOHAG 

ASSlUT 

EL-MENIA 

BENI SEWIF 

EL-FAYOUM 

Point of 
Dtscharge 
EL-SIL 

DRAIN 

L R  

L R  

SOI~AG 

DRAIN 

L R  

EL-MOHEET 

EL-GARBY 

DRAIN 

MOHlE EL-DEEN 

DRAIN 

EL-BAST 

DRAIN 

Discharge 
1000ml/day 

21 

30 

30 

50 

60 

20 

40 

40 

- --- 
Type of 
Treatment 
AERATED OXIDATION 

POND 

TRlCKLlNG 

FILTER 

TRICKLING 
FILTER 

TRICKLING 

FILTER 

TRICKLING 

FILTER 

TRICKLING 

FILTER 

TRICKLING 

FILTER 

TRICKLING 

FILTER 

COD 
5943 

6000 

5250 

9000 

- 

4800 

- 

7520 

P. 
- 

- 

900 

300 

- 

84 

- 

- 

NH3-N 

126 

1200 

540 

1500 

- 

300 

- 

- 

BOD15 
3570 

3750 

- 

4750 

- 

3000 

- 

4960 

Load Kglday 
SS. 

8505 

1590 

720 

19850 

- 

8620 

- 

- 



4 

(Delta region) 
Table 1 2  

A 

Type of Lord KgIhy 
Treatment COD I BOD15 I SS. ( P. I NH3 -N 

Govern. 
Name 
EL-KALUBNA 

BANI-IA 

EL-SHARKIYA 
ZAGAZEEG 

Discharge 
1000m'lday 

Point of 
Discharge 

EL-DAQAHLNA I 

25200 - - 

90 

7560 TRICKLING 
n L m  

42 

TRlCKLING 
FILTER 

AERATED OXIDATION 

POND 

TRICKLING 
FILTER 

AERATED OXIDATION 
POND 
AERATED OXIDATION 

POND 
AERATED OXIDATION 
POND 

The fncil~ty is not operatlug 

4620 AGR. DRAIN 

AGR. DRAIN T o  
EL-MANSOURIA 

AGR. DRAIN TO 

EL-MANSOURIA 

AGR. DRAIN TO 

LAKE MANZALA 

KAFR EL-BATEK 
DRAM 
LAKE MANZALA 

ADLIYA 
DRAIN 

EL-MANSOURA 

FARASKOR 
EL-RODA 

EL-GONAIMIA 

SHARBAWS 

KAFR EL-ARAB 

EL-BAlSHHh 

EL-RAHMANIA 

AL-ZARKA 
EL-SERW 

MIT EL-KOHLY 

DAKHLA 

KAFR SAAD 
U F R  SAAD 

KOFOR EL-GAB 

KAFR SELIMAN 

MIT ABO GALEB 

AL- W AST ANY 

RAS EL-BAR 

AGR. DRAIN 

120 

99 

- 

257 
- - 

- 

44010 

32 

- 

84 

- 

27 

67 

- 

162 

- 

32 

TRICKLING 

FILTER 

MIT MAZAH I 
DEETTA 

KAFR EL-BATEK 

EL-KAITA 

hDLNA 

36 

50 

- 
- 
- 

- 

1 

60 

2.7 

1.4 

0.4 

Estcndd 

kfauon 
1 

36000 495 

7.7 

- 

Nn 

- 

- 

- 

- 
- 
- 

- 

- 

FARASKOR 

DRAIN 

22500 

- 

- 

- 

- 

8 

- 

- 

- 
- 

- 

13 

- 

0.5 ELCONAIMIA E u c n d d  

IDRAIN I krUYII 

1.1 

0.6 

0.6 

0.5 

0.5 

0.6 

1.4 

- 
- 
- 

EL-SERw I Extuulcd 
DRAIN k r u ~ m  
M l l  EL-KOHLY E u u d c d  I DRAIN k r r t ~ o a  

BAHAR ELGAT AERATED OXIDATION 
DRAIN [POND 

- 

- 
- 

- 
- 
- 

SHARBAWS Extendod I DRAIN k m o n  
K M R  EL-ARAB Eucndcd 

DRAIN / h u m  
EL-BAISHHIA AQUALIFE I DRAM 
EL-RAHMANIA AERATED OXlDATlON 

DRAIN 1PoND 

- 

- 
- 

- 

- 
- 

3 1 

19 

21 

0.6 

2.2 

1.3 

0.6 

0.6 

50 

- 

- 

- 
- 

- 
- 

61 

19 

17 

KAFR S W  
DRAIN 

16 

- 

42 

- 
- 
- 

AQUALIFE 

- 
- 

- 

- 

- 
- 

17 

- 
34 

- 

- 

- 

DRAIN NO 10 AQCALIFE I 
EL-BORAY 
DRAIN 

- 
- 
- 
- 
- 
- 

AERATED OXIDATION 
POND 

- 

- 
- 

- 
- 

M l l  AB0 GALEB Eurnded I DRAIN k r u i o n  

AL-WSATANY 

DRAIN 
DUMPED IN 
DEPRESSION 

Extcndcd 
k t u ~ o n  



Existing wastewater treatment facilities 
(Delta region) 

. . Table Iz(C0nt.d) 

Source: MPWWR 

Load Kglday  

COD I BOD15 1 SS. I I TYPC of 
Trcatmcnl 

Poinr of 
D~scbrge  

EL-MONOFLA 
SHBEN EL-KOM 

MENOF 

EL-KOM E L A W A  

SAHEL Ci WABER 

EL-GHARBIYA 
KAFR EL-ZIAT 

SAMANOD 

TANTA 

h-lAHLA K0BfI.A 

KAFR EL-SHAK 

EL-BEHARA 
DAMANHOR 

SHOBRAKEET 

Govern.  - 
Name 

D l s c h r g e  

1000mJI&y , P. ( NH3-N 

40 

24 

0.7 

0.7 

8080 

1752 

92 

132 

TRICKLING 

FILTER 

ACTIVATED SLUDGE 

AQUALIFE 

AQUALIFE 

AGR. DRAIN 

MENOF DRAIN 

EL-HERF DRAIN 

EL-SHOHADA 

DRAIN 

- 

193, 

- 

- 

19600 

960 

- 

- 

1600 

NIL 

- 
- 

TRICKLING 
FILTER 
TRICKLING 
FILTER 

TRICKLING 

FILTER 

TRICKLING 

FILTER 

90 

15 

60 

20 

The frcillty is not operaling 

The facillty i s  no1 operating 

14000 

480 

9 1 

103 

GANAG DRAIN 

AGR DRAIN 

60- 

AGR DRAIN 

AGR DRAIS 

29400 

4600 

110 

8 

16800 

3000 

T h e  faclhty 1s not o p e r a m g  DAMANHOR 
DRAJN 

AGR D R A ~ N  
RIVER NILE 

1120 

36660 

3920 

TRICKLING 
FILTER 

T R ~ C K L ~ N G  
FILTER 

480 

50 

760 

2400 

500 

1840 60 240 



Table (13 List of Drains & lndustrial Effluents 

Serial 

No. 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
3 2 
33 
34 
35 
36 
37 
38 
39 

Name 

Aswan SewerageDrain 
Khour El Sail Drain 
El Tawansa Drain 
El Sheikh lbrahem Drain 
El Ghaba Drain 
Abu Wanas Drain 
G.B.Drain ' 
El Shatb Drain 
Main Draw Drain 
EL Berba Drain 
Kom Ornbu Sugar Ind. 
Kom Ombu Dram ' 
Benban Dram 
Meneha Dram ' 
Main Ekleet Drain 
Ekleet Power Station 
Berak El Raghama Drain 
Fatera Dram 
Khour El Sad Dram 
Selesla Dram 
Kagouk Dram ' 
AwaRa Dram ' 
Radis~a Dram 
Hasia Dram ' 
Hager Dram ' 
Edfu Drain ' 
Kalh Power Stallon 
Edfu Paper Pulp A. 
Edlu Paper Pulp B. 
Edfu Sugar Ind. 
El Mahameed Drain 
Houd El Sabala 
Hagz El Bahary Drain 
Seba Phosphate dram 
Hagar El Seb~a 
Mataana Dram ' 
Ghoreara Dram 
Armant Sugar Ind.1 
Armant Sugar lnd.2 
Armant Sugar lnd.3 

Km From 
Aswan 

6.000 
9.900 

37.250 
42.500 
46.550 
47.150 
47.500 
48.000 
48.850 
49.100 
50.000 
51.000 
53.000 
55.000 
57.650 
63.600 
64.650 
70.450 
70.750 
73.850 
75.750 
76.000 
99.850 

101.750 
109.250 
1 16.200 
11 9.600 
122.450 
122.500 
123.000 
135.600 
139.500 
143.100 
147.000 
149.100 
187.700 
196.700 
204.500 
204.505 
204.510 

Description 

Sewarage Drain 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Over Flow From Canal R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Industrial Effluent R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water L. B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Power Station 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Mixed From Water 8 Ind. R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water R.R. 
Power Station 
Industrial Effluent L.B. 
Industrial Effluent L.B. 
Industrial Effluent L.B. . 
Agricultural Excess Water R.B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water R.B. 
Industrial Effluent R.B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water L.B. 
Industrial Effluent L.B. 
Industrial Effluent L. 0. 
Industrial Effluent L.B. 



Cont. . List of Drains & Industrial Effluents 

Serial 

No. 
40 
4 1 
42 
43 
44 
45 
46 

47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
6 1 
62 
63 
64 
65 
66 
67 
68 
69 ' 70 
7 1 

72 
73 
74 

Name 

El Salamia Drain ' . 
El Mraibia Drain ' 
El Rayayna Drain 
Outlet Louxor Water Treatment ' 
El Zeinia Drain 
Habail El Sharky Drain 
El Shanhoria Drain 
Ques Sugar Ind. ' 
Danfik Drain 
Sheikhia(E1 Hagaza) Drain ' 
Grinding Mill 
El Ballas Drain 
Katt (Qitt) Drain 
El Tramasa Drain 
Khour El Sail Qena ' 
Bahari Dandra Drain ' 
Deshna Sugar Ind. 
Hamad Dram ' 
Salamia Dram ' 
Alumenium Ind. ' 
Magrour Hoe Drain 
Naga Hammadi Sugar 1nd.A. 
Naga Hammadi Sugar Ind.8. 
Abu Homar Power Station 
Naga Hamadi Dram 
Abu Shousha Drain ' 
Mazata Dram 
Essaw~a Dram ' 
Onion Ind. 
Souhag Dram 
Souhag 011 Ind 
Cocacola lnd 
SeflakDra~n 
Ekheem Oram 
Raaina Dram ' 
.Tahta Dram 

Km From 
Aswan 

209.000 
220.800 
220.850 
224.500 
236.000 
237.700 
245.100 
246.850 
251.550 
265.300 
265.400 
270.700 
275.900 
286.750 
288.800 
299.750 
314.000 
331.200 
333.500 
337.500 
340.350 
343.200 
343.250 
363.000 
3T7.800 
384.000 
392.750 
432.700 
443.200 
444.550 
445.600 
445.605 
454.700 
473.850 
486.400 
486.700 

Description 

Agricultural Excess Water R.B. 
Agricult.Excess Water From Cana1'L.B. 
Agricultural Excess Water L.B. 
lndustrial Effluent 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricult.Excess Water From Canal R.B. 
Industrial Effluent R.B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water R.B. 
Industria; Effluent L.8. 
Agricultural Excess Water L.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water L.B. 
Mixed From Agr.& Ind. R.B. 
Agricult.Excess Water From Canal R.B. 
Industrial Effluent R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Industrial Effluent 
Agricultural Excess Water L.B. 
Industrial Effluent L.B. 
Industrial Effluent L.B. 
Power Station 
~gricultural Excess Water L.B.. 
Agricult.Excess Water From Canal L.B. 
Ag~icultural Excess Water R.8. 
Agr~cult.Excess Water From Canal L.B. 
Industrial Effluent L.B. 
Agricultural Excess Water L.B. 
lndustr~al Ef:luent L.B. 
Industrial Effluent L.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricult.Excess Water From Canal R.B. 
Agricultural Excess Water L.B. 



Cont . List of Drains & Industrial Effiuents 

Description 

Agricultural Excess Water L.B. 
Agricultural Excess Water H.B. 
Agricult.Excess Water From Canal R.B. 
Power Station 
lndustrial Effluent 
Agricultural Excess Water L.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water L.9. 
Industrial Effluent L. B. 
Industrial Effluent L. B. 
Indust; ial Effluent L. B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water L. B. 
Agricultural Excess Water R.B. 
lndustrial Effluent 
Agricultural E::cess Water L.B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water L.B. 
Industrial Effluent 
Agricultural Excess Water L.B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. I 

Mixed From Agricultural & 1nd.R.B. 
Power Station 
Industrial Effluent L.B. 
Industrial Effluent L.B. 
Industrial Effluent L.B. 
Industrial Effluent L.B. 
Power Station 
Mixed From Agricultural & 1nd.R.B. 

Serial 

No. 

75 
76 
n 
78 

79 
80 
8 1 
82 
83 
84 
85 
86 
37 
88 
89 
90 
9 1 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
1 10 - 

Km From 
Aswan 

520.800 
525.400 
525.850 
536.000 
537.000 
541.600 
544.250 
550.200 
552.200 
552.205 
552.210 
588.600 
637.400 
642.750 
682.000 
682.500 
701 .I00 
752.1 50 
780.500 
807.000 
807.200 
808.000 
841.000 
848.900 
865.200 
871.300 
879.600 
884.500 
888.950 
898.100 
901.000 
904.000 
904.080 
904.300 
904.350 
909.200 
91 0.1 SO 

Narze 

Abu Teeg Drain 
El Badary Drain 
El Metmar Drain 
Assuit Power Station ' 
Assuit Water Treatment Plant ' 
Selim Drain ' 
Marawana Drain ' 
El Zenar Drain 
Mankabad Pipe 1 
Mankabad Pipe 2 
Mankabad Pipe 3 
Bany Shaker Drain ' 
El Rayamoun Drain 
Abu Henis Drain 
Minia Water Treatment Plant ' 
Makoussa Drain 
Etsa Drain 
El Sheikh Zied Drain 
Ebsug Dram ' 
Beni Suif Water Plant ' 
Ahnasra Dram 
El Saayda Drain 
El Zaw~a Drarn 
Khour El Sarl Atlih Drarn 
El Oessamy Drain ' 
kafr Gazara (El Saaf) Drain 
El Masanda Dram 
Gharnaza El Soghra Dram 
Gharnaza El Kobra Drain 
El Tibeen Drarn 
Tibeen Power Statton ' 
Hawamdia Chernrcal 1 ' 
Hawamd~a Chem~cal 2 ' 
Hawamd~a Chemical 3 ' 
Hawamd~a Chernrcal 4 ' 
Helwan Power Statron ' 
Khour Sa~l El Badrash~n 



Cont . List of Drains & Industrial Effluents 

Source: MPWWR 

Description 

Industrial Effluent L.B. 
Industrial Effluent L.B. 
Industrial Effluent L.B. 
Industrial Effluent L.B. 
Industrial Effluent L.B. 
Industrial Effluent L.B. 
Industrial Effluent L.B. 
Industrial Effluent L.B. 
Mixed From Agricultural & 1nd.R.B. 
Industrial Effluent R.B. 
Industrial Effluent R.B. 
Industrial Effluent R.B. 
Industrial Effluent R.B. 
Industrial Effluent R.B. 
Industrial Effluent R.B. 
Industrial Effluent R.B. 
Power Station 
Industrial Effluent 
Mixed From Agricultural & 1nd.R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water L.B. 

I 

Agricultural Excess Water L.B. 
Agricultural Excess Water R.B. 
lndustr~al Effluent R.B. 
Industrial Effluent R.B. 
Industrial Effluent R.B. 
Industrial Effluent L.B. 
lndustr~al Effluent L.B. 
Agricultural Excess Water R.B. 
Agr~cultural Excess Water L.B. 
Power Station R.B. 
Industrial Effluent R.B. 

Name 

Chemical Ind. 
Hawamdia Sugar Maulas 
Hawamdia Sugar Pipe 1 
Hawamdia Sugar Pipe 2 
Hawamdia Sugar Pipe 3 
Hawamdia Sugar Pipe 4 
Hawamdia Sugar PipG 5 
Hawamdia Sugar Pipe 6 
Khour Sail El Masara Drain 
Kotsica Starch&Glucose Dr. 
Kotsica Starch&Glucose Dr. 
El N a u  Glass tube 1 
El Nasr Glass tube 2 
El N a s  Glass tube 3 
El Nasr Glass tube 4 
El Nasr Glass tube 5 
Sakeel Power Statlon 
Delta Conon at Kanater 
El Rahawy Dram 
Sabal Dram 
El Tahreer Drain 
Zawe~t El Bahr Dram 
Tala Dram 
Pest~c~des Company 
El Malaya Company 
SaltgSoda Company 
Talkha 1 Fen~l~zers 
Talkha 2 Fen~l~zers 
Batra Dram 
Hlgh Serw 1 

High Serw Power Stat~on 
Faraskour 

Serial 

No. 

11 1 
1 12 
1 13 
1 14 
1 15 
1 16 
1 17 
1 18 
1 19 
120 
121 
122 
123 
124 
125 . 

126 
127 
128 
R 1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
D l  
0 2  
0 3  
0 4  
0 5  
06 

Km From 
Aswan 

91 1.400 
91 1.900 
91 2.100 
91 2.105 
91 2.1 15 
91 2.120 
91 2.125 
9 12.130 
912.900 
91 6.550 
916.551 
939.600 
939.605 
939.610 
939.61 5 
939.620 
946.250 
947.900 
962.850 

1024.400 
1039.500 
1053.700 
1073.400 
1C74.500 
1074.505 
1074.51 0 
1098.000 
1098.120 
1 124.500 
1 125.200 
1135.300 

. 1 166.000 



Table 14 : The Annual Consumption of Pesticides In Hetric Tons 
In 

Source: MALR 

YEAR 

1902 

1963 

1904 

1985 

1900 

1967 

1968 

1969 

1970 

197 1 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

TOTAL bllOUHT OF PESTICIDES 

18,924 

20,483 

20,471 

25,082 

36,071 

24,201 

24,740 

24,455 

25,619 ' 

24,852 

26,978 

28,891 

30,070 

27,429 

29,013 

27,152 

23,485 

22,552 

20,487 

18,629 

16,784 



Fertilizers. Inefficient use of nitrogen fertilizers results in nitrates being leached 
from the soil, thus contaminating surface water and groundwater. The increases in average 
concentrations of nitrogen compounds in drains was found to roughly correspond with the 
growth in application of nitrogen fertilizers. 

Before the Aswan High Dam was constructed, 24 million tonslyear of solids were 
deposited on the Egyptian flood plains. After the High Dam construction, this amount 
decreased to 2.1 million tonslyear. The remainder settled in Lake Nasser. The loss of 
sediment N and soluble P is estimated to be 12,000 and 6,000 tonslyear, respectively. This 
required a significant increase in fertilizers, which caused an increase in nutrient and 
phosphorous in soil, canals, and drains. Tables 15 and 16 present the amount of fertilizers 
intraduced and imported to Egypt. Table 15 shows that the application of fertilizers in 
Egyptian agricultural lands increased nearly fourfold in the 1960-88 period. 

Nitrate contamination of groundwater from agricultural activities has been a major 
environmental concern in many developed countries. 

Water Weeds, Especially Water Hyacinth. These weeds grow in clear water as a 
side effect of the High Dam. The Weed Control Institute of MPWWR has planned a control 
program using herbicides to reduce the infestation by water weeds and hyacinth. Manual 
control also proved to be practical at some locations. 

Solid Wastes (Refuse). Low quantities of refuse are discharged into the waterways 
along drains passing through villages and towns. 

H2. Polluted Drains in the Delta and Fayoum 

Almost all drains in Egypt receive domestic and industrial wastes. Table 17 lists the 
polluted drains in the Delta and Fayoum. 

The MPWWR has conducted few studies for monitoring the water quality in the 
drainage systems. The DRI laboratory has done simple tests to check the pollution of the 
water and its degree such as biochemical oxygen demand, chemical oxygen demand, and 
some micro-biological examinations (El-Guindy, 1984). Traditionally, the Coliform group of 
bacteria has been the principal indicator of the sanitary quality of water. It is convenient to 
express the results of the examinations in terms of the most probable number 0. If 
MPN exceeds 10 * 10'1100 ml, this means that the water is polluted. 



Table 1 5  t Amaunt a t  Fertilizers Introduced (1952-1987) 
(1000 tone) - 

Source: MALR 

Table 1 6  : Amount of Fertilizers Imported (1977-1987) 
(1000 tons) 

1983/84 

5628 

Year 

Tat. 

Source: MALR 

1960 

1372 

199'!/88 

6193 

1951/52 

881 

1965/66 

2150 

K,PO, 

20.0 

39.0 

41.0 

106.0 

155.0 

140.0 

71.0 

51. 0 

--- 
-- 

bmonium Sulph. 
(YH,) $0, 

153.0 

288.0 

202.0 

90.0 

110.0 

120.0 

70.0 

313.0 

362.0 

216.0 

Potas. Sulph. 
W a  
--- 
10.0 

20.0 

15.5 

25.0 

55.0 

55.0 

35.0 

50.0 

60.0 

Amonium Bit. 
YH,IO, 

270.0 

194.0 

190.0 

315.0 

59.5 

--- 
-- 
145.0 

101.0 

80.0 

I 

Year 

77/78 

78/79 

79/80 

80/81 

81/82 

82/83 

83/84 

84/85 

85/86 

86/87 

1970 

2452 

Uria 

399.5 

395.0 

250.0 

173.2 

63.3 

--- 
--- 
24.0 

68.0 

--- 

1977/78 

3625 

1980/81 

4545 



Table 17. Summary of Polluted Drains in the Delta and Fayoum 

Governorate Polluted Drain Source of Pollution 

2. East Dahhlia 

3. West Dakahlia 

4. Kafr El-Sheikh 

5. Gharbia 

6. Alexandria 

7. Behain 

8. Fayoum 

Qalubia Drain 
Belbeis Drain 
Bahr Baqar Drain 
I3ahr Saft Drain 
Bahr Faqus Drain 

I3ahr Hadus Drain 

Upper No. 1 Drain 

Gharbi?. Drain 

Mahallet Ruh Drain 

Umoum Drain 
Abu-Keer Drain 

Etay El-Baroud Drain 

I3atts Drain 

Sewage + Industry 
Sewage + Industry 
Sewage 
Sewage 
Sewage 

Sewage + Industry 

Fertilizer Industry 

Sewage + Oil and 
Textile Industries 

Oil and Textile Industries 

Sewage 
Sewage + Industry 

Sewage 

Sewage 

Table 18 shows sources and degrees of pollution in some polluted locations in the 
Delta. Iron, zinc, manganese, and copper elements are under the toxicity limits in all the 
measurement locations. Table 19 shows the measurement locations which have higher boron 
concentrations than the toxicity limits for plants (limit < 2 ppm). - 

Tar ~le 20 presents water quality measurements carried out by NRI at the outfalls of 
the rr~ior drains and industries along the River Nile in Upper Egypt. 

113. Identified Polluted Areas 

h ianitoring programs and research c;irried out by different organizations identif-7 the 
following drainage areas as the most polluted: 

Ii3a. Lake Mariu..  Alexandria. Thc 1:';e receives agricultural dm1 .,;e and 
domestic and ir.ciustrid wastes from the following drains: 

Omoum (agricultural drainage, industrial and domestic wastes) 
Kalaa (agricultural drainage, domestic wasks) 



Table 1 8  : Results o f  s o r t  p o l l u l l o n  rxaminat ionr  

Source: DRI 

Table 19 : Locations Vlth High Concentrations of Boron 

LOCATION 

I a s t e r n  Del la :  
Belb ls  drain 
Udi P.S. 
B lh r  Bagrr 
Nlbza P.S. 

flrddle Delta; 
S t g a a ~ r  P.S. 
Samatry P.S. 
P.S. Yo. 5 
Harul i n  P.S. 
Br ldgr  dra in  I 

Vestern Oel l a :  
E t r y  0aroud P.S. 
nandaq  P.S. 
h a f r y  P.S. 
Tabla P.S. 
Oushudi P.S. 
I rx P . S .  
b l ~ b  P.6.  

Source: DRI 

CODE No. 

