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ABSTRACT

Temperature, pH, salinity, Dissolved Oxygen (DO)iol&gical Oxygen
Demand (BOD) and Oxidizable Organic Matter (OOMMwadl as ammonia, nitrite,
nitrate, phosphate and silicate were studied sadlgan the surface water of Bitter
and Temsah Lakes during 2009 and 2010.

The results revealed that: i) the annual mean rarigeoncentration of these
parameters in Bitter lakes were (24638.09; 40.40 %o; 7.26 mgfl. 1.74 mgQ/L;
1.29 mgQ/L; 1.69 pumol/L; 0.52 pmol/L; 2.91 pumol/L; 0.62 phio and 3.13
pmol/L, respectively). On the other hand, the gponding values in Temsah Lake
were (25.07C; 8.11; 28.84 %o; 6.96 mgfd. 3.35 mgQ/L. 2.70 mgQ/L. 2.78
pmol/L; 0.92 pmol/L; 6.16 pmol/L; 1.03 umol/L; add9 pmol/L, respectively).

i) The aquatic system of Temsah Lake became adimd, where the
concentration of contaminants viz: BOD, OOM, andrieat salts were relatively
increased, probably due to the effect of acuteugioh of the disposal of untreated
sewage and agriculture effluents from sweet Canal.

iii) Seasonally, nutrient salts recorded the higvedues during winter and this
is may be due to tidal current of the water colunvhjch mixes the bottom water
with the surface. While the lowest values wereoréed during autumn and spring,
due to the production of phytoplankton standingpcro

iv) The calculated N: P: Si ratios are less that tf Redfield ratio, suggesting
that the areas under investigation (Bitter and Tamnisakes) are N limited, and v).

The level of nutrients and other trophic indicatipgrameters, refer that the
areas of investigation are in eutrophic state.

Keywords: water quality, nutrients, Bitter Lakes, Temsalké,aSuez Canal.

INTRODUCTION

Suez Canal is, actually, the lonely canal linkirgween the Mediterranean Sea
and the Red Sea. It is located between Suez andSRit provinces (lying between
longitudes 3220 and 32 35 E and between latitudes 285 and 31 15 N with an
average length of 164 km along the major axis).

Due to the importance of the Suez Canal for namgaand global mind link
between the Mediterranean and the Red Sea, ther Bakes and Lake Temsah have
been chosen for different environmental studieseReurbanization of the region has
led to the situation that the Suez Canal systensui§ering considerably from
pollution, since it acts as a big navigation route.

Temsah Lake covers about 15Kimetween 30° 32and 30° 36north latitude
and 32° 16and 32° 21east longitude and is located near the middla@®Quez Canal
at a point 80Km south of Port Said. The depttheflake ranges between 6 and 13m.
Following the construction of High Dam (completed 1970), lake water quality
changed from saline to fresh water due to predipitaof gypsum and mud lamina.
The lake is the backbone of a tourism industry #itaiacts a large number of the
holiday visitors. In addition to the visitors, tteurism and fishing industries employ
local citizens and provide a significant portiontioé district revenues.
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On the other hand the Bitter Lakes (30°R) 32°23 E) are the largest water
bodies along the length of the Suez Canal, comgimbout 85% of the system’s
water. The Great and Small Bitter Lakes, separaétgdarrows, are saline lakes
situated between the north and south parts of tlez £anal (El-Bassat, 2009)he
Bitter Lakes now have a surface area of about 250 Ko the north, the canal also
runs through Lake Manzala and Lake Temsah

As the canal has no locks, sea water flows freatp ithe lakes from both the
Mediterranean Sea and the Red Sea, replacing Watedue to evaporation. The lakes act as
a buffer for the canal, reducing the effect of ltidarrents (Touliabah and Taylor 2004). The
Bitter Lakes suffer from various types of pollutiomcluding domestic sewage from the
surrounding human settlements, thermal pollutiamfiAbu-Sultan electric power location’s
cooling water, as well as industrial and agric@twastes from Ismailia City via the Malaria
Drain, which also collects agricultural wastes frtme cultivated lands on the west bank of
the Great Bitter Lake (Badawy 2001).

Pollution in Bitter and Temsah Lakes has considgraticreased in recent years,
through oil ships, agricultural, industrial and destic drainage. Consequently, the present
work aims to investigate water quality and nutrigalt concentrations in surface water of the
Bitter and Temsah lakes.

MATERIALS AND METHODS

Sampling

Surface water samples were collected seasonallingdwf 2009-2010 from nine
locations adequately covering the different Lskesin. Five locations were chosen in Bitter
Lakes and four locations were in Temsah Lake (Big.
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Fig. 1: Sampling stations of the investigated aakmg the Suez Canal during 2009-2010. A= Great
Bitter Lakes (Al= Shandora, All Kabrite, Alll= Fanaa AlV= Fayed and AV= Deversoir)
and B=El-Temsah Lake (BI- BIV)

Procedures

Surface water temperature was measured at theofisempling using standard (0-100
°C) thermometer. Hydrogen ion concentration was oreasat the time of sampling on the
board of the ship using a pocket pH meter (Oriol)28alinity was determined using an
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inductive salinometer (S.C.T. meters) from yellowrisgs Instrument Co. model 33.
Dissolved oxygen was determined by the Winkler mét1988) taking all the necessary
precautions into consideration. Biological Oxygeaniand (BOD) and Oxidizable Organic
Matter (OOM) were measured according to standarthods, (APHA, 1995). The nutrients
NH4, NO,, NG;, PQ, and silicate were measured in the filtered waaenpes (after filtration,
using 0.45um membrane filters), following the prhaees of Strickland and Parsons (1975).

