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Abstract: The t1ex my water, about 19) X 1cP ,;J in volure, has a residence tine of at.out 1.2 days, 

while the inflwing fresh water has a residence of at.out 2.C8 days. This short period is due to the free 

canm.mication betw-een the l::ay and the Eastern Mediterranean waters. The rate of water exchange between 

l::ay and sea, 1::ased on salt and volllTE continuity in a r.o layers systan, was found to be 161 X 1o6 ,;J day-1 

at the upper layer towards the sea, and 155 X 1o6 ~ day-1 entering the l:ay in the lo.er layer. The rrass 

l:alance of metals indicates that the particulate forms of Fe, Mn, and Hg have residence times of at.out 8, 

4.2 and 2.5 days, longer chan for their dissolved forms, while an opposite behaviour is observed for Cu, 

1dth 11.9 days for the dissolved fonn. This evidence is interpreted as resulting fran the daninant 

physical fonn of the rretal. 

Introh:tim : The highly polluted t1ex l:ay a sanielliptical open l:asin west of Alexandria (Fig. 1), 

bas been intensively studied by the Aquatic Fnvirorurental Pollution Project of Alexandria Undversity~l,2&3) 

Four cruises have been carried out bec.een Augest 1933 and Aug. 1934. In this po1.: c, using data genera

ted during the project, a preliminary assessrent of the rrass l:alance of fresh water and of five trace 

rretals ( Fe, Mn, Zn, Cu, and Hg) in their dissolved and particulate forms, in addition to their residence 

times,is attenpted. 

lhterial ax! aetOOd of analysis : The l:ay is influenced by the discharge fran different effluents namely 

Utun drain (6X 1o6,;J day-1 of water loaded with 5520 ~ L-1 of particulate !Jl3tter), Noubaria canal (0.9 

X 1o6m3 ctay-1 with 11810 ~ L-l of particulate !!l3tter), Misr chemical industry (0.035 X 106m3 day-l with 

?EA42 ~ L-1) and Tanneries factories and Slaughterhouse (about 0.002 X 1o6m3 day-1 of water). The 

!Jl3jor effluent, Urun drain, _is also the !Jl3:in source of particulate and dissolved rretals into the l::ay. 

To detennine the fresh water l:alance and its residence tine, the bay was divided into 19 boxes (Fig. 1) 

and the voltllE and mean salindty for each estimated. The mean salindty detennination using the salindty 

profile at each station was obtained by ~.eighted mean, considering the thickness of each water layer 

bec.een r.o measurBlE!lts. The fresh ~-Bter % in each t.ox, given S the mean salindty, Ss the offshore 

salindty (39.2% ), and sf fresh water salindty (4% ), is given by equation (l) : 

l!'f = ~s = §f = 0.02841 (39.2 - s ) (l) 

The standing sto1 of fresh water in the bay is the sun of fresh water volure in all boxes. The rate of 

water exchange bec.een bay and sm, assun:ing the valid assunption of a r.o layers systEm, salt and water 

voltllE continuity is given by equations 2, 3, &4 

0, = outflow to the sea = Q R X Si I ( Si - S0 ) 

Qi = inflow to the l::ay = Q R X S"' I ( Si- S0 ) 

t = residence tine = V ( Si - S0 ) I Si X Q R 

(2) 

(3) 

(4) 

Q R = fresh water discharge + Rainfall - evaporation, 

upper layers of the l:ay and V is the bay voltllE. 

~ and S0 are mean salindties in the 101.er and 

tr =residence tine of freffi 1-.Eter = f~:J ::: a=es~ bxltP m3 day-1 (S) 
The residence time of a rretal is gi vm by equation 6 

tm =Standing stock of the rretal (Bay voltllE X mean core.)/ rate of infla. of the rretal to the systan (6) 

Rerults ax! discussim : The fresh ;.ater standing stock in the bay fluctuates bec.een a mininun in mid 

winter (3. 7 X 1o6 ,;J) and a llBXinun in mid stJli1Er (reaching 19.5 X 1o6 ,;J), with a mean residence time tf of 

about 2.C8 days. Residence tine t for the ..mole l:ay, ~ Si=37.~, S
0
=36.S%, V=l9J.3X1cP ,;J, 

Q R = 6 X 1o6 ,;Jday-1 , Q, = 161 X 1o6 ,;J day-1, Q;_ = 155 X 1o6 ,;J day-1 t = 1.2 days, which is less 

than that of fresh water due to mtrairnent effect. The rrass l:alance of trace metals is represented by 

Fig. 2 and table l. The inflow fran land sources, the exchange with the sm, the exchange with the Western 

harbour (Fig. l), are considered, while the unkno.n terms ( air-sea and bottrnrwater fluxes) are disregarded 

for the tine-being. The particulate forms of Fe, r-h, and Hg have longer residence times than the dissolved 

form. Cu bas an opposite behaviour. Generally the dominant physical fonn of the metal bas longer resid

ence time. The total rrass l:alance of Zn after the given approxi!Jl3tions, sho.; a net loss in the systan; 

this loss might be CaiJl"llS3ted by arnnspheric outfall fran the adjacent cerent factory. The forms with 