E.0.1 
E.B.3 

E.H.5 

H.8.2 
H.6.4 
11.6.5 
11.6.8 
11.1.2 

U.E. I 
U.E.6 
U.f . 7  
U.1.I 
U.U.5 
U.U.7 
U.U.8 

SOURCE OF POLLUTION 

Sewage + Indus t ry  
Sewage 
Serrgo 

T e x t i l  Indu. + 3eragt 
1 1  

I I 

I I 

F t r t l l i x r r  Indus t ry  

Sewrg, i n f  l u r n t  
I I 

I I 

Stwrq, + Indus t ry  
Stwagt 
O i l  lndu~lry 
Sowrgr 

COP 
r q / l  

9 

336 
952 
660 

336 - 
9 

9 

9 

$12 
282 - 
56 
56 

306 
9 

Vestern Delta Eastern Delta 

No. t o l l f o r m  
0 a c t e r 1 a I 1 0 0 r l  

I 

II x l o C  
21 x l o C  
21 x l o C  

24 x IOL - 
o 

e 

.. 

24 x 10' 
43 x 10' - 
21 x 10' 
15 x l oa  
23 x 10' 

I 

Locat ion 

U a i r y  P. S. 
ldko P. S. 
Sherishara P. S. 
Dushudi P. S. 
MAX P. S. 

Loca t 1 on 

Belbis Drain 
Bahr Bagar 

* 

Nlddle delta 

800 
r q l l  

- 
50 

160 
100 

50 - - - - 
85 
70 - 
30 
40 
80 - 

YH. 
1g11 

3.9 
3.9 
3.7 
2.6 

1.2 
3.0 
2.7 
1.2 
1.2 

I 

I 

1.6 
2.6 
1.2 
9.8 . 

Code 

V. B. 7 
V. B. 10 
V.U.2 
V. U. 5 
V. U. 9 . 

Code 

8. B. 1 
B.B. 11 

Location 

h a i n  2 
Drain 3 
Drain 4 
Gharbla outfall 
Haf ir S. 81-Din 

10, 
rg11 

45.0 
19.0 
46.5 
31.0 

13.0 
30.0 
29.0 
11.8 
13.0 

- - 
22.0 
32.0 
11.8 
28.0 
9 

Code 

H. 1.4 
M.G. 10 
H.G.9 
H.G. 13 
H. G. 12 



Table 20 ': Water  Q u a l i t y  M e a s u r e m e n t s a t  t h e  O u t f a l l s  o f  Majo r  d r a i n s  a n d  i n d u s t r i e s  
a l o n g  t h e  R i v e r  N i l e  i n  t h e  Upper Egypt. 

1C 
A 
E L  
< n 

1 

POI-P 

mgn 

0 252 
0017 
0023 
0 252 
0 130 
0 097 
0 037 

0.154 
0 161 
0 073 
0 200 
0 008 
0 009 
0 016 
0 042 
0.029 
0.042 
0 049 
0.148 
0.025 
0.088 
0.396 
0.332 

' 0.400 
0.086 
0.052 
0.444 
0.123 
0.218 
4.400 
1.160 
0.062 
2.620 

2.380 
0.098 
0.099 
1 ?on - - 

O~scharg 

mm3lday 

00657 
00192 
0 2864 
0 0936 
00422 
1.0439 
0 3099 
0 2459 

00002 

0 3175 
00004 
0 0002 
00002 

0 7620 
0 6940 
00002 
0.6321 
0.0002 
0.8837 
0.8380 
0.1 160 
0.0272 
0.1590 

0.0130 

2.4580 -- - 

~ocallon 
From 

Aswan 
K rn 

009 900 
037250 
046 550 
048 850 
050 000 
070 450 
070 750 
116 200 
122 500 
123 000 
13s 600 
187 700 
204 500 
204 505 
204 510 
246 850 
208 800 
314 000 
377.800 
4 4 4  550 
445.600 
525 400 
552.200 
701.100 
807.200 
841.000 
865.200 
898.100 
904.040 
911.400 
911.900 
912.900 
916.550 
916.555 

916.560 
939.600 
939.605 
962 850 

Name of 
Polnl Sources 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

35 
36 
37 
38 

TDS 

mgn 

501 
1174 
667 
504 
628 
567 
477 
269 
580 
123 

>I980 
600 
166 
138 
160 
167 
196 
189 
332 
377 
895 
301 
244 

' 290 
564 
927 
201 
750 
483 

5724 
335 
921 
208 
538 

399 
233 
310 

- - - - - 

P04-P 

Tonlday -- 

00166 
00011 
00015 
0 0166 
00985 
0 0064 
0 0024 
00000 

00106 

0 0131 
0.0005 
0 0006 
0.0011 

0.0032 
0.0097 
0.0016 
0.0058 
0.0260 
0.0218 
0.0263 
0.0057 
0.0034 
0.G292 

0.0762 

n n ~ 4 A  - 

01 Pollut~on 

Khout El SailOrain(Aswan) 
El Twansa Dram. 
El Ghaba Drain 
M a ~ n  Draw Dram. 
Komombu Sugar Ind. 
Farera Drain. 
Kho~r  €1 Sat Drain (Kornornbu7 
Edlu Drain. 
Edlu Paper Pub A. 
Edlu Sugar Ind. 
El Mahameed Drain. 
Malasna Dram 
Armanl Sugar ind 1 
Arman: S u ~ a r  md 2 
Armanl Sugar md 3 
Oues Sugar lnd. 
Khour El sad Qena Dra~n 
Deshna Sugar 
Naga Hammad Drain. 
Souhag G I  am. 
Souhag 011 lnd 
El- Badary Drain. 
ManKabad Pipe 1. 
Etsa Drain. 
Ahnasia Drain. 
EL Zawia Drain. 
EL Dessamy Drain. 
EL Tebeen Drain 
EL Hawamdia Chemicals Ind.1 
Chemical lnd 
Hawamdia Sugar Mnulas 
Khour Sail El Maasara 
kotsica Starch 6 ~lu.cosa Ind. 
kotsita Starch ti Glucose Ind. 
kolsica Slarch 6 Glucose Ind. 
EL Nasr Glass 1. 
EL Nasr Glass 5. 
Ei Rahawy Drain (:Roselra Br. 

TDS 

Tonlday 

32 9157 
77.1318 
43 8219 
33.1128 
41.2596 

,37.2519 
31 3389 
17.6733 

8 0811 

39 42 
10 9062 
9 0666 
10.512 

21.8124 
24.7689 
58.e015 
19.7757 
16.0308 
19.053 

37.0548 
60.9039 
13.2057 
49.275 

60.5097 

0 
. - . - -- . - 

NH3 

mgn - 

59 000 
0030 
0 010 
0 010 
0 610 
0 300 
0.030 
0.100 
0.100 
0.010 
0.170 
0 850 
1.100 
1.200 
1.900 
1.300 
0.650 

c0.01 
0.020 
0.013 
0.01 

0.017 
0.030 
0.020 
0.800 
0.300 
0.015 
0.100 
0.180 
1.803 
0.01 8 
0.C20 
0.030 
1 .OOC 

0.950 
0.350 
0.600 
? C q l )  -. 

.. ' 

. 

- 

NH3 

Tonlday 

3 8763 
000197 
0 00065 
0 00065 
0 04007 
0.01971 
0 00197 
0.00657 

0.00065 

0 05584 
0.07227 
0.07884 

0.0657 

0.00131 
0.00085 
0.00065 
0.00111 
0.00197 
0.00131 
0.05256 
0.01971 
0.00098 
0.00657 

0.00131 

1314 

NO2 

m g l  

6 000 
0023 
0030 
0.040 
0 350 
3.065 
0.055 
0.067 
1.100 
0.010 
1.300 
0.260 
0.150 
0.120 
0.180 
0.200 

<0.01 
0.250 
0.150 
0.600 
0.500 
0.560 
0.720 
0.086 
0.088 
0.118 
0.018 
0.180 
0.020 
0.500 
1 .OOO 

0.010 
0.01 0 
0.012 

0.022 

NO3 

Tonlday 

5.5188 
0.3285 
2.2338 
0.9198 
0.5913 
1.8396 
0.7884 
1.7082 

0.05256 

0.38106 
0.12154 
0.10512 
0.09855 

* 

0.5256 
0.14454 
0.2628 

0.27594 
0.05913 
0.2628 

0.40734 
1.4454 
0.1314 
0.9855 

. 

1.971 

NO2 

Tonlday 

0.3942 
0.0015 
0.0020 
0.0026 
0 0230 
0.0043 
0.0036 
0.0044 

0.0007 

0.0171 
0 0099 
0.0079 
0.0118 

0.0099 
0.0394 
0.0329 
0.0368 
0.0473 
0.0057 
0.0058 
0.0078 
0.0012 
0.0118 

. 

0.0007 

0.3942 

NO3 

mgn 

84.60 
5.00 

34.00 
'.q.60 
9 00 

28.00 
12.00 
26.00 

2.20 
0.80 

21 .OO 
5.80 
1.85 
1.60 
1.50 
1.80 
2.00 
1.20 
8.00 
2.20 
4.00 
4.20 
0.90 
4.00 

' 6.20 
%2.00 
2.00 

15.00 
1.50 

35.00 
2.30 

30.00 
2.60 
2.50 

3.20 
8.00 
7.00 
6.00 

0.01 8 
0.0i5'- 
0 03fl . .. -- 0.0025 



Drain of collective factories (industrial wastes) 
Gheit El-Enab (agricultural drainage) 
Kabbari (agricultural drainage, industrial wastes) 

A Drainage Research Institute @RI) survey of the areas surrounding the lake found 
the following: 

Seventeen factories discharge directly to the lake through pipelines. 
Four factories collect their wastewater in trenches which are desludged by tractors 
to the lake. 

* Nineteen factories lie in the vicinity of the collecting point of the treatment plant. 
Ten factories discharge to El-Kabbary Drain which goes into the lake. 
Five factories discharge to Smouhe Drain and then to the lake. 
Seven factories discharge to Gheit El-Enab Drain and then to the lake. 

The Egyptian Environmental Affairs Agency (EEAA) has reported high concentrations 
of pollutants that directly affect the fisheries. The measured parameters revealed the 
following: 

BOD 2000 mgll 
Oil and grease 3000 mgll 
Hg 30-90 rngll 
Cr 50-200 mgll 

The DRI is carrying out a program to monitor effluent quality and a study to improve 
the quality of flow reaching the El-Max Pump Station. 

H3b. Lake Manzala. Sources of pollution: 

Sewage drznage from El-Gabel Ssfar sewer in "East Cairo" 
Agricultural drainage and sewage wastes via Bahr El-Baqar D.xh 
Sewage drainage from Pon Said and Damietta 
Industrial wastes 
Closing of different openings of the lake to the sea and the Suez Canal 

The EEAA and Suez Canal University are developing an action plan to rehabilitate 
Lake Manzala and develop its fisheries. 

H3c. Bahr El-Baqar Drain. The drain originates at the confluence of two drains, 
Bilbeis and Qalyubia (Figure 19). Both drains receive extensive industrial wastes from 

1 - Shubra El-Kheima and domestic sewage water from Greater Cairo. The two drains discharge 
approximately equal quantities of drainage water annually, but the main quantity of Qalyubia 
Drain is pumped by Wadi P.S. (reused station). It is worth mentioning that this station has 
not operated since November 1991 because of several reported kidney failures in the 
neighborhood. 
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Bahr El-Baqar Drain discharges about 1 bcm of drainage water with a salinity of 
about 2,400 ppm to Lake Manzala. This water is very p l lu t ed  and unsuitable for reuse. 

H3d. Mohit Drain West of Cairo). The drain receives wastewater from Zenein 
and Abu-Rawash plants, together with agricultural drabge. 

H3e. Gharbia Drain. The Gharbia Drain system consists of 10 pumping stations, 
three of which lift water to irrigation canals (Figure 19). Both official and unofficial reuse 
intakes are found along the main part of the drain. All the generated drainage water is either 

- reused by Hamul P.S. or unofficially by the farmers. Domestic wastewaters from villages 
and towns along the drain are deposited into the drain. It also receives extensive amounts of 
industrial waste from oil and textile factories. 

I. Impact of Drainage System on Health 

The drainage system has an adverse effect on the health environment of the Egyptian 
farmers due to the chemical and biological pollution of their water. 

11. Impact of Biological Pollution of the Drainage System 

The biological pollution of drainage water has affected the health environment in rural 
Egypt, causing water-related diseases that can be classified into three categories: 

Water-borne (diarrhea, dysentery) 
Water-hygiene (typhus, eye and skin diseases) 
Water-habitat (bilharzia) 

12. Impact of Agriculture-Related Chemical Pollution 

Pesticides. Pesticides have a negative impact on food chain organisms. A large 
variety of chemicals has been used, such as DDT, aldrin, and dieldrin. 

Despite the ever-growing use of agricultural chemicals for plant protection, crop 
losses have increased over the last decade. Soil fertility has reportedly deteriorated due to 
the use of pesticides. 

The toxicity of some drain water exceeds the toxicity limits for plants (2 ppm). Table 
19 summarizes some locations in the Delta with higher concentrations of Boron. 

Fertilizers. Fertilizers negatively affect soil, drain water, and groundwater. 
Inefficient use of nitrogen fertilizers results in losses of nitrate that leaches out from the soil, 
contaminating surface water and groundwater. The increase in the average concentrations of 
nitrogen compound in drains corresponds roughly to increased application rates of nitrogen 
fertilizers. 
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J. Conclusions and Recommendations 

J 1. Existing Problems of Drainage Water Pollution 

In the past, the quantity of water available received more attention than the quality, 
because quality had not been a constraint. With increases in population; industrialization; 
use of fertilizers, pesticides, and other agricultural chemicals; in addition to domestic water 
discharges and awareness of the importance of water quality and its effects on public health, 
research on water quality has become a major concern. Monitoring is the first step in water 
quality assessment and pollution control. 

At  present, pollution in the drains and the Northern Delta Lakes (Lake Mariut and 
Lake hlanzala) is very serious and worsening each year. While the salinity of drainage water 
is reasonably clear, usable information on other water quality parameters is very limited. 

. Temporal changes in drainage water quality are nonexistent. The pollution problem in the 
drains affects the natural habitat of the environment and threatens human health. 

Reuse of drainage water, either officially or unofficially, is a common practice and is 
very important to the country. Currently, 3.4 x 109 cm/yr of drainage water in the Nile 
Delta is mixed with fresh-water in the canals, and MPWWR plans to mix 7 x 109 m3 by the 
pear 2000. To date, the only water quality parameter used in designing drainage water reuse 
projects has been the. salinity; however, other water quality parameters and environmental 
concerns must be considered. 

52. Caps of Information 

Many organizations and authorities in Egypt deal with the environmental measures 
and impacts, but they lack the master plan to monitor and coordinate activities. Policies of 
the different sectors have to be directed toward the main god of achieving clean water, 
which would help maintain a clear environment and minimize health hazards. 

! 
The existing monitoring network provides a clear picture of the salinity levels in Delta 

drainage water but virtually nothing is known about the presence of toxic and hazardous 
pollutants. 

53. Strategies for Drainage FVatcr Protection 

J3a. hionitoring Prognms 

Dninage water quality should be adqua~ely monitored and provided with human 
and financial resources. Monitoring should put much emphasis on pertinent water 
quality parameters. Sampling sites, techniqtles, frequency, and facilities of 
aiialysis should be thoroughly studied. The monitoring should be expanded to 
cover Upper and Middle Egypt drains. 



Since the agricultural chemicals (fertilizers, pesticides, herbicides, etc.) threaten 
the environment, their use in terms of types, rates, and loads should be reviewed 
from an environmsntal point of view. 

All discharge points from municipalities and industries should be carefully 
examined. Treatment before discharging to drains should be provided. A careful 
program to monitor these outfails is extremely important. 

The practice of drainage water reuse should be carefully reviewed and all water 
quality parameters should be considered. 

The need to monitor soil variables and other ecosystem components before 
drainage construction and over the long term cannot be over emphasized. The 
information generated by this process hi!: ensure that environmental issues are 
corrected before large-scale damage occurs. 

Establishment of a computerized environmental data bank for information about 
water resources and their quality is needed. Coordination among all concerned 
authorities is extremely important. 

J3b. Training Programs 

Educati~nd programs for farmers on public health, personal hygiene, and 
sanitation are suggested to reduce the health risk from contact 7.-:ith contaminated 
water. 

Training of personnel in charge of sampling and analysis is required. 
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ANNEX C 
GROUNDWATER QUALITY HYDROLOGIC BALANCE 

A. Introduction 

The available water resources in Egypt includes the country's share from the River 
Nile, and the reused subsurface drainage surplus that includes groundwater and drainage 
water. The quantity of water availat;t from each source is well defined for the present and 
future. The quality is the main constraint affecting the available water. 

The main body responsible for Egypt's water is the Ministry of Public Works and 
Nratcr Resources (MPWWR). The hlPWWR needs highly specialized technical assistance to 
pcrform an environmental water impact assessment (Phase I) and to assist in the development 
of a water management action plan for environmentally sound water use and development 
(Phase 11). For this reason a project has been initiated consisting of the two phases. Phase I 
results will be applied in the developmerit of Phase 11. 

This annex covers graundwater quality, ar. ~ctivity of Phase I. Groundwater quality 
depends on the inltial and boundary conditicns of the system, sources of recharge and 
discharge, and surface activities. 

The Nile alluvium is in direct hydraulic contact with the River Nile. It is replenished 
essentially from the excess irrigation water (subsurface drainage) and seepage from the 
irrigation distribution system. The main source; of discharge from the alluvium are the 
seepage to the river (1.91 mcmlyr) aild grounuwater abstrdctiotl for various purposes (2.66 
mcmlpr). Accordingly, the groundwa1:er qudity depends largely on the quality of the 
subsurface drainage water. 

There is no specific quality monitorinp network in the flood plain. The regular 
quality monitoring is camed out with the help of the groundwater heads monitoring network. 
I n  general, groundwater quality analyst:; are c,uried out for the main ions; while riiological 
analyses are carried out at only selectd sites. 

The Research Institute for (7roundwat:r h a s  recently started a quality monitoring 
program to define the type and extent of groundwater pollution from the various sectors. 
The program includes sites that arc affected by agricultural and domestic sewage. Industrial 
pollution was included in a regional survey crtrned out in the Delta region. 

Results of these investigations indicated that the main source of groundwater pollution 
is agriculture (mainly nitrogen), since most of the flood plain floor is occupied by 
agriculture; iron and manganese are of secondary importance. 



Groundwater pollution from nitrogen cul be controlled mainly through its source, 
fertilizer. A fertilizer surplus should be avoided to prevent the excess nitrogen from seeping 
down to the aquifer. It is thus necessary to formulate guidelines and restrictions for fertilizer 
use and to include them in the fertilizer extension programs for the farmers. On the other 
hand, wherever nitraz pollution exists, groundwater abstractions for drinking water purposes 
should be carried out from the deeper layers of the aquifer. Groundwater use for irrigation 
in the areas where nitrate is highly concentrated should be allocated to less sensitive crops 
(for nitrogen). 

To prevent additional pollution of groundwater, the groundwater quality should be 
monitored. This dictates the initiation of a reference quality monitoring network in the flood 
plain and the reclaimed areas. With the help of this netwcrk, monitoring should be 
conducted periodically. hloreover, the survey should follow a proper sampling method. 
Field and labontory analyses should include thorough checks for the analysis method. 
hionitoring of nitrogen pollution should be emphasized. The path of nitrogen through the 
soil should be monitored to detect the specific behavior of the different kinds of nitrogen 
which are considered to be sources of pollution (organic rtitrogen, ammonium, nitrite and 
nitrate). To quantify the prccess involved, pilot studies should be inplemented to assess the 
mass balance of' nitrogen. They should include the effect of fertilizer applications on the. 
coniposition of the top clay silt formation and the vertical travel velocitjl of nitratel 
amrnonium to obtain reliable information for development of policy guidelines. 

B. Description of  The Groundwater System 

B1. Geology 

Figure 1 is a simplified geological map of Egypt in which the following formations 
can be distinguished: 

The Nile alluvium is composed of-valley f i l l  deposits of Pliocene, Pleistocene, and 
Holocene age, in contact wirh older formations. 

Between Esna and Cairo, the Valley is bordered with Tertiary deposits of the 
Eocene period. Thex deposits are generally composed of limestone and shales, 
with some sandstone and gnvel in  the upper part of the sequence. 

In  the Kom Ombo plain, the Valley is bordered with limestone; giving way to 
Nubian sandstone south of Kom Ombo. The Nubian sandstone extends to underlay 
the valley deposits between ldfu and Aswan. 

The Nile Delta occupies a tectonic depression formed during the Pliocene arid 
Pleistocene periods. N w  Cairo i t  is bounded on the southwest by Eocene and 
Oligocene plain deposits and on the soutkast side, by Ecene limestone covered 
with Oligocene sand and gnvel. 
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Figure 1. Sirnplifie,d Geological Map of Egypt 



In the region between Cairo and Suez, the geology is complex in structure, 
consisting of Oligocene, Miocene, and Eocene formations. 

To the west and northwest are plains of gravel and pebbles of Oligocene, Pliocene, 
and Pleistocene origin. 

To the north, plains of gravel and sand of Plio-Pleistocene origin dominate. 

BZ. Lithology 

The Nile ailuvium, which constitutes the main aquifer in the Nile flood plain consists 
of gnded sand and gravel overlain by a clay-silt formation over most of the area. The 
aquifcr system is generally in contact with older formations either of limestone or sandstone. 
These formations constitute the lateral boundaries of the aquifer. From the bottom, the 
aquifcr system is generally bounded by clay sediments. Figure 2 and 3 are typical 
lithological cross sections in the Valley and Delta, respectively. 

In the Nile Valley, the width of the alluvium varies from 2 krn at Aswan and 
increases northward reaching its maximum width at Minia (about 20 km). Its average width 
all over the Valley is about 10 km. The thickness of the graded sand and gravel member 
const~tuting the water bearing formation ranges from 20 to 300 m; while the thickness of the 
overlying clay-silt member varies from x r o  (near the fringes where the aquifer is phreatic) 
to a maximum of 20 m (in the central prut of the valley). The River N~le runs more or less 
close to the eastern boundary, cutting into the top clay-silt formation down to the aquifer. 

In  the Delta, the thickness of the gnded sand and gravel ranges from 150 to 900 m 
(mrcximum thickness is in the north and minimum toward the edges). The thickness of the 
clay-silt deposits ranges from 5 to 25 m in the south. and exceeds 60 m in the north. In the 
Delta, starting at !he Delta barrage, the River Nile branches into two main branches, the 
Damietta and the Rashid, which end at the h;&itermean Sea. 

B3a. Boundary Conditions 

In  about 70 percent of the Valley. the aquifer is overlain with a clay-silt semi- 
confining layer. In the remaining area (nmr the fringes) the aquifer is unconfined. The 
aquifcr bed is made up of thick deposits of Pllcxene clays which are almost impervious. The 
latenl boundaries are generally of fissured limestone, which may be considerel impervious. 
Due to the significant decrease in aquifcr thickness and extent at Aswan anti Cairo, the 
northern arid southern boundaries have little effect on the groundwater flow, 

The Nile Delta aquifer is semi-confined in the middle, changing gradually to 
unconfined conditions in the east and west. The western boundary of the aquifer (West 
Beheira) is at present considered a recharge boundary due to desert reclamation with surface 



Figure 2. A Typical Lithological Cross Section in the Valley 

Figure 3. A Typical Lithological Cross Section in the Delta 



water. Wadi El Natrun depression is considered a discharge area due to its low topography. 
Toward the northeast, the Suez Canal forms a discharge boundary. Along the coast, the 
freshlsaline water interface forms another discharge boundary. 

B3b. Hydraulic Characteristics 

The key parameters are the transmissivity and storativity of the aquifer; and the 
vertical hydraulic resistance and storativity of the top clay-silt layer (for the semi-confined 
part of the aquifer). The aquifer transmissivity in the Nile Valley ranges between 5,000 and 
25,000 cmldy, varying between 10,000 and 50,000 cmldy in the Delta. Aquifer storativity 
varies gratly according to the type of aquifer (. 1 for unconfined conditions and about .001 
for semi-confined conditions). The hydraulic resistance of the top silt-clay layer to vertical 
flow varies considerably from one location to another. Its average value for the Valley is 
about 800 days, but i t  rises to about 1,500 days in the southern part of the Delta. 

The groundwater in the alluvial aquifer is generally recharged from the irrigation 
application water and partly from the seepage from the distribution system. Recharge from 
niniall is generally neglected, except for the recharging of the northern sand dunes along the 
coast. On the other hand, the main discharge components are through groundwater flow to 
the Nile (main), groundwater abstraction, and upward flow to the clay-silt (North Delta). 
Figure 4 shows the areas of upward and downward leakage in the Delta. 

B3d. FreshtSalt Water 

In the northern part of the Della the characteristics of flow in the aquifer system are 
distinctly different from those prevailing in the Nile Valley and southern part of the Delta. 
The difference is caused by a saline water zoce underlying the fresh-water zone. Figure 5 
shows the estimated thickness of the fresh-water zone in the Delta. 