The correlation coefficient (r) was calculated betw the environmental parameters
using statistics program SPSS version 18.

RESULTS AND DISCUSSION

Environmental characteristics:

The Suez Canal is considered among the warm tetoperaone and merely as a
gradient of decreasing temperatures from the Redt&¢he Mediterranean. Limited spatial
variations in surface water temperature were medsuhese variations depend primarily on
the weather conditions and partly on the time af@ang.

In general, the seasonal temperature variatiolewothese of prevailing climate
conditions. Temperature of surface water in Bitteke ranged between 16.90°C during
winter at location 1 to 31.35 °C during summeraaftion 4. On the other hand, temperature
in Temsah Lake ranged between 16.20°C during wiatelocation 9 to 32.50°C during
summer at location 9. This may be due to sevechbia such as air temperature, wind, waves
and gain or loss of heat in shallow waters closthéocoast. The discharge of heated water
from a thermal power plant raised the water tentpegain the impacted area by 13°C in
autumn and 22°C in summer and also caused decreasdgorophyll and phytoplankton
abundance (Ashouet al., 2000). From the above results, high temperatocesirred in
summer, while low values were observed in winter.

The values of hydrogen ion concentration in théeBitakes ranged between the lowest
value (7.91) during autumn at location 4 (Tableptpbably due to the disposal of fresh water
from drains into the Suez Canal and the highestegabf pH (8.29) during winter at location
4 and On the other hand, pH in Temsah Lake vaméaden 7.78 during autumn at location 6
and 8.31 during summer at location 9. The relagivegher pH values were recorded during
the warm seasons in which the rise in temperatgeally stimulates phytoplankton
photosynthetic activity causing more consumptioncafbon dioxide and the rise of pH
(Abdallahet al., 1995)

Table 1: Hydrographic parameters of Bitter and Tatmisakes during Autumn 2009.

Locations Temp. pH S%o DO BOD OOM
1 24.10- 25.60 8.01-8.06 40.20-40.60 | 5.95-6.76 1.21-1.87 0.88-0.92
(24.85) (8.04) (40.43) (6.36) (1.48) (0.83)
" ” 24.10-27.10 8.01-8.05 40.40-41.20 | 6.24-6.56 | 1.48-2.82 0.72-1.20
Q (25.60) (8.03) (40.70) (6.40) (2.08) (0.93)
g 3 26.30-30.00 8.04-8.12 39.30-40.35 | 6.45-7.28 | 1.35-1.67 1.08-1.44
f (28.15) (8.09) (40.06) (6.87) (1.56) (1.21)
E:;' 4 26.00-30.60 7.91-8.04 39.70-40.30 | 6.81-7.69 1.68-2.09 1.26-1.93
(28.30) (7.98) (39.60) (7.25) (1.86) (1.50)
5 25.10-28.50 8.06-8.06 39.70-40.30 | 6.76-7.05| 1.52-1.75 1.26-1.72
(26.80) (8.04) (39.96) (6.91) (1.64) (1.46)
6 24.50-28.40 7.78-7.98 24.70-32.10 | 5.44-6.14 | 4.38-5.85 3.28-4.16
2 (26.45) (7.88) (28.40) (5.83) (5.27) (3.66)
S 7 24.70-29.60 8.06-8.21 28.90-39.10 | 5.86-6.46 | 2.96-3.76 2.40-3.29
< (27.15) (8.14) (34.30) (6.11) (3.66) (2.85)
g 8 25.70-29.00 8.24-8.29 30.20-30.70 | 5.83-6.58 2.12-2.96 1.62-2.03
13 (27.35) (8.27) (30.45) (6.20) (2.46) (2.32)
9 25.10-29.50 8.14-8.21 29.50-36.20 | 6.18-6.71 | 2.45-4.18 2.25-2.61
(27.30) (8.27) (32.56) (6.43) (2.83) (2.47)
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The results indicated that, the salinity of thefate water reached its maximum
during summer and early autumn and the minimum imtex. The relatively high
increasing in the salinity during summer may be daethe increasing of the
evaporation rate of water, shallowness of lake wael high temperature during this
season (Morcos, 1970). The water salinity in thezZSDanal showed wide fluctuations
between locations especially in those near fredleaitlets. Thus, in Bitter lakes the
highest salinity (41.60%o.) was found during summntdoeation 2 (Table 2), while the
lowest value (39.20%0) was found during winter ataliton 5 (Table 3). The highest
salinity was concentrated at the Bitter Lakes, utne high rate of evaporation in the
region; and partly due to dissolution of evapodgposits at the bottom of the Lakes
(Morcos and Riley, 1966).

