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ABSTRACT 

Calcium carbonate is an important material necessary for building the skele­
tons of aquatic animals and is also considered as the chief source of ancient 
calcareous deposites. 

The present studies have been undertaken to determine the nature and the 
distribution of carbonate content in the continental shelf sediments North of the 
delta, in relation to the topography of sea floor, the'influceve of the river Nile 
draining into the sea and other environmental factors. 

(A) Preparation of samples for analysis: 

Fifty samples representing the area under investigation were analysed for 
carbonate content (Fig. 1) About 30 grams from each sample were soaked in distil­
led water, stirred and then let to stand overnight. The supernatant liquid was 
then siphoned aLd the ()peration was repeated. The samples afterwards were 
dried in an oven at 105°0. The washed and dried samples were finally powdered 
to pass through a 120 mesh sieve using an automatic mortar and were preserved 
in clean and well stoppered containers for analysis. 

(B) Method of analysis: 

The carbOLate content (including both calcium. ar.d magnesium c~nbonate) 
was determined in the powdered samples according tiO t,he method describedbyU. 
S. D. A. 1954 and summarized as follows: 

I.-Place 5 grams of t,he sample in 250 m.l. beaker, add 100 m!. of 0.5 NRc1 
by means of a pipette, cover with wat,ch glass and boil gently for 5 minutes, cool, 
filter and wash all the acid from the residue with distilled water. 

2.-Determine the amount of un-used acid by adding 2 drops of phenolph~ 
thaleine and back titrating with 0.25 N NaoH. 

3.-The same procedure was carried out on a dried pure calcium carbonate 
instead of the sample and the amount of unused acid was det.ermined which is 
equivalent to 100% of calcium carbonate. 

Cs. C03% in sample = 
The amount cf un-used acid for sample 

" " " "pure Oa 003 

(0) Discussion of the results: 

The samples were divided into 3 divisions 

I.-fine sediments (less than 0.063 mm) 

2.-coarse sediments (more t,}mn 0.063 mm) 

3.-calcareous sediments (according to the type of deposits). 

J ---­
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TIle first 2 divisions ,vere divided according to t,he texture of the bulksedinwnts 
while f,}1C third Wafl b3,sed on composition of bullc sediment,s. The data obtained 
for the carbonate content 3.re listed in tables (1), (2), (3), for the five, coarse and 
calcareollFl sedim.entR respectively. The rCFmlts in these tatles show that, the a.mo­
unt of cn.lcillm carbonate % for five samples varies between 5.69 % il..nd 13.60"0/0 
witIl an average of 7.53%. These samples are located at depths ranging from. 10 
t,O 60 l11.eters. The percent·a.ge of cPolcium ca.rbonate for coarse sampleR va.ries 
between 2.14% and 18.330/0 with an avera.ge of 7.2%. Such sa.mples are located 
at depth ranging from 12 to 42 meters. The percentage of calcium carbonate in 
calcn.reous deposits varies between 26.780/0 and 69.83% with an average of 43.5%' 
Such samples are essenti?lly forn1ed of Bryozoa. tube woms, shells of Mollusca 
and Echinoderm and are mostly located at depths ranging from 59 to 98 metiers, 
witll tIle c:\:cept,ion of one sample WIlic}l is located at a depth of 38 meters rcprescnt,­
ing shelly sand area. 

There are two sam.ples of calcareous deposits formed eSRentially of Cn.C03 
wit,h 30.120/0 and 84.770/0 carbonate content and located at 37 and 50 meters depth 
respectively to the Northea.st of Alexandria. 

Generally the calcium carbonate oJ<> in the bott()m sediments in this 2.rea varieR 
];ct,·ween2.l4 °J<>ancl50.0% with an average of 12.85°J<>. These are located at depthR 
varying between 10 and 98 meters, with exception of 2 samples North-cf\st 
of Alexandria formrd mainly of calcimll. cm bonate nnd locatrd at. depth 37 and 50 
meters. 

(D) The statist'ical interrelation of Carbonate content: 
An n.ttcn1pt, was made to find out the interrelations between tIle statistical 

com,tants derived from the chemical analysis for carbonate contents of t,he bottom 
sediments of the area inv~Rtigatcd. Scatter diaglams ware made t·o find out, the 
relat)ionR btwcen : 

I.-depth and carbonate c~mtent.
 

2.~Log. Medium diameter and carbonate content.
 

1.~ The relat-/;ons between depth a.nd carbonate content:
 
1: 1 

This relation is illustrated in Fig. (2). From this figure, it is clear that there 
j'l no relation between depth and carbonate content at depths less than 50 meters. 
However in areas deeper than 50 meters, the carhonate content) increases with 
increase in depth. 

2.~The relation between Carbona.te content and Log. median diameter: 

TIlis relation is illustrated in Fif!. (3). From this figure it iR clear that there 
is no relat,ion between Log. median diameter and carbonate content where the lat ­
ter is less t,han 10%' However, where the carbonate% is greater t)han 100/0, the 
log. ITwdian diamet·Cf increases wit,h increase in carbonatlc 0/0' 

(E) Afreal Distribution of Carbonate Content. 

From the values of the calcium. caTbonat~ percentage at t,he corresponding 
st,aLions, contours lines were dravrn at intervals of5% for cont()urs larger than 10% 
In addition, cont,ours representing 70/0and8~~were also drawn asshownin Fig. (4). 
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Thi~ figure s}JOws an increase in carbonate %seawz,rcl down to near t,he S1H~]f 

edge but tIle rate of increase iH not, unifonll. It riHes stcadilyfrom Jess tlJan 70/0 
ncar the shore to ]5% at dept,hs about, 50 meters. However in t,he area WCHt of 
BogJ)az el BorolluR, there is a rapid ipcf{'ase Heawards where contour 25 0,10 meet,s 
an area of Bbclly sand wit,}) 69.84 %cdcium carbonate located at a depth of 38 
meters. 

Also there iH an arca North east of Al{'):t>,ndria with Hhigh cnJ'lIOl ate percenta­
ge. The contour reprel:\ent'ing more t,han ] 5°,10 calcium carbonfl,tc is present al­
lover t.lle area and shows a rapid incIca,HC' ( f carbonate pecentagc sca,vard" d<l\vn 
to the shelf edge. 