BS. Piezornct ry 

Aquifer piezornetry and water table elevation are strongly controlled by the ground 
surface elevations. The natural drainage capacity of the aquifer is certainly not sufficient to 
absorb the deep percolation from applied irrigation. A situation is then reached where the 
surplus deep percolation is discharged from the system through upward capillary flux or flow 
to [tie shallow drainage system. The only arcxi where natural drainage is sufficient and where 
consequently water levels are not controlled by ground surface are located along the river 
course and i& tributaries. 
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Figure 4. Areas of Upward and Downward Leakage in the Delta 
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Figure 5. Thickness of the Fresh Water in the Delta 



Figures 6 and 7 show the hydrographs of the groundwater, water table and Nile stages 
at some locations in the Nile Valley. 

Groundwater ROW. The main direction of groundwater flow is in the longitudinal 
direction (south-north), and toward the river in the area close to the river course (see Figure 
8). 

Figure G. Groundwater Levels and Opposite Nile Stages 
in the h'ile Valley 
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Figure 7. Groundwater and Water Table Hydrographs 



Figure 8. Avenge Groundwater Contour hlap for the Delta 

BS. Groundwater Utilization 

Groundwater is mainly absmcted for domestic and agricultural uses. Abstractions by 
industries probably cover a minor portton o i  the tad absuacuon. Table 1 presents the 
ovenll magnitude of groundwater abstnct~on from the Valley, Delta, and Cairo regions. 

Deep wells feed a piped drinhng water supply system (serving a mt~nicipality or a 
runl unit) or irrigation canal. They generally have depths of up to 70 rn with a screened 
sectlon of 20-30 rn. 

Shallow wells operated by hand pumps are still extensively used for domestic 
purposes, especially in the rural areas of the Nile Delta. Shallow wells are usually drilled 
until sandy or gravelly sediments are rached. which often coincides with the top of the 
aquifer. Interdated sandy layers within the top layer may also be pumped by hand pumps. 





(Attia, 1983; and Farid, 1980) indicated that the net groundwater return flow to the 
River Nile amounts to about 1,700 mcmlyr in the Nile Valley region, and about 212 mcmlyr 
in the Delta region (mainly to Rashid Branch). 

C2. Balance on the Groundwater System 

The alluvial groundwater system may genedly be considered a closed system, except 
at very few locations in the North Delta (groundwater flow to the sea) and in the West (flow 
to Wadi El Natrun). The amounts of flow that the system gains or loses is minimal 
~0.71pared to :ne main flow components appearing in equation 2. Accordingly, the water 
balance on the groundwater system (Figure 10) may be represented as follows: 

ID + Dru + Drv + Qi = EV + ET + @ru+Drv +Drs) 
+ (Qi+Qm+Gw) + S (2) 

where: 
ID = irrigation water diversions 
Drv = drainage water disposed in the river 
Dm = drainage water reuscd in the Delta 
Drs = drainage water disposed in the sea and lakes 
EV = evapontion from the capillary fringe of the aquifer (unconfined aquifer) 
ET = evapotranspiration by crops 
Qm = groundwater withdrawals for municipal and industrial purposes 
Q i = groundwater withdrawals for irrigation 
S = S, + St 
s, = change in storage in the clay-silt 
St = change in storage in  the aquifer 
Gw = net groundwater gained into the aquifer 

RIVER - -  - 

DRAIN 1 1 1 1  CANAL NILE 

AQUIFER 
SAND 6 GRAVEL 

Figure 10. A Schematic Reprwentation of the Water Balance 
on the Aquifer 



In equation 2, ID represents the surface water diverted from the Nile to the main 
canals for irrigation; Drv is the drainage water disposed into the Nile mainly in the Valley; 
Drs is that disposed into the sea or northern lakes (see Annex I); and Dru that reused in the 
Delta. Groundwater withdrawals for irrigation and drainage water reused are eliminated in 
the balance, as they are directly used by crops and stay within the system. 

Groundwater withdrawals for municipal and industrial uses leave the system. These 
are estimated from a recent well inventory canied out by the RIGW (1990-91). 

The change in storage in both the clay-silt and the graded sand formations is estimated 
as being equivalent to the amount of upward groundwater leakage in the northern Delta (see 
F~gure 4). ET is estimated from available data on crop pattern and cultivated areas for the 
vwr 1978 OVhlP) (see Annex C-11). Evaporation from the capillary fringe occurs at some 
;pots of the Valley and Delta fringes where no drainage nztwork has yet been established. 
Those arms cover about 500 km2 (MOI) located on the fringes of the flood plain. Estimating 
an equivalent annual depth of 1 m of evaporated water through the capillary fringe, the 
mnud EV value is estimated at 500 million cumlyear. 

Due to the lack of some basic data, the estimation of the groundwater component is 
adapted from previous studies. These studies indicate that the groundwater component 
amounts ro about 1,700 mcmlyr in the valley region, and about 212 mcmlyr in the Delta 
region. 

Results obtained from both types of water balance indicate that the groundwater in the 
flood plain is affected and affecting both the quantity and quality of the water in the River 
Nile. I t  is recommended that a salt balance be carried out on the river to determine the 
effect of the seeping groundwater on the quality of the river water. 

D. Existing Groundwater Quality Program 

Dl .  The Groundwater Quality hlonitoring Network 

The Research Institute for Groundwater (RIGW) has implemented a groundwater 
monitoring network consisting of about 500 observation wells in the Nile flood plain and 
desert fringes. The main aim of the observation wells was to monitor the groundwater 
fluctuations. The network is operational for more than 25 y~ars .  Moreover, groundwater 
samples were cxtncted periodically for chcmid analysis. Most of the observation wells are 
screened (3m) in the main aquifer. and very few u p  the upper clay-silt layer. No special 
network has yet been implemented for q u d ~ t  y monitoring. 

Data concerning the location and characteristics of the observation wells are available 
in  the data bank of the RIGW. The files also contain historic data on groundwater heads and 
main chemical constituents. Annex C-Ill contains samples of the available data as stored in 
the RIGW database. 



D2. The Groundwater Quality Monitoring Program 

During the past years, some observation wells were selected for periodic sampling 
and chemical analysis (every three months). In addition, during the implemeniation of 
groundwater r e a c h  programs, wells located in the study areas were sampled and analyzed 
(see Annex C-111). 

Recently, the RIGW has started a research program on grcundwater pollution (jointly 
funded by the Dutch government). Groundwater samples were extracted from the existing 
observation wells and the private production wells at some locations. The program includes 
various activities, and achieved the following tasks: 

Assessment of groundwater vulnerability to pollution in some spots of the Nile 
alluvium (TN 70.130-89-02). 

Assessment of groundwater pollution from domestic activities at some locations in 
Cairo and the Deln (TN 77.01300-89-05). 

Assessment of groundwater pollution from agricultural activities at some locations 
in Cairo and the Delta (TN 77.01300-90-03). 

Assessment of grot~ndwater pollution from industrial activities at some locations in  
Cairo and the Delta ,TN 77.0 1300-90-05). 

hfonitoring -nd control of groundwater pollution, Strategy Report (TN 77.01300- 
90-06). 

Monitoring and control of groundwater pollution, design of a monitoring network 
for groundwater quality in the Cairo map sheet area. 

hlost of the studies are site specific except those on the impact of agricultural 
activities. The available sampling iacill~y (the obsewation wells) have restricted the type of 
information required for analysis. For most of the samples, chemical nitrate analysis was 
carried out. Trace element and other biological elements are few. 

These reports are available in the RIGW libnry. A summary of the results of these 
programs is included in Section F. 

E. Changes in Groundwater Quality 

El.  General Trends 

In the Nile Valley there are no regional patterns for water quality. Total dissolved 
salt values average 5@ ppm with a range of 160 to 1,700 ppm. Locally, especially in areas 
where upward leakage occurs or where drainage is restricted, values in excess of 2,000 ppm 
have been recorded. In the Nile Delta a gradual increase in TDS is observed in the fresh 



water zone from South to North. It is also observed that salinity inc rass  gradually with 
respect to depth. Figures 11 and 12 show the salinity of the groundwater in terms of TDS in 
the Delta and Valley, respectively. 

In general terms, the groundwater has originated from the Nile (irrigation) and 
infiltrated through the soil. Changes in ion wncentration are expected, due to evzporation 
and chemical reactions in the unsaturated and sahrrated parts of the soil. Figure 13 shows 
the prevailing water groups of the imgation water, soil water, drainage water, and 
groundwater. 

Figure 11.  Average Salinity of Groundwater in the Delta 

From the figure the following can be obsewed: 

There is a small difference between the chemical constituents of the irrigation 
water and the drainage water of open drains. This supports field observations of 
direct tail end losses from the irrigation system to the ope11 drains. 

Thcre is a significant difference between groundwater and irrigation water in the 
chemical constituents. 



Figure 12. Average Salinity of Groundwater in the Valley 



Figure 13. Piper Diagram of the Prevailing Water Groups 

e From irrigation water to groundwater, a decrease in Ca and Mg with respect to Na 
and K and an increase of S0,and C1 with respect to HCOl are observed. 

EZ. Site-specific Trends 

The vend in the groundwater quality presented in  the previous section represents that 
prevailing in the Nile Valley and Deln regions. Localized trends in groundwater quality are 
generally a reslilt of local surface activities or local changes in the formations comprising tile 
aquifer. The major trends resulting from silrface activities are discussed in Section iz of this 
report. On the other hand, no internal effects are observed unlcss one considers the seawater 
intrusio;~ in the coastal aquifer and water enriched with calcium carbonates near the fringes 
of the f l d  plain as internal effects. 



F. Sources of Groundwater Pollution 

Three mr'n sources of pollution originating from human activities can be 
distinguished ac ndicated in Figure 14. Surface water can also be regarded as a source of 
groundwater pollution, particularly in case of relatively high surface water levels. 

Figure 13. Main Sources of Pollution 

sources of 

hlorcowr, the groundwater itself may represent a source of pollution to the 
surrounding environment. An example is in the Northern Delta where saline groundwater is 
sccping upward to the soil and to the water distribution and drainage systems (see Figure 4 
on page C-7). 

pol l u t i ~ i ~  

F1. Pollutior: from Agriculture 

The majority of the Nile flood plain floor is occupied by agricultural activities. 
Nitrogen fertilizers are mainly applied to rice, wheat, and maize. Urea is the most common 
fertilizer and i t  constitutes 45 percent nitrogen. Other main crops like cotton and berseem 
are provided only with nitrogen fertilizer in lower quantities. In Table 2 the cropping pattern 
and the applied urea rates for the concerned crops in the Si:e Delta are presented. 

agriculture 

Table 2. Cropping Pattern and Fertilizer Application 

industry 

I 1 

environmental 
compartments 

-- - 

CROPPING PATTERN IN% OF CULTIVATED LAND 
( W E R  AND DE RJDDER, 1989; AND WLSKENS, 1991) 

environmental pollution 
air, water, soil 

The fertilizer not used by the crop leaches into the soil. With the application of 
irrigation water, these fertilizers can reach the aquifer where the soil permits infiltration. 

- - -  -- 

Rice 
Wheat 
Maize 

- 

East 
Delta 

4 4 
2 8 
2 0 

Middle 
Delta 

43 
3 3 
12 

groundwater 

C 

West 
Delta 

35 
31 
26 

Urea 
kg/ha/~r 

500 
600 
350 



The amounts of fertilizer reaching the groundwater depends on many factors, 
especidly, the vulnerability of gro~xidwater to pollution, and the existence and functioning of 
the drainage system. 

Sources of agricultural pollution generally have a diffuse character; and due to the 
high mobility of nitrate, the nitrate from agriculture may be considered as the main pollution 
source for groundwater. 

Annex C-111 presents the results of the survey carried out by the RIGW at some 
locations in the D e b .  

P,. Pollution from Domestic Sewage 

Domestic sewage could he considered a diffuse source or a point source. The main 
sources of groundwater pollution from domestic origin comprise leakage from municipal 
sewerage or septic tanks; sewage sludge or land disposal of solid waste; md land disposal of 
setvngr water (we Annex C-111). 

hligntion of pollutants from these sources strongly depends on the volume of 
di,ichargcd wastewater, which determines the infiltration rate. 

Surface water may also function as a pollution source for groundwater. However, 
water in dnin2ge canals, which are basically most polluted, cannot infi1tra:c into the soil as 
watcr tables in  these drains are low compared to surrounding groundwater. Inigation caniSs 
in the southeast pan of the Nile Delta have high infiltrating capacities and may affect the 
quality of groundwater. 

Domestic wastewater may contain considerable amounts of nitrogen, particularly in 
the form of ammonium and organic nitrogen. Phosphates may also be present, depending, 
prinmily on the application of phosphate-containing washing powders. 

F3. Pollution iron] Indust ri;d Act ivitics 

Industries or industrial activities are mainly distinguished according to the materials 
used or those resulting during the production process. Malerials are relmed as solids or 
liquids. Pollution from solid materials pencnlly ruches the gro~r~dwater through percolation 
due to rain or imgation. This threat IS  small in Egypt as rainfall is limited and disposal 
areas are far from agricultural activities. On the othcr hand, industrial liquids might 
seriously threaten the groundwater qual~ty. 

In general, no direct recharge of industrial effluent is taking place tb !i:e aquifer 
system in Egypt. Industrial effluent are disposed either into the surfzcc;: water conveyors or 
to the drains. The risk that pollutants reach the groundwater depends on the hydrogeologic 
conditions and the vulnerability of grodndwater to pollution. 



Although industrial groundwater pollution can be very serious on a local scale, the 
impact on the composition of the main aquifer is far less than the effect on agriculture. 
industrial sites cover less than 1 percent of the total Delta area, while agricultural activities 
are widely spread and are the dominant polluting agent in Egypt. 

F4. Factors Affecting Groundwater Pollution 

F4a. Ground water Vulnenbil!ty 

The following aspects are important with respect to groundwater vulnerability: 

Prccipitiltion and Evaporation. Recharge to the aquifer from rainfall is extremely 
low, except in the a r a  adjacent to the coast. Migration of pollutants occurs if considerable 
wastcwatcr is drained into the soil. Infiltration from polluted drains depend on the water 
table position with respect to the groundwater head. The entrance resistance of the drain 
plays an important role in that respect. 

Thickness and Lithology of the Top Clay Layer. The thickness of the top clay 
layer in the flood plain changes from nil on the fringes to more than 20 m in the central 
regions. Locally, this clay layer is intercalated with sand. The clay layer plays an important 
role i t 1  protecting the groundwater. Cation exchange and adsorption of organic matter are the 
main processes responsible for the retention of pollutants. The phreatic aquifer is thus more 
sut?jcct to pollution. 

Verlicrl Row of Groundwater. The potential for groundwater pollution primarily 
depends on the vertical groundwater flow. Groundwater pollution is normally impossible 
under upward groundwater flow (north Dclta and fringes). 

IIorizontal Flow of Groundwater. The horizontal groundwater flow in the alluvium 
is generally about 25 miyear. The horizond migration of pollutants may also depend on 
local homogenities of the soil. Groundwater movement and also pollutants follow the layers 
of higher pern,icability. However, concentrations are reduced through dispersion in highly 
permable formations. On the other hand, low permeable formations located near pollution 
sources may locally contain higher concentrations due to the low dispersion. 

F4b. Pollutants' Properties 

Besides the vulnerability of the groundwater. the properties of the pollutants affect 
greatly their migration through the soil. The spcxific weight of pollutants may show specific 
migration patterns. Light substances such as mined oils and aromatic hydrocarbons 
(specific weights approximately 0.9 and 0.95, respectively) will remain above the water 
table. Heavy subsmces as volatile chlorinated hydrowbons (specific weight about 1.5) may 
reach deeper strata by specific vertical migwion. 



Absorption is the main regulating process for migration of pollutants in soils. Its 
effect is primarily determined by the solubility of the pollutant in water and the original 
organic matter content of the soil. Table 3 summarizes the grouping of pollutants according 
to their adsorption to sand (low organic matter) and clay (relatively high organic matter). 

Table 3. Relative Mobility of Pollutants ib Soils 

Group of Pollutants 
Mobility through 

anions (Cl, N03) 
aliphatic chlorinated hydrocarbons 
aromatic hydrocarbons 
aliphatic hydrocarbons 
heavy metals (Zit Ni, A) 
herbicides 
heavy metals (Hg, Pb) 
insecticides 

- -- - - 

*, 0, - : RESPECTIVELY, HIGH, MMERATE, AND LOU 

Heavy mctrtls such as lead, copper, and chloro-pesticides are usually strongly retained 
by the clay and organic matter of the topsoil. Chlorinated hydrocarbons such as ethylene are 
more soluble and adsorb less to the solids. 

Some pollutants show decay, especially in the unsaturated zone and near the water 
table. In the groundwater itself decay is a very slow process and is therefore often 
neglcctcd. Decay of non-chemical subsmces is probably substantial, also due to relatively 
high temperatures in Egypt. Ammonium is often at least partly nitrified to nitrate. 

F5. f i tent  of Groundwater Pollution in the Nile Delta 

Previous investigations carried out by the RIGW indicated that the main pollutant 
thratcning groundwater quality in  the flood plain is tlie nitrate. As a start of a country 
survey. the Delta was selected for a regional survey on the extent of groundwa~er pollution 
from nitrate. 

F5a. Arc3 Classification 

For the purpose of the survey, the Delta has been divided into subregions according 
to: (3) salinity of the groundwater; (b) land use; and (c) vulnerability of groundwater to 
pollution. Each of these pmmetcrs has a major impact on the quality of groundwater. The 
distribution of these subregions is indicated in Figure 15 with a summary of their 
classification presented in Table 4. 

Salinity of groundwater: The groundwater in the Nile Delta is divided into fresh 
and non-fresh arcxi according to an iso-TDS-line of 1,000 ppm (see Figure 11). In 
the areas adjacent to the hleditemnean, the Red Sea, and the lakes, the 



groundwater is fresh on the top, becoming brackish downward due to the seawater 
intrusion. In these areas a clear distinction between fresh and brackish zones is 
generally difficult. The division is thus made according to the TDS of the 
observation wells. 

r mt A I 
.(I 

I I D I F F E R E N T I A T E D  A R E A S  

Figure 15. Diffcrcnt iated lIomogeneous Subareas 



Table 4. Summary of Area Coding and Classification 

Land use. Three categories of land use have been distinguished: urban, industrial, 
and agricultunl. 

The agricultural category is subdivided into traditional agriculture and agriculture in 
the reclaimed areas. The reclaimed areas are located on the east and west fringes of the 
Delta. Obviously the Nile Delta is characterized by its agricultural use, since over 90 
percent of the area can be classified as agricultural. 

NUMBER 
OF YELLS 

7 
4 
3 

14 
6 
1 
3 
7 
1 

I f  an observation well is located in a small town where surroundings are dominated by 
agricultural use, the area classified as agricultural. Industrid areas are not sampled due to 
their minor areal importance to groundwater pollution. Moreover, pollution from industries 
originate from point sources, which requires more specific monitoring. 

LAND USE 

TRADITIONAL 
RECLAIMED 
URBAN 
TRADITIONAL 
RECLAIMED 
URBAN 
TRAD 1 TI ONAL 
TRADITIONAL 
TRADITIONAL 

VulnembiIily of groundwater. According to a previous study on the vulnerability of 
groundwater to pollution in the Nile Delta, the vulnerability of areas in the Delta can be 
roughly classified as high. moderate. and low. Due to high infiltration rates and low 
absorption capacity of the soil, the sandy aras are classified as highly vulnerable. Low 
infiltration rates within the clay areas determine the groundwater as medium vulnerable. 
Only in the areas where upward seepage occurs is the groundwater vulnerability low. 
Upward seepage can be found in the nohthern part of the Nile Delta and near fringes of the 
Nile Delta where waterlogging problems occur. 

WLNERABILITY 
TO POLLUTION 

HIGH 
HIGH 

MEDIUM 
MEDIUM 
HIGH 

MEDIUM 
MEDIUM 
L W  
LOU 

AREA 
C W E  

A 
B 
C 
D 
F 
G 
H 
I 
K 

F5b. Area Coding 

SALINITY 
1000 PPM 

NO 
NO 
NO 
NO 
YES 
YES 
YES 
YES 
NO 

Based on the above panmeters. 12 sub-areas, each with different characteristics, are 
distinguished in the Nile D e b .  Selcct~on of the observation wells throughout the Delta is 
based on an effon to get an evenly d~stributd network over the nine areas, excluding three 
with industrial land use. The areas are ind~ated in Figure 15. 

In Table 4 the nine areas are presented, their distinguishing features summarized, and 
the number of selected wells given. 

F5c. Sampling 

Approximately 60 RIGW observation wells were selected for this survey. Most of 
them were visited and cleaned before the survey. If no observation wells were available, an 



irrigation andlor drinking water well substitutes for h e  observation well (e.g., D202.X. 
WADN.3 and DINA.3). Figure 16 shows the locations of the sampled observation wells. 

Rgure 16. Location of Sampled W e L  

To obtain a three-dimensional insight into the occurrence of nitrogen in the Delta's 
groundwater. one needs data from various depths. For this reason, at each observation 
location efforts were made to take additional samples from n&y wells. (Shallow 
handpumps tapped the top layer of the aquifer.) Generally, two samples were taken from 
shallow wells to compensate for the great variations expected. Sampled shallow handpumps 
were generally within a radius of 250 m from the observation well. The two shallow 
handpumps are always less than 100 m away from each other. 

Imgation production and drinking wells (near water towers) usually have depths of 50 
to 150 m below ground level. Samples taken from these wells represent the deeper layers of 
the aquifer. An advantage of those wells is that they are very well maintained, highly 
productive, and they give direct fresh-water from the aquifer. A disadvantage is that they 
have screens over extended lengths and thus provide water from a wide range of the aquifer. 



Irrigation and drinking water wells were chosen within a radius of 1,000 m from the 
observation well. A total of 157 wells were sampled, as shown in Table 5. 

Tablo 5 .  Number.and Type of Sampled Wells 

All samples were collected following standard procedures. 

Total observation locations 

Observation wells 
Shallow hand pumps 
Irrigation wells 
Drinking water pumps 

Total 

Observation \\'ells. The o b ~ e ~ a t i o n  wells are sampled with an electric submersible 
pump. The pump is lowered into the pipe of the well as deep as possible. The maximum 
depth which the pump can rech is determined by the length of its hose/electric wire, which 
is 30 m. Observation wells usually have a 4-inch diameter for at least the first 10 m-GL. 
Sometimes the rest of the pipe is only 2 inches. In this case the pump can be lowered only 
to this depth. Many wells have a 4-inch diameter over the whole length. Sampling from 
observation wells required more pumping, as water does not flow continuously as with 
production wells (imgationldrinking). I f  a sample is taken from the upper part of the water 
colunin or after too little pumping time, the sample may not represent the aquifer and is thus 
uscless for a scientific survey. The quality of the water in observation wells may also be 
affected by evaporation and corrosion of the well, which causes an increased iron (Fe) load 
in the water. Prior to sampling, the stagnant water in the observation well is replaced by 
fresh-water coming directly from the aquifer. This is checked by the temperature of the 
pumped water. 

( 4 6 )  

4 2  
4 4  
18 
13 

117 

Directly after taking the sample, EC, temperature, and pH are measured. Analysis of 
NH,', NO,', NO,, Fe, and Mn are carried out later the same day. One of the bottles is 
acidified, to prevent heavy metals from precipitating. The sample is analyzed on pH, EC, 
cations. and anions in the RIGW laboratory. The acidified sample is analyzed on NH,', 
NO,', B, PO,", and COD in  the DRI labontory. All samples are delivered to u ~ e  laboratory 
within five days. 

Characteristics of the direct surroundings of the observation well are written on the 
survey form. Special attention is paid to possible pollution sources such as drains, latrines, 
and (minor) industrial activities. The land use, the soil condition, and the drainage method 
are taken into account. Non-visible chmcteristics, such as depth of water table or 
placements of septic tanks, are obtained by interviewing local farmers. 

Shallow IIandpurnps. Within a range of 250 m from the observation well, two 
shallow handpumps (5-20 m depth) are selected to be sampled. Here only one bottle of 
sample is taken because only field analyses are camed out. Attention is paid to obtaining 



onginal groundwater; after five minutes of pumping, the water is then considered to be water 
from the aquifer and a sample is taken. A new survey form is filled out. 

Irrigation and Drinking Water Production Wells. In a range of 1,000 m from the 
observation well, two deep wells are selected to obtain samples of deeper groundwater (50- 
150 m depth). One sample is taken; most of the time these pumps are constantly running so 
a sample can be tapped directly from the pumping installation. In this situation a survey 
form is also filled out. The locations of all visited wells are indicated on maps with a scale 
of 1 :25 ,LlOO. 