Table 1: Hydrographic parameters of Bitter and Tamisakes during summer 2009.

Locations Temp. pH S%o DO BOD OOM.
1 28.75-29.20 | 7.95-8.01 | 40.50-41.35| 5.70-6.78 | 1.74-2.27 | 1.99-2.07
(28.97) (7.85) (40.92) (6.24) (1.92) (2.05)
* > 29.00-29.50 | 7.97-8.05| 40.70-41.60| 6.08-7.70 | 1.19-2.12 | 0.98-1.75
2 (29.25) (8.01) (41.15) (6.89) (1.63) (1.35)
‘—f 3 30.25-31.25| 7.99-8.02 | 40.30-40.55| 6.10-6.59 | 1.48-1.82 | 0.96-1.54
2 (30.75) (8.01) (40.42) (6.35) (1.68) (1.23)
o 4 30.75-31.35| 8.03-8.11 | 40.01-40.15| 6.48-7.02 | 1.69-2.59 | 1.60-2.16
(31.05) (8.07) (40.07) (6.75) (2.13) (1.36)
5 30.50-31.00 | 7.96-8.06 | 39.90-39.98| 7.04-7.39 | 1.80-1.98 | 1.25-1.96
(30.75) (8.02) (39.94) (7.17) (1.86) (1.59)
6 29.50-30.80 | 7.89-7.99 | 30.60-38.00| 5.20-5.78 | 4.38-5.92 | 3.76-4.24
Q (30.15) (7.94) (31.13) (5.33) (5.13) (3.96)
8 7 31.00-31.50 | 7.96-8.17 | 33.90-40.10| 6.10-6.34 | 3.54-4.79 | 2.38-2.85
S (31.25) (8.06) (36.56) (6.18) (4.26) (2.59)
g 8 31.20-32.00| 8.11-8.16 | 32.00-36.80| 6.48-7.23 | 2.25-3.16 | 2.09-2.84
2 (31.60) (8.13) (34.40) (6.81) (2.62) (2.47)
9 31.50-32.50| 8.13-8.31| 33.80-37.30| 6.26-7.48 | 1.89-3.41| 1.91-3.35
(32.00) (8.22) (35.73) (6.76) (2.76) (1.61)

Table 3: Hydrographic parameters of Bitter and Tamisakes during winter 2010.

Locations Temp. pH S%o DO BOD OOM.
1 16.90-18.50 | 8.06-8.18 | 40.10-40.40| 6.30-9.12 | 1.42-1.66 1.39-1.77
(17.61) (8.13) (40.26) (7.71) (1.54) (1.53)
" 2 18.00-19.00 | 8.10-8.18 | 40.10-40.60| 6.60-8.20 | 1.67-1.75| 0.98-1.35
2 (18.60) (8.16) (40.40) (7.40) (1.71) (1.13)
‘—f 3 18.10-19.25| 8.05-8.21 | 40.30-40.90| 6.55-8.45| 1.28-1.72| 0.76-1.44
o (18.85) (8.10) (40.56) (7.50) (1.50) (1.03)
o 4 18.00-19.20 | 8.05-8.29 | 39.70-40.10| 6.97-7.78 | 1.88-2.15 1.30-2.06
(18.46) (8.20) (39.83) (7.38) (2.01) (1.70)
5 17.50-19.00 | 8.18-8.26 | 39.20-40.90| 6.86-7.18 | 1.61-1.96 | 1.05-1.66
(18.43) (8.26) (39.93) (7.02) (1.78) (1.20)
6 17.20-19.80 | 7.86-8.12 | 7.30-39.10 | 5.87-6.12 | 3.41-3.88 | 3.46-4.14
2 (18.50) (8.00) (23.20) (5.99) (3.64) (3.80)
S 7 17.00-19.40 | 8.00-8.23 | 12.70-24.50| 6.73-7.33 | 2.75-3.15 2.18-2.65
< (18.26) (8.09) (16.93) (7.05) (2.93) (2.50)
g 8 16.50-19.60 | 8.02-8.28 | 10.01-23.20| 6.20-6.73 | 2.12-2.46 1.99-2.44
8 (18.20) (8.14) (16.60) (6.80) (2.29) (2.16)
9 16.20-19.50 | 8.01-8.22 | 8.80-22.90 | 6.15-6.44 | 2.33-2.56 | 1.71-3.15
(18.06) (8.16) (15.85) (6.26) (2.44) (1.81)

On the other hand the variation of salinity in Taim&ake was great because of
the presence of freshwater sources; the maximuoewval salinity in Temsah Lake
(40.10%0) was recorded during summer at locatiodable 1), while the minimum
value was found (7.30%o) at location 6 during wir(fEable 3) and this may be due to
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direct effect by Ismailia sweet Canal and westagobn receiving the sewage
discharge and waste waters.