TABLE l.-PEHCEN'l'AGE OF C:\RBONATE IN :FINE FltAUTION 

Sample
 
No.
 

1 
2 
3 
6 
7 
8 

12 
14 
16 
17 
18 
19 
23 
24 
26 
28 
30 
32 
37 
38 
40 
42 
43 
44 
'.16 
47 
49 
!5J 

I Depth in I 
meters 

-,---- ­

32 
15 
10 
49 
16 
10 
36 
10 
13 
20 
20 
34 
33 
31 
25 
27 
,to 
24 
15 
20 
14 
~5 

15 
]3 
] 4 
u,1 
60 

-"~I) 

Oa 00.% I 

6.19 
7.16 
6.54 
8.54 
7.96 
6.57 
9.30 
7.24 
7.45 

11.36 
8.45 
9.10 
7.36 
8.03 
8.56 
8.28 

10.80 
6.25 
8.41 
5.69 
8.06 

11.58 
7.90 
7.85 
7.95 
7.94 

]3.66 
~~ 5...." f 

Type of
 
Sediments
 

Fine 

" 
" 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 

" ,-, 

" 
" 
" 
" 
" 
" 
"
 
"
 
" 

n 

.....
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TABLE 2.- PERCENTAGE OF CARBONATE IN COARSE FRACTION 

Sample
 
No.
 

4 
25 
31 
33 
34 
39 
50 
53 
55 

Depth in 
meters 

20 
15 
37 
12 
42 
28 
30 
25 
28 

Carbonate 
% 

18.33 
4.71 
6.84 
2.72 
8.92 
2.14 
6.92 
6.41 
7.83 

Type of
 
SadimentB
 

Coarse 

" 
" 
" 
" 
" 
" 
" 
" 

Average carbonate 01<> 

TABLE 3.- PERCENTAGE OF CARBONATE IN CALCAREOUS FRACTION 

Sample 
No. 

,. 5 
9 

10 
11 
21 
22 
27 
29 
35 
58 
36 
56 
57 

Depth in 
meters 

85 
72 
90 
95 
59 
98 
70 
80 
60 
85 
38 
50 
37 

Carbonate 
% 

50.06 
26.78 
50.09 
35.20 
34.23 
50.02 
34.68 
50.06 
34.23 
43.26 
69.84 
84.77 
30.12 

Type of Sediments 

Bryozoa and Molluscs tubes 
worms and ecb inoderms 

" 
" 
" 
" 
" 
" 
" 
" Sbelly sand
 

Calcareous deposits
 

" 
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The interpretation of carbonate distribution : 

In order to interprete t,he carbonate dist,ribut,ion in the area, it is necessary to 
take into account wit,h the followir.g factors: 

I.-depths (Bottom Topography) 

2.-Texture of the bottom sediments. 

3.-The composition of the deposits. 

4.-The distance from the drainage. 

From Figure (4), it is clear that the c~Jcium. carbonate is present in lesser 
amounts near shore ef\pecially near the RoseHB" Damietta lY!.outh a.rd North 
east Boghaz el Borollus. This observation can be explain{d as follows: 

I.-The sediments derived from the River Nile have been shwon to contain 
very little cal'bonate content due tot,he solubility of c2Jcium carbonate in freRh water. 
Accordingly t,he velocity of the Nile st,ream would be a factor goveIT.ing the dis­
tribution of calcium carbOLate in Rn:aller amounts. The1efole He (a1 bc..:na,te conte­
nts increases with the increasinQ; distance from the coast as well aR from rivers bran­
ches and Boughazes of t,he l~kes, 

The rapid increase of carbonat-e seaward to the Nort,hwest of Boughaz el 
Borollus, is due to the fact that the texture of t,he bottom is mainly sard which is 
considered a good environment of Mollusce and Echnoderms. Also the presence 
69.84% calcium carbonatoe at a dept,h of 38 meters in this area is due to the fact 
th~t the composition of the sediments is mainly shelly saEd characterised by shells 
of Molluscs and EchinoderlnS and small amounts of tube worms. 

The rapid increase in calcium carbonate seaward::; in lineD nearly parallel to 
the coast may be due to: 

I.-The increase of distance from the drainage (river branches and lakes). 

2.-The composition of the sediments composed of Bryozoan and Mollusca, 
tube worms ... and pelagic fOl ms. 

3.- The configuration of t,he bott<lm shows tl13,t it slopes with an aI1.gle grea 4 

ter than the shore till 200 meter where the shelf breaks. 

There is a large amount of calcium carbonate locat,ed north cast of Alexandria. 
This may be due to t,he followings factors: 

I.-The increase in the diRt,ance from. t,he Nile (Roset,ta bmnche.) 

2.- The nature of t,he bottom here is calcareous and heJl.ce tLe deposit IS 

purely calcium carbonate. 

3.-The direct.ion of t,he current from west to cast prevents t,lJC precipitpJtion 
Qf the Nile deposits in that area, . 
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Summary and COncJJWD.D: 

The prescnt study reveals t,hat: 

I.-The carbonate cont,('ut of t.he bottom. dnpnRits is influenced by texture of
 
the bottom, so it ifl.creases wit,h the increase in grain size. Also cP4lcium carbonate
 
increases with t,he increase in d~ptlh. Thus there is a rapid increase of carbonate
 
seawards down to near tllC shelf cdge. The ratc of increase is ho'\vevt" not uni­

form.
 

2.-The relatively low amount, of calcium carbonate in bottom f*.diments
 
near shore may be due to the extreme dilution by enormous quantities of detrital
 
brought by t,he River Nile and lakes.
 

3.-·The marginal sediments of the Nile delta contain 5.69 - 13.66% Oa 003
 
These values are comparable to the carbonate content of the marginal deltas to
 
that of Mississippi delta which contain 2 - 12°1<> calcium carbonate (Shepard
 
1956) and to that of South Indian Deltas which contain 5 - 11 % carbonaro (1\1.
 
