LB4Z SPELL P L
e e < IRRIGATIUN S$C1 Irrigation
Irrig Sci (1984 5: 113 SCIence

¢ Springer-Verlag 1984

Changes in the Quality of Nile Water in Egypt 17 /¢ 5 /£

During the Twenty-Five Years, 1954-1979 LoV

JoBCKhalilt and oS Hanna -
Rescareh Institute for Ground Water, 17 Giza Street, Giza, Egypt
Received Fanuary 21 1982

U Head. Hydrogeochemistry Department, Res. Inst for Ground Water, Giza, Egypt
Y Head. Soils and Water Use Laboratory, National Rescarch Centre, Dokki, Giza, Lgypi

Summary. The study deseribes the variation in the chemical constituents ot the
Nile water at Giza, through the twenty-five yvears from 1934 10 1979 1.¢.. before
and after the construction ol the High Dam at Aswan,

The total soluble salt content increased significantiy by 29% after the con-
struction of the High Dam. mainly due to the seepage ol drainage water from
the cultivated land of the Nile Valley, The SO, CT RO Nat & Mg ! content
increased significantly durig the period of studye while the increase in pll
values. HOO and Cat ' contents was not signiticant.

The suspended matter content decreased significantly by 94 from 1964 1o
1979 due o the eftect of the High Dam. The increase mosilica content was
significant while the decrease i oxyeen content was not significant. No obvious
variations were detected i chloride content, total alkalinity and total hardness
during the study period.

According 1o the ionic coeliicients ratios and the geochemical classification.
Nile water currently can be evaluated for irrigation purposes as [alline within
the class exeellent  good and highly satisfactory for domestic purposes.

Introduction

The Nile receives its waters from the Equatorial lakes and the Ethiopian plaeau
throughout the vear. During the autumn flood period the river carries large
amounts of witler due io the heasy rainfall on the Ethiopian plateau.

The total tength of the Nile from its source near fake Tangonika to its mouth in
the Mediterranean is more than 6700 kme the final sector of nearly 1330 kme lies
within the borders of Eaypt (Map 1. After entering Eevpt at Wadt Halfa, the Nile
flows for more than 300 km ttl it reaches Aswan ina narrow vallev, with clitfs of
sandstone and granite on hoth sides. Downstream of Aswan. the valley begins to
broaden and tlat strips of cultivated Tand appear. gradually increasing in width
northwards, The average width of the lood plain of the Nile between Aswan and
Catro s 10 km. After passing Cairo the Nile pursues a north-westerly direction for
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soine twenty kmoand then divides into he Damietta and Rosetta branches, Culti-
vation in ihe Nile Valley and Delta is totally dependent on irrigation from the
Nile.

The Aswan High Dam was constructed to utilise the large amounts of the Nije
water which previously fowed into the sea it the flood time,
completed in 1970 and consists of o rock filled b

lts construction was
3600 m Jong. of which 2

ody. T km south of Aswan. It js
SOm s between the two banks of the river, with o sand
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Changes in the Quadity of Nite Waterain Egypt During the Twenty-Five Vears, 1934 1979 3

foundation and aprons. Iy otal heightis THEm with aowidth of S00man the top.
The dead storace capacits of the Dam is about 120X 107 m?. The water is stored in
a wide artificial {fake stretching o the north of Sudan. The ke s 300 Lm in length,
[0k in average width and 95 m depth, The capacity of the Take is about 137X
HO" m', four tmes the annual low of the Nile

[ is worth noting that the High Danm was planned o provide sufficient water 1o
reclaim alout 0320 million hecttres and to convert 283.000 ha from the basin o
the perennial irrigation ssstemy Tegenerates 10X KWh per vear of hydroelectrie
power and it storage capacity protects the country from the eltects of both high
and low floods.

The chemical composition of Nile water has heen studied by several authors:
Kaddah (1954 Hamdi (1939), Mostafi et al. (1939) Hatez (1962) Nabhan (1966).
Fathi and Soliman (1972 and Hilal and Rasheed (1976).

