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ABSTRACT 

The coastal waters of Alexandria receives annualy 
about 183 x 106 m3 of untreated sewage. Abou( 20% 
of this amount Is discharged to the Eastern Harbour 
rendering it highly fertile. The effect of waste 
water and sewage discharge on the phys1 cochem1 cal 
characteristics (temperature, transparency, salinity, 
pit and alkatfnfty) of the lIarbour water were carefully 
studied and discussed. 

INTHODUCTION 

In r('cent years, the problem of sewage pollution of Alexandria coastal 
wllters has become a point of national concern. Signs of this kind of pollution 
IHlve alrendy been observed in the last few years along the shores of 
Alexlllldrin. Admittedly, the disposal of the untreated sewage, even in 
the open sea rnay be harmful concerning its possible hygienic and 
lH'sthcticnl effects and its irnpnct on fauna and flora in the marine 
environlllent. The effect is directly proportional to the quantity and quality 
of the sewage dischnrged and the capacity of environment to assimilate, 
degrade and disperse these allochthonous polllltants. 

Over 183 x i 06 m3 of untreated sewage and waste waters are discharged 
annunlly into the coastal waters of Alexandria through several sewers, 
distributed along the coast (I\boul-I{assim, 1987). Out of this amount about 
35 xlO G 111 3 nre discharged into the Eastern Harbout of Alexandria through 
severnl Ollt falls, (Fig.O. This quantity is about 2.3 times the water volume 
of this bnsin. Accordingly, the flushing rate would be about 5 months. 
Furthermore, due to local water circulation, the harbour receives an 
additional amount of sewage polluted water from the main sewage outfall 
(l{nyet Bey) situated in its vicinity and discharges about 96 x 106 m3 of 
raw sewnge Rlllluolly. This condition has rendered the water of the harbour 
highlyeu trophic. 

The present work aims to study some physico-chemical parrneters of 
th(' hnrbour wilter ano the effect of sewage pollution on these choracter 

MATERIAL ANI) METIIODS 

Til!' "::lsterl1 lIarbonr (E. II.) is R I'clatively shnllow semi closed basin, 
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Fi g. ( 1 )
 
Sampled stations in the Eastern Harbour during the period 1985-1986.
 

situnted between longitudes 29° 53' to 29° 54.4' E and latitudes 31 ° 12' 
to 31 0 13' N {Fig. O. The Harhour is sheltered from the sea by an artificial 
wnwe-brenker, leaving two openings through which the exchange between 
the harbour water and the neritic Mediterranean waters takes place. 

The urea of the E.I!. is about 2.53 x 10 6 m2 with an average depth of 
6 rn. The maximum depth recorder during the study period WAS 9.5 m. 
Accordingly its water volume is estimated at about 15.2 x 10 6 m3. 

In the present study, sampling was carried out III regllJl1!' himonthly 
intervals throughout the period from May 1985 to May 1986. Seven stations 
were selected to cover the different ecological areas of the Harbour, 
(Fig O. Sixteen surface and subsurface water samples were collected 
using a five liter Niskin WAter sampler. 

Trllnsparency of water was meAsured at each station using a white 
enfllllelled secchi disc 30 crn in diRlTlerter. The electrical conductivity 
of the Hnrbour water was measured using a portable induction salinometer 
(IlccklllHn RS-7C). Salinity was computed from the conductivity ratio 
using UNESCO tahles (Relis, 1965). Measurements of phand total alkalinity 
were determined according to Strickland and Parsons (l972) 

Ilnla of total suspended matter and chlorophylla biomass were 
simultaneously measured by t\boul-I(asim (l987). 
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RESULTS 

The nbsolute surface water temperature varied between a nllnllnum 
of 1Ii.g o C and a ITlAximum of 29.2°C. The bottom values rnnged between 
17.0 ancl 28.5 °c. The anllual overage of the Whole area was 22.2 + 4.61°C 
at the surface and 22.1 .: 4.2°C near the bottom (Table 1). Figure-2 shows 

the monthly variations of the amplitudes And the Average surface and 
bottom water temperatures observed in the Harbour during the study 
period. 
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Fig. (2)
 
Amplitude and mean surface and bottom water temperature
 

In the E.H. during 1985-1986.
 