F5d. Analysis 

Field Analysis. A field colorimeter is applied for a quick and easy determination of 
the concentrations of N*', NO,', NO,', Fe, and Mn in the sample. For all three nitrogen- 
related panmeters, two tests are canied out, one for the lower range of concentrations and 
one for the higher range of concentrations. 

Prior to determining the total iron and manganese concentrations, a digestion 
procedure is camed out. This could not be executed in the field and was not applied during 
this survey. The concentrations of Fe and Mn to be found in this report are therefore not the 
toul concentrations; they indicate a tendency in the occurrence of those components in the 
groundwater at a lower concentration level. 

Reliability Check Colorimcter. Pre-survey checks with the colorimeter were 
executed with standard solutions for all concerned parameters, which gave good results. 
Previous RIGWIIWACO analyses with the colorimeter in other project areas were counter 
checked with data from other laboratories; only very slight differences appeared. 

Laboratory Analysis. Chemical analyses in both RIGW and DRI laboratories are 
conducted according to the 'Standard hlethods 1985.' Ba,sically, the RIGW laboratory 
providcd this study with concentrations of the major cations and anions, the DRI laboratory 
provided some miscellaneous data such as ammonium, phosphate total, boron and chemical 
oxygen demand. Both labontorirs determined nirate concentrations, which offered the 
possibility of comparing the labontory concentrations with the field analyses data. The 
standard methods, however, prescribe a cool storage (4°C) and a storage time of not more 
than seven days for samples which arc analyzed for nitrate. Both conditions were not always 
met in either laboratory. A thorough companson of the nitrate concentrations could 
therefore not bc conducted. 

F5e. Results 

A11 individual data are available in a data book, which also contains a full description 
of procedures. 



The results of the survey for each subarea are presented in a report (TN 
77.01300.91.12). A summary of the results follows. 

Figures 17 and 18 present an overview of the occurring cancentrations of the three 
nitrogen parameters in the nine distinguished areas. The quality data for each subarea is 
included in Annex C-IV. 

The Old Land. An extended period of fertilizer use in the old land brought a huge 
amount of nitrogen during the last decades. However, the implementation of tile drainage in 
largz areas of the Delta transported a considerable amount of nitrogen pollution to surface 
waters protecting the aquifer from downward movement of nitrogen to the groundwater. 
This may be the main reason for an overall low load of nitrogen in the groundwater in the 
semi-copfined aquifer. Adsorption of ammonium to the thick top clay layer probably plays 
an important role in that respect. 

The groundwater in the north is not suitable for any sector due to its high salinity. 
The ammonium concentrations detected in the groundwater also reach high values. The 
ammonium may possibly originate frc..? the intrusion of seawater andlor from marine 
sediments. 

Iron and manganese seem randomly distributed. The WHO guideline for manganese 
is often exceeded, particularly at low depths. hlost of the free iron concentrations are below 
WHO guidelines. However, the total iron concentrations are higher due to the applied 
analyses methods. Release of iron from clay sediments is confirmed in this survey, since 
iron and manganese concentrations in groundwater of sandy desert areas are much lower. 

The Reclaimed Areas. A common feature in  groundwater of all sandy areas, both 
reclaimed and traditionally cultivated, is the presence of a relatively high concentration of 
nitrate. Another striking feature is the almost total absence of ammonium in the 
groundwater. The thick unsaturated sandy subsurface creates good conditions to convert 
ammonium into nitrate. This makes unconfined aquifers more vulnerable to pollution (with 
nitrate) than semi-confined and confined aquifers. Even with shallow groundwater tables 
(areas A and F), the detected amounts of nitme in groundwater are considerable. 

In sandy areas (unconfined aquifers), no relation between the type of agriculture, 
groundwater depth and salinity, on thc one hand, and the concentration of nitrate (at 50m 
depth), on the other, seems to exist. 

The manganese concentration is quite low compared with that in confined and leaky 
aquifers (old land). The free iron concentrations tend to be lower; but this may depend on 
the form in which the iron is analyzed. WHO guidelines are not exceeded, but the actual 
total iron concentrations are definitively at a higher level. 

The Urban Areas. The influence of urban activities on the groundwater quality is 
difficult to determine as the areas covered by urban and industrial activities are minor 
compared with those occupied by agricultural activities. Nevertheless, the impact of 



Figure 17. Presence of Nitrogen up to 30m Below G.S. 

C-28 



Figure 18. Presence of Nitrogen at 50-100m below G.S. 



domestic activities in areas of cities having no sewage systems (or with a leaching sewage 
system) should be reflected by the quality of groundwater just downstream from these 
locations. 

The samples from urban area C, which is underlain by a semi-confined aquifer, show 
a low overall nitrogen content. Nitrate is clearly present in higher concer.trations than 
ammonium, but the nitrate concentrations still remain below the FA0  and WHO guidelines. - 
The high ammonium concentrations in area H depend on only one observation and might not !- 

be representative. a 

G. Conclusions and Recomnlendations 

C1. Potential Sources of Groundwater Pollution 

The graundwater in the Nile Valley and Delta is mainly recharged from drainage 
surplus. Accordingly, one can expect the main source of groundwater pollution is 
agricultural activity. Pollution from domestic sources exists on a local scale, except in those 
areas where domestic effluent is used directly for irrigation (El Gabal, El Asfar) or where 
donlrstic sewage is disposed into a drain (Belbeis). Pollution from industrial sources is verj 
limited as i t  is very rcely disposed on the land and never injected to the aquifer. 

Nitrogen is likely to represent the main pollutant in groundwater, followed by iron 
and nxmganese. 

The extent of groundwater pollution by nitrate depends mainly on the groundwater 
vulnerability. Under the old land, the groundwater is less vulnerable than in the newly 
reclaimed ;ireas. This is due to the existence of the clay-silt top formation over most c' the 
old land and its absence in the new land. The groundwater in the transition area between the 
old land and the new land is highly vulnerable. This is due to the shallow water table and - 
thin or no clay-silt top layer. 

Iron and manganese are found at higher concentrcltions in the old land than in the 
reclaimed areas. The figures found. however, that irregular and standard deviations are 
high. There is a tendency for iron and manganese to appear in higher concentrations in areas 
with a clay cap. A natural source of iron and manganese within this clay cap is the most 
probable explanation for the increased concentrations. 

G2. Gaps of Information 
L 

Due to the lack of a quality monitoring network, the information obtained until now 
may not be accurate to the extent that would enable hlPWWR to draw concrete conclusions 
on the type and extent of groundwater pollution; and, thus develop stvtegies to protect it. 
The existing monitoring network (groundwater hads monitoring) is not cmvenient for the 
survey of groundwater quality. The corrosion of the old steel pipes affects the groundwater 
extracted from the wells. 



Moreover, the available information comes from one overall survey camed out in the 
Delta region (for nitrate mainly) and some selected sites for local (point sources). 

G3. Strategies for Groundwater Protection 

From the little information obtained from the studies carried out so far, it can be 
concluded that nitrate pollution in the soil can only be prevented by directly controlling the 
input. Fertilizer, the main source of nitrate on a national scale, should be critically regarded 
for its efficiency, need, and application. Surpluses of fertilizer should be avoided to prevent 
the excess nitrogen from seeping down to the aquifer. 

I t  is necessary to formulate guidelines and restrictions for fertilizer use and to include 
them i n  the fcnilizer extension programs for farmers. 

G3n. Groundwater Use 

Groundwater abstractions for drinking water purposes in the reclaimed desert fringes 
of the flood plain snould be canid out from the deeper layers of the aquifer to avoid high 
n i t n ~ r  concentrations. The same holds for some locations near the fringes of the flood plain. 

Groundwater use for inigation purposes in the areas where nitrate is present in high 
concentrations should be allocatd !z less sensitive crops (for nitrogen). 

A solution to the high iron and manganese concentrations in drinking water supplies 
in the flood plain may be approached along two lines: 

a Treatment of groundwater (coagulation), which is expensive 

Emphasis cr! abstnction of groundwater from surrounding areas or different depths 
with lower concentrations, i f  possible 

G3b. Groundwater Qualily hlonitoring 

To monitor the groundwater quality, a reference quality monitoring network should be 
implemented in the flood plain and the reclaimed areas. With the help of this network, 
monitoring should be conducted periodically. hloreover, a proper sampling method should 
be followed in the survey. Field and  Iiib~raiory analyses should include thorough checks for 
the analys~s method. 

hlonitoring should put much emphasis on nitrogen pollution. This dictates monitoring 
the path of nitrogen through the soil to detect the specific behavior of the different kinds of 
nitrogen which are considered as sources of pollution (organic nitrogen, ammonium, nitrite 
and nitrate). To quantify the process, pilot studies should be implemented to assess the rr ., 



balance of nitrogen. These studies should include the effect of fertilizer applications on the 
composition of the top clay-silt formation and the vertical travel velocity of 
nitrate/ammonium to obtain reliable information to develop policy guidelines. 
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SUPPLE3IESTARY ANNEX C-I 

AhSUAL DISC11 ARGES OF hlAI3 CANALS AND MAIN DRAINS 



TABLE 1.1 DISCHARGES OF THE RIVER NILE AT SOME MAIN LOCATIONS 
(MILLION CUBIC METERS/YEAR) 

TABLE 1.2 ANNUAL DISCIIARGE OF MAIN CANALS 

LOCATION 

DS ASSWAN 
DS ESNA 
DS N.HAMAD1 
DS ASSIUT 
US DELTA 
US DAMIETTA 
US RASHID 
DS EDFINA 

DISCHARGE 

CANAL 

ASFOUN 

EL KALLABEYA 

NAG HAMMADI EL 
SHARQUEYA 

NAG HAMMADI EL 
GHARBEYA 

EL IBRHIMEYA 
I 
TOTAL VALLEY 

EI, ISMAILEYA 

EL SHARQUAWEYA 

[RAYAH BEHERI 

RAYAH NASERI 

RAYAH MENUFI 

RAYAH TAWFIQUI 

TOTAL 

TOTAL 

1984 

57,310 

36,096 

5,220 

DISTANCE 
ON THE 
NILE(Km) 

167.000 

156.000 

345.000 

345.000 

538.000 

929.000 

932.500 

1 

1985 

55,840 

34,505 

3,580 

1989 

53,283 
46,954 
42,707 
31,960 
33,217 
8,982 
7,135 
2,517 

1988 

52,149 
46,238 
41,534 
30,310 
33,084 
8,100 
4,374 
2,753 

meter/year) 

1991 

554.13 

1211.39 

1065.18 

2461.00 

9307.05 

14761 

3610.00 

662.85 

5625.25 

1988 

550.52 

1176.41 

1134.22 

2414.60 

9021.05 

14284.13 

3136.95 

675.20 

6689.80 

2369.30 

4939.25 

3801.15 

19843.60 

34604.60 

1 1497.85 

5095.87 

3838.50 

20934.17 

35218.30 

1990 

53,996 
49,025 
42,891 
31,010 
33,769 
9,159 
4,069 
2,399 

~1~~HARGE(million 

1989 

483.72 

1044.13 

1658.83 

2459.75 

10038.98 

14670.88 

3335.95 

660.45 

6473.85 

1991 

53,750 

10,115 
4,280 
2,200 

cubic 

1990 

502.96 

954.25 

1058.61 

2465.05 

8157.74 

13148.51 

2524.05 

824.35 

6330.55 

1892.00 

4972.25 

3834.85 

21098.25 

35769.13 

2036.00 

5144.56 

3871.48 

21592.75 

34741.26 



TABLE 1.3 ANNUAL DISCHARGES OF MAIN DRAINS INTO THE RIVER 
BETWEEN A S W M  AND DELTA 

TABLE 1.4 ANNUAL DISCHARGES OF MAIN DRAINS INTO THE RIVER 
IN THE DELTA (MILLION CUBIC METERS/YEAR) 

YEAR 

1977 
1979 
1984 

The amounts of drainage water discharging into the river in the Nile Valley can be 
estimated as follows: 

11.885 
11.101 
9.300 

MONTH 

OCTOBER 
MARCH 
MARCH 

1. The measured discharges as appearing in Table 1.3, which provides daily 
discharges during certain months 

MEASURED DISCHARGE 
million cum/day 

10.398 
5.088 
5.145 

3 -. Comparing these discharges with the monthly discharges to sea of the year 
1984 (second intenm rcpcm of the project RIWDS, N. EGY/85/012 of the 
hlPWVR), shown below (mlll~on cubic meterslmonth): 

TOTAL 
REUSED 

DRAINAGE 

2,928 
2,855 
2,899 
2,834 
2,370 
2,672 
3,370 

TOTAL 
DRAINAGE 
NOT USED 

13,930 
13,6L2 
13,516 
13,235 
11,980 
12,288 
12,820 

DRAINAGE UATER FLOUlNG TO SEA NILE DISCkARCE 
YEAR 1 U.S. DELTA 1 BARRAGE 

THE ANNUAL TOTAL DRAINAGE TO THE SEA WAS 13,860 MILLION CUBIC METERS 

DRAINAGE KATER REUSED 
. 

EAST 

4,516 
4,272 
4,016 
3,779 
3,182 
3,317 
3,621 

1 9 C  
1995 
1986 
1987 
1988 

3. The figures in the previous table could be used as percentages for monthly 
drainage for any pear for both the Valley and Delta (i.e., the percent of the 
drainage during July is 9.9 percent of the annual drainage). 

EAST 

1,333 
1,284 
1,413 
1,350 
1,130 

1989 1 33,217 1,412 
l 9 i D  I 33.769 I 1,527 

36,096 
34,505 
3-,929 
34,449 
33,084 

MIDDLE 

5,064 
5,057 
5,264 
5,080 
4,361 
4,546 
4,476 

* 

n o v d .  

1,170 

8.L 

october 

1,380 

10.0 

MIDDLE 

A 7  
777 
72 1 
.I9 
686 
673 

VEST 

4,350 
4,313 
4,226 
4,376 
4,437 
4,425 
4,723 

d e c d .  

1,140 

8.2 

septmb 

1,470 

10.6 

month 1 j rnurry/ fcbrur .  1 m r c h  1 s p r ~  l I m y  I , m e  ! l u l l  !august 

VEST 

858 
794 
765 
765 
55- 
587 

disch.! 1,010 1 650 

X 1 7.4 ) 4.7 

1.236 1 6C7 

1.000 ( 1,020 1 1,072 ! 1,lSO I 1,370 ( 1,420 

7.2 1 7.4 1 7.7 1 8.3 1 9 . 9  ( 10.2 



4. Accordingly, the annual drainage water discharged in the Nile in the Valley 
reach is estimated at about 2,919 million cubic meters. This amount 
represents about 20 percent of the irrigation water diverted to the Valley 
during the same year (see Table 1.2) 

5 .  Applying the same percentage to the previous years, the drainage water 
disposed into the river in the Valley reach is as follows (million cubic 
meterslyear): 

YEAR 

DISCHARGE 

1988 

2,857 

1989 

2,934 

1990 

2,630 

1991 

2,919 



SUPPLEiIESTARY ANNEX C-II 

CROP IYATER USE DATA 



Table 11.1. Consumptive Use by Major Crops in Egypt 
(WMP report NO. 17) 

i 

LOCATION 
CROP 

COTTON 

R I C E  

MAIZE (SUMMER) 

MAIZE ( N I L I )  

SORGHUM 

SUGAR CANE 

WHEAT 

BERSEEM 

FUI, 

WATER U S E  (cum/fed./day) 

DELTA 

67.10 

108.15 

57.86 

53.55 

38.31 

56.15 

30.48 

M I D . E G Y P T  

84.62 

62.19 

55.11 

170.66 

47.54 

67.68 

37.34 

UPPER EGYPT 

92.44 

66.71 

58.87 

65.56 

216.89 

52.27 

74.30 

43.50 



Table 11.2. Cropped Areas in Feddans 

CROP 

1 COTTON 
R I C E  

LOCATION 

DELTA IMID.EGYPT I U P . E G Y P ~  

MAIZE 

SUGAR CANE 

WHEAT 

BERSEEM 

619,116 

914,242 

TOMATOES 

POTATOES 

ONIONS 

WATER MELON 

FRUIT TREES 

1,118,483 

9,193 

681,549 

1,344,947 

TOTAL 

199,303 

9,729 

210,941 

117,828 

272,332 

579,640 

30,474 

201,578 

356,954 

179,648 

85,600 

28,638 

70,050 

8,462,174 

I I 

998,067 

923,971 

216,310 

204,717 

296,796 

207,343 

5,597,950 

1,914,433 

244,384 

1,179,923 

1,909,244 

25,544 

1,661 

30,809 

82,9621 31,199 

322,085 

148,127 

373,191 

8,004 

32,239 226,357 

1,661,157 

122,165 

326,584 67,988 

1,203,071 



SUPPLEIIESTARY Ah'KEX C-III 

SITE INVESTIGATIOSS OS GROUNDWATER POLLUTION 



C-m.1 Agriculture Activitieq 

The RIGW carried out field investigations to determine the type and extent of 
groundwater pollution from domestic and agricultural activities. Locations were selected to 
include areas with various degrees of vulnerability to pollution. The main chancteristics, 
affecting the vulnerability of the groundwater to pollution aie the type and thickness of the 
upper soil and the depth to groundwater (KIGWIIWACO, 1989). 

Three agricultural areas, Mansuriya, TahrirIBustan, and Benha have been investigated 
for possible pollution from agricultural activities during the period from March to June, 
1990. The main crops as well as the main chemicals which have been used during the 
investigation period are shown in Table 111.1. Figure 111.1 shows the investigated locations; 
while Table 111.2 summarizes their characteristics. 

Table 111.1. Cropping Pattern and Use of Chemicals 

Table 111.2 Characteristics of the Study Areas 

AREA 
CHEMICALS 

P E S T I C I D E S  

MALATHION 
LAN I TE 
O x l c t i L o R  

MALATHION 
LAN1 TE 
TEMEK 

MALATHION 
ACTELIC 
OXYCHLOR 

CROPS 

E L L  DEPTH 

(m) 

5 - 12 m 
1 9 - 2 0 m  
C 1 5  m 
9 - 2 1 1 1 1  
7 - 22 m 
5 - 1 2 m  

1 1 - 1 C m  
5 m, 33 m 

28 m, 6 2  m 
2 5  in, 51 m 

F E R T I L I Z E R S  

UREA, SVPERPHOSPHATE 
AHMONlUH - NITRATE 
SuLPHATE 

UREA, SUPERPHOSPHATE 
AMMONIUM NITRATE 
POTASSIUM SULPHATE 

UREA, SUPERPHOSPHATE 
AMMONIUM - NITRATE 
SULPHATE 

SUMMER 

DISTANCE 
POLLUTlON 
SOURCE 

3 - 1 0 0  m 
5 -  2 0 m  
3 - 1 5  m 
2 -  2 0 m  
2 - 5 m  
diffuse 

2 -  3 m  
diffuse 
diffuse 
diffuse 

I CDVERIUC LAYER 

UINTER 

CLOVER 
VEGETABLES 

MANSURIYA ONION 
fAVA BEANS 

I w z E  

AREA 1 LANOIJSE  TYPEO OF SOIL 
1. B E L B E I S  luhSTE uATER D CLAYEY SAND 
2. SHEBIN EL KAUATER 
3. BEN1 SUEf 1 Ei, CLAY 
4. IMBA6A. CAIRO :UP BAN 
5 .  ABU RAUASH 1bR6Ah I CLAYEY SAND 
6. EL CABAL E L  ASIAR 
7. G I Z A  
8. E L  W U S U R I Y A  ; r G R l n ' ~ l u V E  CLAYEY SAND 
9. EL TAnRIR/EL BUSTAN A ~ I 1 I N : I u P I  CLAY 
10. BENHA / A G P I N L T U R E  I 

TAHRIR/BUSTAU 

THICKNESS 

4 . 11 m 

5 16 m 
1 0 - 2 2 m  
0 4 m 

0 
2 -  3 m  
0 - 2 m 

15 2 0  m 
0 

MA I ZE 

BENHA 

, :: :::: fAVA BEANS 
f R U l T S  

MAIZE W E A T ,  CLOVER I SOYA BEANS FAVA BEANS 
COTTON !VEGETABLES 



Figure 111.1 Location Map of the Study Areas 



The types of pesticides used have changed during the last 25 years from organo- 
chloro-pesticides to organo-phosphates. The use of various organo-chloro-pesticides is now 
prohibited as they accumulate in the food chain and have highly toxic properties. Fertilizer 
application has generally increased after the completion of Aswan High Dam and is believed 
to be used in high doses. 

The main aim of the investigation was to trace the vertical distribution of fertilizers 
and pesticides in the groundwater system. Groundwater samp!es are extracted from hand 
pump and production wells. A total of 21 wells were sampled. The main panmeters 
analyzed in the laboratory are the ammonium, nitrate, phosphate (total), organo-chloro 
pesticides, and organo-phosphates. Table 111.3 summarizes the results of the laboratory 
analysis. 

Table 111.3. Summary of Laboratory Analysis for Agricultural 
Pollution of Groundwater 

The groundwater in the area near hlansuriya contains high concentrations of both 
nutrients and pesticides. This is probably due to a combination of long-term cultivation and 
sandy soils. The recent cultivation of the desert areas of Tahrir/Bustan did not include the 
application of organo-chloro-pesticides. However, the impact of human activities already 
appears in the nitrate and organo-phosphates concentrations, which are on the same order of 
magnitude as in the hlansuriya area. 

'The higher concentrations of ammonium in deeper groundwater indicate the 
occurrence of denitrification. Toul phospharr conccntrations remain low in all situations, 

AREA 

probably due to strong adsorption to the sod. The thick layers of clay prevent a serious 
migration of pollutants to the aquifcr ncar Benha, u ~ t h  adsorption and cation exchange 
probably being the responsible processes. 

NUTRIENTS (mg/l) 

NHL* UP3 

PESTICIDES (Ug/l) 

The type and extent of pollution from agricultural activities as presented in this 
section is representative of different types of aquifers with similar characteristics in the Nile 
flwd plain. 

P S 3 -  

0.03 
0.02 

0.02 
0.01 

0.01 
0.01 

CHLORO 

5 . 7  
8.1 

0.5 
0 -6 

0.4 
19.3 

I10 
2.5 

8 
L 

8. KANSURIYA 
skal lou growduster  1 ::: deep grorrndvater 

PHOSPHORUS 

5 . 3  
1 .5 

4.2 
3.6 

2 .5  
0.6 

shr l tou  g r o v d u a t e r  1.6 6 
deep g r o v d u a t e r  10 

9. TAHRIR/BUSTAN 
shaltou grOIcduatcr 
deep prornduatcr 

10. BENHA 

1.9 
2.7 



C-m.2 Domestic Activities 

Domestic sewage could be considered either a diffuse source or a point source. At 
the location known as El Gabal El Asfar, irrigation depends on raw sewage (diffuse); while 
in Belbeis, the rnairl source of pollution is a wastewater drain. Other locations appearing in 
Figure 111.1 are point sourz,os. The main characteristics of the seven studied locations for 
wastewater pollution are shown in Table 111.2. 

The average number of wells sampled in the seven selected lacations is seven. The 
key parameters analyzed are: the total coliform, faecal coliform, and nitrate. Tcble 111.4 
summarizes the average analytical results of the key parameters for each area. 

Table III,4. Summary of Laboratory Analysis for Domestic 
Sewage Pollution of Groundwater 

The concentration for nitrate and the count of faecal coliform are tracers of pollution 
from domestic sewage. The i'ollowing trends can be concluded from the results: 

1. A high level of faecal coliform is encountered in the urban areas with sandy or thin 
upper soils (Beni Suef, Abu Rakash, Giza). The nitrate concentrations are slightly 
higher in these locations. 

AREA 

2. A low to medium level of faecal coliform in m d y  areas with wastewater drains 
and wastewater irrigation (Belbc-is and El Gabal El Asfar). The nitrate 
concentration in theses areas shows a considerable increase. 

COLI FORM (MPN/lOOml) 

3. Low levels of contamination uith both faecal coliform and nitrate take place in 

EELBEIS 
SHEBIN EL KANATER 
BEN1 SUEF 
INEABA (CAIRO) 
ABU RAUASH 
EL CABAL EL ASFAR 
G I Z A  

(mg/l) 

NO3 

urban areas with a thick covering clay-silt layer and, accordingly, a deep screen 
(Shibin El Kanater and Imbaba). 

TDS 

Previous investigations carried out in Egypt by the RIGW show similar tendencies in 
groundwater quality figures in urban areas. hlost of these investigations indicated a sharp 
decrease in faecal coliform with depth in both unconfined and semi-confined aquifers. The 
survival time of faecal coliform is generally less than a year in groundwater due to the low 
velocity of groundwater flow. Under phrcatic (unconfined) conditions, the travel time to the 

K 

1340 
1120 
1240 
1800 
930 

lC20 
820 

total faecal - 
24 1 6  216 

1200 
65 
12 

378 
352 
450 

8 
97 
13 
33 
15 
12 

1 (60%) 
8 (30%) 

63 (60%) 
0 (10%) 
n (50%) 
25 (LOX) 

135 (100%) 

1 
4 
2 
9 

61 
8 



aquifer is shorter; but the relatively long exposure to air increases die-off rates. One 
explanation to the existence of faecal coliform in groundwater could be its movement through 
the well itself or its sides (unsealed wells), as shown in Figure III.2. 

