Bull. Inst. Oceanogr. & Fish., ARE, 13 (2), 1987: 121 - 132

IMPACT OF SEWAGE DISCITARGE ON THE WATER QUALITY
OF TUE EASTERN HARBOUR OF ALEXANDRIA.
I- ENVIRONMENTAL SURVEY.

N.M. DOWIDAR; F. EL-NADY; T. A. ABOUL-KASSIM AND
ARCABDEL-MOATIL

Oceanography Department, Faculty of Science, Alexandria University, Egypt.

ABSTRACT

The coastal waters of Alexandria receives annualy
about 183 x 10% m3 of untreated sewage. Aboui 20%
of this amount is discharged to the Eastern Harbour
rendering it highly fertile. The effect of waste
water and sewage discharge on the physicochemical
characteristics (temperature, transparency, salinity,
pH and alkalinity) of the Harbour water were carefully
studied and discussed.

INTRODUCTION

In recent years, the problem of scwage pollution of Alexandria coastal
wnters has become a point of national concern. Signs of this kind of pollution
have already been observed in the last few years along the shores of
Alexandria.  Admittedly, the disposal of the untreated sewage, even in
the open sea may be harmful concerning its possible hygienic and
aesthetical effects and its impact on fauna and flora in the marine
environment. The eflect is directly proportional to the quantity and quality
of the sewage discharged and the capacity of environment to assimilate,
degrade and disperse these allochthonous pollutants.

Over 183 x 106 m3 of untreated sewage and waste waters are dischiarged
annually into the coastal waters of Alexandria through several sewers,
distributed along the coast (Aboul-Kassim, 1987). Out of this amount about
35 x106 m3 are discharged into the Eastern Harbout of Alexandria through
several out [alls, (Fig, 1). This quantity is about 2.3 times the water voluine
of this basin. Accordingly, the flushing rate would be about 5 months.
Furthermore, due to local water circulation, the harbour receives an
additional amount of sewage poliuted water from the main sewage outfall
(Kayet Bey) situated in its vicinity and discharges about 96 x 106 m3 of
raw sewnge annually. This condition has rendered the water of the harbour
highlyeutrophic.

The present work aims to study some physico-chemical parmeters of
the harbour water and the effect of sewage pollution on these character

MATERIAL AND METIIODS

The Lastern Narbour (F.11.) is a relatively shallow semi-closed basin,
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Fig. ( 1)
Sampled stations in the Eastern Harbour during the period 1985-1986.

situated between longitudes 29° 53' to 29° 54.4' E and latitudes 31° 12
to 31° 13' N (Fig. 1). The Harbour is sheltered from the sea by an artificial
wawe-breaker, leaving two openings through which the exchange between
the harbour water and the neritic Mediterranean waters takes place.

The area of the E.H. is about 2.53 x 108 m?2 with an average depth of
6 m. The maximum depth recorder during the siudy period was 9.5 m.
Accordingly its water volume is estimated at about 15.2 x 106 m3.

In the present study, sampling was carried out at regular bimonthly
intervals throughout the period from May 1985 to May 1986. Seven stations
were selected to cover the dilferent ecological areas of the Harbour,
(I'ig 1). Sixteen surface and subsurface water samples were collected
using a five liter Niskin water sampler.

1ransparency of water was measured at each station using a white
enamelled secchi disc 30 cm in diamerter. The electrical conductivity
of the llarbour water was measured using a portable induction salinometer
(Beckinan RS-7C). Salinity was computed {rom the conductivily ratio
using UNESCO tables (Relis, 1965). Mcasurements of phand total alkalinity

were determined according to Strickland and Parsons (1972)

Data of total suspended matter and chlorophylla biomass were
simultaneously measured by Aboul-Kasim (1987).
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RESULTS

The absolute surface water temperature varied between a minimum
of 16.9° C and a maximumn of 29.2°C. The bottom values ranged between
17.0 and 28.5 °C. The annual average of the whole area was 22.2 + 4.61°C
at the surface and 22.1 + 4.2°C near the bottom (Table i). Figure 2 shows
the monthly variations of the amplitudes and the average surface and
bottom water temperatures observed in the Ilarbour during the study

period.
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Amplitude and mean surface and bottom water temperature
in the E.H. during 1985-1986.