The annual mean and seasonal variations of dissalxggen in water samples
from Bitter and Temsah Lakes are given in Tabl®é&gionally, dissolved oxygen in
Bitter Lakes fluctuated between 5.70 mgOat location 1 and 10.55 mgQ@ at
location 2 (Table 4) which is far away from anylptbn sources. While in Temsah
Lake the maximum oxygen content of 10.20 nyQvas recorded at location 9 and
the minimum concentration (5.20 mgO at location 6, probably attributed to the
effect of acute pollution taking place through theposal of untreated sewage and
agricultural effluents from the sweet canal draime the Lake.

Table 4: Hydrographic parameters of Bitter and Tamisakes during spring 2010.

Locations Temp. pH S%o DO BOD OOM
1 19.60-23.30| 8.08-8.23 | 40.30-41.10| 8.20-10.20| 1.54-1.74| 0.65-0.92
(21.33) (8.16) (40.70) (9.20) (1.62) (0.76)
" 2 19.80-23.00| 8.03-8.18 | 40.30-40.90| 8.20-10.55| 1.45-1.67 | 0.64-0.89
2 (21.36) (8.10) (40.60) (9.38) (1.53) (0.73)
‘—f 3 21.15-26.00| 8.04-8.20 | 40.50-41.30| 7.03-7.48 | 1.53-2.05| 0.64-1.19
o (22.90) (8.10) (40.90) (7.26) (1.61) (0.93)
i 4 21.25-27.45| 8.05-8.27 | 40.20-40.30| 7.17-7.91 | 1.38-1.92| 0.56-1.55
(23.43) (8.13) (40.25) (7.54) (1.75) (1.19)
5 21.20-25.80| 8.06-8.21 | 40.60-41.20| 7.22-7.84 | 1.37-1.85| 0.72-1.63
(23.06) (8.12) (40.90) (7.53) (1.61) (1.26)
6 21.50-26.40| 8.04-8.14 | 19.50-39.40 | 7.73-9.35 | 3.21-3.65| 3.04-3.25
Q (23.56) (8.07) (27.93) (8.54) (3.42) (3.09)
8 7 21.20-26.40| 8.11-8.14| 22.40-32.20| 8.40-9.24 | 3.15-3.45| 2.40-2.79
S (23.26) (8.12) (27.30) (8.82) (3.25) (2.53)
g 8 21.10-25.30( 8.13-8.21| 29.50-37.80| 8.03-10.10| 3.24-3.39 | 1.06-2.13
@ (22.83) (8.16) (33.65) (9.07) (6.60) (1.39)
9 21.00-27.50| 8.02-8.22 | 28.70-30.80 | 8.04-10.20| 3.19-3.35| 1.92-2.02
(23.66) (8.13) (29.75) (9.12) (3.21) (1.51)

Seasonally, the results (Table 5) indicated thnet,dissolved oxygen values increased
during spring and winter, while they decreasedrdusummer because of high temperature
which causes decreasing in the degree of solulofigtmospheric oxygen gas and due to the
increase in oxygen consumption during decompositiborganic matters and oxidation of

chemicals from effluents of different sources (Hd2003).

Table 5: Seasonal variation of hydrochemical

pataraen Bitter and Temsah lakes

Parameter
Temp.'C pH S%o Do BOD OOM
Season
Autumn | 2410-3060 7.91-8.12 | 39.30-41.20| 595-7.69 | 1.21-2.82| 0.72-193
" (26.74) (8.04) (40.21) (6.76) (1.74) (1.24)
¢ Winter | 16:90-19.25] 8.05-8.29 [ 39.20-40.90| 6.30-9.12 | 128-2.15| 0.76- 2.06
s (18.35) (8.16) (40.03) (7.40) (1.72) (1.38)
g Sorin 19.60- 27.45| 8.03-8.27 | 40.20-41.30| 7.03-1055| 1.37-2.05| 0.56-1.63
= pring (22.86) (8.14) (40.67) (8.18) (1.65) (0.94)
Summer | 28:75-3135] 7.95-8.11 | 39.90-4160| 570-7.70 | 119-259 | 0.96-2.16
(30.16) (8.02) (40.50) (6.69) (1.87) (1.63)
Annual 22.34-27.16| 7.99-8.19 | 39.65-41.25| 6.25-8.77 | 1.26-2.40| 0.75-1.95
mean (24.53) (8.09) (40.40) (7.26) (1.74) (1.29)
Autumn | 2450-29.60] 7.78-829 | 24.70-39.10| 544-6.71 | 212-585| 1.62-4.16
© (27.06) (8.11) (31.43) (6.15) (3.58) (2.83)
ki Winter | 16:20-19.80| 7.86-8.28 | 7.30-39.10 | 587-7.33 | 2.12-3.88 | 171-4.14
g (18.15) (8.09) (18.56) (6.45) (2.83) (2.72)
8 Sorin 21.00- 27.50 | 8.02-8.22 | 19.50- 39.40| 7.73-10.20| 3.15-3.65| 1.06-3.25
£ pring (23.80) (8.13) (30.04 (8.89) (3.33) (2.33)
= Summer | 29-50-3250| 7.89-8.31 | 30.60-40.10| 5.20-7.48 | 1.89-592 | 1.91-4.24
(31.25) (8.09) (35.31) (6.36) (3.67) (2.93)
Annual 22.80- 27.35| 7.89-8.28 | 20.53-39.43| 6.06-7.93 | 2.32-4.83 | 1.58-3.95
mean (25.07) (8.11) (28.84) (6.96) (3.35) (2.70)
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On a seasonal scale, high oxygen values were red¢ahdring winter due to the
active water mixing and gas exchange, while sligitrease was during spring
associated with highest flourishing of phytoplamkio this season. On the other hand,
the lowest value was recorded during summer arglrttdly be due to the relatively
high temperature and low density of phytoplankf®his illustrates that, the oxygen
concentration is affected by the temperature patter