.................. .................. 

a:nigration through soil 
b:migration along the well 
c:migration inside the well 

Figure III.2. ILlustmtion of the Migration of Bacteria 
Near a Hand Pump 

C-111.3 Industrial Pollution 

Industries or industrial activities are mainly distinguished by the materials used or 
those produced during the production process. Materials are released as solids or liquids. 
Pollution from solid materials generally reaches the groundwater through percolation due to 
rain or irrigation. This threat is small in Egypt as rainfall is limited and disposal areas are 
far from agricultural activities. On the other hand, industrial liquids might seriously threaten 
the groundwater quality. 

Figure 111.3 illustrates some possibilities of leakage and pollution at industrial sites; 
while Table 111.5 summarizes the pollutants that can be released with liquid materials and 
wastes from industrial working fields. The quantity as well as the type of wastewater differs 
from one industry to another. 



STORAGE TANK 

WASTE WATER 

Figure 111.3. Pollution at Industrial Sites 

Table 111.5. Pollutants from Industrial Activities 

1. Qil and oil ~rcductz are oftcn at the basis of industrial processes and are the 
most widespread polluunts In soil and groundwater. The most common 
representatives are allphatlc hydrocarbons (mineral oils), and aromatic 
hydrocarbons (benzene, toluene, xylene). 

INDUSTRY 

2 .  Heavv metals are not as widespread as the oil products but their release is very 
severe for certain types of industries (metal industry, graphical industry); 
especially acid wastewater which may contain heavy concentrations of specific 
heavy metals. 

POTENTIAL POLLUTANTS 

PR IHARY SECONDARY 

ANHONIA, O I L  PRCOUCTS 

A R W T I C  HYDROCARBONS, HEAVY 
METALS 

MINERAL O I L S ,  HEAVY METAL 
PHENOLS 

HEAVY METALS, PHENOLS, CYANIDE, 
ETC. 

HEAVY METALS 

ACIDS (AROMATIC HYDROCARBONS), 
MINERAL O I L S  

POLYCYCLIC HYDROCARBONS 

MINERAL O I L S  

AROClATIC HYDROCARBONS 

1. fOOO PRQ)UCTlON I NON-CUEMICAL HYDROCARBONS AS 
PROTE I N  

2. TEXTILE INDUSTRY 

3. WOOL, PAPER, AND C R A P U I U L  
INDUSTRY 

i. C U E M l U L  INDUSTRY 

5. O I L  AND SOAP INDUSTRY 

6. METAL AN0 MACHINE INDUSTRY 

A R W A T I C  HYDROCARBONS 

A R M T I C  HYDROCARBOWS, CHLORINA- 
TED HYDROCARBONS, ACIDS. ETC. 

MINERAL O I L S ,  
A R M T I C  HYDROURBOUS 

HEAVY METALS 

7. ENERGY PROOUCT IOU INDUSTRY 

IMINt RAL O I L S  

8. CONSTRUCTION SUPPORTING INDUSTRY I 
9. S M L L  SCALE SERVICE 

t 



3. Chlorinated hvd rocarbon s (trichloro-ethane, tetrachloro-ethane) are basic 
products in the plastic industry. These products are used extensively 
worldwide as cleaning liquids (diluters of fats, oils, etc.), and can very often 
be found in the groundwater. It is unknown to what extent they are used in 
Egypt. If used, they are a serious threat to groundwater quality. 

4. Other chemical substances used in Egypt with specific types of industrial 
processes include phenols, pesticides, cyanide, and polycycline hydrocarbons 
such as naphthalene. 

In general, no direct recharge of industrial effluent is taking place to the aquifer 
system in Egypt. Industrial effluents are disposed either to the surface water conveyors or to 
the dnins. The risk of pollutants reaching the groundwater depends on the hydrogeologic 
conditions and the vulnerability of groundwater to pollution. 



SUPPLEhIENTARY ANNEX C-IV 

NITROGE'L' SURVEY IN THE DELTA REGION 
RESULTS OF ASALYSIS FOR IhDIVIDUAL SUBREG!ONS 



FIGURE IV.l DlFFEREhTIATED HOLlOGENEOUS SUBREGIONS 

FIGURE IV.2 LOCATIOX O F  OBSERVATION POINTS 



AREA A 

M L L  

DO85 
0095 
DO99.X 
Dl09 
0202.X 
0216 
DUK6 

LOCAT ION 

KAFR OAVOOO 
ABU RAWASH 
BIPUASH 
EL HAYAKLA 
ABU ZMBAL 
EL CUNAYEF 
EL PATTA 

DEPTH 
(m- CL ) 

UL-15 
15-40 
40-80 

NUUBER AN0 TYPE OF UELLS 

5 OBSERVATION WELLS 
12 SHALLW HAND PUMPS 
6 IRRIGATION P W S  
2 DRINKING UATER PUMPS 

E C 
(US/cm) 

975 
795 
790 

WUnBER AN0 TYPE OF E L L S  

3 OBSERVATION WELLS 
2 SHALLOU HAND PUMPS 
4 lRRlCATlON PUUPS 
2 DRINKING UATER PUUPS 

UELL I LOCAT 1 ON 

NHC- 
(mg/L) 

0.01 
0.20 
0.07 

DVY? 
DM9 
OM10 
OINA 

Un 
(mg/ 1) 

0.06 
0.05 
0.01 
0.01 

DEPTH 
(rn- CL) 

UL-25 
25-50 
50-100 
,200 

WELL I LOCAT ION / NUMBER AN0 TYPE OF UELLS 

NO3 - 
(mg/l) 

20.2 
25.1 
15 -8  

NO2 - 
(mg/l) 

0.1 
0.1 
0.0 

EL KHATATBA 
BlRlWT 
EL TAHADI 
OIUA FARMS 

0010 
0020 
DOC2 

DEPTH E C WHL- f 
(rn-GL) 

UL-35 765 0.70 0.1 4.6 
35-70 0.80 I 0.0 1 6.6 

E C 
(US/cm) 

1240 
M 5  

1238 
330 

POXI/HELIOPOLIS I )  OBSERVATIW YELLS 
TANlA I 1 SHALLW HAND PLJUPS 
KOBA/UIRO 1 ORIWKlWG WATER PUUP 

un 
(m0/1) 

0.0 

F 
(mg/l) 

0.10 
0.03 
0.18 

A 

Un 
(mg/l) 

0.10 
0.21 
0.42 

WHC- 
(mg/l) 

0.00 
0.10 
0.00 
0.00 

NO2 - 
(mg/l) 

0.1 
0.1 
0.1 
0.0 

NO3 - 
(m0/1) 

73.6 
14.5 
11.2 
2.2 

F 
(mg/l) 

0.50 
0.01 
0.05 
0.03 



AREA D 

AREA P 

NUMBER AND TYPE OF UELLS 

14 OBSERVATION WELLS 
27 SHALLW HAND PUMPS 
5 IRRIGATION PWPS 
7 DRINKING UATER PUMPS 

WELL 

DO1 1 
DO24 
DO26 
DO28 
DO36 
DOLL 
DO63 ' 
DO70 
Dl08 
0205 
0267 
D2L8 
0320 
0337 

LDCAT l ON 

B l SHLA 
TALA 
BURDE 1 N 
OOVVE I SNA 
SUBK EL AHAD 
BAHTIEH 
SANAFA 
KAFR EL BACUR 
WAZARA 
HIT KINANA 
EL KUNAYISA 
6ASYUN 
EL PARADA 
KAFR EL LlBBA 

Fe 
(Iwll) 

0.13 
0.48 
0.04 
0.43 
0.18 

AREA G 

Hn 
(m0/1) 

0.79 
0.55 
0.14 
0.41 
0.22 

NHC- 
t m / l l  

0.10 
2.FO 
0.70 
4.30 
0.80 
0.80 

ND2- 
(mill,) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

DEPTH 
(rn-CL 1 " 

NUMBER AND TYPE OF ELLS 

4 OBSERVATlDN ELLS 
2 IRRIGATION PIMPS 

YELL 

DUS 
Dm 
D u l l  1 

DEPTH 
(m.CL 

25-55 
55-100 

NO3 - 
(Wl, 

5 -3 
7.5 
4.6 
1.6 
7.5 
1.8 

UL-13 
13-29 
29-48 
48-70 
70-85 
85-120 

LOCATION 

BEHE I R A  
BEHElRA 
BUSTAN EXTENSION 

EC.  NHC ND2- ND3- FI Mn 
(mg/l) 

3665 0.00 0.1 7.2 0.34 0.07 
2256 0.10 0.0 11.4 0.00 0.06 

805 
5 60 
575 
825 
785 
550 

SHARAUAY 
ECU EL M N A l F  
E SA 1 EL SAlDA 

YELL 1 LOCAT 1 ON 1 YUM8ER AND TYPE OF ELLS 

Dl20 

DEPTH 
(m-CL) 

50 

EL SINBILLAWEIN ( 1  OBSERVATION WELL 

E C NHC- NOZ- N03- Fe Mn 
(mg/l 

2400 19.40 0.0 7.0 0.09 



ARXA I 

NUMBER AND TYPE OF MLLS 

3 OBSERVATION UELLS 
2 SHALLOU HAND PUMPS 
1 IRRIGATION PUMP 

WELL 

DO65 
0168 
DSAL 

LOCATION 

KAFR SAKR 
EL CHUNEMY 
EL SALHlYA 

NUMBER AN0 TYPE OF WELLS 

7 OBSERVATION MLLS 

Fe 
(mg/l) 

1.75 
0.01 

NO3 - 
(rng/L) 

51.8 
7.0 
3.1 

WELL I LOCATION 

Mn 
(mg/ L 

0.09 
0.06 
0.58 

DEPTH 
(rn-CL) 

0121' 
Dl25 
Dl87 
Dl93 
DHAM 
DKDJI 

WELL I LOCAT ION ( NUMBER AND TYPE OF WELLS 

UAON ( ~ ~ 3 1  EL NATRUN 11 I R R I G A T I O N  PLIMP 

NHL- 
(mg/l)  

E C 
(US/crn) 

BEN1 EBElD 
DIKIRNlS 
EL SCSITA 
F WA 
EL HAW1 
U F R  EL OAUAR 

N02- 
(mg/l) 

UL-15 1223 0.00 
15-50 0.40 
50-110 0.30 

QUA s T ( E L  W A S A T A W E  

M n  
(mg/l) 

17.38 
0.88 
2.28 
0.42 

1.6 
0.0 
0.0 

Fe 
t w i t )  

0.00 

DEPTa E C N H L  - N02. NOS. 
(rn-CL) I(US/C.) I < W / O  I (ngl l )  1 ( 4 / 1 )  

OEPrn EC N H L -  ~ 2 2 .  , r:S- f 
( m - t ~ )  

39-50 1630 
S O -  TS I 1010 I 

Mn 
(mo/ l )  

0.04 
0.06 

3.9 
3.1 
0.9 

UL-10 
25-50 
50-90 

+ 

90-120 

103LO 
18800 
17850 

i 

9300 

3.90 
12.10 
7.70 

0.0 
0.0 
0.0 

12.90 0.0 , 9.7 
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ANNEX D 
SURFACE WATER QUALITY MONITORING 

A. Past hlonitoring Programs 

A l .  The Water Research Center Program 

The Nile Research Institute (NRI) of the Water Research Center has carried out a 
monitoring prognm for the River Nile since 1976. NRI, with the Ministry of Health, 
carried out the prior monitoring program from 1976 to 1986 for the River Nile from Aswan 
to the h i e d i t e m a n  Sea. Special programs were also canied out betweer1 NRI and the 
\Vater and Soil Sciences Department, Faculty of Agriculture, Alexandria Ur.:versity, for 
spcific water quality studies on the Rosetta and Damietta Branches in 1987 and 1989. 

To design any water quality monitoring program four questions must be considered. 
\Vhy? Where? iVhat? When? What are the program objectives, the program sampling 
locntions. the program parameters, and the program frequency, respectively? 

The main objective of monitoring the pollutants along the River Nile between 1976 
and !986 was to determine their effects on the water quality in its different uses. 

In  1987, the srlmpling prognm on the R o r e t ~  Branch studied change in water quality 
during the c!osure period (high flow) as i t  related to future projects for the storage of surplus 
water in the Northern Lakes. In  1989, the objectives of other sampling programs on the 
Rusetta and Darnietta Branches were to: 

Evzluate the water quality of {he Rosetu and Damietta Branches with respect to 
time and space, 
Evaluate the water quality and quantity of dl point sourc::s of pollution located 
along the two branches, 
Evaluate the water qual~ty of the two bmches for its different uses, and 
Calculate the quantity of surplus water to be stored in the Northern Lakes. 

A 1 b. The Sa~npling h a t   OILS 

The intensity of these water quality sampl~ng campaigns lies in the space rather than 
in the time domain. In  the River Nile frcri~ Aswan to the Delta Barrages (952 km), 398 
polnts were sampled, some only once. during the eight years. They fall into two categories: 

270 sampling sites every 10 km on the river, within 200 rn upstream and 
downstream of all waste discharge points; and 



128 sampling points at waste discharges, 72 of which are agricultural drains. 
These collect excess irrigation water from cultivated lands and return it to the 
River Nile. It has been recognized that many also receive municipal or industrial 
effluents. Figure 1 shows the distribution of the agricultural drains along the 
River Nile. The remaining 56 sampling points (of the 128) represent discharges of 
industrial or municipal effluents. Figure 2 shows their distribution along the Piver 
Nile. 

- 
Not all 398 points of the network were sampled in each campaign. Table 1 shows the 

- 
total number of sampling points considered. 

Thirty-five ximpling points on the Rosetta Branch were considered for the campaigns 
of 1984, 1985, 1986, and 1987. These included 27 sites on the bmch  itself and eight 
locatcd at the mouth sf agricultural drains or industrial outfalls. Similarly, for the Damietta 
Branch, 31 sampling points were considered. These included 25 sites in the b k c h  itself and 
six sampling points located at the mouth of the agricultural drains or at the industrial outfalls. 

- 

For the 1989 sampling campaign the network of points on the Rosetta Branch was 
reduced to 19 sites on the branch itself and eight located at the mouth of the agricultural 
drains or at industrial outfalls. On the Damietta Branch, 12 points were on the branch and 
six at the mouth of agricultural drains or industrial outfalls. In general, the sampling sites 
along both branches are located downstream of major point sources and downstream of large 
towns or cities. 

P 

The Parameters. All samples collected during the nine campaigns for the River Nile 
from Aswan to the Delta Barrages between 1979 and 1986 were analyzed for pH, 
temperature, conductivity, dissolved oxygen, carbon dioxide, ammonia, nitrite, nitme, 
biochemical oxygen demand (BOD), chemical cxygen demand (COD), total dissolved solids, 
ash of total dissolved solids, suspendd matter, a s h  of suspended matter, total alkalinity, total 
hardness, d c i u m  hardness, magnesium hardness, major mions and cations, oil and grease, 
phosphates, carbonates, sulphur, and f a 1  coliform. Ir addition, in 1986, the determination 
of five heavy metals was added to the parameters for the agricultural and some industrial 
dnin effluents. 

On the Rosetta and Damietn Branches. all samples collected d~lring the four 
campaigns for 1983, 1985, and 1986 were analyzed for the same parameters measured in the 
River Nile from Aswan to Delta hmges .  Results for each parameter were obtained from 
composite samples over the cross sccuon and all polnl sources of pollution. 

For the 1987 and 1989 campaigns thcre were two major differences: 

A,ralyses also included pesticides and heavy metals in addition to the above 
parameters; and 







Table 1. Number of Sampling Points per Campaign 

\{later quality was determined fur depth-integrated samples taken at various 
locations i n  the lateral direclion in addition to cornsat samples over cross sections. 

1976 
1977 
1978 
1979 
1984 

1985 
1986 
1987 
1989 

Thc Frequency. The monitoring program was conducted during two periods. 
During the first period, between 1976 and 1979, samples were taken once a year by 
H.r\DSEKI and the Central Laboratories of the Ministry of Health. However, an analysis of 
ttic' data showed that the purity of the water changed from year to year along the River Nile. 
Tlierttfore, during the second period starting in 1983 samples were to be taken twice a year 
for live years. Thesc. data ucre cxpectcd to give a clear picture of the Nile water and enable 
a prujcction to be rnade for changes In [tic tvater quality. However, this program, conducted 
by IVRI and the Occupational and Ent,lrunmcnul Health Center of the Ministry of Health, 
H ; ~ S  carried out twice during 1984 and onl! once a year in 1985 and 1986. 

Thc dates of the various cur:ipaigns l ~ c [ u ~ c n  Aswan and the Delta Barrages are 
det.tilcd in Table 2. 

Locat ion 

Ficld Sampling Proccdurcs 

At each sanipling site in the rivcr, a composite sample was obtained over the cross 
section by mixing the grab samples taken at 50 crn below the surface and at 70 cm 

Aswan to Delta Damietta 

in river 

8 8 
142 
153 
110 
15s 
176 
193 
203 

Rosetta Branch 

in 
river 

LI 9 I 7 

2 0 
18 
mu 7 7 
- 
12 

at 
pollution 
poirits 

43 
48 
70 
73 
7 1 
66 
72 
8 2 

in river 

2 5 
25 
16 
2 1 
19 
19 

at 
pollution 
points 

3 
3 
3 
3 
- 
6 

at 
pollution 
points 

7 
6 
6 
8 
8 
8 



Table 2. Dates of Sampling Campaigns from Aswan to  the Sea 

*Not all siimplcs taken 
"includes 2 days off 

I'ca r 

1976 
1977 
1978 
1979 
1984 

1985 
1986 
1987 

1989 

- 

above the bcd at thrce Iixatlons In the la[enl direction, i.e., at 50 meters from 
each bank, and a[ the rn~ddlc (Flgurc 3-A) .  

A grab sclniple was taken iro~ll 311 Ix)lnt sources at the middle of the source. 

Depth and flow velocity was nicnsurcd at the three sampling locations along the 
cross ssction. 

The grab simples werc mixed on the boat to form the composite samples. 
Temperature, pH values, dissolved oxygen, and cond~~ctivity were determined in  
the boat as in-situ pannlctcrs. 

Damietta 

from 

30 Apr 
18 Aug 
19 Aug 
15 Oct 

5 Feb 
30 hIay 

Locat ion 

Branch 

t o 

6 hlay** 
23 Scp 
22 Aug 
19 Oct 

8 Feb 
31 hlny 

Aswan to 

f ronl 

22 Jun 
11Oct  
11 Aug 
19 RI;w 
1 3l;tr 
21 Oct 
21 Jul 
14 Scp 

Rosetta 

from 

23 Jul 
29 Aug 
23 Aug 
20 Oct 
19 Jan 
23 Apr 
2 J;ln 
12 Jil11 
20 J;rn 
10 Fcb 
4 1 

Delta 

t o 

3 Jul 
22 Oct 
23 Aug 
30 Rlnr 
15 RIar 
9 Nov 
3 Aug 
27 Sep 

Branch 

to 

25 Jul 
3 Sep 
24 Aug 
22 Oct 
24 Jan 
25 Apr 
6 Jan 
17 Jan 
23 Jan 
13 Feb 
28 hlay 



Note 
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Figure 3-A Sampling p d u r a  on the River Nile during 1976-86. 

Figure 3-B. Sampling procedures on the River Nile during 1987-89. 

. 

Note 

VoAeaIly a1 0 lb. daplb of U. -la? lor ameh nmpl- looallan 



Part of each composite sample was sent to the nearest regional laboratory for the 
analysis of BOD, COD, and coliforms; the remainders were periodically sent by 
car to the laboratory in Cairo. 

In the 1987 sampling campaign, the surface and subsurface lateral samples at each 
location were analyzed separately. 

In  the 1989 sampling campaign, two types of water samples were collected: 

- Three to five vertical integrated samples were collected from certain locations 
in the river (Figure 3-B), and 

I 
- Composite water samples were formed from these vertical integrated samples 

for each site. I 
Therefore, from four to six samples were analyzed from each site. 

All the analyses were carried out from 1976 to 1979 by the Central Laboratory in 
Cairo and the regional laboratories of the Ministry of Health. However, from 1984 to 1986, 
all analyses were carried out by the Environmental iind Occupational Health Center and the 
rcgional laboratories of the Ministry of Health. In 1987 and 1989, all the analyses were 
carricd out by Soil and Water Department, Faculty of Agriculture, University of Alexandria. 
11 group of specialists from NRI conducted all the sampling processes for the above 
prognnls by using the institute's facilities, such as boats, current meters, and samplers. 

A2. The Irrigation Sector 

The MPWWR Irrigation Sector, with advice from the Supreme Committee for the 
River Nile, had started, through the local irrigation departments with the cooperation of the 
Ministries of Interior and Health, a plan to implement Law 48-1982 concerning the River 
Nile and its waterways. This plan was to protect against pollution through inspections and 
enforcement of the law. Fiowrver. i t  was not fwible to implement this law because of the 
high cost of the treatment units. 

The Sampling Locations 

Sampling and analyses of drinking water inukes to treatment plants 
Sampling and analyses of dnnk~ng water suppllcs, either surface or ground 
Sampling and analyses of industnd and municipal wastes 

The Panmeters. The parameters monitored are those mentioned in Law 48/82. 

The Frequency. All the samples and analyses were done regularly. All analyses 
were carried out in the Central Laboratory in Cairo and the regional laboratories of the 
Ministry of Health. The Supreme Committee of the River Nile gave the people responsible 



for discharging effluents many deadlines by which they were supposed to treat their wastes in 
order to meet the specifications of the law. 

The last deadline was the end of June 1986. MPWWR departments reported about 
4,000 penalties for different industries whose wastes did not meet specifications. However, 
only 1,700 of these industries completed the requested improvements; 23,000 are still 
discharging their wastes into the River Nile without treatment. Most of these industries are 
related to the public sector, and municipal and domestic wastes. 

A3. Egyptian Academy of Scientific Research and Technology 

I n  1975, The Egyptian Academy of Scientific Research and Technology, in 
collabontion with the University of Michigan, initiated research investigations on the River 
Nile. 

A3a. The Objcctivcs 

The main goal of these studies has been to assess current and future water quality and 
aquatic ecosystem characteristics with emphasis on the effects of the Aswan High Dam, river 
flow conuols, and agricultural and industrial development programs. This includes public 
hea l t h  and socioeconomic implications. The overall aim is to provide the policy and decision 
niakcrs in Egypt with factual information on present conditions, predictions of future trends, 
and strategy alternatives for lake and river resource management. 

A3b. The Sampling Locations. 

The River Nile was divided into segnients as follows: 

Lake Nasser and Aswan Reservoir 
Aswan segment 
Assiut segment 
Cairo segment 
Zifta segment 
Faraskour segment 
Roselta segment 

A3c. The Parameters 

The study provides a wide m g e  of warcr quality pnnrneters and a variety of biotic 
factors. The water quality analyses include physiochemistry, bacteriology, benthos, 
phytoplankton, zooplankton, fish, hydrophyttls, and aquatic shore plant. 



A3d. The Frequency 

During 1975 and 1976, the program was carried out monthly, some time later, the 
program was carried out quarterly until the end of 1980. In 1981 and 1982, the program 
was carried out once a year. 

All the analyses were carried out in the NRC's Water Pollution Control Department 
in Cairo. 

B. Current hlonitoring Programs 

B1. hiinistry of Public Works and Water Resources Water Research Center 

The NRI has carried out a monitoring program for the River Nile since 1976. The 
analysis of dam h a  indicated that the River Nile from Aswan to the Mediterranean Sea is 
suffering from pollution in some locations. This result highlights the need to establish a 
permanent water quality monitoring program along the river. The permanent water quality 
n~onitoring is designed as discussed below: 

B l  a. The Sampling Objcctives 

The labontory will serve as a general reference for water quality conditions in the 
whole river. detect stream standard violations and maintain effluent standards, and determine 
the quantitative seasonal variations of the water quality in the river and the point sources. 

B l b .  The Sampling Locations 

The location of permanent sanipling sites is probably the most critical factor in 
designing a monitoring program for water quality. The River Nile system will be divided 
into four main reaches in  addition to the branches as follours: 

Aswan to Isna B m g e  (km 0 to km 167) 
Isna Barrage to Nag Hamrnadi Barrage (km 167 to km 359) 
Nag Hammadi Bamge to Asyut Barrage (km 362 to km 544) 
Asyut Barrage to Delta Barnge (km 534 to km 952) 
Rosetta Branch 
Damietla Branch 

Along the River Nile from Aswan to the hiediterranean Sea, there are 35 sampling 
sites (Figure 4). The number and location of the sites were selected to minimize the 
sampling effort to obtain a maximum of spatial information while minimizing the number of 
sampling sites, and to get cornprehrnsivcl information at specific sites that are important point 
sources of pollution. 