Subba Rio 1958).
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ABSTRACT 

To study the water pollution problem in Suez J3r;y it was necessary 
in the first place to study the hydr0graphy of He B8,y. To do t,hat f'cvcnkcn trips 
were carried out in the Bay, in the period from May 19G6 to .June 1067, occupying 
eleven stations (fig. 1), and sampling the water at spccife depth8. Shmdard 
methods were used for determir.ing the s~'}inity, ten'.peratUlc, oxygcn C()f1.ccr.ha­
tion and currents. 

INTRODUCTION 

The Suez Bay area is subject to pollution from. three m8.in sources: 

(1) Industrial waste product,s which come fr(·m five gre2,t fgctories (t'hrce 
oil refineries, a fertlizer factory, ard a paper mill). 

(2) Domestic drainage of Suez city. 

(3) Ships' oil and refuse. 

Relevant facts about the industrial wastes, and domestic drainage B,ppear 
in table (1). 

TABLE (1) 

Source of drains Carrier 
Volume of 
drains m3jh 

Oil 
content 
p.p.m. 

p.p. mjm3 of drains 

Total Ca 
NaCl T.D.S. 

hard. hard. 
--­ --­ -­ ~-

760 500 600 1200 
000 000 000 0000 
000 000 000 0000 
000 000 000 0000 

* I a * * n.a.*n.a. n.. n.a. 
n.a.* I r..a. * I n.a. * n.a.* 

Fertlizer CO. fresh w. 
Suez Pet. saline w. 
AI-Nasr Pet. Co. salir.e w. 
Misr Pet. saline w. 
Kraft Co. Ifresh w. 
Domestic drainage lfresh w. 

-­

500 
10,000 
10,000 
1,000 

150 
2,000 

00 
40 
35 
35 
00 

n.a.* 

• n.a. = not available. 

No reliable statistics about sl.Jips' poJlution exiRtR as t,he whole of' t,he Red 
Sea is considered a closed area for refuse by internaticlll['.l2,greetr.enL Shipf), row­
ever, wash their oil tanks and throw refuse surreptitirously in t,he Rcd Sea and 
Gulfof Suez. When the prevailing wir.d is south'In, f·R r,?.pp<'rcd ~2 %of t,he year 
(Meshal1967) all ships' effluents are piled up ~,t, 11{' hcgd of t,he Gulf viz. tie Suez 
B8Y· 

Because t,he volume of the polluted wast( cr,nnot be igrorcd with respect to 
the total volume of the Bay, a study of the hyo.·( grapl,y oft,he Suez Bay was made 
to enable making the best use of the Bav as B, wu~te pre duct f~irk, while preserving 
to the most its living resources. 

Due to the Middle East war (June 1967), oil rdineries in the Suez area got 
rid of a huge amounts of oil by throwir.g it in Suez IbY. causing serious 0il pollu­
tion to both water and beaches, 
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Description of the Suez Bay: 

. The Suez Bay (fig. 1), is a shallow ext~nHiull of HlC Gulf of Suez, ruughly cllip~ 
tIC in shape, with its major axis in the NE-S\V direct,ion. Tltc average lengt'h 
along the major axis is 13, 2 km, its average widd) along tIlC minor axis is 8.8 km. 
The mean depth is 10 m and the horizontal surface area is 77.] 3 km2• The Bay 
is connected to the Gulf of Suez Hlrough m.ost of its south eaf:ltcrn side wllCrc a 
channel i~ dredged to a dept,h (f 12 m for J1.a.vigat.ional purposeH. n is connected 
t,o the Suez Canal by a dredged channel of 12 m dept,h through Hie saIne side. The 
city of Suez. and it,s m.ajor industries occupy t·he northern part of the Bay 
(fig. 1). 

Seasonal water movements in Suez Bay : 

Meteorological conditions in the Red Sea-Indian Oce<:m region is t~e factor 
t,hat determines the seasonal variations of water in Suez Bay (Sverdrup 1942). 
A'3 a result of these conditions, water level in the Bay rises Eharply during autumn, 
reaching its maximum in September (Morcos 1960). It passes thlOugh its mean 
level in May-June on its way down, and again duriI1g October-November as it rise3. 

The greatest exchange of wa.ter between t,he Red Sea al1d t,he adjacent parts 
of the ocean takes place through the Straight of Bab-el-Mandeb. The C}~change 

through the Suez Canal is relatively minor. Great interest is att,ached to that 
minor exchange however. It is an exchange which did not reach the equlibrium 
state for salt flow, and it is between two essentially different regimes of water. 

In the Suez region, northerly winds prevail during most of the year, in general 
they are weak or moderate. 'Vhen wind blows violeni;ly from NW, the water 
\\\ tbe \\()itb~l1\ D~ kn1. of tbe Gu\f of ~ucz UOCn'D.O':' agitate beeauBc it lies in t\1C 

W!llU ;:;huuc of Aoaqa MOlllltainH 011 the western side of the Gulf, ])1 )'jJl~9J; jJJ)) 
WIllacomes ~om t.6e west most of the tiIHe, wIlen thcy COllie from H1C S\V thcy 
become sufficIent.ly strong as to produce high agitation in the Glllf of Suez. 

l'he water circulation in Suez Bay, as well afo; t,he cllaracteristics of water yiz 
temperature and salinity are determined by four factors : . 

(1) The seasonal variation in water level in Suez Bay. 

(2) The great salinit,y of Suez Canal water due to di~solution of t,llC salt 
laycrs of the Bitter Lakes. This water is nsually driven into the Bay at the end 
of summer season. 

(3). The variation of lcycl due to tide:.; whose range \""~l'ics betwcen 80 cm a.t 
neap tilde and 140 Cln at spring tide (Morcos 1960). 

(4) The prevailiI1g local wirdf, ard tl;e dr.ily cycle of Ilcating. 
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The mean sea level is higher at Suez on the Red Sea thhn at Port Said on the 
Mediterranean Sea all the year except in July, August and September. Thus the 
surface flow is directed from the Red Sea to the Mediterranean Sea in all 
seasons except in July-September when it is reversed (Morcos (1960). 