Generally, the transparency of the llarbour water was relatively high.
The asnnual average depth of secchi disc visibility varied between a minimum
of 1.73 m at station V and a maximum of 3.79 m at station [l (Table 1).
The lowest values were recorded at stations (I,V and VI) subjected to the
direct effect of sewage discharge. The monthlys variations of transparency
in different stations of the Ilarbour basin showed a maximum avcrage
value (3.50 m) during April whlle the minimum average (1.68 m) was

observed in August.

Iruring the period of investigation, the absolute values of surface salinity
in the FE.Il. varied between a minimum of 34.78 %° and a maximum of
39.21 %°. The horizontal distribution of salinity in the llarbour water
is shown in figure 3, revealing that surplus water from the Ilarbour flows
outward as a mixed surface layer through the main openings (stations
Il and IIf), while undiluted Mediterranean water flows into the Harbour
as a subsurface layer near the bottom. The effect of sewage discharged
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Fig. (3)
Areal distribution of salinity (%.) in A) surface and B) bottom
waters of the Eastern Harbour during 1985-1986.
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into the southern region of the llarbour was clear as it lowered the values
of salinity at stations [ (average 36.89 %°), V (36.94 %°) and to a less
extent at station V1 (Table 1).

l'igure 4 shows the monthly variations of salinity of the Ilarbour water.
Ihree distinct peaks are clearly recognized during May, October and April
1985. On the average, the seasonal variations in salinity of the bottom
layer generally followed those of the surface water (Fig 4).

In the E.Il., the absolute pll values of the surface water flucluated
between 7.80 and 8.58 at stations VI and 1V, while of the bottom samples,
the minimum and maximum values varied between 7.56 and 8.43 at stations
V and VI, respeclively. The overall average pll values amounted to 8.20
+ 0.16 and 8.08 + 0.07 for the surface and bottom water layers, respectively
(Table 1).

The distribution of pHl values in the Harbour water during the study
period (1985-86) showed a general trend of increasing values in a north
and / or northwest direction. In some months this pattern may be reversed,
e.g. in August as a result of extermely high chlorophyll content at stations
subjected to sewage discharge (Aboul-Kassim,1987). Figure 5 shows the
monthly variations of pll in both surface and bottom waters of the llarbour
basin.
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Monthly variation of salinity (%) in both surface and bottom
waters in the Eastern Harbour during the
period 1985-1986.
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Spatial. and seasonal variations in total alkalinity (meg/1) of the E.l.
were rather limited. The values varied between a minimum of 2.10 and
2.08 meq/ at stations 1 and 111 and @ maximum of 2.37 and 2.64 meq/l at
stations 1 and VI for surface and bottom waters, respectively. The vertical
variations, in general, showed a decrease with depth, with the difference
rarely exceeding 0.3 megq/l. The overall averages for the surface and bottom
waters were 2.46 and 2.39 meq/l, respectively (Table 1).

The seasonal variations of alkalinty values (Fig. 5) were slightly mare
pronounced than spatial variations, The monthly averages were high in
warm months but low in cold ones(except February). This trend coincided
with the maximum sewage water discharge through sewer outfalls recorded
during summer as well as maximum phytoplankton production during August
and February.
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Fig. (5)
Monthly variations of pH and total alkalinity (meq/1) in both
a) surface and b) bottom waters of the Eastern Harbour during
1985-1986.

DISCUSSION
Due to the shallowness of the llarbour and the pronounecd effect of

wind, seasonal variations in the water temperature were directly affected
by solar radiation and seasonal changes in air temperature. During the
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study period, thermal stratification was rarely detected in the Ilarbour
basin. However, in periods of clam weather, thermal stratification may

HH” m ﬂ 'W WWI”‘ The occuprence of a homothermal water column
Al

is n general characte of the E.NM., particularly in winter. This is mostly
related to the effective mixing processes in this shallow basin.