It was clear that BOD value increases graduallynguwinter and autumn and
reaches its maximum during summer. This may bebatad to the increasing of
microorganisms (bacteria) which needs DO for oximjzhe organic matter (Hamed,
2003). Water is considered fairly pure with a BOD3gppm and of doubtful purity
when the BOD value reaches 5 ppm (Anon, 1975). BG® of the Lake water is
slightly high indicating the presence of percegiltbad of sewage continuously
discharged into the area of investigation.

In general, the annual mean of BOD and OOM in Bittekes was 1.74 and
1.29 mgQ@/L, while in Temsah Lake the corresponding valuesen8.35 mggL and
2.70 mgQ/L, respectively. The relatively high values of B@Rd OOM in Temsah
Lake may be due to the disposal of untreated sewage
Nutrient salts:

The most important forms of nutrients in seawatiethe inorganic nitrogen
are ammonia, nitrite and nitrate. The concentratiohthese nutrients usually lie in
the range of 0.15-3mgNFN/L, 0.01-3mgNQG-N/L and 0.1-35mgN@N/L in
oxygenated water (Riley and Chester, 1971).

Ammonia concentration in Bitter Lakes fluctuateetween 0.19 pumol/L at
location 2 and 5.76 umol/L at location 4, probable to human activity at Fayed
city, On the other hand, in Temsah Lake the lowesicentration of ammonia (0.55
umol/L) was recorded at location 9 (Table 6), whikltiar away from any sources of
pollution, while the highest concentration of ammaof®.79 pmol/L) was recorded at
location 6 (Table 7); this may be attributed to thigh load of sewage from the
effluents in this location.

Table 6: Nutrient Salts Concentration in Bitter dreinsah lakes during summer 2009.

Locations Ammonia Nitrite Nitrate Phosphate _Silicate
(NHg) pmol/L | (NOy)umol/L | (NOz)umol/L | (PQ,) pmol/L (Si0O;) pumol/L
1 0.43-1.99 0.16-0.93 0.93-2.06 0.14-0.30 1.12-2.52
(1.21) (0.55) (1.49) (0.22) (1.82)
" 2 0.49-1.15 0.15-0.78 0.67-2.69 0.10-0.23 0.90-1.90
o (0.82) (0.47) (1.68) (0.17) (1.40)
< 3 0.25-0.43 0.16-0.66 0.83-2.59 0.09-0.27 2.72-4.52
5 (0.34) (0.41) (1.71) (0.18) (3.62)
% 4 0.89-1.57 0.18-0.73 0.68-2.84 0.07-0.48 4.30-4.35
(1.23) (0.46) (1.76) (0.28) (4.33)
5 0.55-1.05 0.19-0.72 0.75-2.35 0.14-0.27 4.80-4.95
(0.80) (0.45) (1.55) (0.21) (4.88)
6 2.03-3.77 0.46-1.42 4.39-6.27 0.60-1.72 5.49-7.65
[ (2.90) (0.94) (5.33) (1.16) (6.57)
k& 7 0.84-2.72 0.90-1.45 2.88-4.45 0.12-1.31 5.40-6.90
- (1.78) (1.18) (3.67) (0.72) (6.15)
B 8 0.83-1.49 0.62-1.07 2.45-4.45 0.09-0.76 6.05-7.07
£ (1.16) (0.85) (3.45) (0.52) (6.56)
= 9 0.55-1.23 0.67-1.17 2.04-4.44 0.17-1.09 6.17-7.67
(0.89) (0.92) (3.24) (0.72) (6.92)
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Table 7: Nutrient Salts Concentration in Bitter dreinsah lakes during winter 2010.
Locations Ammonia Nitrite Nitrate Phosphate .Silicate
(NH,) umol/L | (NOy)umol/L | (NOs)umol/L | (PO,) pmol/L (SiO;) umol/L
1 0.71- 3.98 0.50-0.96 3.55-6.13 0.82-1.46 1.00-4.82
(2.34) (0.73) (4.84) (1.14) (2.53)
" 2 0.83-3.59 0.27-0.81 1.55-3.30 0.76-0.95 0.80-4.80
i (2.21) (0.54) (2.43) (0.85) (2.47)
L 3 2.11-5.31 0.30-0.90 1.03-2.05 0.62-0.99 0.70-5.02
5 (3.71) (0.60) (1.54) (0.81) (2.86)
.% 4 1.86-5.76 0.30-0.49 3.84-7.61 0.68-0.73 0.35-5.60
(3.81) (0.39) (5.73) (0.70) (2.98)
5 1.05-1.33 0.26-0.85 2.47-5.11 0.57-0.67 1.30-3.50
(1.19) (0.56) (3.79) (0.62) (2.40)
6 9.08-9.79 1.05-1.79 13.22-14.79 1.41-2.02 5.65-6.55
o (9.44) (1.42) (14.01) (1.72) (6.10)
< 7 2.67-7.83 0.15-1.05 4.27-5.47 1.18-1.46 4.67-5.70
= (5.25) (0.60) (4.87) (1.32) (5.19)
3 8 4.66-4.74 0.17-1.13 3.78-4.17 1.01-1.38 3.35-4.40
£ (6.20) (0.65) (3.98) (1.20) (3.88)
= 9 3.91-4.04 0.77-1.00 4.11-5.11 1.06-1.32 2.35-4.50
(3.98) (0.89) (4.61) (1.19) (3.43)