Results from hydrography of Suez Bay: 

The Suez Bay has two sources of water: the Suez Canal and the Gulf of Suez. 
The circulation in the Bay can be followed generally by following t,he proper chara­
cteristics of the two water types. Observations showed that while salinity can 
be used as a tracer because the Canal water has a significantly higher salinity than 
the Gulf water, temperature is not suitable, as the temperatures of the two water 
bodies are near each other. Slight differences that occur between the Gulf water 
and Canal water diminish quickly as the water resides in the Bay. 

From observations taken in the period from Mfl,y 1966 to June] 967, (Meshal 
1967), it was found that water from the Gulf of Suez enters the Bay on eastern 
side (Sinai side) while it leaves the Bay on the western side. Water from Suez 
Canal is generally deflected to the western coast. Therefore there is a persistent 
anticlockwise circulation in the Bay, as may result from Coriolis force, superim­
posed on any transient state. It also results in the max-imum of salinity being 
found on the western side. The salinity and tem.perature do not vary appreciably 
with depth. 

Due to the relatively great tidal range in the Bay, it was found that the cur­
rents were dominated by the tidal c0mponent. Currents at the entrance of the 
Suez Canal were always the strongest due to the constriction at the head of the 
Bay. Their direction was also confined k! the direction of the Canal, either to or 
from. Thus the current observed at any station can be correlated more with the 
phase of the tide than with the permanent circulation in the seasonal situationR. 

Generally the oxygen concentration followed the temperature pattern being 
high at low temperatures and low at high temperatures. This is due to greater 
oxygen consumption at higher temJ?eratures. Although the solubility of oxygen 
decreases with increasing salinity yet this factor does not produce any 0 bservable 
differences as the salinities over the whole Bay are not suffciently different,iated. 

The discharge of water from factories did not appear to affect either the sali­
nity, temperature, or the circulation, but it affected the oxygen concentraticnl 
The rejects of factories seemed to reduce its solubility and consume part of what 
was dissolved in water. 

Maximum temperature was recorded in July/August,and minimum tempera­
ture in February (fig. 2). Maximum salinity was observed during Septembert 
October, and minimum during May. (fig 2). 

During winter the water mass in the Bay became nearly uniform due to better 
mixing. Table (2) showes the differences between the maximum and minimum 
salinities and temperatures in winter months. 
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4(8 WNr:mn POLLUTION iN 8t:EZ BAY 

TABLE 2.--DIFFERENCES BETWEEN MAX.. AND MIN. SALINITIES 

AND TEMPERATURES IN WINTER IN SUEZ BAY. 

Month Jan. 1967 ~ I Feb. 1967 March 1967 

Property __________ 
Om 4m 8m Om 4 m 18 m Om 4m 8m 

------------­ Depth 
-­-­ -­ -­ -­ -­ ---­ -­

Salinit,y 0/00 0.05 0.05 0.10 0.15 0.10 0.10 
I 

0. 15 1°.15 O.HS 

Temp. C 0.50 0.45 10.30 0.90 0.90 0.90 0.30 10.50 0.35 

Warm and less saline water from t,he Gulf entered t,he Bay in winter owing 
to the prevailil~g currer.t,s in the longtidun2.1 direct,ion of the Red Se , and to the 
prevailing wjIl.d~) result,ing in pilliEg of water at the northern end (Sverdrup 1942).. 
After February t,he salinity increased because the Bav had been filled wit,h the 
Gulf W2,ter to iJis seasonal maximum, and the water of the Bay was subject to 
normal factors of winter evaporat,ion which resulted in increasing tl.e salinity. 
The temperature in the Bay decreased until an overturn started to happen in 
April aEd i,he water trapped in tne Bay during winter time was released 3S cold 
saJiEe water to the Gulf. Then the salinity of the Bay decreased again reaching 
its minimum in May (fig. 2). 

The annual cycle begiEs again and the salinity increases, as is obvious from 
the upward trend showed by t,he salinity curve (fig. 2.) 

The temperature variat,ion followed a rough sinusoidal curve with maximum 
in summer and minimum in winter (fig. 2). In summ.er a significant difference 
was observed between the surface and subsurface layers as mixing was impeded 
due to the stability resulting from heating of the upper layers. But during 
autuIIUl and winter this differeEce nearly disappeared due to mixing. 

During summer montlls (July-September) the water level reaches its lowest value 
in the B3Y. Owing to the prevailing wind blowing consistently on the Suez Canal 
from the north west, high salinity wat,er from the Canal ent,ered the Bay hugging 
t,he western side and raising the salinity of water in that side to its maximum value 
in tLe Bay. 

The salinity in the eastern side and at t'he entrance to the Gulf is less than 
that in other parts of the Bay especially it,s western Bide and SW corner. Com­
parison between mean salinities during the year at both sides of the Bay appears 
in table (3)~ 

As the main industries are found on the northern and northwestern coast 
of the Bay, the pollutants are carried by the Bay water along the western side to 
the south-western corner where the Adabyia Head forces the water to circumcir­
culate it to the Gulf. 
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TABLE 3.-MEAN SALINITIES 0/00 AT EASTERN 

AND WESTERN SIDES. 

Depth (m) I EaBtern Bide 1 Western Bide I Diff. 

•
I 

i 
42.26 42.52 I 0.260 

42.28 42.484 0.20 

8 j 42.28 42.48 I 0.20 

The volume of the drainage amounts to about 24000 m3 per hour, while the 
volume of flow in and Gut of the Bay during a tid3.l cycle amounts to about 13.5 
X 106 m3 per hour. The ratio of t,he first to the ~xcond is t,herefore 1.7 X 10-3• 

Thus the present volume of industrial drr.inages can be expanded in the Suez at'ea 
to six times its existing volume before the pollutar.ts reach 1/100 of the tidal flu­
shing volume. It is estimated that until that tirr.e is reached no real danger of 
polluting the Bay water exists by undue concentration of the industerial draina­
ges. The water oirculation can easily t,ranspolt the pollutants out of the Bay. 
The first area that will be affected by concentration will be the southwestern cor­
ner of the Bay west of Adabyia Head. 