Generolly, the transparency of the Harbour water wns relatively high. 
The nnnllol avernge depth of sec chi disc visibility varied between a minimum 
of 1.73 III at station V and a lll11xirnum of 3.79 m at station III (Tflble l'). 
Tile lowest values were recorded at stations O,V and vI) subjected to the 
direct effect of sewllge discharge. The monthlys variations of tran:::parency 
in ciifferent stations of the I1nrbour basin showed a maximum average 
vulue (3.50 Ill) duril1['; April while tile minimum avernge (1.68 m) was 
observed in August. 

jluring the period of investigation, the nbsolute values of slll'face salinity 
in the lUI. varied between a minimum of 34.78 %0 and a moximulIl of 
39.21 ']{,o. The horizontal distribution of salinity in the lIarbour water 
is shown in figure 3, reveAling that surplus water from the Harbour flows 
outwl1l'd as a mixed surface layer through the main openings (stations 
II llnd 111), while undiluted MeditelTllnean water flows into the lIarbour 
ns. II subsllrface layer near the bottom. The effect of sewage discharged 
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Fig. (3)
 
Areal distribution of salinity (%0) In A) surface and B) bottom
 

waters of the Eastern Ilarbour during 1985-1986.
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into the sOllthern region of the Harbour was clear as it lowered the values 
or salinity at stations I (average 36.89 %0), V (36.94 %0) and to a less 
cxtcnt at station VI (Table O. 

Figurc 4 shows the monthly variations of salinity of the Harbour water. 
Thrce distinct peaks are clearly recognized during May, October and April 
I !)85. On the average, the seasonal variations in salinity of the bottom 
layer gcnerally followed those of t.he surface water (Fig 4). 

In thc E.l!., the absolute plI values of the surface water fluctuated 
bctween 7.80 and 8.58 at stations VI and IV, while of the bottom samples, 
the minimuill and maximum values val'ied between 7.56 and 8.43 at stations 
V and vr, respectively. The overall average pH values amounted to 8.20 
+ 0.16 llnd 8.08 + 0.07 for the surface and bottom water layers, respectively 
rruble n. 

The distribution of pH values in the Harbour water during the study 
pcriod (J 985-86) showed a genernl trend of increasing values in a north 
nnd / or northwest direction. In sOllle 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-l{assim,1987). Figure 5 shows the 
monthly vDriations of pH in both surface and bottom waters of the Harbour 
bll,<;in. 
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Spati"l and seasonal variations in total alkalinity (meq/l) of the E.H. 
were rather limited. The values varied between a minimum of 2.10 and 
2.08 meq/ at stations I and III and a maximum of 2.37 and 2.64 meq/I at 
stations I 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 meq/l. The overall averages for the sl:rface and bottom 
waters were 2.46 and 2.39 meq/I, respectively (Table 0. 

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 sum mer as well as maximum phytoplankton produchon during August 
and February. 
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DISCUSSION 

Due to the shallowness of the Harbour and the pronounecd effect of 
wind, seasonal variations in the water temperature were directly affected 
by solllr radiation and seasonal changes in air temperature. During the 

127
 



study period, thermol stratification was rnrely detected in the llarbour 
bosin. lIowever, in perimls of clarn weather, thermal stratification may

ll[[IIr W~ 1111111r~ f~1vI1l' T11~ occqrrence of a homothermal water column 

is 11 gcneral choracte of the E.II., plll'ticullll'ly in winter. This is mostly 
relaled to the effective mixing processes in this sholl ow basin. 

The area of the E.IL,os a part of SE l\1editerranean, represents a worm 
tropical or subtropical region. The annual overage temperature is about 
22.2°C, with an amplitude of 1l.9°C. This is nearly comparoble to the 
condition in the coastol waters of Alexondl'ia (Table 2). 

The transparency of the E.Il. WaS relatively high. The annual average 
or secchi disc visibility (2.65 + 0.67 m) is comporable or sometimes lower 
th:1n found in other inshore areas ('fable 2). Generally, low values were 
r('corded at slotions located in front of sewage pipelines. The remarkoble 
hig-h tronsparency at station III is mostly due to its low phytoplonkton 
stonding crop and total suspended matter (Aboul I{assim, 1987) as well 
ns bcinf(" redatively far from the direct effect of waste water discharged 
inside tile I1arbour. 

tJsinp'" sirnultoncous sccchi disc rendinf,:' ond submarine photometer 
in tll(, E.!!., I1nlirn et al. (UJ80) indicatc~rl llwt the I'elative light 1I11ensity 
or irrndinnce ot the depth of sccchi disc ck.n;,pearnnce is nbout 35 ')(, of 
sllrfac(' illumination. Those nuthors sug~psted that the mean depth of 
1 ':i, lip,ht intensity, i.e. lower limit of photic zone, is about 4.32 times 
lile scccili disc depth. 