Sampling 

Figure (4 ) 

Locations 

I 



Priority was given to 13 major sites out of the 35. These 13 include sites at barrages, 1 
and in the major industrial areas, intensive agricultural areas, and large cities (Figure 4). 
The other 22 sites were selected at fixed, well known points along the River Nile in order to 
f i l l  the gaps between the major sites and to present different stages along the river. In 
addition to the 35 sampling sites, all the point sources of pollution were sampled (Figures 1 
and 2). i 

Blc. The Parameters 

Panmeters mwured by the water quality monitoring program are highly dependent 
upon the objectives, basin characteristics, and the budget required. A group of basic 
parameters (Table 3) is measured in all samples (i.e., in the river or point sources) in 
addition to some specific parameters depending on the type of effluents and the importance of 
the site. 

A list of the major agriculture or industrial effluents was determined by considering 
the type and concentntion of pollutants, waste load, and some other specific criteria such as 
location and area served for agricultural drains and type of industry for industrial outfalls. 

B l  d. The Program Frequency 

The sampling frequency at each permanent sampling site within a river basin is a very 
important .:)nsideration in the design of a water quality monitoring program. In the case of 
the River Nile. constant frequencies ovenll at sites and samples from point sources may be 
the only practical means to implement a sampling program. 

The sampling frequencies are planned in three stages as follows: 

Shofl-term (one year) 

Once a ymr for minor poinr sources of pollution 
Twice a y m  for all nver sltrs (35) and the major point sources of pollution 
Monthly -for five river sites which are: 
- Upstram of the High Aswaul Dam 
- Downstream of the High Aswan Dam 
- Upstram of the Dclu 13armg~' 
- Upstram of the Idfins 13arrage 
- Upstram of the Damietw Dam 

hledium-term (two years) 

Twice a year for the minor point sources of pollutior~ 
Four times a yw for all river sites (35) and the rnajor point sources of pollution 
Monthly for the five river sites as mentioned in the short term 



Field parameters 
* *  Should also include dissolved oxygen, temperature and conductivity 

profile at mid-channel. . 

Table 3. Parameters to Be Used for Monitoring the River Nile 

All Sites 

Algal 
density 

Chloro- 
phyll A 

All 
Industrial 
Outfalls 

Sulfide 

Acidity 

All 
Agricultural 
Drains 

Calcium 

Magnesium 

All Samples 
(Basic parameters) 

pH-value 

Temperature 

Conductivity 

Disaolved 
oxygen 

*Total 
alkalicity 

*Turbid~ty 

K)eldahZ nltrogen 

Ammonia 
(dresolved) 

Nitrite 
(dresolved) 

Ortho-phosphorus 

Total 
phoe~horus 

Biochemical 
oxygen demand 

Chemical oxygen 
demand 

Total euspended 
eolide 

Total dissolved 
so 1 ids 

Chlorrdes 

Sulphatee 

Carbonates 

Bicarbonates 

E. col i 
Fecal cc!iform 

Major 
River 
Sites (12) 

All para- 
meters 

Sodium 

Potassium 

Oil and 
Grease 

Phenols 

Pesticides 

Surfactant 

Total copper 

Total lead 

Total zinc 

Calcium 

Magnesium 

Sodium 

Potassiun; 

Oil and 
grease 

Phenols 

Surf act ant 

Total lead 

Total zinc 

Total 
chromium 

Total 
arsenic 

Total 
mercury 

Total 
calcium 

Iron 

Manganese 

Cyanide 

Total 
nickel 



Long-term (three years ar,d above). In addition to the medium-term work, special 
studies could be done for specific areas or certain drains for modelling purposes, or on the 
bottom sediment for the major sites. The seasonal sampling will be adjusted according to the 
thermograph. 

Ble. Field Procedures 

To get representative sampling sites, some general recommendations should be 
follou*ed. 

At all sites, depth integrated samples (from three to five samples) will be taken. 
Composite samples will be formed from all the integrated samples, taking into consideration 
the dcpth adjustment for the volume being contributed to the composite for each point in the 
cross sectional. Sampling points can be expanded beyond five if a considerable number of 
point sources have inflows upstream of the sampling site (Figure 5). 

Field, biological, and bacteriological measurements will be determined in all vertically 
intcgntcd samples for all sites. The rest of the measurements will be conducted on the 
coniposite samples for all samples in the laboratory. 

Flow velocity measurements will be obtained in the lateral direction at each sampling 
point at six-tenths of the depth measured from the water surface. 

A grab sample will be taken from all paint sources and flow velocity measurements 
will be obtained. 

B1 f. The Implementation 

The program sampling campaign was implemented for the first time in July 1991 for 
all 35 river sites and major point sources of pollution. In addition, a special study was 
carried out on the Rosetta and Damietta Branches during the winter closure period of 
1990:9 1 . 

This study was carried out four times for eight sites and eight point sources of 
pollution on Rosetta Branch an3 only one site on Damietta Branch. All the analyses of these 
campaigns are carried out at the ncu. NRI labontory at Qanater. 

MOH is responsible for public health. Since the Nile provides most of the drinking 
water, Nile water pollution control is one o: the ministry's main concerns. The executing 
departments of MOH and their responsibilities are described below. 



Fipure(S)New sampling procedures on thc River Nile. 
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B2a. Environmental Health Department 

EHD is responsible for sampling drinking water treatment plants, sanitary sewage and 
industrial discharges, according to the specifications and laws, and establishing standards of 
water for various uses, in addition to standards for polluting effluent a.:id receiving water 
bodies. All analyses are carried out in the centr;nI labcn.atory in Cairo and the MOH regional 
laboratories. 

BZb. Environmental and Occupationz! PIeaitth Center 

EOHC, established about five years ago, is responliible for environmental monitoring 
(walcr, air, and soil). Two years ago the EOHC started, in cooperation with the Egyptian 
Environmental Affairs Agency, to establish a netional network for a water pollutant 
n~on~toring program for the River Nile and its main canals. The program has already been 
implemented in its main m a l s  using nine laboratories in governorates in Upper Egypt and 
rhc Nile Delta. 

The work plan for 1988/89 for this program has the following objectives: 

To monitor the water quality of the River Nile channel and its branches and to 
follow the changes, 

To follow and control the different sectors along the River Nile that face pollution 
problems, I 

To determine and identify pollution sources and monitor their quality and quantity, r 
and 

To ensure the effectiveness of policy for pollution atnrernent. 

The network is served by nine labs of Upper Egypt and the Delta in the governorates 
of Aswan, Assiut, hiinia, Beni-Sewif, Grater Cairo, Gharbia, Dakahlia, Damietta, and 
Alexandria. In each area, the sampl~ng points were located in all waterways such as the 
main channel of the river and its bnnches, main canals, agricultural drains, and industrial 
effluent points. The distribution of sampling points is as follows: 

83 points along the main river channel 
87 points along the main cmal 
90 points from the point sources 

Sampling Locations 

Upstream and downstream discharge points dong the River Nile system and main 
imgation canals, 



Upstream of the intakes of water treatment plants along the river system and main 
canals, 

Upstream and downstream of some towns and villages located along the River Nile 
system and main canals which discharge their wastes directly into the water, and 

All point sources along the River Nile system and main canals. 

All samples taken were composites. 

The Program Parameters 

DO, BOD, COD 
pH, alkalinity, hardness 
S d ,  CI, PO3 (ortho and total), S2, Si02 
Conductivity, TDS, TSS 
NH4, NO?. NO3 
Na4, K ,  Ca, Mg, Fe, Mn 
Bacterial count 

The Central Lab of the EOHC will help prepare and measure the heavy metals, 
organochlorine compounds, and detergents. 

Sampling Frequency. All samples from each discharge point will be taken every 
thrce months. However, all sampling points on the River Nile and its main canals will be 
ukcn monthly. 

C. Availability and Reliability of Information 

Hydrological and water quality data on the River Nile and groundwater in Egypt are 
currently scattered among various government agencies, municipalities along the river, 
universities. and research institutes. The majority of this information is found in reports or 
published articles prepared by the respective agencies. Too often these data are considered 
to hi1.t served their purpose once they beconle a part of a specific study on a particular 
situation, and appear frequently in the appendix of a report. 

Furthermore, water quality and f l c ~ ~  data currently generated by the various agencies 
in Egypt are not easily accessible and. if made available, cannot be readily used by other 
agencies. 

The data collected by NRI through its monitoring programs since 1916 are stored in 
tables format on computers using the available software, 1,OTUS 1-2-3. These tables include 
data on the sampling locations, the river characteristics, field information, field 
mmsurcments, and laboratory measurements. They are stored on floppy disks and computer 
printouts. 



Recently, NRI established its own water quality database, an ongoing activity. The 
stored data will be transferred from LOTUS 1-2-3 to Data Base N soon. 

Another important concern to the user is the reliability and validity of data. Little of 
the data stored on LOTUS 1-2-3 have been screened or evaluated, and most of the reviewed 
data is published. 

, Therefore, NRI will include in the new system storage of the water quality data in 
Data Base, a data quality control and validation program that confirms the reliability and 
validity of the water quality data collected or stored by NRI. 

However, the data collected by other agencies will probably be stored in the 
computers or as hard copies on the reports. 

D. Sources of Pollution 

Along the River Nile from Aswan to the Mediterranean Sea are 88 agricultural drains 
located on both sides. Besides the irrigation excess water, these drains receive municipal 
wastes and 59 receive outfall from industries such as sugar, chemicals, and pulp and paper. 

Either the agricultural drains or the industrial outfalls discharged their wastes with 
little or no treatment. All point sources of pollution located along the River Nile are listed 
according to their distance from Aswan in Table 4. 

Dl.  Flow Rates and Type of Contaminants 
- 

Flow rates are measured in most agricultural drains located along the River Nile from 
Aswan to the hieditemmean Sea. Total discharge is mcmldy from Aswan to Delta Barrage 
from the agricultural drains located along the Nile that discharge their wastes directly into the 
river is shown in Table 5. 

In addition to the flow rates, the samples are measured for a group of contaminants 
such as TDS, P04, NH3, NO? in the vicinity of the dnins. However, the flow rates for the 
industrial outfalls are recorded whenever available. and the same contaminants are also 
measured at the final discharge. The load in  tonld was calculated for each contaminant. 



Table 4. List of Drains and Industrial Effluents 

To Be Checked 

Serial 

No. 
Name 

Km From 
Aswan 

---- 

Description 

Sewarage Drain 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Over Flow From Canal R.B. 
Agricultural Excess Water R.B. 
Aaricultural Excess Water R.B. 
Industrial Effluent R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Power Station 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Mixed From Water & Ind. R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agr~cultural Excess Water R.B. 
Agricultural Excess Water L.B. 
Agr~cultural Excess Water L.B. 
Agricultural Excess Water R.B. 
Power Station 
lndustr~al Effluent L.B. 
Industrial Effluent L.B. 
llndustr~al Effluent L.B. 

1 
2 
3 
4 

5 
6 

7 
8 

6.000 Aswan SewerageDrain 
9.900 l ~ h o u r  El Sail Drain 

37.250 
42.500 
46.550 
47.150 
47.500 
48.000 
48.850 

9 1 49.100 

30 1 135.600 
3 1 139.500 
32 1 143.100 

El Tawansa Drain 
El Sheikh lbrahem Drain 
El Ghaba Drain 
Abu Wanas Drain 
G.B.Drain ' 
El Shatb Drain 
Ma~n Draw Drain 
EL Berba Drain 

33 
34 
35 
36 
37 
38 
39 

El Mahameed Drain iAgrlcultural Excess Water R.B. 
Houd El Sabaia i~grlcultural Excess Water L.B. 
Hagz El Bahary Drain /~grlcultural Excess Water R.B. 
Seba Phospha:e drain llndustr~al Effluent R.B. 
Hagar El Sebla ~Agrlcultural Excess Water L.B. 
Mataana Dram ' !~~r t cu l t c ra l  Excess Water L.B. 

147.000 
149.100 
187.700 
196.700 
204.500 
204.505 
204.510 

Ghoreara Drain 
Armant Sugar Ind 1 

Armant Sugar lnd.2 
Armant Sugar lnd.3 

10 i 50.000 l ~ o m  Ombu Sugar Ind. 
1 1  51.000 jKom Ombu Dram ' 

12 1 53.000 Benban Drain 

'Agr~cu!!ural Excess Water L.B. 
lndustr~al Effluent L.B. 
Industrial Effluent L.B. 
Industrial Effluent L.B. 

13 55.000 Meneha Drain ' 

14 j 57.650 Main Ekleet Drain 
15 1 63.600 Ekleet Power Station 

17 1 70 450 Fatera Dram i 18 70.750 Khour El Sail Drdl: ' 19 i 73.850 ~e les la  Drain 
20 75750 j ~ a ~ o u k  Dram 
2 1 
2 2 
23 

1 24 25 
26 
27 
28 
29 

76.000 iAwarta Dram ' 
99.850 

101.750 
109.250 
11 6.200 
11 9.600 
122.450 
122.500 

Radis~a Dram 
Hasla Dram 
Hager Dram ' 
Edfu Dram ' 
Kalh Power Statton 
Edfu Paper Pulp A 
Edfu Paper Pulp B 

123.000 I Edfu Sugar Ind 



Table 4. List of Drains and Industrial Effluents (continued) 

' To Be Checked 

Description 

Agricultural Excess Water R.B. 
Agricult.Excess Water From Canal L.B. 
Agricultural Excess Water L.B. 
lndustrial Effluent 
Agricultural Excess Water R.B. 
Agricultural Excess Water R.B. 
Agricult.Excess Water From Canal R.B. 
Industrial Effluent R.R. 
Agricultural Excess Water L.B. 
Agricultural Excess Water R. B. 
Industrial Effluent L.B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water L.B. 
Mixed From Agr.& Ind. R.B. 
Agricult.Excess Water From Canal R.B. 
Industrial Effluent R.B. 
Agr~cultural Excess Water R.B. 
Agricultural Excess Water R.B. 
lndustr~al Effluent 
Agr~cultural Excess Water L.B. 
Industrial Effluent L.B. 
Industrial Effluent L.B. 
Power Station 

Name 

El Salamia Drain ' 
El Mraibia Drain ' 
El Rayayna Drain 
Outlet Louxor Water Treatment ' 
El Zeinia Drain 
Habail El Sharky Drain 
El Shanhoria Drain 
Ques Sugar Ind. ' 
Danfik Drain 
Sheikhia(E1 Hagaza) Drain ' 
Gr~nding Mill ' 
El Ballas Drain 
Kaft (Qift) Dram 
El Tramasa Dram 
Khour El Sail Qena ' 
Bahari Dandra Dram ' 
Deshna Sugar Ind. 
Hamad Dram ' 
Salamia Dram ' 
Alumen~um Ind. ' 
Magrour Hoe Dram 
Naga Hammadl Sugar 1nd.A. 
Naga Hammadi Sugar 1nd.B. 
Abu Homar Power Stallon 

Serial 

No. 
40 
4 1 

42 

i 43 
I 44 , 

; 45 

( 46 

1 47 

49 
50 

I 51 
52 / 53 
54 1 55 
56 
57 
58 
59 
60 
61 
62 

Km From 
Aswan 

209.000 
220.800 
220.850 
224.500 
236.000 
237.700 
245.100 
246.850 
251.550 
265.300 
265.400 
270.700 
275.900 
286.750 
288.800 
299.750 
314.000 
331.200 
333.500 
337.500 
340.350 
343.200 
343.250 
363.000 

63 
64 

66 
67 i 65 
68 
69 
70 
7 1 
72 
73 
74 

377.800 
384.000 
392.750 
432.700 
443.200 
444.550 
445.600 
445.605 
454.700 
473.850 
486.400 
486.700 

Naga Hamadl Oram Agr~cultural Excess Water L.B. 
Abu Shousha Dram I~~r1cu l l .  ~xcess  Water From Canal L. B. 
Mazata Dram Agr~cultural Excess Water R.B. 
Essaw~a Dram ' Agr~cult. Excess Water From Canal L. B. 
On~on Ind. Ilndustrial Effluent L.B. 
Souhag Dram ! ~ ~ r ~ c u l l u r a l  Excess Water L.B. 
Souhag 011 Ind llndustr~al Effluent L.B. 
Cocacola Ind /Industrial Effluent L.B. 
Seflak Dram 
Ekheem Dram 
Raaina Dram ' 
Tahta Dram 

Agr~cultural Excess Water R.B. 
Agr~cultural Excess Water R.B. 
Agr~cult.Excess Water From Canal R.B. 
.Agricultural Excess Water L.B. 



Table 4. List of Drains and Industrial Effluents (continued) 

Serial r Description 
Km From 
Aswan 

Abu Teeg Drain 
El Badary Drain 
El Metmar Drain 
Assuit Power Station ' 
Assuit Water Treatment Plant ' 
Selim Drain ' 
Marawana Drain ' 
El Zenar Drain 
Mankabad Pipe 1 

Mankabad Pipe 2 
Mankabad P~pe 3 
Bany Shaker Drain ' 
El Rayamoun Drain 
Abu Henis Dram 
Minia Water Treatment Plant ' 
Makoussa Dram 
Elsa Dram 
El She~kh Z~ed Oram 
Ebsug Dram 
Beni Suif Water Plant ' 
Ahnas~a Dram 
El Saayda Dram 
El Zaw~a Dram 
Khour El Sa~l Atf~h Dram 
El Oessamy Oram ' 
kafr Gazara (El Saaf) Dram 
El Masanda Dram 
Ghamaza El Soghra Dram 
Ghamaza El Kobra Dram 
El T~been Dram 
I~ibeen Power S~ar~on ' 
Hawamd~a Chemlcal 1 ' 

Hawamd~a Chemlcal 2 ' 
Hawamd~a Chemlcal 3 ' 
Hawamd~a Chem1cal4 ' 
Helwan Power Stat~on ' 
Khour Sad El Badrashln 

Name 

- 

Agricultural Excess Water L. B. 
Agricultural Excess Water R.B. 
Agricult.Excess Water From Canal R.B. 
Power Station 
lndustrial Effluent 
Agricultural Excess Water L.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water L.B. 
lndustrial Effluent L.B. 
lndustrial Effluent L.B. 
lndustrial Effluent L.B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water R.B. 
lndustrial Effluent 
Agricultural Excess Water L.B. 
Agricultural Excess Water L.B. 
Agr~cultural Excess Water L.B. 
Agricultural Excess Water L.B. 
lndustr~al Effluent 
Agr~cultural Excess Water L.B. 
Agr~cultural Excess Water L.B. 
Agrlcultural Excess Water L.B. 
Agrlcultural Excess Water R.B. 
Agrlcultural Excess Water R .B. 
lAgrlcultural Excess Water R.B. 
IAgr~cultural Excess Water R.B. 
:Agr~cultural Excess Water R.B. 
IAgr~cultural Excess Water R.B. 
IM~xed From Agr1cultural8 1nd.R.B. 
lPower Station 
llndustr~al Effluent L.B. 
;Industr~al Effluent L.B. 
Ilndustr~al Effluent L.B. 
llndustrial Effluent L.B. 
(Power Station 
1~1xed  From Agricultural 8 1nd.R.B. 



Table 4. List of Drains and Industrial Effluents (continued) 

Name Description 

Chemical Ind. 
Hawamdia Sugar Maulas 
Hawamdia Sugar Pipe 1 
Hawamdia Sugar Pipe 2 
Hawamdia Sugar Pipe 3 
Hawamdia Sugar P~pe 4 
Hawamdia Sugar Pipe 5 
Hawamdia Sugar Pipe 6 
Khour Sail El Masara Drain 
Kotsica StarchBGlucose Dr. 
Kotsica StarchBGlucose Dr. 
El Nasr Glass tube 1 
El Nasr Glass tube 2 
El Nasr Glass tube 3 
El Nasr Glass tube 4 

El Nasr Glass tube 5 
Sakeel Power Stat~on 
Delta Cotton at Kanater 
El Rahawy Dram 
Sabal Dram 
El Tahreer Dram 
Zaweit El Bahr Dram 
Tala Dram 
Pesticides Company 
El Malaya Company 
SaltBSoda Company 
Talkha 1 Fertlllzers 
Talkha 2 Fertlllzers 
Batra Dram 
H~gh Serw 1 

H~gh Serw Power Stallon 
Faraskour 

lndustrial Effluent L.B. 
lndustrial Effluent L.B. 
lndustrial Effluent L.B. 
lndustrial Effluent L.B. 
lndustrial Effluent L.B. 
lndustrial Effluent L.B. 
lndustrial Effluent L.B. 
lndustrial Effluent L.B. 
Mixed From Agricultural 8 1nd.R.B. 
lndustrial Effluent R.B. 
lndustrial Effluent R.B. 
lndustrial Effluent R.B. 
lndustrial Effluent R.B. 
lndustrial Effluent R.B. 
lndustrial Effluent R.B. 
lndustrial Effluent R.B. 
Power Station 
lndustrial Effluent 
M~xed From Agricultural & 1nd.R.B. 
Agricultural Excess Water R.B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water L.B. 
Agricultural Excess Water R.B. 
lndustrial Effluent R.B. 
lndustrial Effluent R.B. 
lndustrial Effluent R.B. 
lndustrial Effluent L.B. 
lndustrial Effluent L.B. 
Agr~cultural Excess Water R.B. 
Agr~cultural Excess Water L.B. 
Power Station R.B. 
.Industrial Effluent R.B. 



Table 5. Total Discharge in mcmldy from Aswan 
to Delta Barrage 

Source: N R I  

Years 

1977 
1979 
1984 
1985 
1986 
1991 

D2. Point Sources of Pollution 

Total Dinchargo in mcm/dy 
from Anwan t o  Delta Barrage 

10.398 in October 
5.088 in October 
5.4149 in Warch 

11.8845 in July 
11.101 in September 
9.300 in July 

All the point sources of pollution are listed according to their locations in Tables 6-a 
through 6e for the years 1979, 1984, 1985, 1986, and 1991. Information on the industrial 
outfalls discharging into the Nile directly, from a report provided by GOFI, 1985, is 
presentd in Table 7 as waste discharges and contaminants such as BOD, COD, TSS, and 
TDS. 

Another summary table format was available for all industrial point sources of 
pollution in Egypt, discharged either into the Nile or any waterways or public sewers. This 
information is available from the report by GOFI, 1985, in Table 8. 

E. Laboratories Conducting Water Quality Analyses 

The water quality laboratories serve as support units in any organization. They 
support either research works or routine monitoring programs. 

A review mission took place for the water quality division v ~ i t h  the Nile Reswch 
Institute, a general survey was done for some water quality laboratories conducting water 
analyses in October 1989. 

These laboratories are described in Table 9 in terms of activities, facilities, sampling 
program, personnel, QCIQA, method of analyses, and responsible agencies. 

This survey indicated that QCJQA did not take place for most of these laboratories at 
that time. Few of them conduct information exchanges except for publishing or presenting 
their technical papers in national and international seminars, journals, and conferences. 