The tidal motion is assumed to take place within all the volume of the Suez 
Bay due to its shallowness as the average depth is about 10 m only. The tidal 
volume in the Bay amounts to: 77.13 X 107 m3, and the tidal prism volume is 
about: 77.13 X 106 m3• Therefore the mixing ratio: a = 0.10 per tidal cycle. 

If the concentration of pollutant,s in t,he Bay be C, then t,he rat'e of change 
of the concentration is expressed by an equation of the form, (Gade 1963), : 

dO 
dt + aC = T 

where T is the rate of supply of C per unit volume. T is very small so its can be 
assumed as equal to zero. The general solution of thifj equation is given by : 

ato = 00 e-

where C. is the initial concentration t,hat is th.e concentration at t = 0, and which 
is the constant of integration. The half life time is given by: 

C _ 
- _ -ato - e 

o 

therefore 1/2 = e-at that is : 

0.6931 0.6931 
.---­t = = 6.931 per tidal cycle = 3.587 daY8 

a - 0.10 
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The tidal prism concept has been used to evaluate the ability of the Bay to remove 
pollution. This method assumes that the volume of water entering on the flood 
is completely free from pollution. It becomes completely mixed with t,he water 
already pre8el,t in the Bay before the tide is reversed. The mixed water leaving 
on the ebb tide is then completely removed. In general neither of these assum­
ption is justified and the flushing effect may be only a fraction of tIle estimated 
frorn. the tidal prism concept. 

Conclusions and recommendations : 

Water from the Gulf of Suez enters the Bay via the eastern side. It meet8 
the Canal water which enters the Bay hugging the western side and reaches the 
south western corner where the Adabyia Head forces the water to circumcirculate 
it to the Gulf. Thus there is a permanent anticlockwise circulation in the Bay 
and a clockwise circulation around the Adabyia Head. This circulation fluctu­
ates with the tidal cycle. The incomming current is strengthened during tIle 
rising phase of the tide and the outgoing current is strengthened during tIle fblling 
phase. Tbe tidal current is often sufficiently strong as to Inask the permanent 
circulation. 

Because the existing industry and the planned expansions in Suez area arc 
found on the the northern and western coast of the Bay, beaches from Suez to Ada­
byia on the western side 'ire doomed. This is not very serious as beaches on tIle 
eastern Bide of the Bay (Sinai side) are free from pollution. They should be deve­
loped as the natural recreational area for the industrial development in t·he Suez 
area. Any industry producing pollutants should not be allowed on t,he eastern side 
of the Bay However, if beaches on the northern and western coast are to be saved, 
better conditions can be obtained by digging a canal crossing the Adabyia Head. 
It would be capable of carrying an average of 5 X 105 m3/h. down to the Gulf 
(fig. 1). This canal must be kept dredged. It will facilit!at~ the outflow of t,he 
Bay water into the Gulf. 

Inforcement of the international agreement of keeping t,he Red Sea as a closed 
area for discharge of oil should be more actively persued by the concerned auth­
orities. 

Petroleum factories in the area s}lOuld use oil-water seperators wllich must 
be designed for the maximum flow expected. 

At present, the oil pollution condition of beaches and water in Suez Bay area 
is very serious as a result of throwing huge amount,s of oil in the Bay during the 
Middle East war in June 1967. It is recommended t·hat methods sug~gest€d in 
appendices I and II for the treatment and disposal of floating oil and removal 
of oil from contam.inated beaches should be applied in Suez Bay area. 

Acknowledgements-The writ~r expresses his deepest gratitude to Prof. E.M:. 
Hassan, Director of Im;titute of Oceanography and Fisheries, Suez, U.A.R. for 
his helpful suggestions. Thanks are due to the UNESCO for providing the ocean­
ographic equipments. 
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APPENDIX 1 

Methods Suggested for Treatment and Disposalof Floating Oil: 

(A) Covering the Float'ing Oil with Fibrous J.llaterial : 

Nearly complete removal of floating oil can be obtained b) coating t1e patch 
with fibrous, cobweb-like threads of plastic material which are produced and ap­
plied by Rpraying a 1301ution of pl[l,stic in a volatile solvent such as acetone. Tbe 
oil and plastio form a monoeurable rn.ft which can be gathered up manually or 
with the aid of a. simple coveyer syRtem. This has been carried out successfully 
on a pilot scale and under practical conditions (Warren Spring Lab. RR/ES/40). 

This method may be expensive, but costs can be reduced by replacing the 
plastic material by other natural and cheap fibronR materivls snd. as sisal Rtring, 
dry ha} or rice straw. The prol::lem with this method is the provision of suitable 
sprayipg or distributing equiplllents. 

(B) Sinking With Powdered Sol'ids : 

An apparently promining met·hod for t,he t'l'catTllcnt of floating oil is the diRt­
ribution over the oil patch of a powder or fine granular Rolid of high true density 
which admixes with the oil, adcUlereR to it and sinki') it. An esoontial requirement 
is that the solid materip,l shoulrl so fix and ret,~in the oil that once ;mbmerged no 
oil is released to renew the contamination. Comu1,On and cheap materials such 
as sand, brickdust clinder, porthmd cement and limestone pO'wder have been found 
to be equally effective for tinking oil (Warren Sprin.g Lab. RR/ES/40, 1963).. 
If oil could be treated with sufficiently large quantity of these powders it might 
be permanently immobilised. The most convenient time of t.he year is summer 
months especially June and. July when there is n.o strong winds whicb w..a.y disturb 
the spraying and distributing of t·he powdered solid, as well as the wa.ter surface 
in Suez Bp,y in these months is completely calm. 

The Suez Bay is not a fu3hing area, so there is no fe~u that the sunken oil is 
liable to foul fishing gear. Distribution of the powdered solid is 8ugge8ted by 
a helicopter. 

(0) Dispersion W'ith Emulsifiers 

Removing of floating oil can be achieved by spraying with an efficient solventJ 
emulsifier mixture and' subsequently agitatil'.g with a powerful jet of water. An 
alternative procedure is to inject the emulsifier or cleanser into the hOl>e stream 
itself using a. brandl pipe of the type used to inject a foaming agent into a fire 
house. In this way the water jet acts as a distributer and mixer. 