Materials and Methods

Water samples were colleeted monthly from the Nile midstresm at Giza, during the vears
193419041973 and 1979, The simples were analy zed with regard to the following properties:
pH. ol soluble salts. soluble catons and anions. the amount of suspended matter, silica.
chlorine. onveen. total althalinny and hardness. The methods used Tor anadvsis are those of the
Amer. Public Health Association (1971, '

Results were statistically analssed using the £ test 1o test for signiticance.

Results and Discussion

pli

Table Tindicates that all the water samples are slightly basic due o the presence of

carbonate and bicarbonate salts. pH generally varied from 7.8 10 8.0 with an
average of 8.0 during the food period and from 7.8 10 8.3 with an average of 8.1
during the rest o the year. After the High Dam’s construction pH values varied
from 5.0 10 8.3 with an average of 820 This slight increase. probably due (o the
increase of carbonate and bicarbonate ions, is not statistically significant.,

Total Soluble Salrs

Fable 1 shows that betore the construction of the Hieh Dam the values of total
soluble salts varied from 154 ppmein September 1964 10 239 ppm-in July 1964,
During the flood season. August to November. the soluble salt content decreased
generallve with an averaee value of 182 ppm. During this scason. the flood water.
which results from the high vaintall on the Ethiopian plateau. reaches the Nile
stream  through the Blue Nile and Atbara river, The slight increase in soluble salt
content i the Tow seson. with an average of 194 ppm. probably results from the
fact that the major witer source is the White Nile which contains relatively more
soluble salts. In-additon. the edeulated 2300 10 m* per vear of driainage water
which makes its way to the riverin southern Egvptalso affects the water salinity.
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Table L. Changes in the chemical composition of Nile water at Gizaand at Liake Nasser

Date of vear pH TDS  (ppnn)

sumpling villue ppm we
month Cations Anions

Ca' Mgt Na' K CO HCO, SOz )

Junuary 1954 8.1 190 30 9 16 3 10 134 11 18
1964 8.0 172 26 Y 25 3 26 100 10 13
1973 8.3 2253 13 39 5 R 139 13 27
1979 8.0 2372 10 M 7 1) 140 7 26
February 1954 79 I88 7 24 3 11 1o 17 17
1964 79 176 27 10 N 4 30 99 9 I8
1973 8.3 238 2% 10 34 4 36 100 2 23
1979 80 237 0 12 2 6 6 134 24 19
March 1954 80 20 3 Y n 3 12 132 4 24
1964 St 183 28 10 32 3 22 144 10 16
1973 8.3 208 27 13 R 5 19 127 25 23
1979 hN| 200 26 12 20 5 7 140 15 2
Aprit 1954 8.0 216 32 10 2 4 7 141 6 25
1964 h 190 29 11 39 4 7 195 11 20
1977 8.3 208 27 13 30 5 13 134 RA) 22
1979 S 2350 12 32 5 8 159 11 27
May 1954 b 207 31 10 4 4 23 122 14 2l
1964 b 204 29 13 37 6 31 154 12 2
1973 83 2000 25 13 34 0 28 112 n 24
1979 | 252 4 14 3s 7 10 130 18 25
June 1954 A 176 28 9 23 S 29 98 k! 16
1964 82 RE REE 14 RE| 6 17 203 13 20
1973 83 IR0 23 10 41 5 RN 89 20 20
1979 A 2140 22 12 R O ] 153 19 27
Tuly 1954 8.3 tos 32 4 14 3 7 112 k! 14
1964 8.3 259 27 12 48 6 R 166 13 20
1973 8.3 175 25 9 41 4 42 79 21 20
1979 8.0 REN 28 9 20 8 O 122 19 20
August 1954 8.0 200 27 8 16 3 7 117 14 7
1964 80 251 ] 30 6 19 149 11 15
1973 8.2 175 28 8 M 4 I8 87 2 20
1979 8.3 230 28 10 2] 8 Y 131 8 15
September 1954 b 167 31 9 11 4 13 139 12 7
1964 79 154 32 i1 14 5 12 116 8 11
1973 8.3 200 27 I 37 O 17 135 22 n
1979 80 234 M I 23 6 s 128 12 25
October 1954 8.0 169 33 7 14 3 13 139 13 10
1964 79 172 2 10 14 3 12 (N 10 12
1973 8.3 226 28 12 39 S 37 106 2] 27
1979 8.0 250 2R 12 23 6 6 134 19 27
November 1954 8.0 16 28 7 I 3 8 132 14 6
1964 7.9 172 21 9 18 3 14) 110 9 10