TaSle (6-a) 

YEAR 1979 

Parameter Concent rat ions and Loads 

9.90 INKhour El sail drain 
37.25 INTawansa drain. 
42.50 INEl Sheikh lbrahim drain 
46.55 INEl Ghaba drain 
48.85 INMain Oaraw drain 
49.10 INEl Berba dram 
51 .OO INKornornbo dram 1 

53.00 INBenban dram 
57.65 INMaln Ekleet dram '2 
63.60 INEkleet(purnp stat1on)dr. 
64.65 INBerak El Raghama dram 
70.45 INFatera dram 
70.75 INKhour El sad dram 
73.85 INEl Selsela drain '3 
75.75 INKagoug drain 
99.85 INEl Rad~sia drain '4 

1 16.20 INEdfu drain '5 
1 19.60 INKalh drain 
122.45 INEdfu Paper pulb A 
123.00 INEdfu Suger drain. - 
135.60 INMahameed drain 
143.10 INEl Hagz El Bahary dr:6 
149.10 INHagar El Sebaia drain 
187.70 INMataana drain 
196.60 INGhoreare drain 

TDS 
Tonlday 

0 
16.51 
8.06 

6.63 

5.85 
6.435 
5.33 

9.685 
12.61 

7.54 

3.38 

8.51 5 
9.75 
4.03 

.-- 
NH3 

Tonlday -- 

0.065 
0.00001 
0.00001 

0.0000 1 

0.00001 
1 0.00001 
0.00001 
0.00001 
0.00001 

0.00001 

0.001 3 

0 
0.001 3 
0.001 3 

-- 

NO2 
Tonlday 

0 
0.00001 
0.00001 

0.00001 

0.00001 
0.00001 
0.00001 
0.00001 
0.00001 

I 0.00001 

I 

I 

o.oi)001 

0.00001 
0.00001 
0.00001 

-- 

n03 
Tonlday 

0 
0.00001 
0.00001 

0.00001 

0.001 
0.001 
6.001 
0.001 
0.001 

0.00001 

0.00001 

0.00001 
0.00001 
0.00001 



Table (6-a) Contnd. Parameter Concentrations and Loads 

YEAR 1979 

--- 
Kh4.frot-n COMMENTS 
Aswan - 

204.50 INArmant Suger ind. pulbl 
204.51 INArrnant Sugcr ind. pulb2 
204.51 INArrnant Suger ind. pulb3 
209.00 lNEl Salarnia drain. 
220.85 lNEl Rayayna dram ' 1 
221.65 INLoxor outlet wafer freafmenf 
237.60 lNEl Haball El Sharky dr. 
245.10 lNEl Chanhor~a dra~n. 
256.85 INQues suger dratrl 
266.75 INQena wafer plant '2 
286.75 INTaramsa dram 
299.75 INBahari Dandra drain '3 
314.00 INDeshna suger drain 
331.20 INHamad drain 
340.35 INMagrour Hoe drain 
343.25 INNaga Harnadia suger Ind. 
363.00 lNAbu Homar(purnp staion) 
377.80 INNag.Hamadi drain. 
384.00 lNAbu Shousha drain. 
392.75 INMazata drain ' 1 
443.20 INOnion Industry drain 
444.55 INSouhag drain 
445.60 INSouhag oil drain 
454.70 INSeflak drain '2 
473.85 INElkhmeem drain 

--- 
N H ~ -  

- mgll - . - . 

1.3 
5 

0.4 
<0.001 

0.2 
<0.001 
<O.OO 1 

<0.001 
1.2 

<O.OO 1 
0.1 
0.1 
0.5 
0.1 

<0.001 
0.5 

0.001 
0.001 
0.001 
<0.001 

2.2 
0.5 

<0.001 
0.1 
0.2 

NO3 

rngll 

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
0.001 
<0.001 
<0.001 
0.001 
0.001 
0.001 
cO.001 
<O.OO 1 
0.001 
<0.001 
<0.001 
0.001 

PO4 

, - Tonlday --- -, 

0.0041 

, 0.0020 
0.0031 
0.0023 

0.0061 

0.0049 

Discharge 

.--. mm3lday 

0.014 

0.418 
0.349 
0.054 

0.479 

0.238 

TDS 1- Ei-' NO3 
Tonlday 

' 

0.00001 

0.00001 
0.00001 
0.00001 

0.00001 

0.00001 

TDS 

. rngl . 

34 0 
24 0 
24 0 
220 
780 
190 
530 
215 
34 0 
200 
260 
240 
240 
853 
210 
34 0 
210 
380 
210 
21 0 
51 0 
380 
700 
1 70 
220 

. Tonlday -- 

11.089 

2.73 
4.94 
2.73 

4.94 

2.86 

NO2 
Tonlday 

0.00001 

0.00001 
0.00001 
0.00001 

0.00001 

0.00001 

----- 
NH3 

-. Tonlday -. . - 

0.0013 

0.00001 
0.00001 
0.00001 

0.0065 

0.0026 

- mgll -- - 

4.362 
0.156 
0.312 
0.312 
0.467 
0.312 
0.374 
0 312 
2.181 
0.374 
0.467 
0.467 
2.181 
0.312 
0.310 
8.720 
0.150 
0.240 
0.180 
0.150 
0.467 
0.467 
0.374 
0.156 
0.374 

-- 
NO2 ' 

-- m e  

<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
0.001 
<0.001 
~0.001 
0.001 
0.001 
0.001 
<0.001 
<0.001 
0.001 
<0.001 
<0.001 
0.001 
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Table (6-b) Parameter Concentrations and Loads 

YEAR 1984 MAR. 

I - - -  

9.90 INKhour El sail drain 
37.25 INTawansa drain 
42.50 INEl Sheikh lbrahim drain 
46.55 lNEl Ghaba drain 

I 47.1 5 lNAbu Wanas drain 
48.85 INMain Daraw drain 
49.10 lNEl Berba dram 
53.00 INBenban dram 
55.00 INMeneha dram 
57.65 INMain Ekleet dram 
63.60 INEkleet pump stallon dr. 
64.65 INBerak El Ragharna drain 
70.45 INFaIera dram 
70.75 INKhour El sail drain 
73.85 INSelsela drain 
75.75 INKagoug drain 
99.85 INRadisia drain 

119.60 INKalh (P-S) drain 
123.00 INEdfu Suger Ind.pipe 1 
123.01 INEdfu Suger Ind.pipe 2 
135.60 INMahameed drain 
139.50 INHoud El Sebaia drain 
147.00 INSebia phosphate drain. 
149.10 INHagar El Sebaia drain 
187.70 INMalaana drain 

TDS 
ma1 

378 
814 
550 
698 
416 
536 
498 
428 
196 
5 78 
512 
484 
792 
950 
982 
748 

2648 
842 

34 20 
91 2 

1216 
442 
21 2 
240 
688 

TDS 
onlda 

32.88 
70.8 1 
47.85 
60.72 
36.19 
46.63 

37.23 

50.28 

42.10 
68.90 

85.43 

230.3 

38.45 

20.88 
59.85 

NH3 
Tonlday 

1.914 
0.0522 

0.00008 
0.00008 
0.0696 

6.00008 

0.00008 

0.00008 

0.00008 
0.00008 

0.00008 

0.05655 

0.00008 

0.00008 
0.00008 

NO2 
Tonlday 

0 
0.00008 
0.00008 

0 
0.00008 
0.00008 

0.00008 

0.00008 

I 0.00008 
0 

0.00008 

0.01 74 

I 

I 0.00008 
0.00008 
0.00008 

NO3 
Tonlday 

0.435 
3.00008 
0.00008 
0.0348 

0.00008 
0.00008 

0.00008 

0.00008 

0.00008 
0.00008 

0.00008 

0.00008 

0.00008 

0.00008 
0.00008 



Table (6-b) Contnd. 

YEAR 1984 MAR. 

- - ---- --- 
KM.from COMMENTS 

INGhoreare drain 
INArmant Suger ind.pipe 1 
INArmant Suger ind.pipe 2 
INSalamia drain. 
lNEl Rayayna drain 
INHabail dram 
INQues suger drain 
INKafl dram 
INDeshna suger drain 
INHamad drain 
INMagrour Hoe drain 
INNag. Hammd~ Sugar pipe 
INNag.Hammdi Sugar pipe 
INNag.Hamadi drain 
INMazata drain 
INSouhag drain 
INSouhag oil drain 
INElkhmeem drain 
INTahta drain 
INMain Abu Teeg drain 
INBadary drain 
INMankabad drain 
INRayramoun drain 
lNAbu Henis drain 
INMakoussa drain 

Parameter Concentrations and Loads 

-- 
Oixharg 
mm3lday 

0.003 

0.021 
0.092 
0.343 

0.243 
0.082 

0.074 
0.02 1 
0.605 

0.281 

0.431 

0.01 
0.005 
0.044 

.----- 
TGS 

mgll .- 

408 
412 
320 
580 
680 
482 

1020 
680 
24 0 
398 
324 
482 
742 
31 8 
460 
988 
840 
320 

1020 
31 0 
398 

328 
320 
464 

TDS 
onlda 

35.49 

50.46 
59.16 
41.93 

34.62 
28.18 

27.66 
40.02 
85.95 

27.84 

34.62 

28.53 
27.84 
40.36 

- 
PO4 

Tonlday 

0.2332 

0.0233 
0.0233 
0.0233 

0.0233 
0.0233 

0.0233 
0.0699 
0.1397 

0.0233 

0.G233 

0.01 17 
0.01 17 
0.01 17 

Tonlday mgll I 
-* 

1 
, 

Tonlday Tonlday 

- 
NH3 

mgll --- 

0.00 1 
4 

2.2 
0.001 
0.001 
0.001 

2.2 
<0.001 

0.8 
0.001 
0.001 

1.6 
2 

0.6 
0.8 
2.2 

<0.001 
0.001 

2 
co.001 

0.4 

0.001 
0.4 

0.001 
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Table (6-c) Contnd. Parameter Concentrations and Loads 

YEAR 1985 

--- 
KM.from 
Aswan COMMENTS 

mm3Jday 

149.10 INHagar El Sebaia dr. 0.14 1820.00 
187.70 INMataana drain 0.45 1180.00 
196.60 INGhoreare dram 0.05 386.00 
204.50 INArmant suger Ind dr. 286.00 
209.00 INEl salaima dram 0 02 368.00 
220.85 INEl Rayayna dram 0 47 892.00 
237.60 INHaba~l dram 0 07 592.00 
251.55 INDanfik dram 292.00 
256.85 INQues suger dram 282.00 
265.30 INShe~kh~a(El Hagagra)dr. 0.12 762.00 
270.70 INBallas drain 0.034 - 262.00 
286.75 INTaramsa drain 282.00 
314.00 INDeshna suger drain 492.00 
331.20 INHamad drain 362.00 
340.35 INMagrour Hoe drain 0.26 284.00 
377.80 lNNag Hamadi drain 0.21 490 
392.75 INMazata drain 0.25 462 
443.20 INOnion Industry drain 968 
444.55 INSouhag drain 624 
445.60 INSouhag oil drain 1206 
445.61 INCocacola Ind. waste 1892 
454.70 INSeflak drain 0.01 906 
473.85 1NEkhmeem drain 0.09 402 
486.70 INTahta drain 1282 
521 -00 INMain Abu Teeg drain 322 
525.40 INBadary drain 486 
550.20 INZenar drain 0.39 402 

Po4 
Tonlda - y 

0.01 179 
0.00742 
0.00765 

0.00585 
0.00562 
0.00495 

0.00855 
0.0036 

0.001 8 
0.0054 

0.00607 

0.0099 
0.00369 

0.00202 

.-.- 

NH3 
Tonlday 

, -- 

0.0045 
0.00009 
0.00225 

0.00045 
0.00072 
0.0054 

0.00045 
0.0009 

0.0054 
0.00045 
0.01 44 

0.0045 
0.001 93 

0.00081 

NO3 
Tonlday 

0.0036 
0.000004 
0.000ow 

0.000004 
0.0036 
0.0036 

0.000004 
0.00045 

0.0036 
0 
0 

0 
0.0001 35 

0.001 935 



Table (6-c) Contnd. Parameter Concentration IS and Loads 

YEAR 1985 

Aswan COMMENTS 

552.20 INMankabad dr. tube A 
552.21 INMankabad dr. tube C 
552.21 INMankabad dr. tube C 
637.40 INAayramoun drain 
642.75 lNAbu Henis drain 
682.50 INMakoussa dram 
701 -10 INEtsa dram 
752.15 INSheikh Z~ed dram 
780.50 INEbsug dram 
807.20 INEhnasia darin 
808.00 INSaida dram 
84 1 .OO INEl Zaw~a darin 
865.20 INEl Dessamy dram 
879.60 INMasaoda drain 
884.50 INGamaza El soghra dr. 
888.95 INGamaz !I! kobra drain 
898.1 0 INTibeen drain 
91 0.15 lNKhour El sail Bad. dr. 
91 1.40 INHawamdia Chemical dr. 
91 1.90 INHawamdia suger Moulase 
91 2.10 INHawamdia suger drain 
91 2.90 INKhour Sail ELmaasara dr. 
91 6.55 INKotsica starch&glucose dr 
939.60 lNEl Nasr glass tab1 
939.61 INEl Nasr glass tab2 
939.61 INEl Nasr glass tab3 
947.00 INPower station 

Discharg 
mm3lday 

0 002 

0 59 
0.01 
0.36 
1.54 

0.035 

0.25 
0.022 
0.019 

0.004 

' TDS 

, m@l 

496.00 
500.00 
264.00 
308.WJ 
382.00 
270.00 
468 00 
310 00 
788.00 
4 16.00 
702.00 
916.00 
276.00 
704.00 
262.00 

2686 
940 
234 
980 

2960 
4 12 
998 
496 
462 
380 
368 
284 

TDS 
Tonlday 

1.71 9 

2.106 
1.395 
3.546 
1 .872 
3.159 

3.168 
1.179 

12.087 

4.491 

.--- 

N H 3  
Tonlday --- 

0.00045 

0.003 1 5 
0.001 57 
0.00000 
0.00000 
0.00036 

0.00000 
0.00000 
0.00018 

0.00004 

-- 

NO3 
Tonlday 

0.000855 

0.001 665 
0.000045 
0.0021 15 
0.00234 
0.00009 

0.00031 5 
0.00063 
0.00081 

0.00765 



Table (64) 

YEAR 1986 

Aswan : COMMENTS 

1 6.00 : INAswan sewe:age drain 
9.90 : INKhour El Sail drain 

37.25 : INTawansa drain 
42.50 : lNEL Sheikh lbrahim dr. 
46.55 : INEL Ghaba drain 
47.15 : lNAbu Wanas drain 
48.85 : INMain Oaraw drain 
49.10 : INEL Berba dram 
50.00 : INKom Ombu Sugar Ind 
53 00 : INErnban d ~ a ~ n  
57.65 : INMain Ekteer dram 
63.60 : INEkleel (P.S) dram 
64.65 : INBerak El Raghama dr. 
70.45 : INFalera drain 
70.75 : INKhour El Sail dram 
73.85 : INSelsela drain 
75.75 : INKagouk drain 
76.00 : INAwarta drain 
99.85 : INRadisia drain 

101 -75 : INHasia drain 
109.25 : INHager drain 
1 16.20 : lNEdfu drain 
r 19.60 : INKalh (P.S) drain 
122.45 : INEdfu Paper Pulp A dr. 
122.50 : INEdfu Paper Pulp B dr. 
123.00 : INEdfu Sugar Ind. 
135.60 : INMahameed drain 
139.50 : INHoud El Sebaia 
143.10 : INHagz El Bahary drain 

I 

Parameter Concentrations and Loads 

Dixharg 
mm3Jday 

0.128 
0.042 
0.046 
0.247 
0 062 
0.185 
0 051 

0 078 
0.221 
0.04 

0.148 
1.068 
0.232 

0.027 
0.05 

0.075 
0.206 
0.33 

0.02 

0.083 

1 TDS 

m@I 

34 2 
764 
980 
r 40 
826 
620 
604 
684 
208 
478 
364 
380 
406 
860 
728 
684 
964 
21 2 

3260 
468 
61 2 

1240 
694 
608 
51 2 
228 
708 
946 
988 

I TDS I PO4 I PO4 i NH3 
Todday mgll Tonlday -I---C-I-I* 

NH3 
Tonlday .-- 

0.03968 
0.00004 
0.00004 
0.00024 
0.00008 
0.0001 8 
0.00005 

0.00221 
0.0004 

0.00148 
0.02349 
0.00255 

0.00040 
0.0005 

0.00225 
0.00576 
0.0099 

0.0002 

0.00083 

NO3 
Tonlday 

0.0345 
0.0000 
0.1053 
0.5582 
0.1074 
0.1535 
0.0994 

0.0335 
0.4066 
0.054 
0.259 

2.7768 
0.21 57 

0.0999 
0.1 35 

0.0000 
0.6427 
0.3903 

0.0033 

0.0439 



Table (6-d) Contnd. 

YEAR 1986 

- - . . . - - 
KM.from 
Aswan : COMMENTS - 

149.10 : INHagar El Sebia drain 
187.70 : INMataana drain 
196.60 : INGhoreara drain 
204.50 : INArmant Sugar Ind. dr. 
209.00 : INEL Salamia drain 
220.85 : INEl Rayayna drain 
236.00 : lNEl Zeinia (Ashra) dr. 
237.60 : INHabarl El Sharky dr. 
251.55 : INDanl~k drain 
256.85 : INQues Sugar Ind. drarn 

: INGrinding MIII ( Ques ) 
265.30 : INSheikhla(E1 Hagaza) dl 
270.70 : INEI Ballas drain 
314.00 : INDeshna Sugar Ind. dr. 
331.20 : INHamad drain 
340.35 : INMagrour Hoe drain 
343.20 : INNaga Hamadi Sugar dr 
343.25 : INNaga Hamadi Sugar dl 
377.80 : INNaga Hamadi drain 
392.75 : INMazata drain 
443.20 : INOnion Ind. drain 
444.55 : INSouhag drain 
445.60 : INSouhag Oil Jnd. dr. 
445.61 : INCocacola lnd. drain 
454.70 : INSeflak drain 
473.85 : INEkhmeem drain 
486.70 : INTahta drain 
521 .OO : lNAbu Teeg drain 
525.Fn : INEl Badary drain 

Parameter Concentrations and Loads 

p- 

TDS 

"'9'' -- 

1360 
1204 
216 
242 
296 
236 
3 10 
530 
640 
520 

1840 
994 
224 
286 
230 
226 
268 
51 0 
508 
486 
888 
640 

1280 
1060 
594 
238 
906 
31 0 
308 

- 

. 

A 
B 

Discharg 
mrn3Iday 

, . - - - - 

0.074 
0.504 
0.034 

0.024 
0.053 

0.07 

0.225 

0.21 

1.14 
0.048 

0.701 

0.01 9 
0.161 
0.092 

0.422 

NO3 
Tonlday 

0.1406 
0.378 

0.0629 

0.0079 
0.0238 

0.01 19 

0.1 147 

0.0588 

0.855 
0.0216 

0.4556 

0.036 
0.0837 
0.1 84 

0.1814 

. ,  

TDS- 
Tonlda y ----- ~- 

100.64 
606.81 
7.344 

7.104 
12.508 

37.1 

223.65 

47.46 

579.12 
23.328 

448.64 

1 1.286 
38.31 8 
83.352 

129.97 



Table (6-d) Contnd. Parameter Concentrations and Loads 

YEAR 1986 

--- -- 

COMMENTS mm3lday 

550.20 : INZenar drain 
552.20 : INMankbad drain 
588.60 : INBany Shaker drain 
637.40 : lNEl Rayrarnoun drain 
642.75 : INAbu Henis drain 
682.50 : IMMakoussa dram 
701.10 : INElsa drain 
752.15 : lNEl Sheikh Zied drain 
780.50 : INEbsug drain 
807.20 : INAhnasia drain 
808.00 : INEI Saayda drain 
84 1 .OO : INEl Zawia drain 
865.20 : INEl Dessamy drain 
879.60 : INEl Masanda drain 
884.50 : INGhmaza El Soghra dr. 
888.95 : INGhamaza El Kobra dr. 
898.10 : lNEl Tibeen drain 
91 0.15 : INKhour Sail El Badrashin 
91 1.40 : INChemicals Ind. drain 
91 1.90 : INHawamdia Sugar Moula 
91 2.10 : INHawamdia Sugar Ind. dl 
912.90 : INKhour Sail El Maasara 
91 6.55 : iNKotsica starch&Glucose 
939.60 : INEl Nasr Glass dr.tube 1 
939.61 : INEl Nasr Glass dr.tube 2 
939.61 : INEl Nasr Glass dr-tube 3 
947.00 : INPower Station 

-- 
TDS 

Tonlday - - - - . - - 

0.01 52 

0.00022 
0.00004 
0.001 53 
0.24922 
0.00052 
0.00059 

0.00009 
0.02055 
0.01 98 

0.00563 
0.001 9 

0.00007 
0.02496 

0.00022 

- 

Tonlday mg/l tt- 



Table (6-e) Parameter Concentrations and Loads 

July 1991 

Point Sources 
of Pollution 

I 
Khour El Sail Drain.(Aswan) 
'€1 Twansa Drain. 
E l  Ghaba Drain. 
Main Draw Drain. 
Komombu Sugar Ind. 
Fatera Drain. 
Khour El S31l Dram (Komombu) 
Edfu Dram. 
Edfu Paper Pulp A. 

Edfu Sugar Jrrd 
El Mahameed Orarn 
Mataana Drain 
Armant Sugar ~nd. 1 

Armant Sugar ind 2 
Armant Sugar ind.3 
Ques Sugar Ind. 
Khour El sail Qena Drain 
Deshna Sugar 
Naga Hammadi Drain. 
Souhag Drain. 
Souhag Oil Ind. 
EL Badary Drain. 
ManKabad Pipe 1. 
Etsa Drain. 
Ahoasia Drain. 
EL Zawia Drain. 
EL Dessamy Drain. 
EL Tebeen Drain 
f '  Hawamdia Chemicals Ind. 1 

rnicai lnd 

I 

TDS 

msl' 

50 1 
1174 
667 
504 
628 
567 
477 

269 
580 
123 

>I980 
600 
1 66 
I 38 
160 
167 
196 
189 
332 
377 
895 
301 
244 
290 
564 
927 
201 
750 
483 

5724 

TDS 

Tonlday 

32.91 57 
77.1318 
43.821 9 
33.1 128 
4 1.2596 
37.2519 
31.3389 
1 7.6733 

8.081 1 

39.42 
10.9062 
9.0666 
10.512 

21 .a124 
24.7689 
58.801 5 
19.7757 
16.0308 
19.053 

37.0548 
60.9039 
13.2057 
49.275 

PO4 - P 

Tonlday 

0.0 166 
0.001 1 

0.001 5 
0.0 166 
0.0085 
O.w.64 
0.0024 
0.0000 

0.01 06 

0.0131 
0.0005 
0.0006 
0.001 1 

0.0032 
0.0097 
0.001 6 
0.0058 
0.0260 
0.0218 
0.0263 
0.0057 
0.0034 
0.0292 

NO2 

Tonlday 

0.3942 
0.0015 
0.0020 
0.0026 
0.0230 
0.0043 
0.0036 
0.0044 

0.0007 

0.01 71 
0.0099 
0.0079 
0.01 18 

0.0099 
0.0394 
0.0329 
0.0368 
0.0473 
0.0057 
0.0058 
0.0078 
0.001 2 
0.01 18 

- 
NH3 

Tonlday 

3.8763 
0.00197 
0.00065 
0.00065 
0.04007 
0.01971 
0.00197 
0.00657 

0.00065 

0.05584 
0.07227 
0.07884 
0.0657 

O.CQ131 
0.00085 
0.00065 
0.001 11 
0.00197 
0.00131 
0.05256 
0.01 971 
0.00098 
0.00657 



Table (6-43) Contnd. 

July 1991 

Parameter Concentrations and Loads 

Source: NRI 

Nama of Locallon 
Point Sources From Oischarg 

--r - 

of Pollullon 
I [rnm31day 

TDS 

mgn 

335 
921 
208 
438 
399 
233 
310 

782 
1153 
1828 
493 

1012 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

L 

T3S 

Tonlday 

60.5097 

0 
51.3774 
75.7521 

4 

0.0130 

2.4580 
0.2710 
0.0130 

------ r 

Hawamdia Sugar Maulas I 91 1.900 
Khour Sail El Maasara 

I 
912.900 

kotsica Starch & Glucose Ind. 1 

kotsica Starch 6 Glucose Ind. 2 
kotsica Starch 6 Glucose Ind. 3 
EL Nasr Glass 1. 
EL Nasr Glass 5. 
EL Rahawy Drain (Rosetta Br.) 
Sabal Drain (Rosetta Br.) 
EL Malya lnd 
Salt & Soda Ind 
Talkha Fertilizers 1 (Damietta Br.) 
Talkha Fertilizers 1 (Damietta Br.) 

P04-P 

mgll 

4.400 
1.160 
0.062 
2.620 
2.380 
0.098 
0.099 
1.290 
0.532 

14.700 
0.760 
0.1 24 
0.268 

916.550 
916.555 
9 16.560 
939.600 
939.605 
962.850 
1024.400 
1074.505 
1074.510 
1098.000 
1098.12 

P04-P 

Todday 

0.0762 

0.0848 
0.0350 
0.9658 

NH3 

mgl! 

0.01 8 
0.020 
0.030 
1.000 
5.950 
0.350 
0.600 
2.000 

11.000 
0.920 
0.140 

38.000 
11 00.000 

NH3 

Todday 

0.00131 

0.1314 
0.7227 

0.06044 

NO2 

mgn 

1.000 
0.010 
0.010 
0.01 2 
0.022 
0.01 8 
0.01 5 
0.038 
0.165 
0.145 
0.1 28 
0.672 
0.025 

NO2 

Todday 

0.0007 

0.0025 
0.0108 
0.0095 

NO3 

mgll 

2.30 
30.00 
2.60 
2.50 
3.20 
8.00 
7.00 
6.00 

30.00 
10.00 
26.00 

250.00 
100.00 

NO3 

Toddal 

1.97 

0.394 
1.97 
0.65 

- 



Table 7. Industrial Outfalls According to the GOFI Report, 1985 

Name Q I BOD I COD I TSS I TDS ] 

1 I I 1 I I 

Total 21 00000 (m3ld) 

1 Cairo Oil & Soap 
Badrasheen 

2 Nile Conon,Oil,Soap Campany 
3 Nile Oil 8 Soap Co. 

Enteraction & my drogenation 
4 Egyptian Sugar & Dist. Co. 