Ammonia is biologically active compound presentniost water as normal
biological degradation product of nitrogenous orgamatter. It reaches ground
surface water through discharge of industrial wateontaining ammonia as a
byproduct or wastes from different sources of huativities (Train, 1978).

Nitrite concentration in Bitter Lakes varied betwe&15umol/L at location 2 during
summer and 0.97 pmol/L at location 4 during sprivithile the absolute values of nitrate
concentration in Bitter Lakes fluctuated betwee®i7Qumol/L at location 2 during summer
and 7.61 pumol/L at location 4 during winter (Table This may be due to increase in
plankton biomass during summer that feed on sudhients and cause depletion in its
concentration. On the other hand, nitrite concéioman Temsah Lake recorded the minimum
concentration (0.12 umol/L) at location 9 (Table8here there is no source of pollution and
the maximum concentration (1.79 pumol/L) was recdrde location 6. While the average
values of nitrate concentrations in Temsah Lakettlated between 2.04 pmol/L at location 9
and 14.79 umol/L at location 6.

Table 8: Nutrient Salts Concentration in Bitter dreinsah lakes during autumn 2009.

Locations Ammonia Nitrite Nitrate Phosphate Silicate
(NH,) pmol/L | (NO,) umol/L | (NOg) pmol/L | (PO,) pmol/L | (SiOs) pmol/L
1 1.89-2.47 0.19-0.39 1.09-6.00 0.68-0.98 1.12-4.85
(2.18) (0.27) (3.55) (0.83) (2.59)
o 2 1.67-2.67 0.28-0.52 1.17-5.89 0.68-0.83 0.70-4.32
e (2.18) (0.40) (3.53) (0.76) (2.51)
g 3 0.90-1.45 0.39-0.81 1.16-6.40 0.65-0.77 0.42-4.40
o (1.18) (0.60) (3.94) (0.71) (2.41)
5 4 1.33-2.85 0.34-0.90 1.26-6.05 0.91-1.16 2.00-4.70
(2.09) (0.62) (6.18) (1.04) (3.35)
5 0.90-1.08 0.35-0.50 1.27-6.35 0.84-0.93 0.22-4.90
(0.99) (0.43) (5.84) (0.89) (2.56)
6 1.70-3.22 0.44-1.48 5.56-12.27 0.79-1.51 2.40-6.20
o (2.46) (0.96) (19.76) (1.15) (4.30)
'Ets 7 1.36-2.73 0.34-1.64 4.72-11.05 0.76-1.48 3.85-4.90
= (2.05) (0.99) (17.01) (1.12) (4.38)
B 8 0.96-1.31 0.13-1.10 3.62-7.57 0.65-1.19 2.10-5.40
£ (1.14) (0.62) (10.63) (0.92) (3.75)
= 9 1.03-1.93 0.12-1.23 3.05-7.15 0.65-1.27 1.05-3.62
(1.48) (0.68) (9.12) (0.96) (2.34)
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The maximum value of DIP in Bitter Lakes was 1.4&qglL at location 1
during winter, while the minimum (0.07) was at lboa 4 during summer. In Temsah
Lake, DIP values varied between 0.09 pmol/L at tioca8 and 2.02 pmol/L at
location 6.

Silicate concentration in Bitter Lakes fluctuateetvieeen 0.22 pmol/L during
autumn at location 5 and 6.62 umol/L during spiandocation 4. The importance of
silicates lies in its significance for the constroe of the cell wall of diatoms. This
element is not a limiting factor for diatoms in tlake. In the same way at Temsah
Lake, silicate concentrations differ from 1.05 pfhalt location 9 which is far away
from any source of pollution to 7.65 pmol/L at ldoa 6. William (1991) reported
dissolved silica content between 0.03 mg/L and @m8dL as limiting level for diatom
growth.

Seasonally, nutrient salts recorded the highestiegalduring winter in the
present study and this is may be due to tidal atiw&the water column, which mixes
the bottom water with the surface area. These teagree with that of Saied and El-
Deek (2004), while the lowest values were recomi@thg autumn and spring may be
due to the production of phytoplankton standingpctbat agree with Nassar and
Hamed (2003) studies.