A very efficient dispersant is obtained by preparing a 10 %solution of a non­
ionic emulsifier ( of the Jl.onylphenol~thyleneoxide condesat,e type) in an aro­
matic solvent such as coal-tarn naphtha. The amount of cleanser required i! 
from 25-50 per cent by volume of the oil depending upon the viscosity of the latter. 

( 1Ii) 
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Yl/~ ma)oJ' di'i8Qvantage of the use of emulsifier J solvent mixtures is their 
high toxity to shell fish at concentrations of tEe oraer or f(J p.p.m. In sea Wu.r!er 
(Warren Spring Lab. RRjESj40, 1963). 

It is preferably applied to Suez Bay in autumn and winter months when 
the sea surface is rough t,O allow great mixing. 

Inview of the relafively great volume of water of Suez Bay, the tidal mixing 
that occurs twice a day and chosing the time of the year when the sea is rough, it 
is believed that even if large quantities were used the chance of serious damage 
to commercial fish or shell-fish would be very small compared with the advan­
tages to the holiday and touring industry in cleaning water and beaches. 

This method was succesfully applied in the Torrey Canyon disaster in Brjtain
 
and it was concluded that there was little doubt that these chemicals cause consi­

derable damage to the planktonic organisms which are present in the water to
 
which they had been added (Simpson 1968).
 

(Condensed from: 
Warren Spring Lab. 

England, 1963, RRjESj40. 
wit.b slight modification) 

APPENDIX II 

The Removal of Oil from Contaminated Beaches by Emulsifier Solvent
 
Mixture:
 

It consists of spraying the contaminated area with the cleaning fluid at a rate 
wllich not, in most cases, exceeds a quarter of a gallon per square meter. The 
cleaning fluid should be applied not less than thirty minutes and not more than 
one hour before the tide reaches the area. This is nesessary to allow sufficient 
time for the fluid to penetrate tIle oil, but not long enough for the solvent to eva­
porate. Washing of beadleS can be left to the action of the tide. It is strongly 
recommended that the area be hosed down with sea water as the tide approaches 
to allow the oil to disperse quickly into a large volume of water. 

It is suggested that for the greatest economy a multinozzle spray lance should 
be used, this will enable the mixture to be applied uniformly over a reasonable 
width of beach. In rough surface beaches the use of stiff bruch during the hosing 
down process would facilitate the removal of oil. It is recommended that the 
process of cleaning Suez Bay area would be carried in summer days espe('ially 
afternoon when the temperature is maximum for the day to allow contaminated 
oil to be free flowing. 

In each case consulation with fisheries interests is needed before cleansers 
spraying is authorised either at sea or on the shore. 

Condensed with slight modification from : 
Warren Spring Lab. England, ] 963. RR/ES/39. 
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INTRODUCTION 

'Vhen nylon was discovered, it was callt-d t,he mhacle of science esperially 
for fi<;hing indm;tires because it provides easier liviJ1.g for the fisherm.en. Numero­
us types of syu.t,hetic fibres have been discovered 2.fterwards carrying the most 
important property of nyk,n which is its rot-proofness. This property was the 
main promotion which encouraged the fishel rr.an. to use t,hese synthetic fibres to 
make his nets replacing tile natural fibres. V. Brandt (1944) reported that fyke 
nets made of Polyv'inylchloride (Pe ee) have been in continuous use for ever 15 
years. 

This does not mean that the synt,hetic fibres can be used continuously wit,hout 
deterioration. Studies h8.ve been done to know the charact€Ts of synt,hetic fibres 
from all points of view. The weathering effects test,s gave some facts that synthe­
tic fibres are 8.ffeeted by light. This effect vB,ries according to different groups 
of fibres, m.orevoer to the types of fibres processed from the same group. 

With regard to t,heir resist'ance to light and weathering, synt,hetic fibres sbow 
extra-ordinary grN',t difference in their degree of resistance to light and weather­
ing, in contrast with the resistance of nets made of vegetable fibres which has been 
little observed (Klust 1957). These test fibres are 2.ffected by light and weat,ber­
ing in a small degree if it is compared with that caused. by cellulose digesting micro­
organisms in wa.ter. This character - for t,he nautural fibres, especially cotton, 
is the main drawback which encouraged the fisherm.an to replace this natural ma­
terial fibre nets with the synthetic ones. 

Because of the higher initial cost of synthetic net,s, it became necessary to gain 
knowledge about the all factors which could shorten the time of their usefulness. 
In U.A.R., cotton fibres are mainly used in net rr.anufacture, because of its bigh 
quality among natural fibres and-at the same time-is oflow price it compared with 
the prices of imported synthetic nets. 

Taking into considerption the importance of cotton twines to net indust,ry, 
the author found that it is important to carry out the following work to clarif) these 
points: 

(a)	 The sea water effect on the synthetic fibres of different groups and in the 
same time to test the different types of fibres of the sallie group, especially 
the polyamide one (PA) . 

(b)	 The sea and brackish water effect on the treated cotton by the synthetic 
resins (Arigal) 

(c)	 The sea and brackish water act,ivity t,o rotting on the natural cotton fibres 
twi~ted in twines of the same strength nearly equal to tbat of treated 
cQtton twines. -. 
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MATERIAL AND METHODS
 

To carryon the water effect tests, tIle following materials have been used:
 
I.-Synthetic fibres: 

Trade name Group of fibres 
(a) PerIOD staple Nm 20/9 Polyamides 

(b) An zalon, Td 210 X 15 " 
(c) Perlon monofilament 0.25x8 " 
(d) Trevira. Nm 20/9 Polyester 

(e) Nymplex. 0.25/0,0.45 X 6 Polyethylene 
(f) Fon Td 500 X 6 Polypropylene 
(g) Newlon 20/18 Polyvenylalcahol 

2.-Treated cotton under a trade mark Arigal which is produced by eiba li­
mited (Switzerland). 

3.-Raw material of cotton locally manufactuH'd in V.A.R. textile factories 
as twines Ne. 20/9 

The synthetic and treat.ed cott.Qn twines were grouped in bunches of 60 twi­
nes 30 cm in lenght. The test was carried under r.atural conditions (V. Brandt 
1957) as the twines were immersed under water surface in tbe field. 