/\C('Ol'dillp; to IluJim el n1. (1980), the empiricnl relation der'ived by Poole 
niH] .!\. Ikins (] 929) relating l{, the extinction coefficient, with the secchi 
drrlh in 111clprs (/», i.e. le1.7/1>, con not be npplied to the shallow eutrophic 
IlnriJour wilter. Tiley proposed a new conqant, i.e. l<=l.OG/D. Applying 
tllis cqllatioll, tile average l( values ior the Harb011r water flmount0d to 
0.43 (Table :1). On tbe other hUlld, l\10ustnfa (: ~8;,~ derived the elllpiriC'r.i 
relation between l{ at'1(J's0tclli disc readings Ill' j SllOW('(l tl.nt these equations 
gnve results of I{ which were nbout 11·16 76 l(j''if'rtil~f' the Poole and 
Atkins (1929) equation. Table 3 shows the I{ values (,S';~I\Il, ,,j n:cording 
to the eqllation given by lIalirn et nl. (1980), MOllstafa (1985) Bnd Poole 
and i\tkins (1929) together with ttle corresponding estimated euphotic 
zone. lt is obvious that the cnlculated l{ for the llarbour water 'using the 
equation of Poole and Atkins (op. cit.) gave results compll1'able with that 
of the inshore Egyptiall waters (Moustafa, 1985) and deviated significantly 
from thnt of Ilalilll et 01. (1980). As a result, the average depth of euphotic 
zone is compara ti vely much higher tlllln the computed a vernge from the 
two other methods. 

i\ highly significant inverse correlation (1'=-0.5401, p<O.OO1) was found 
between secchi disc depth and chlorophyll a. The empirical regression 
equotioll relating both variables is: -

Ln ZSO= 1.1018··0.600 Ln ChI. a 
Where, ZSO is the secchi disc depth in meters. This relation showed 
tllIlt wnter transparency in I1arbo.ur is affected by factors other' than 
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l!\ll~~ 3 

I...1.,1 O' '0' I, ..1jnJ ~l ~ If III I !I I I 
the E.". computed by 3 different equations using secchl disc 

readIng obtained durlrg the study period. 

(1) (2) (3)
 
SI a I i Oil
 

Ellphotlc depth K(m-l) Euphotic depth K(m- 1) Euphotic depth 

I O.~~ 10.57 0.74 6.59 0.62 7.39 
II 0.39 11.79 0.63 7.35 0.56 8.19 

III 0.28 16.~8 0.45 10.28 0.41 11.26 
I V 0.3~ 13.61 0.54 8.49 0.49 9. 3~ 

V 0.61 7.52 0.98 4.69 0.06 5.35 
VI 0.55 8.39 0.00 5.23 0.78 5.9~ 

VJ I 0.3f1 12.22 0.60 7.62 0.5~ B.~8 

0.43 0.69 7.18 0.61 8.02 

(1) 1I;;I:r,J el ,11 (1980) (K"I.(j6/D)
 
(;;) Poole ~I"I /ltkins (In9) (~ " 1.7/0)
 
(3) riolls!af" (1985) (In K" 0.37 - (),9~n In 750) 

('h!ol'(lpllyll, i.e. inorgonic sll~pell:;(;itl~, dend o"gnnism" or dissolved nrgf1l1ic 
5t111~;lI'I1CCS ((;elhstofO. 

/\11 expcc!,,1 sigi·jlicnnt invcrse cOlTei;lIio!l (r"0.60Zf" p<o.nOl) existcd 
[ll~() lJetWl'l'il tile "rcch; disc i!0plll Il/ld totnl su~;ren(!C'd mntlpr ill the E.!!. 
(l1i"JIJ! f(ossil1l, 1 !lR'l). (;rolll :he cmpirirol rein''os Ii eq"',li'J!: !'chltlng 
hotll vnrinbj('", Le. Ln ZSD "1.1792 - fUll?(; "Tfl\~, 't nppeorcd tllo\ 
if Ts~t " n, the eorrespollding sec chi depth ('0[(-'d,,!("1 in "il,., I1nrbour wate!' 
would lJe 0.:;1 m. This may II1Hlrrscore the !inpUt" -,DC.; c; ('.~! '. fncto'rs 
such ns the dissolvcd Ol'gflllic Dnd inorrmic COlnpOIJlHis. 