Sugar Co. 
5 Suger Co. ( 4 ) 
6 Suger Co. 
7 Suger Co. 
8 Suger Co. 
9 Suger Co. 
10 Egypt~an Starch & Gluc0~3: 
1 1  El- Nasr Dehydration 
12 Egyption Ind. & Finances 

Chem. Product Co. 
13 El Nasr Coke 8 Chem. Comp. 
14 Ktma Co. 
15 Egyptian Ind. 8 finances Comp. 
16 Kafr El-Zayyat 8 Praticide Cornp. 
17 Hawamdia Fermentaion Dist. Fact. 
18 Hawamdia Ch. Fact. 
19 Pulp Factory of Eg. 

Sugar 8 Distillation Co. 
20 Egypt Wood Working Co. 
21 Delta Cotton Ginning Comp. 
22 Arab Cotton Ginning Comp. 

2200 

24000 
14500 

168000 
120000 
14400 
169200 
84000 
76500 
50400 
10560 
125 
21 00 

600 
7200 
1000 
21 00 
18800 
9600 
13200 

134 
55 

oil wast 80 
cooling 20 - 

80 

580 
380 - 
890 
530 
205 
148 
1450 
296 
10 

10 
14 
6 
36 

7500 
140 
1880 

- 
- 
- 

23 Arab Cotton Spining and Weavlng 1 1 ! 1 - 
24 Abu. Nol. Carpet Factory I 14 1 90 
25 El- Nasr Steel Pipe Fittlng ! 5500 
26 El-Nasr Cost Iron Cornp. 1 246 
27 Al-Ahrar Ice. of Relrrlgeratlon i 200 

120 - 
- 

28 Alkishwai Ice. 
lS7 i - 

29 Glass Factory 1 1495 - 
30 Helwan F ,rtland 1 2000 I - 
31 Tura Prtland 
32 Cairo ( South ) 
3 3  Tebei?n 
34 Assiut 

2044 ' - 
844479. 
134413. 
31 8479. 

- 
- 
- 



Table 8. Summary of Wastewater Characteristics fcr 
Egyptian Industries (GOFI Report, 1985) 

BOD 
(mgll) 

520 
1300 
415 
725 

1330 - 
285 
670 

95 

- 
45 

300 

40 
120 
70 

350 
240 
100 
120 

1 1270 

COD 
(mgll) 

700 
2250 
700 

1560 

2400 
- 

375 
840 

140 

- 
90 

620 

100 
200 
100 
825 
460 
165 
180 

2300 
50 

- 
4900 

720 

170 
- 

200 
150 
75 
- 

Industrial 
Sector 

Oil & Soap 
Tanneries 
Sugar 
Starch, Yeast 
8 Glucose 
Dairy Product 
Soft Drinks 
Beer 
Canning 
&Freezing 
Tobacco 
Grain Milling 
&Processing 

- Rice 
- Flour 

Food Dehydration 
CHEMICALS 

- Fertilizers 
- Plastic & Rubber 
- Pesticides 
- General Chem. 
- Petraemical 
- Pharmaceutical 
- Matches 

PULP&PAPER 
Motor Veh. 
Product 
TEXTILE 

- Cotton Ginning 
- Flax &Jute 
- Spinning 
Weaving 

IRON & STEEL 
ALUMINUM 
MISCELLANEOUS 
GLASSIBRICKS etc. 
CEMENT 
POWER GEN. 

No. of 
Plants 

24 
10 
8 
3 

3 
6 
2 
5 

6 

5 
24 
4 

7 '  
5 
2 

12 

TSS 
(mgtl) 

n o  
1175 
360 
380 

2100 
- 

200 
400 

120 

- 
31 0 
370 

50 
50 

150 
1250 
280 
70 
60 

1360 
10 

- 
2200 

375 

80 
- 

200 
750 

1500 
- 

Wastewater 
Q 

(million m3lyr) 

42.1 
1.83 

108.4 
9.9 

0.53 
2.4 
1.6 
2.6 

0.05 

0.2 
2.3 

0.15 

30.3 
0.9 
0.9 

27.2 

TDS 

(mg/I) 

3000 
1800 
480 
900 

4400 
- 

570 
850 

600 

- 
275 
575 

800 
540 
450 

5000 
4200 
1000 

- 
1590 

- 

- 
1450 
1650 

726 
- 

850 
320 

2400 - 

31 72.1 

5 I 1 .8 
3 0.3 

18 I 31.4 

1 1,4 1 40 
I 

I 
I 

39 ! 1.8 1 - 
5 1 0.5 . 4100 

101 j 696 ; 350 

I i 
i 60.8 I 95 

1.1 I - 
100 
70 
4 0 
- 

21 j 5.3 
11 0.7 
4 

13 
1.78 

2.597 



Table (9) Water laboratoriem conducting water quality analysis 

Activities Methods 6 Personne 1 

*Research h 

the Supervi- 

pollution 
Research 
El-Tebbin 
Ministry 
of 
Industry . 

2- 
~lexandria 
Req onal 
River Nile 
Monitoring 
Lab 

3-  
Alex.water 
Authority 
Lab 

industrial 
effluents. 

*Monito-rinq 
Alex. 
Intake 
canal 6 
Rosetta 
Branch 

Routine 
Monitoring 
of Rosetta 
& Special 
intake 
Cana 1 

i 

a bsorbt ion 
*Instruments 
for 
phys ica 1 - 
chem ica 1 
6 bacter io 
loqical 
ana 1 yses 

*Adequate 
instrument 
for con- 
vent iona 1 
parameters 
but no 
toxic & 
micro- 
organics 

Adequate 
instru- 
ments for 
phys ica 1 
chemical 
h bacte- 
riological 
analyses 

7 Sampling 
stations 
s~mpled 
monthly. 

5 sampling 
stations 

Standards 
Methods, 81 
conven- 
tional pa- 
rameters 
such as 
TS,SS,Mg, 
Ca, H2S, 
NH3, BOD, 
DO, PH 
Hard, Alk. 
Po4, N03, 
NO2 

Standard 
methods 85 
conventional, 
non 
conventional, 
Bacteriology 
(Total &fecal 
coliforms) 

Microbio- sion of 

None 

logy with 
no expe- 
r ience 

1 M.SC 

Metallur- 
g ica 1 
Research 
Institute 

Raw data 
reported 
to central 
water lab. 
in 
Alex. No 
Research 

Data in- 
terpreta- 
tion & 
Research 
are limi- 
ted. 

I Sanitary 

None 

chemistry 
2 B.SC 
Chemists 

1 Dr.p.H 
Bacterio- 
logy 
4 D.p.H .- 
chemistry 
4B.SC 
chemistry 



assistants 

toxic 

5 - 
Wastewater 
Research 
Lab. 
National 
Research 
Center 

6- 
Lab of 
Environ- 
mental 
Health 
Depr . 
Institute 
of Public 
Health, 
Alex. 

Research 
in water 
quality 
monitoring 
industrial 
effluents 
Domestic 
waste 
water 

Research 
in water 
& waste 
water. 

metals b 
micro- 
organics 

Adequate 
for 
Research 
6 routine 
monitoring 

Adequate 
for 
Research 
& special 
services 

Capable of 
performing 
20-30 
samples 
per month. 

Capable of 
full ana- 
lyses of 
20 samples 
month 

standard 
methods 85 
Full 
physical 
chemical 
Dacterio- 
logical 
analyses 

Standard 
Methods 85 

None 

None 

5 ph-D 
chemistry 
2 ph-D 
Bacteriology 
1 ph.D 
biology 
10 B.Sc. 
Res . 
Assistants. 

5 ph-D 
chemistry 
5 ph-D 
Engin- 
eer ing 
3 ph.D 
Env.Health 
20 Res. 
Assistants 

full 
inter- 
pretati 
on of 
finding 
& 
recome 
n- 
ded 
actions 

Full 
interpr 
e- 
tation 
& 
recomme 
n- 
dations 

- 



methods 81 
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F. The River Nile Water Quality Conditions 

F1. Water Quality Index of the River Nile 

Little effort has been made to keep the general pubtic informed in simple and 
understandable terms. Indices are one of thc more: effective ways to communicate 
information on water quality to policyrnakcrs and the general public. 

In formulating the water quality inJex (WQI), the importance of the variable depends 
on the intended use of the water. In this paper we calculate the WQI based on stream water 
quality cril .ria wiih regard to all uses: raw water intake to produce drinking water, 
recreational and aesthetics, fresh-water aquatic life, agricultural uses, and industrial water 
supplies (Bhargawa, 1985). 

We have used the standards stated in the Egyptian regulation, Decree No. 8 for 1983, 
Article 60, whenever available. In some cases, when the Egyptian regulation has not set up 
standards, we have used the standards recommended by the U.S. Environmental Protection 
Agency (EPA) or surface vl-ter standards suggested by Hammer (1986). 

A critical study of Figure 6 reveals many interesting featurcs regarding the quality of 
the Nile and variations in quality along its course from Aswan to Delta Barrage. First, we 
observe that the AWQI at site 0, upstream from the High Aswan Dam, varies from 21 at site 
1 1  to 108 at site 14. Another interesting fature of Figure 2 is that at most sampling sites 
the iradices are below 100, the exception being site 14. Also, about 90 percent of the sites 
have an index below 50. 

Second, the highest levels of pollution were observed at a few locations only (sites 13 
and 14). This is most likely the result of high pollutant loads from the point sources 
(industry, major agricultural drains, and urban centers) located immediately upstream from 
these sites. 

In the third place, we found that the AWQI varies from site to site according to the 
specific water quality parameter contribution (Figure 7). For example, dissolved oxygen 
seems to be a problem mainly immed~ately downsmm from the High Aswan Dam. 
Coliforms are an importafit contributing factor at only some sites, especially at site 14. 

In order to rank the water quality panmeters according to their contribution to the 
WQI, we have given 1 for the panmeter with the highest contribution and 10 for the 
parameter with the lowest contnbution. This was doner.at each site. Theoretically, the 
parameter with the highest contribution would have a rank of 3 1 (i.e., scoring 10 at all 3 1 
sites). 

The water q:lality parameters were ranked in descending order, according to their 
contribution to the overall water qliality index. Chemical and biochemical oxygen demand 
rank as the most important parameters, mainly because they contribute significantly at all 
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Water Quality Parameters Contri'butisn I 

Figure ( 7 ) 
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stations, while surfactant, nitrate, and organic nitrogen values were never observed to be 
above stream standards. 

F2. Variations in Water Quality Parameter Values Along the River Nile 

The water quality parameters varied along the entire course of the River Nile from 
Aswan to Delta Barrage as shown in Table 10, 

F3. Recommendations to Enhance the River Nile Water Quality 

F3a. lmproved Agricultural Practices 

After the High Aswan Dam construction, Egyptian lands lost much of their natural 
fertility, which created the need for chemical fertilizers. 

The irrigation system also changed, which increased weed growth and resulted in the 
use of insecticides and herbicides. Thus, during the last few decades, these modem 
agricultural activities have introduced several polluting substances such as organic matter, 
chemical fertilizers, insecticides, and herbicides into the river through surface runoff, 
erosion. and drainage systems. 

To decrease this pollutant load, the existing agricultural practices must be improved 
through an efficient, optimal and economical use of chemicals, erosion control in the fields, 
and recycling of organic wastes back onto agricultural lands. 

F3b. Wastewater Treatment 

Several industrial outfalls discharge their wastes directly into the Nile with little or no 
tratmcnt. These wastes should undergo appropriate treatment before their final disposal. 
Othenvise, the industries should be advised to reduce their waste load generation through the 
following: 

Efficient use of raw materials in the industrial production 
Application of the technologies and modifications most appropriate to local 
conditions, and recycling of wastewater 

F4. Water Quality of Rosetta Branch and Its Point Sources of Pollution 

To evaluate water quality along the Rosetu Branch. the Water Quality Department of 
the NRI, as part of its monitoring prcgram, collected data during winter and summer of - 

1990-9 1. The Rosetta Branch receives wastewater from the following sources: 





0 Rahawy Drain Km 35.850 from El Roda 
Sabal Drain Km 97.400 from El Roda 
Tahreer Drain Km 1 12.500 from E? Roda 
Zaweit El-Bahr Drain Km 126.700 from El Roda 
Tala Drain Km 146.400 from El Roda 
Malia and Senaie Company 
Industrial Waste Km 147.505 from El Roda 
Salt and Soda Company 
Industrial Waste Km 147.515 from El Roda 

The water quality in these sources is generally poor for several reasons: 

All agricultural drains receive mixed wastes from point sources and non-point 
sources of pollution, in addition to receiving the excess irrigation water from the 
cultivated land. The wastes in these drains contain high levels of suspended and 
dissolved solids, oil, and grease, nutrients, and organic matter. 

The use of agricultural pesticides has gr*own dramatically in recent years. Among 
the pesticides, residues of many organochlorine compounds were detected. 

Rahawy drain represents the worst condition among all sources of pollution, since 
it  receives a large proportion of raw municipal and domestic wastes from Cairo, in 
addition to the water from El Moheet Drain. 

The industrial waste effluents discharging into the Rosetta Branch without 
treatment from both the Malia and Senaiea Chemical Industry and the Salt and 
S& Company at Kafr El hya l  contain extremely high levels of total solids, oil, 
and grease. 

The Rosetta Branch, as a fresh water ecosystem, receives wastewaters from different 
sources. This system involves complex physical and biochemical interactions. Accordingly, 
the water quality characteristics of the branch determined during the sampling campaign of 
1990191 will be discussed in Table 1 1 below: 



Table 11. Water Quality Characteristics of Rosetta Branch 
- -- - -- - 

Sourca: NRI 

Table 11 shows that most parameters have higher concentrations during the first and fourth 
mns (low flow conditions than during the second run (high flow condition). 

FS. Salt Balance Loading 

Max 
505 

12.5 

4 2 

8 8 

8 

0.5 

11.4 

The salt loading is calculated for the River Nile from Aswan to Cairo. The salt loads 
for both Aswan and El Khasass station near Cairo were calculated at different periods of time 
to present three different flow regime patterns. Table 11 indicates that during the low flow 
and high flow, the system seems to be assimilating the salt load (i.e., the constituents are 
retained within the system). During the w~nter closurc period, however, the salt load at El 
Khasass was higher than the salt load at Aswan, which means that the system is affected by 
significant point or  non-point sources of pollution, or  material was derived from the main 
channel itself. These salt loads were calculated at Aswan and El Khasass for three different 
periods of time using da'a collected in 199 1 (Table 12). 

Win. 

279 

0.23 

2.2 

9 

0.35 

0.08 

1.5 

Max. 

334 

11.5 

19.8 

7 8 

1.6 

0 .21  

8 .20  

Parameters 

TDS 

DO 

3 
OD 

COD 

Min 

209 

1.5 

2.5 

12  

0.002 

0.005 

2 . 7  

Table 12. Salt Load Calculation in 1991 for the River Nile 

Uin.  

217 

3.5 

5.1 

18 

0.005 

0.005 

3.5 

Max 

838 

9.02 

4 .1  

144 - 

Sourcar NRI 

NH 3 

O r g - N i t r o g e n  

NO3 

8 

0.70 

1 2 , 4  

Loca- 
t i o n  

A s w a n  

E 1 
Khaeaeo 

Winter  C l o o u r e  
period 
J anua ry  1991 

Lover T l o u  c o n d i t i o n  
Apr i l  1 9 9 1  

TDS 
mg/L 

108 

217 

High F l o w  C o n d i t i o n  
J u l y  1991 

S a l t  
Land 
ton/d 

20020 

TDS 
mg/ 
L 

1 4 3  

209 

TDS 
mg/L 

137 

203 

Q m. 
m3/d 

70 

75.6 

Q m .  
m3/d 

1 4 0  

94.3  

S a l t  
Load 
t o n / d  

7560 

16405 

Q rn 
rn3/ 
d 

220  

132 

S a l t  
Load 
t o n /  
d 

30140 



Similar calculations were done for loads at Delta Barrage, Rosetta, and Edfina for the three 
different periods of time, as indicated in Table 12. 

Table 13. Salt Lozd Calculation h 1991 for Rosetta Branch 

Source: N R I  

t 

The conclusion which can be drawn for Rosetta Branch from Table 13 is similar to that for 
the River N~le. which is discussed above. 

Other salt loading calculations were considered, taking into account the average TDS 
per month and the average daily flow per month for Aswan and El Khasass stations over the 
following years: 1976, 1979, 1985, 1986, and 1991, as indicated in Table 14. 

67.2 

Table 14 indicates that the annual salt loading at El Khasass is less than the annual 
salt loading at Aswan, which also confirms that the system is assimilating (i.e., the TDS 
constituents are retained within the system). 

G. Conclusions and Recommendations 

Loca- 
t i o n  

High Flow 
Condit ion 
J u l y  1991 

G 1.  Existing Pollution Problem and Future Trends 

Low FLOW 
Condit ion 
Apr i l  1991 

TDS 
HG/ 
1 

The data analysis, either through reports or published papers issued by NRI, indicates - 
that the River Nile and its two branches are suffering from pollution problems in some 
locations. These problems have a p p e d  and increased due to the discharge of municipal 

I 

wastes from most villages along the R~ver Nile which have no wastewater treatment 
facilities; most industrial effluents are discharged into the Nile, the drains, or even the canals 
with little or no treatment. To these must be added the diffused pollution, namely nutrients 
and pesticides from agricultural activities and the contamination of surface and groundwater 
by the disposal of industrial toxic water for which there are no controls. 

Winter Cloeure 
Period 
January 1991 

TDS 
mg/ 
L 

Data collected in Egypt during the 1980s clearly justify the growing concern with the 
deterioration of water quality in the Nile system. Major problems include accumulation of 
heavy metals in the river sediments: presence of toxic organic components in fish tissues 

Q m 
m3/d 

S a l t  
Load 
ton /d  

Q m 
m3/d 

S a l t  
Load 
t o n /  
d 

TDS 
mg/L 

S a l t  
Load 
ton /d  

Q m .  
m3/d 





from the Nile; symptoms of eutrophication in different stretches of the river; and high BOD 
loading from most agricultural drains discharging into the Nile. 

With the increased water demand for domestic, agricultural, and industrial uses, the 
quantities of wastewater effluent requiring tpeatment and disposal are increasing rapidly. A 
variety of waste effluents and runoffs are frequently discharged directly into the Nile at 
several locations. Eighty-eight agricultural drains and 59 industrial outfalls dischq : their 
wastes directly into the Nile. 

With increasing population, industrialization, and awareness of the importance of the 
quality of water and its effects on public health in Egypt, research on water quality has 
become a major concern. 

hlonitoring is the first step in water quality assessment and pollution control. MU 
has monitored the quality of Nile water annually between 1976 and 1986. 

Water quality m p l e s  were taken in sectors every 10 kilometers and within 200 
meters downstream from the point sources of pollution. In addition, samples were taken 
from all the point sources of pollution. Each sample was analyzed for physical, chemical, 
md biological panmeters. Since 1987, a special study took place on the Rosetta and 
Damietta Branches during thc winter closure period. The analyses using available data 
indicated that the River Nile is suffering from pollution, and permanent water quality 
monitonng is needed. The Nile Research Institute designed a permanent water quality 
monitoring prograni along the river to be implemented every three months for 35 sampling 
sites and major point sources of pollution. Besides the work done by NRI, several programs 
were carried out by other agencies, some of which are still operating. All the data are stored 
in the computers or in hard-copy reports. 

This report identifies the different point sources of pollution along the River Nile and 
its branches. either agricultunl or industrial effluents. It also presents the available flow 
rates and water quality parameters for the point sources of poliution for different years. 

In addition, information on the flow rates and some contaminants are presented for all 
industrial outfalls in Egypt, according to the type of industry. 

A survey was done'in 1989 in the different laboratories conducting water quality 
analyses. Tlie activities, equipmcnt, personnel facilities. sampling programs, and methods of 
analysis of these laboratones arc prewntcd. 

A general assessment of waler qudlry was done on the River Nile and its branches 
using the more'recent available data collcctcd by NRI from January 1991 to May 1991 on the 
branches and in July 1991 on the River Nile. The River Nile water quality analyses, using 
the water quality index to discriminate between the stations, indicated that the dissolved 
oxygen seems to be a problem mainly immediately downstream from the High Aswan Dam. 
The data also indicated that chemical and biological oxygen demand is the greatest 
contributor for all stations, and coliforms are an impomnt factor at the critical stations. The 



discussion of the water quality parameters along Rosetta Branch during the winter c!osure 
period indicated that the concentrations of most parameters are higher during the first and 
fourth runs (low flow conditions) than during second run (high flow condition). 

G2. Gaps of Information 

Gaps in the data and information appear in the following areas: 

Sediment quality 
Industrial outfall flow rates located at the Nile or any other waterways 
Type of processes used in each factory 
Raw materials and products for each type of industry 
Treatment facilities 
Exchange between the different agencies working in the field of water quality 
hlunicipal wastes discharged to the River Nile or any waterways 
The power station 

To fill these gaps, WP,C must establish a data bank for all water quality data collected 
by its different institutes and also that collected by organizations working in the field of 
water quality. In  addition, regional water quality laboratories should be established to 
analyze the urgent parameters tha need to be analyzed on the same day; otherwise a mobile 
lab should be available. However, other solutions could be found by rreparing a basic 
labontory in the zccommodation boat. 

G3. hlanagernent Strategies for Protection of Surface Water 

To protect Egypt's surface water. various studies and research should take place. We 
suggest that appropriate mathematical nlodels to simulate water quality issues be developed. 
A simple water model should be attempted first. ~ m ~ e r & i o n - a m o n ~  concerned 
authorities, universities, and r e u c h  institutes should be encouraged. The following study 
topics are suggested: 

Impact of domestic and industrial wastewater on surface water resources, and 
mkurements to reduce this impact. 
Special Environmental ~rnp~ct  stud~cs for major irrigation and drainage projects 
such as: - Storage of fresh watsr In the Nonhem lakes, 
- ~ e - u &  of dmnage watcr that rames a large load of domestic and industrial 

wastes, conversion of Nonhem lakcs to agriculturd lands, - El Salam canal and the tmspon of Nile water to Sinai, and - Integratd development of the region surrounding the High Aswan Dam. 



G4. Ongoing and Future Studies 

Water quality and pollution control are the most important issues in water resource 
management in Egypt. In 1988, many actions were undertaken to address wtr:er quality 
problems. 

Egypt's five-year environmental plan, 1987-92, includes three priority projects related 
to water pollution control: 

G43. Project to Protect the Nile and Other Waterways from Hazardous 
1ndustri;ll \'i'aste 

Steps that have been taken include treatment of effluent from some industrial outfalls 
discharging their wastes to the Nile. The protection program started in 1985 with 25 
tratment operations at 19 priority factories at a cost of 30 million pounds. The remaining 
factories are scheduled to be covered during the coming five-year plan, at a total cost of 500 
million pounds. In addition, treatment units have been i~stalled in &l 800 vessels of the 
commercial Nile fleet. 

G3b. Project to Protect Rural Environment 

The objective is to protect soil and waterways from the harmful effects of applied 
fenilizers aqd pesticides. The project will last two years and cost 250,000 Egyptian pounds. 

GJc. Environmental Monitoring Network Project 

The project aims to provide the national monitoring network with the necessary 
equipment to direct pollution control efforts. The project is expected to last for five years 
and cost 4 million pounds. 

G5. Monitoring and Environmental Setting Identification 

a.. Moaitoring the water quality of the Nile canals and drains should be given 
adequate attention and human and financial resources. 

b. All water M i e s  should bc monitored for pertinent water quality p- ~~ameters.  
Sampling sites, techniques. methods, and facilities of analysis should be thoroughly 
studied. Shon- ,and long-term planning is greatly needed to provide new facilities 
and upgrade existing facili t~e:. 

c. All discharge points for municipalities and industries should be carefully examined, 
and permissible flows, concentrations of various pollutants, and treatments should 
be shown on the permits. 

d. It is recommended that a national data bank for water resource quality be 
established. Coordination among all concerned authorities is extremely important. 



G6. Training and Education 

a. Educational prognms for farmers and villagers are sugge.qtd to warn them about 
dangers of the misuse crT the irrigation and drainage systcm and the risks from 
contact with contarninat4 water. 

b. Training is required for personnel of agencies in charge of sampling and analysis. 

c. Training is also recommended for the personnel of the Ligation department who 
are in charge of granting discharge permits and detecting violations. 

G7. Public Awareness 

Educational programs and seminars for the public are encouraged to inform people of 
the dangers of polluted water. 
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