The twines were left in the water and their resistance was tested on samples 
of 5 threads, taken out at intervals varied from one month to four months. 

The tests of rotting action of the water where the synthetic and treated cotton 
twines tested was monthly determined by immersing the raw cott.Qn twines Ne 
20/9 on the first day of each month. Four bunches of 10 twines, were used in the 
experiment. Mter one, two or three weeks and on the last day of the month, 
one bunch was taken from tIle wat,cr to determinc the average loss in breadking 
strenght of t,he twines. This lll('thod war.; changed in water by higher rotting ac­
tivity, where 100 percent loss (If breaking strcngtll occured before the end of the 
mr-nth, so the sample were rpplaced by new ones when they bad lost approximate­
ly three quart,ers of their preaking strength. The losses in breaking strenght of 
all samples were added up to establish the monthly rotting activity. 

The resiHt,a.nce was measured by means of the strenght testing machine and the 
data for loss or remain in strength were used to indicate the rcsistance to water­
effect for the different mat'crials tested and t,he rotting action of the water where 
these samples immersed. 

Stations of experiments: 
Two stations were elected to immerse the twines. One is the same station 

chosen by the author in t,he Mediterranean region to t~st net material, synthetic 
and preserved twines (Koura 1963). Another station was chosen in the strait 
connecting a lake with the Mediterranean Sea near Alexandria (Lake Edkou) 
where there is continuous exchange of water between t'be lake and the sea. Th e 
environment ofthi'l station is som.ewhat different than that of the sea station wher e 
the salinity is always lower and the phosphate salts are higher than tbat oftbe sea 
as its water is drained from an eutrophic lake. 
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II.-Water·effect on synthetic and treated cotton twines: 

(a ) Synthetic twines : 

The samples have been immersed in the sea wa~r station for a period of 488 
days extending from 9-3-1963 to 9-7-1964. The remaining breaking strength and 
its percentage from the initial strength is shown in table (1) and figure (1). 

The polyamide twines represented in different forms of fibres as Perlon staple, 
Anzalon continuous and Perlon monofilament show extraordinary great difference 
in their degree of resistance to water effect. Perlon staple was greatly injured. 
and its wet strenght decreased graduallj from 100 percent to 26 pel'~t at tbe end 
of the experiment. Anzalon continuous, its strength was constant for a long time 
extended from 9-3 to 9-10-1963, then t,he strength began to decrease gradually after­
wards until it reached 800/0 at the end of the period, but the Perlon monofilament, 
alghough was not affected at all for a long time but abruptl), its strenght fell down 
from 99 percent in 9-4 to 69 percent in 9-7 1964. 

The trevira twines (Polyester group) was not affected at all as its strengbt­
after this period of immersion - remained t,he same, in contrast with tIle Nyroplex 
from polyethylene group whicll is completely resistant to water-effect for a long 
time and then its strenght dropped to 48 percent in the last three months. The 
same behaviour was followed by polypropylene and polyvinylalcohol twines 
whose strength fell down to 50 and 68 percents respectively. 

(b) Treated cotton by synthetic resin Arigal: 

The cotton ya.rns treated with this material has been tested in the sea and 
brackish wa~rs. In the sea station (Table 1 & Fig. 1) the immersion and strength 
tests were followed for the sa.me period of syynthetic twines (488 days) but in the 
brackish station, unfortunately, was followed for four months only (from 31.5 
to 30.7.1964) because of the loss of the material. In the se3, water Arigal was 
not injured severely. Its strenght remained constant for a long time (from 9.3 
1963 to 9.1.1964) then began to fall gradnally in the last montIlE' of immersion until 
it reached 78 percent in 9.7 1964. 

In t,he brackish wat,er, the strenght of Arigal was not affected at all until the 
end of the four months. 

(c) Untreated cotton: 

The raw cottol1material twisted as twines Ne 20/9 WIiLS used whicb of wet E1tre­

ngth 4.6 kilogram.. This srength was nearly equal to thestrenght of treated cotton 
(Arigal) tested, which was 5.0 kilogram for sample tes~d in sea water and 4.6 kilo­
gram for samples tested in brackish water. 

Tbe8e twines were tested tnont,hly all tIle year round (see material and methods) 
to show the rotting activity' of the water where the synthetic and treated cotton 
tested. 

The behaviour of these twines in the sea water was c01nple~ly different than 
tbstofthe other material~. The rotting activity was detennined monthly (Tabre 
2 and Fig. 2). By following the data it is clear that the twines are highly' a.ffec~d 
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in July and August than in the period from November to March where the actual 
strengt,h fell down under 50 percent which is the limit of use of the net. The loss 
in strength may reach this perceJltt\ge in the second or the third week. 

In September-October and April-May periods, the rotting activity was low 
in these months when it is compared wit,h the previous other months. The loss 
in strength did not fall under the 50 pereent level. It might be due to the accu­
mulat,ion of water fauna and flora mainly of green algae which inhibited the 
activity of micro-organisms to digest the cellulose. This view is supported by 
the values of rotting activity in wint,er. These values are more or less equal to 
that of summer months. In winter the temperature falls to the minimum as it 
reached 15.6°C in February. 

This temperature is considered to be favourable to micro-organisms especi­
ally bacteria to attack the cellulose. Klust and Mann (1954) estimated that the 
process of rotting does not stop until 4°C and the rate increases when the tempe­
rature increases. 

Accordingly, it can be concluded t,hat temperature, in our weters, is high 
enough all the year around and might not be taken as the main factor controlling 
the process of rotting but the fouling and decaying agaents which might reduce 
or incr('ase t,he action of bacteria on cellulose material. These two factors are 
limited in action, increase or decease, by the effect of water current. 

The values of rotting activity of the water in station II (Brackish water) 
show that it is much higher all the year around (Table 3& Fig. 3) than that of the 
sea water in the Mediterranean. It increases gradually from winter to summer 
months. In autumn another unexpected increase was observed although the 
t'emperature tends to decrease. This increase in rotting activity may be due to 
the Nile water flood effect which accelerates the activity of micro-organisms to 
digest cellulose. 