')11(' snlinity of the E.II. is mostly controlled by the amount of sewage 
wnt~r <lischnrgecl into the basin and the rnle of mixing [lnd exchange of 
the llmlJour water with the adjoining couslnl waters of the MeditNrc!H~nil 

Sen. (luring the last 10 yenrs, srdinJ ty vlllu('~; of the IInrboul' were decreasing 
grlldllnlly by more than 4%0 due to nearly doubling the amount of sewnv,e 
nnd wnsle waleI' discharged to the lIorbour during this period 

According to the wind regime in the area, the surface currents in the 
conslat wnters nre mostly onshore driving surface water into the Ilarbour. 
Thc surface salinity of the coastal Mediterronean water adjoining the 
E.IJ.·(nvel'nge 35.0 - 37.0 %0) is lower than the normal value of the open 
wnll'r (:l11.8 . 39.4 %0) (Mahmoud, 1985) being diluted by the sewoge pumped 
inlo Ill(' aren through the moin plllnping station. However, the salinity 
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or tile bollom layer is generally over 39.0 %0 (Mahmoud, 1985). On the 
oliler hnnd, the HArbour receives more limn its volume of sewage water 

allllllnily. This would decrease the salinity of the E.lI. considerably below 
lhnl of the odjacent MediterranealJ water (flushing rate about 5 months). 

Despile the comparotively large volume of sewage discharged into the 
IInrbour, ils averoge solinity (37.55 + 0.78 %0) is not much lower than 
tlwl 6f the coastal waters of Alexandria (Table 2). This clearly indicates 
lIwl tile lIarbour wnter is continuously mixed with thot of the odjacent 
1\1edilerrnneon water, a condition which results in the still healthy condition 
or the IIflrbour environment. The surplus amount of water flows out to 
the sen through the two outlets as a surface mixed layer, the salinity 
of which vnries belween 35.71 and 38.54 %0 depending u~\on the amount 
of sewnge water, the direction und strength of the prevailing wind and 
lile rate of mixing inside the llorbour. On the other hand, the subsurface 
wIller of the odjncent Mediterrnneon (soJinity > 39.0 9(,0) area flows into 
lllC Ilnrbollr os a bottom loyer of high slllinity. Further Inside the Harbour, 
this wnter gradually loses its identity os it is mixed with the overlying 
diluted watel'. The hIghest overage salinity recorded in t:'e bottom layer 
of tile E.I!. > 38.0 %0 occurred iii Moy 1985, October 1985 and April 1986. 

Tli(' pI! of the E.I!. wuter niwllVs lies on the alkaline side. The overall 
Ij';('!ngc, i.e. B.14 ~_ 0.13, is cQ,;porobJe with those recorded for other 
Fgyp ti nn inshore wntel'S incl\idi ng previous records in the E.I!. (Table 
2.), Tile slJrfnce vni!les W.:'l'e slightly higher than those near the bottom. 
This 1Il11,Y be explrd;!ed by lhe h;.gll pllOto'ynlhetic activity at the surface 
allO relntively high organic load of the bottolo water and surface sediments. 

The rdntively high pH values rE'CO! Jed in warm months are mostly 
correJnlecl (p<O.(JOl) with the rise ill WA.!.er temperature. The significant 
C 01'1' 0 In lion, bet ween chlorophyll ~ con ten I. nnd p II may Indica te tha t the 
I'll of the environmenl could be used as I:l gWJd lltdicotor for production 
levels. 

VllI'int:olls in the lotEd aJ!<rlinily of !he lIfJi'b():Jr wnler are mostly 
controlled by the physic'\l nnJ clll·'inkr.l I'T",We,ses tnking l'lll<~e in ihe 
wnter body. The flIl1l 110I avernge of lotol RI/wl l1ity amounted to Z,"? ( 
0.1-1 Il1cq / J. A significant invel't-e cOl're:ntiol! WHfo, (observed L:l w/~,cn 
lotn) alknlinity and snlinity or the l/arlNor waler (r= -0.401:5, "',.1'(1). 
'1'11(' Idgl1er total nlkalinity Values recorded in summer may be relnt!;J 
lo the increased photosynthetic rote during this season. 

The average specific all<alinity values [totnl alkalinity (rneqfl)/chioilllity 
'J{,oJ cnlculated for the E.l1., i.e. 0.117 ,~. 0.009 (Table 1) were slighty low 
compared with 0.126 accepted for oceonic water (Koczy, 1956 and Morcos, 
1f170), 
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