1973 83220 12 39 6 34 12 24 20
1979 8 240 n 12 RIY 6 6 153 o 20
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Fable 1 (continued)

Date of year pH  TDS (ppm)
sampling vilue ppm -
month Cations Anions

Ca' Mg Na' K! CO; HCO; SO0 Cl

December 1954 80 155 23 11 12 3 12 107 8 7
1964 7.8 loo 21 10 21 3 29 95 Y 10
1973 83 230 X 10 39 5 23 126 n 26
1979 hi 240 22 12 30 6 7 140 24 27
L.S.D. 20 32 18 70 10 44 24 45 50
At Giza
Before High  average 8.0 182 27 Y 17 4 9 128 12 10
Dam during
flood
during 8.1 194 28 27 4 20 132 10 18
low
season
At Giza
Alter High 82 223 20 il 31 6 16 126 23 2
Dam
Lake Nasser 1972 82 171 19 9 19 4 9 122 7 7

belore flood

Lake Nasser 1972 8.1 168 17 10 24 6 18 104 10 8
after flood

After the High Dam’s construction, the total soluble salt concentration mea-
sured at Giza inereased muarkedly. ranging between 175 and 250 ppm. with an

averige of 225 ppm during 1973, Its continued increase from 1973 (average ol

209 ppm) to 1979 (average of 238 ppm) was probably due to the continuous
seepage of ground water from the adjacent Pleistocene aquiler with its higher level
and salt concentration to the Nile with its relatively lower level and salt concen-
tration. The level difference between die two water bodies which is more than
40 em. explains the fact that the Nile acts as a drain to the Nile valley svstem,

The seasonal fluctuation in saft concentration in the Nile water during the vear
may be due to the variation in the quantity and quality of the drainage water
throughout the vear. as well as the variation in water discharge rate of the river in
ditTerent scasons documented in Table 2,

In summary. it may be concluded that the total seluble salt content of Nile
witter increased by 23 trom 1964 (before the High Dam) to 1973 (after the High
Dam) while this increase reached 299 during the entire twenty five vears of study
from 1954 1o 1979, This increase is statistically significant.

Ton Concentration and Distribution
Table 1 shows the variation in the ionic concentration throughout the twenty five
years ol study. before and after the High Dam. The results are as [ollows:
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Table 2, Water discharge of the Nile throughout "he vear (10° m* per dav)

Year Months

JancLebo Maro Apr. May June July  Augs Sept Oct. Nov, Dee,
1958 74 50 32 45 48 70 Q0 491 680 L2000 270 116
1970775 93 b 89 8o 89 126 1 13306 79 79 82
(average)

Before the Consiruction of the High Dam: During the non-flood period (Decem-
ber to Julv). the water discharge in the river was low and a relative increase in the
differsnt ion concentrations oceurred, especially “n sodium. chloride and sulphate
ions. This may be attributed to the effect of drainage witer which enters the river in
upper Lavpt,

During the flood season (Augast o November) the contrary oceurs, re.. the jon
concentration decreased relotively. due to the higher water discharge rate of the
river which in turn ditutes the salt concentration.

Aier the construction of the High Dam: As ageneral trend. a relative inerease in
the ion concentration was noted. However, the small inereases and decreases of the
major constituents from one month 10 another do not show any nurked trends., In
fact. the obvious decrease injon concentration throngh the period of January Sep-
tember especially in 1973 was mostly related to the relative increase in the waler
discharge during this period. On the other hand. the dominanee of sodium ions,
which are mostly combined with chlorides snd sulphates. may well be due (o
recharge of the river from the ground water.