longer residence tine in the bay are likely to have a more important impact on the bay. 
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This study was ronducted to d'>termine the effect of scma envirormental 
factors as tanperature, slinity and light en the rate of die-off s. 
Typhi, s. ~<ein, Sh. flexneri and E. coli as examples of, fecal pathogens 
and indicators in water. These organisms ,...re tested in different kinds 
of water: Seawater, filter sterilized seawater tapwater and oonnal 
saline. These organisms ,...re oounted e~ery ~ rours for 8 hours and 
then every day up to 7 days. It ""-S found that there """s oo great dif
ference in survival time of the tested organisms at temperature of 
25-35°C, but at 40°C they died off rrore rapidly. 
The salinity of seawater did oot affect the survival time of 
Salm:lnellas. Sh. flxneri and E. coli appeared to survive longer in 
fresh """ter than seawater at temperature 3D-35°C. cay light ie sun 
light has a lethal effect oo all test organisms, survival time was 
shorter when exposed to day light than in the dark in different types 
of """ters, being rours up to 24 hours a:mpared to several days in the 
dark. Artificial light has less effect than natural day light. It can 
be ooncluded that exposure to sunlight is the rrost important factor in 
the process of self-purification of polluted water clue to sewage cut
falls. 

RESUU'S & DISOJSSION 

A. Effect of temperature: 

Temperature has been one of the rrost frequently oonsidered factors in 
affecting survival time of bacteria. Virtually rrost studies roncluded 
that the rate of die-off increased as the temperature increased. This 
was rrostly apparant with s. txphi "*>ich survived for periods varying 
between 6-7 days in different types of """ter and oonnal saline at tan
peratures up to 35•c, but died-off after 2-4 days at a temperature of 
4o•c. The survival of s. V~ein was longer at 40°C, being 3-4 days o:m
pared to 3-7 days at temperatures 25-35°C. Sh. flexneri survived enly 
for 2-3 at 40°C, while it survived for 4-7 days at 25-35•c. E. coli 
survived fran 1-5 days at 4o•c, while it survived longer at 25-35°C 
being fran 2-7 days. So, it is apparent fran this study that 
there is oo great difference in the survival time of the tested patho
genic organisms at temperatures 25-35°C, but they died off rrore rapidly 
at 4o•c. 

Table (1) shows a a:mparison between the die-off of the 4 tested orga
nisms under the effect of 4 different tanperatures (25-3D-35-40°C) in 3 
types of water & oonnal saline. 

Tune rypes at water 
in F.s.w. R.s.w. D.T.W. N.S. 

org. days Temperature •c 
25 30 35 40 25 30 35 40 25 30 35 40 25 30 35 40 

~-~ 7 7 7 2 6 6 6 2 6 6 6 4 6 6 6 
s. Vleln 4 4 3 3 4 4 4 3 6 6 4 4 7 5 7 
sh.f!exneri 2 3 3 6* 4 3 4 2 6 7 5 2 3 4 4 r. coli 7 5 3 l 7 4 2 3 7 7 6 5 7 4 5 

F.S.W. - ilter sterilized sea """ter R.s.w. - Raw sea """ter 
D.T.W. = decholrinated tap water N.S. = Nonnal saline 
* = time in hour~ 

B. Effect of Salinn:y: 

3 
5 
3 
5 

It has been stated that the rrost p::>tentially toxic substances present in 
sea water oo the basis of ooncentration are the inorganic salts. In this 
study, tnwever, the salinity of sea """ter or any of its antagonistic factors 
did oot affect the survival time of salm:mellas. Many investigators studied 
the survival time of these organisms in sea water and reported different die
off times. This lack of unifonnity could be attributed to the difference in 
the used techniques, tested strains and oonditions of the experiments. 
Regarding Sh. flexneri, it .as found that it is affected sane what with 
salinity. It surv1ved longer in fresh """ter than in sea water. 
Marsharipov, found that the survival of shigella was influenced by the o:m
position of their aquous environnent. E.coli appeared to survive longer 
in fresh .ater than in sea water at temperatures 3D-35°C. 
Nunerous v.orkers have justfied the use of E. coli as an indicator of fecal 
pollution. Because it survives longer in .ater than any of the micro
organisms of public health significance. However, this study showed that 
E. coli and s. txphi have similar survival properties in water. The 
JUStlflcation here lies en the fact that E. coli is easier to be rntected and 
it is in greater number than sal!tvnellas in p::>lluted water. 

C. Effect Of liqht: 
Porter reported that ultraviolet and visible light have sane lethel 

effects on bacteria and that certain bacterial cultures gr<M best in the 
dark. In this study, it is clear that these organisms survive rrore in the 
dark ranging fran 4-7 days in the different waters. They survive enly for 
few rours to one day when exposed to sun-light. Artificial light has less 
effect than natural light. So, it is apparant that exposure to day light is 
an important factor in the die-off rate of the different organisms. Tilis 
factor, hence, becanes the crucial factor in the self-purification process 
when disposing of sewage in the aquous envirorment. 

Table (II) shows a a:mparison bet..een the die-off of the 4 tested orga
nisms under the effect of 3 different types of illunination in 3 types of 
water & oonnal saline, 

Time rypes of water 
in F.s.w. R.s.w. D.T.W. N.S. 

org. days Illuninations 
D.L. A.L. D. D.L. A.L. 

~- ~ 8* 1 5 1 2 
s. V~ein 4* 8* 6 1 1 
Sh. flexneri 8* 6* 5 l 3 r. coli 8* 1 4 8* 4 

F.S.W. - fllter stenllzed sea .ater 
D.T.W. = decholrinated tap water 
D. L. = day light 
D. =dark 
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