The area of the E.ll.,os a part of SE Mediterranean, represenis a warm
tropical or subtropical region. The annual average temperature is about
22.2°C, with an ainplitude of 11.9°C. This is nearly comparable to the
condition in the coastal waters ol Alexandria (Table 2).

The transparency of the E.Il. was relatively high. The annual average
of sccchi disc visibility (2.65 + 0.67 m) is comparable or sometimes lower
than found in other inshore areas (Table 2). Generally, low values were
recorded at slations located in {ront of sewage pipelines. The remarkable
high transparency at station IlI is mostly due to its low phytoplankton
standing crop and total suspended matter (Aboul Keassim, 1987) as well
as Leing rerlatively far [rom the direct effect of waste water discharged
inside the Ifarbour. '

Using simultaneous secchi disc readings and submarine photometer
in the LM, Tlalim et al. (1980) indicated that the relative light intensity
or irradiance at the depth of secchi disc dirappearance is about 35 9% ol
surface iltumination. Those authors suggested that the mean depth of
1 9% lipht intensity, i.e. lower limit ol photic zone, is aboul 4.32 times
the secchi disc depth.

According to llalim el al. (1980), the empirical relation derived by I'oole
and Atkins (1929) relating K, the extinction coelficient, with the secchi
depth in meters (D), i.e. k=1.7/12, can not be applied to the shallow eutrophic
[iarbour waler. They proposed a new constant, i.e. k=1.06/D. Applying
this equation, the average K values for the Harbeur water amounted to
0.43 {Table 3). On the gther hand, Moustafa (1985 derived the empirica
relation between K and setchi disc readings ar i showed that these equations
gave resulls of K which were about {1-16 % lower thar the Poole and
Atkins (1929) equation. Table 3 shows the K valucs estimai 1 atcording
to the equation given by Halim et al. (1980), Moustafa (1985) and Poole
and Atkins (1929) together with the corresponding estimated euphotic
zone. Jt is obvious that the calculated K for the llarbour water using the
equation of Poole and Atkins (op. cit.) gave results comparable with that
of the inshore Egyptian waters (Moustafa, 1985) and deviated significantly
from that of Halim et al. (1980). As a result, the average depth of euphotic
zone is comparatively much higher than the computed average from the
two other methods.

A highly signilicant inverse correlation (r=-0.5401, p<0.001) was found
between secchi disc depth and chilorophyll a. The empirical regression
cquation relating both variables is:

Ln Zg(y= 1.1018 -~ 0.600 Ln Chl. a
where, Zgjy is the secchi disc depth in meters. This  relation  showed
that water transparency in Ilarbour is alfected by factors other than
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TABLE 3

LA

the E.H. computed by 3 different equations using secchi disc
reading obtained duripg the study perilod.

(1) (2) (3)

station @ 1)  Euphotic depth K(m})  Euphotic depth K(m™l) Euphotitc depth

| G.44 10.57 0.74 6.59 0.62 7.39
| 0.39 11.79 0.63 7.35 0.56 8.19
11l 0.28 16.418 0.45 10.28 0.41 11.26
I 0.34 13.61 0.54 8.419 0.419 9.39
v 0.61 7.52 0.98 1.69 0.86 5.35
VI 0.55 8.39 0.88 5.23 0.78 5.91
Vil 0.38 i2.22 0.60 7.62 0.54 8.48
Mean 0.43 11.53 0.69 7.18 0.61 8.02
(1) Hatim et al (1980) (K = 1.06/D)
(7) Poole and Atkins (1929) (¥ = 1.7/0)
(3) HMoustafa (1985) (tn X = 0.37 - ¢.248 In Igp)

chlorophyll, e, inorganic suspensoids, dend organisms or dissolved orgonic
substnnces (Gelbstof[),

An expecled sigizificant inverse corpeiation (r=-0.6026, p<0.0G1} existed
also belween the secchi disc depth and total suspended matter in the E.i.
(Abonl Kassini, 1987). Prom ‘he empirical rer 5 " v eqention relating
both variables, i.e. Ln Zgy =1.1782 - 6.0176 .« THM, L pppeared that
if I'spt = 0, the corresponding secchi depth calcuIntel in the Harbour water
would be 0.54 m. This may underscore lhe impuorvinsince cf ctiv: factors
such as the dissolved organic and inoranic compounds.