As the water now in the Nile mainly represents the composition of water stored
in the High Dam lake. the chemical analysis of the kike water is given in Table 1 for
comparison with that of the Nile water. The lake water is subject o dilferent en-
vironmental processes. The high temperature in the region of the lake aceelerates
evaporiation and weittherig processes. Inaddition the production of CO, trom the
daquatic plants in the Tike help the tansformation of caleite and dolomite 1o soluble
calcium and magnesium bicarbonate. Such hiological activity may considerably
ilect the chemical properties of the water in the lake. Table 1 shows that sulphate
ind chloride salis are higher in the Nile water than in the fake water, This may be
due to the efiect of the water draining into the Nile during ity flow through upper
Lgvpt,

Suspended Marier

The suspended matter in the Nile originates from the disintegration and weathering
products of the igneous and metamorphic rocks of the Ethiopian plateau. [n the
present work the content of suspended matter was determined in 1964 (before the
High Dam) and in 1979 (atter the High Damyas in Table 3.

In 1964 the content of suspended matter was variable throughout the vear.,
reaching - maximum: of” 3000 ppm during the flood season in- September and
gradually decreasing o 1800 ppmin October and to 300 ppnv in November, during
the same vear. During the low season the vatues range between 22 and 80 ppm.



Table 3. Some chemeial properties of Nile water before and after the construction of the High Dam

~

auyy usaduey)

(ppm)
Month Jan. Feb. Mur. Apr. May Junce Julv Aug. Sept. Oct. Nov., Dec. Average
Year
Suspended 1964 61 40 24 20 22 25 45 1700 3000 1800 300 S0 594
maltter 1979 100 80 30 30 25 20 20 15 I8 30 28 25 35
Silica 1954 12 10 14 9 12 N 15 14 8 17 13 13 12
1964 8 N 12 14 14 S 12 16 10 to 20 10 12
1973 17 1o 20 21 I8 16 6 17 13 13 16 o 17
Chlorine 1954 0.3 0.4 0.3 0.3 0.4 04 0.3 0.3 0.3 04 0.3 0.4 0.4
1964 0.4 0.4 0.3 0.4 04 0.6 0.5 0.3 0.4 0.4 0.3 0.3 04
1973 0.3 0.3 0.4 0.4 04 0.4 0.4 04 0.3 0.3 0.3 0.4 04
Oxygen 1964 6 5 5 5 5 7 10 11 9 b 6 6 7.5
(consumed) 1973 6 7 3 N 4 4 3 4 3 2 0 6 3
Total 1954 127 109 128 127 39 129 104 108 136 130 122 108 114
Alkalinity 1964 126 141 155 172 178 195 200 154 115 Y5 107 127 147
1973 i3l 142 136 121 13 137 135 135 139 149 149 142 140
1979 125 120 132 125 110 122 113 120 125 114 121
Total 1954 12 99 117 121 19 107 97 100 115 111 99 103 108
Hardness 1964 138 109 111 18 126 128 17 110 125 96 90 94 114
1973 131 111 121 121 116 104 100 103 113 119 122 121 115
1979 106 99 e 99 S 105 107 11 103 19 104 104 106
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Alter the construction of the High Dam. the content of suspended matter
dropped markedly through the period from March to December 1979, 1 ranged
between IS ppm-in August 1o 00 ppm-in January. The increase recorded in
Tanvary and February of 1979 was the result of the muswally heavy raimlall in
upper Egypt that vear which filled many of the Eastern desert wadis, These later
drained into the Nile carrving Luree amounts of weathered materials, The ay crige
of suspended matter during the vear 1979 way 33 ppm. The relative decrease in
suspended matter content from 1964 10 1979 wis 945 which is highly significant,

SNilica

The presence of silica in Nile water comes from the decomposition of silicate
minerals which oceur in Lrge amounts in many rocks surrounding the river. They
eventually break down into clay minerals, resulting in-free silica. The emperature
and amount and rate of water movement through the rock all efieet the weathering
processes and consequently the silica content in water, Silica and also alkali in (he
Nile water is mainly derived from the weathering of metamorphic and igneous
rochs insouthern Sudan and the basic voleanic rocks of the Ethiopean plateau.
Fable 3 shows that the silica content of the Nile water varied from 7 o 21 ppm
during the whole period of study. Betore the High Dam. during the vears 1934 and
1964, the average content of silica was 12 ppm. Atier the High Dam. the average
content mereased to 17 ppm.an incerease of 424 This increase is signilicunt and
probably duc 1o the weathering of silicate formatons surrounding the High Dam

lake.