The annual and seasonal variations of nutrients salt: ammonia, nitrite,
nitrate, phosphate and silicate in Bitter and Tdnisakes are given in Table 10.

In general, concentrations of nutrient salts in $amLake are relatively high
compared with that of Bitter Lakes probably duehteavy load of sewage and
agricultural effluents discharge into Temsah Lake.

Table 9: Nutrient Salts Concentration in Bitter dreinsah lakes during spring 2010.

Locations Ammonia Nitrite Nitrate Phosphate Silicate
(NH4) pumol/L | (NOy)umol/L | (NOg)umol/L | (PQy) umol/L (Si0O;) umol/L
1 0.37-1.71 0.42-0.92 1.33-4.08 0.37-0.90 1.17-4.67
(1.04) (0.67) (2.35) (0.61) (3.49)
" 2 0.19-1.80 0.23-0.68 1.49-5.15 0.28-0.76 1.05-4.10
< (0.99) (0.46) (2.97) (0.46) (2.90)
S 3 0.24-0.77 0.31-0.85 1.35-4.52 0.28-0.82 1.40-4.40
- (0.51) (0.58) (2.94) (0.53) (3.29)
% 4 0.49-1.17 0.43-0.97 1.49-4.06 0.41-0.96 4.27-6.62
(0.83) (0.70) (2.77) (0.69) (5.59)
5 0.91-1.72 0.25-0.67 2.13-4.16 0.39-0.76 4.40-5.40
(1.32) (0.46) (3.15) (0.57) (4.92)
6 2.04-3.95 0.91-1.54 9.30-13.32 0.78-1.83 6.30-7.40
o (2.99) (1.22) (11.31) (1.31) (6.85)
< 7 1.32-3.09 0.86-1.15 7.83-8.44 0.72-1.41 4.65-5.40
= (2.21) (1.01) (8.14) (1.07) (5.03)
B 8 0.80-1.11 0.68-1.06 2.86-5.40 0.55-1.16 3.30-6.35
£ (0.96) (0.86) (4.13) (0.86) (4.83)
= 9 0.88-1.23 0.70-1.13 3.88-4.79 0.63-1.06 2.62-4.75
(1.05) (0.92) (4.34) (0.85) (3.69)
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Table 10: Seasonal variation of nutrient saltsiiteBand Temsah lakes

Parameter Ammonia Nitrite Nitrate Phosphate Silicate
(NH,) (NOy)umol/ | (NOs)umol/ (POy) (SiOy)
Season pmol/L L L pmol/L pmol/L
autumn 0.19- 1.80 0.15-0.93 0.67-2.84 0.28-0.90 0.90- 4.95
" (0.94) (0.47) (1.64) (0.59) (3.21)
o winter 0.71-5.76 0.19- 0.90 1.33-5.15 0.07-0.48 0.22- 5.60
< (3.24) (0.47) (2.98) (0.21) (2.83)
5 Spring 0.25- 1.99 0.23-0.97 1.09- 6.40 0.65-1.18 1.05- 6.62
.%‘ (0.88) (0.57) (3.36) (0.84) (3.75)
summer 0.90- 2.85 0.26- 0.96 1.03-7.61 0.57-1.46 0.42-4.85
(1.72) (0.56) (3.66) (0.83) (2.73)
Annual mean 0.51- 3.10 0.21-0.94 1.03-5.50 0.39-1.01 0.65-5.51
(1.69) (0.52) (2.91) (0.62) (3.13)
autumn 0.96- 3.22 0.15-1.79 | 3.78-14.79 1.01-2.02 2.10- 6.20
o (1.78) (0.89) (6.87) (1.36) (3.96)
< winter 2.67-9.79 0.12-1.64 | 2.86-13.32 | 0.09-1.72 1.05- 6.55
e (5.84) (0.81) (6.98) (0.73) (4.37)
g Spring 0.55-3.77 0.67-154 | 3.05-12.27 | 0.65-1.51 2.62-7.40
S (1.68) (1.01) (6.87) (1.04) (5.09)
Summer 0.80- 3.95 0.46- 1.45 2.04-6.27 0.55-1.83 5.40- 7.67
(1.80) (0.97) (3.92) (1.02) (6.55)
Annual mean 1.25-5.18 0.35-1.61 | 2.93-11.66 | 0.58-1.77 2.79-5.46
(2.78) (0.92) (6.16) (1.03) (4.99)

In conclusion, the level of nutrient salts indichtbat, Bitter and Temsah Lakes
are in the eutrophic state according to the stahbiarels reported by Franco (1983)