The salinily of the E.IL is mostly controlled by the amount of sewage
waler discharged into the basin and the rale of mixing end exchange of
the Harbour water with the adjoining coastal waters of the Mediterranean
Sea. During the last 10 years, salinlty values of the Harbour were decreasing
gradually by more than 4%. due to nearly doubling the amount of sewage
and waste water discharged to the Iarbour during this period.

According to the wind regime in the area, the surface currents in the
coaslal waters are mostly onshore driving surface water into the llarbour.
The surface salinity of the coastal Mediterranean water adjoining the
E.i1. (nverage 35.0 - 37.0 %°) is lower than the normal value of the open
waler (38.8 - 39.4 %°) (Mahmoud, 1985) being diluted by the sewage pumped
into the arca through the main pumping station. llowever, the salinity
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of the boltom layer is generally over 39.0 %° (Mahmoud, 1985). On the
other hand, the llarbour receives more than its volume of sewage waler

annually. This would decrease the salinity of the E.ll. considerably below
that of the adjacent Mediterranean water (flushing rate about 5 months).

Despite the comparatively large volume of sewage discharged into the
lHarbour, ils average salinity (37,55 + 0.78 %°) is not much lower than
that 6f the coastal waters of Alexandria (Table 2). This clearly indicates
that the Ilarbour water is continuously mixed with that of the ad]ace_nt
Mediterranean water, a condition which results in the still healthy condition
of the llarbour environment. The surplus amount of water flows out to
the sea through the two outlets as a surface mixed layer, the salinity
ol which varies between 35.71 and 38.54 %° depending upon the amount
of sewage waler, the direction and strength of the prevailing wind and
the rate of mixing inside the llarbour. On the other hand, the subsurface
water of the adjacent Mediterranean (salinity > 39.0 %°) area flows into
the THarbour as a bottom layer of high salinity. Further inside the llarbour,
this water gradually loses its fdentity as it is mixed with the overlying
diluted water. The highest average salinity recorded in the botlom layer
of the L.11. > 38.0 % occurred in May 1985, October 1985 and April 1986.

Thie ptl of the E.ll. watler aiwavq lies on the alkaline side. The overall
average, fe. 814 4 0.13, is 'onpurab]e with those recorded for other
Fgyplian inskore waters including previous records in the E.l. (Table
2). The surface velues were slightly higher than those near the bottom.
This may be expleined by ihe high pholosynthetic activity at the surface
and relatively bigh organic load of the bottoin water and surface sediments.

The rclatively high pHl values recocded in warm months are mostly
correlated (p<0.601) with the rise in water temperature. The significant
cotrelation, between chlorophyll a content and plt may indicate that the
ptl of the environment could be used as a good indicator for production
levels.

Variations in the total alicelinity of the MNarbour walter are mostly
controffed by the physical and ctieinical vrocesses taiing ploce In (he
water body. The annual average of tolal alkal.nity amounted tog 2.47 ¢
0.114 mecq / 3. A significant inverse correlation was observed botiween
total alkalinity and salinity of the Harbuor water (r= -0.4C1%, p rcoll
The higher total alkalinity values rccorded in sumumer may be relnto]
to the increased photosynthetic rate during this season.

The average specilic alkallmty values {total alkalinity (meg/1)/chlotinity
%°] calculated for the E.N., j.e. 0.117 + 0.009 (Table 1) were slighty low

compared with 0.126 accepted for oceanic water (Koczy, 1956 and Morcos,
1970).
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