Restdual Chlorine

Table 3 indicates that during the whole period ol study the residual chlorine varied
from 0.3 10 0.6 ppm. Before the High Dam the averages recordad were: 0.36 and
(39 ppmtfor the flood and the low season. respectively. No significant variation
was detected after the High Dam, the average being approsinmtely 0.4 ppm,

Oxveen

The values of oxvgen consumed shown in Table 3 range between 2and 1 ppm dur-
ing the whole period of study. During the lood season of 1964 the consumed
osveen had an average value of 8.3 ppm. which decreased slightly during the Tow
seison to 0.0 ppa with an average of 7.0 ppm. However in 1973, after the High
Dam’s construction. this average decreased to 5.0 ppm. This decrease was not sig-
nificant and was probably due 1o the decrease ol orgmic nater in"water afier the
High Dam.

lotal :\Ik;llinil_\

Table 3 indicated that before the High Dam the ol alkalinity of the Nile walter

durin:_' the vear 1959 and 1964 varied frem 93 1o 200 ppm. with an average of

HY ppmy during the fiood season and 142 ppm during the low season. After the
High Daa’s construction, during the vears of 1973 and 1979, the alkalinity varied
from HO o 151 ppm with an average of 131 ppm. Before the High Dam. alkalinity
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increased from T ppmin 1954 to 147 ppmin 1964, an inerease of 297, After the
Dum’s construction the contrary oceurred and  the alkalinity decreased  from
HO ppmin 1973 1o 121 ppman 19790 a change of 1390 As a general trend. the
mcrease i alkalinity content from 1954 to 1979 was not significant.

Totat Hardness
I the present study, hardness (Ca+ Mgy was caleutated by multiplving the con-
centration ot both Ca and Mg cations (mg/Ly by the factor equivalent to CaCO;4

concentrittion.

Huardness (ppni) = Ca ' P X 2497+ Mo X L o= CaCO5 Eguivaleit

Table 3 shows that the hardiness vatues for the Nile water samples varied frem 90
to L3R ppm during the period betore the Hligh Dam’s construction. Hardness values
varied rom 105 ppm-during the Nood seasons o 111 during the Tow seasons of
934 and 1964 The ota! average Tor these vears was 108 and T ppny respectively.
Alter the Thigh Dam’s construction. significant scasonal variation was detected. The
average content decreased shightly from TS ppmein 1973 10 106 ppmin [979. No
obvious trend i variation was detected over the whole 25 vears of study.

Bicarbonate

Bicarbonate tons generally have the highest concentration of the anions showing a
gradual increase through the Tow water low season (Table ), and & marked drop
1o it lowest concentration in the flood season as in the vear 1904, After the High
Dam’s construction. bicarbonate concentration generally increased  through the
vears 1973 and 19790 The increase during October to December s related to the
reduction of viver water discharge rate at this period. Generally bicarbonate
combines with Cadeium. Magnesium and Sodiuan jons as shown in Fig, 1.

Sulphare

No nrarked variation with tme was detected before the construction of the High
Dam. However, atter the High Dam. sulphate content increased. especially during
1973 due to draicage to the viver of ground water rich in sulphate. Sulphate s
present nainly inits sodivne and potassium torms CFable Tand Fig, 1.

Chloride

Chloride ions inereased markedIv within the low season ot 1954 and 1964, ‘The
opposite occurred within the flood period of the same vears. After the construction
of the High Dam. chloride concentrations showed o general increase over the vears
1973 and 1979 Chloride is present maindy in the forms of sodium and potassium
chloride (g, 1),

Salt Type and Concentration
The hypothetical salt combination of the Nile water before and after the High
Dam construction and also that of the High Dam Lake water is represented
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graphicatly according to Palmer’s method (Geological Surves o USA 1959y in

Fig. 1. From this Figure it can be stated that Nile water is composed mainly of

Ca (HCO;), tollowed by lesser amounts of (Na+ Ky HOO o (Na-+ Ky ¢ oand
(Na+ Ky SO Seasonal and spatial variations i the content ot these salts were also
detected. The inverage content of Ca (OO, sales decreased markedIy rom 4389

(during the lood seasomy and 404 (during tow seasony betore the construction off

the Thigh Dany o 3097 adier the Hligh Dame Also the Mg (HOO 5 salts decrease
shehtly from 2348 cdurmg floody o 23% cduring tow seasom) betore the High Dam
and shightlv ncercased o 2409% atter the construction o the High Dam.