(Table 11).
Table 11: Comparison of annual mean values betweepresent study and previous studies.
arameter :
NH NO,| NO;| PO, | SIO
Temp oH | S % DO | BOD | OOM 4 2 3 4 10, Reference
. mi/I mi/I mi/I
Area
Bitter lakes 2453 8.0940.40 7.26| 1.74 1.29 1.59 0.52 2.91| 0.62| 3.13| Present Study
Temsah Lake 25.0f 8.128.84 | 6.9 3.35 2.7 278 092 6.16 1.03 4.99 Present Study
Temsah Lake 24.18 8.0832.04| 4.46| --- -—-- -—-- ----| ----| Mourad, 1996
Lake Manzala | 21.81 8.03 4.63 5.8 5.66 11.p8 63.148 3 5.91 |11.56| 94.11 Hamed, 2003
Lake Manzala | -~ | - | - | o= | - — | 12845 581 28. 246 |1425 Fahmyetal,
1997
1 Abd EI-
Suez Canal —| 822 3857 6.2 - ~t = -| = | Rahman, 1097
Oligotrophic 0.51 0.51 [0.05
level
Eutrophic level 2.02 4.02 | 0.3

Generally, the calculated ratios for N: P: Si (EabR) were lower than that of
Redfield ratios N: P: Si (16: 16: 1) (Redfiettl al., 1963). Thus, nitrogen is the
limiting factor for phytoplankton growth in the Ber and Temsah Lakes.
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Table (12): Mean TIN/DRP, Si/DRP and TIN/Si ratafBitter and Temsah Lakes.
Locations TIN/DRP Si/DRP TIN/Si
1 7.619 3.751 2.031
(%]
% 2 9.180 4.078 2.251
—
5 3 7.092 4.711 1.505
Eﬁ 4 9.705 5.972 1.625
5 8.382 6.448 1.300
Mean area 8.396 4,992 1.742
° 6 12.283 4.466 2.750
§ 10.086 4911 2.053
z
) 8 8.823 5.543 1.592
IS
(0]
= 9 8.073 4.477 1.803
Mean area 9.816 4.849 2.049

The statistical calculations were carried out ustagistical computer program.
Correlation coefficients were calculated betweeh palirs of measured variables
(Tables 13 and 14) and the results indicated that:

Table 13: correlation coefficient marked betweeinspaf measured variables in Bitter Lakes.

Temp.| pH S%o DO [ BOD| OOM| Ng]| NO, | NO; | PO, | SiO,

Temp. 1.00

pH -0.10 1.00

S%o 0.75 -0.19 1.00

DO -0.52 0.47 0.08 1.00

BOD 0.32 -0.18| -0.31] -0.36 1.0(

OOM 0.30 -0.39 -0.33 -0.43 0.44 1.00

NH; -0.03 -0.04 -0.23 -0.23 0.19 -0.04 1.00

NO, -0.32 0.21 -0.00 0.41 -0.19 0.06 0.04 1.0

NO; -0.56 0.60 -0.03 0.38 -0.01 -0.06 0.02 0.7 1/00

PO, -0.56 0.43 0.18 0.53 -0.1% 0.01 0.48 0.54 0447 010

SiO, 0.13 0.21 -0.31 0.19 0.19 -0.08 0.24 0.09 0j44 80.31.00

Table 14: correlation coefficient marked betweeingpaf measured variables in Temsah Lake.

Temp.| pH S%o DO | BOD] OOM NH| NO, | NO; | PO, | SiO

Temp. 1.00

pH 0.05 | 1.00

S%o 0.88 0.12 1.00

DO -0.26 0.24 0.03 1.00

BOD 0.15 -0.54 0.37 -0.1Q 1.00

OOM 0.09 -0.74 -0.02 -0.55 0.2 1.00

NH; 0.19 -0.30 0.14 -0.46 0.24 0.5 1.00

NO, 0.04 -0.52 0.20 0.02 030 0.4p 0.04 1.00

NO; -0.32 -0.36 -0.06 0.52 0.30) 0.3p 0.11 0.61 1)00

PO, -0.55 0.70 -0.58 -0.11 0.17 0.5D 0.20 0.50 0436 00 1|

SiO, 0.57 -0.48 0.46 -0.06 034 033 004 043 0J{19 90.01.00

1) Temperature is correlated with salinity, whe@esitive correlation (r= 0.75) in
Bitter Lakes and (r= 0.88) in Temsah Lake. Thiglig to increasing of salinity
during hot seasons and vice versa.

2) The negative correlation between temperature2@d(r= -0.52) in Bitter Lakes
and (r= -0.26) in Temsah Lake is due to the salybiroduct of DO decreasing
with increasing temperature.
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3) The positive correlation (r= 0.43) in Bitter leskand (r= 0.70) in Temsah Lake
obtained between the reactive phosphate and pHcatetl that both two
parameters are depending on the photosynthetiepsoc

4) The negative correlation between DO and BOD=is(.36 and OOM (-0.43n
Bitter Lakes, while in Temsah Lake correlation betw DO and BOD (r= -0.10)
and OOM (-0.55) indicated that with increasing trege of organic matter
degradation either chemically or biologically th® @oncentration decreases.

5) The highly significant positive correlation cheent between BOD and OOM (r=
0.46) in Bitter Lakes and in Temsah Lake (r= 0.Bb5probably due to organic
matter degradation either chemically or biologigall

6) The high significant positive correlation coeifints between nutrient salts
concentrations (Tables 13 and 14) are attributetthéoconditions responsible for
the enrichment of different nutrients are similar.
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