Ihe content of (Na+ Ky HOO S salis inercased markedIy trom 109 (during
the floody 1o 166" (during the Tow low seasen) then aeain decreased to 0.9 atter
the construction of the Thel Dam. oNa -+ Ky CLeontent showed o gradual inerease
from 9.6% during the flood season 1o 125 during the fow season and o 17.7%
after the High Dam. While the (Na 4+ Ko, C O, content showed o slight decrease
from 8.3 tduring floody o 360% (during low seison) betore the High Dam. it
marhedivinereases to 1205 atter the High Dam.

It may be concluded Tram the above salt coneentrations and distributions that
alter the construction of the Theh Dam. Nile water is generally characterized by a
higher sodium chlonde and salphate content and alesser sodium hydrocarbonate
content.

On the other hand. the waters o the Thgh Dam Lake is generally characterized
by lower calerum: hydrocarbonate and sodium brearbonate salt content compared
to that of the Nile water at Giza, T can be assumed that the variation in the con-
centration of the above-mentioned salis in the kike water and the Nile water at

Giza Gat a distanee of about 1000 Km from the Tahey is due mainly to the ettect of

the eround water draming into the Nile during its fow between thie two focations,
The variation insalt coneentrations of the Nile water through twenty-live vears cin

be brictly summarized increases ol 6% for (Na+ Ky SO, 37% for (Na+ Ky Ol

23 My (HCO 0, and 9% tor (Na+ Ky HOO; and a decrcase of 29 m Ca (11COy),

~alts.

Hvdrochemical Formula and Coepficiensy

The mean hydrochemical formuli of the Nile water can be represented as follows

according to the prevalence of the current ion concentration in decreasing order of

abundance during the ditferent seasons,
From the above forinulae. the rank order of ion abundance before and after the
High Dam construction can be established and is presented in Table <

Geochemical Classification op the Nile Water

The Nile water has been classitied geochemically using the methods of Ovichinikov
(1935) and Alukin (1946). According o the first method Nile witer occupies the
triangle 10 which detines sarface water: the second method indicates that the Nile
water fills in the brearbonate cliss, calcium group and first tvpe ice.. HCO, ¢ I“\

Weer Qualiny Fyaluation
Determination ol waler guality is very important tor both irrigation and domestic
purposes. For rrigation purposes the standards proposed by ULS. Salinity [abora-
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Table 4. Hydrochemical formutae and cocllicients

Total
soluble
sy
el !
Nile at Giza HCO, Q SO,
during flood 82.1 9.6 8.3
sedason L e T20°C, pH 8.0
(1954, 1964) Ca Na Mg K
45.8 254 254 34
Nile at Givza HCO, Cl SO,
during Jow 80.2 14.2 5.6
season 019 =——— e o S e ST21°C, pH 8.
(1954, 1964) Ca Na Mg K
404 335 23.2 29
Nile at Giza HCO, 'l SO,
after the High 69.7 17.7 12,6
Dam T —— T21°C, pH 8.1
(1973, 1979) Ca Na Mg K
36.2 349 249 4.0)
High Dam Lake HCoO, Al S0,
betore flood 86.9 7.5 5.6
season 017 e 1T25°C, ph 8.3
(1973) Ca Na Mg K
36.2 3.8 28.2 3.8
High Dam Lake HC O, 'l SO,
alter flood 84.8 7.7 74
seison 017 ~ - e e e - T25°C, pH 8.2
(1973) Ca Nat Mg K
30.4 297 87 5.2

tory Stall (1934). the Wilcox method (1955) and the Doneen method (1958) were

used. Applving the Wilcox method the water talls in the excellent - sood” elass of

irrigation water. while the Doneen method shows that this water is of second cliss
for irrigation.

On the other hand. the sutability of the Nile water for domestic and drinking
purposes was evaluated according o the standards of the ULS. Public Health
Services (1962) indicating that the sampled waters are highly sitisfactory,
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