Ball (1939) estimated a series of curves deduced from the analysis carried 
out by Mr.Mosseir, representing t,he annual courses of the variations in the gram 
equivalent of the principal bases and acids per hundred grames of the total dissolv­
ed solids in the Nile water at Cairo. It is clear from t,hese curves that Calcium 
(Ca) concentration increases in flood months (August to November). 

In addition, the phosphates of the inflowing Nile water to the hydrodrome 
(an impoundment near Alexandria) is of a very high concentration (Elster, Jensen 
& co-workers 1954-1956). The concentration of phosphates fluctuate between 
0.2 to 0.4 P04=-P flg. at/L in the period from January to August and then inc­
reases gradually from about O. 5/Mg at./L in September and reaches the maximum 
in October (1.00/Mg at/L) then begins to decrease again until it reaches the normal 
value in January. 

Klust & Mann (1954) determined t,hat any increase in Ca ions in presence of 
phosphate ions activate the process of rotting. 

Thus, it can be concluded that the higher rotting in br2.ckish water tlJan that 
of the sea water ar:d the un-expected in.crease in this activity in the time of the 
Nile flood is due to the continuous rinsing for t,he twines and the decayin.g agents 
present in higher concentration than that of the sea water in the Mediterranean 
Sea and the additional jncrease in these salts in the time of flood, 
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DISCUSSION 

Synthetic fibres have -in recent years-been used in increasing quantities in 
V.A.R because they are strong and light, absorb very little water besides the itn­
portant character which is their rotproofness. Then the advantages of synthetic 
fibres greatly out weighed t,heir disadvantages hut there is one main drawback 
does not encourage the fisherman in Egypt to use them, which is the high prioe. 
Concerning the natural fibres especially cotton although cheaper than synthetic 
materials in general but has the main drawback which is not rot-proof. 

This character caused great loss in cotton net material used, and the fisherman 
may pay in the price of several nets of cotton more than that on one synthetio 
similar net may be used instead. .AB we are a country considered to be a producer 
for the be~t types of cotton fibres from which the thinnest twines can be made, 
the cotton nets are traditionally used and the fisherman knows by experience what 
thickness of twines demanded, moreover, knows exactly its effect on the efficiency 
of his nets. So, it is difficult to replace the cotton f..l aterial by synthetic ones 
abruptly. 

The cotton fibres treated with Arigal C gave good results in these studies from 
the point of rot-proofness not less than the sy'Ilthetic fibres tested (Fig.4). The 
process of imprignating the cotton yarns in this synthetic resin is done once for­
ever and the twines uSfd ard donot require the repeated cutch treatment. Then 
tlJe cutch imported in hard currency for fisheries industry will be st·opped. Thf 
increase in price of t·he treated cotton will be compensated by the price payed for 
cutch. The fisherman will gain more than that, tbe duratjon of use for this nets 
made from this treated cotton. 

These results for treated cotton tests will not prevent the authority to intro­
duce the synthetic fibres in Egypt, because the efficiency of the gear will be an 
important promotive factor to replace this treated cotton with the suitable syn­
thetic fibres such as the monofilament twines of high efficiency in the clear waters 
or to increase the efficiency of the dragged gear by increasing the process of fil­
tration. This last problem is affecting the efficiency of the Italian Otter- trawl 
used in our waters. 

The studies done to show the water effect on different synt,hetic fibres in the 
Mediterran.ean waters, may help us to choice the suitable m.aterial to be used in 
the coming steps to develop t,he trawl nets in Egypt. Polyamides continuous 
and mono filaments gave good water resistance more or less similar to Arigal, so 
t,he Polyamide continuous can be used in making trawl nets and purse seines to 
have benefit of its very' high breaking strength, 11igh abrasion resistance and high 
elasticity (Klust, 1957). 

The polamide monofilament can be used to w..ake trammel and gill nets fishing 
in clear waters especially in Lake Quaroun and Lake Nasser which in its way' to 
be fonned behind the High Dam. The use of these nets will be of great value to 
increase the efficiency of this type ofnets when used in clear water of the Nile after 

t he time of flood wlJich e:rlends from August to Novonber every year. 
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TABLE 2.--MoNTItLY ROTTING ACTIVITY OF SEA WATER (STATION I) 

(Egyptian Cotton Twines Ne 20/9. breaking strength 4.6 kg) 

Year 

-~ 

1963 

1964 

Month 

July (7) 

August (8) 

Sept. (9) 

October (10) 

November (11) 

December (12) 

January (1) 

Februa.ry (2) 

March (3) 

April (4) 

May (5) 

June (6) 

1 
week 

2.8 
(39.1 ) 

3.1 
(32.6) 

4.4 
(4.3) 

4.4 
(4.3) 

4.6 
(0) 

3.5 
(23.9) 

3.3 
(28.3) 

4.0 
(13.0) 

5.1 
-
4.8 
-

I 4.3 
(6.5) 

4.4 
(4.3) 

Loss in strength after 
vaJue va.loe 

per per 
month day4I weeks3 I weeks 

\ 

1.5 2.21.7 67.0 
(63.0) (67.0) 

1.4 70.0 2.31.5 
(70.0)(67.4) 

3.2 30.0 1.03.3 
(30.0)(28.3) 

33.0 1.13.5 3.1 
(23.9) (33.0) 

54.02.12.2 1.8 
(52.2) (54.0) \ 

2.22.3 1.5 67.0 
(67.0)(50.0) 

1.5 67.0 2.22.6 
(67.0)(43.5) 

2.21.6* 65.02.6 
(65.0)(43.5) 

59.0lost 1.9 1.9 
- (59.0) 

2.9 37.0 1.2lost 
(37.0)-

39.03.9 2.8 1.3 
(39.0)(15.2) 

57.02.8 2.0 1.9 
(39.0) (57.0) 

.­

• Period ten days 
Percentage of loss in strength 

between barentheses 

I we~k'
 
i 

1.7 
(63.0) 

2.1 
(54.3) 

3.9 
(15.2) 

3.9 
(15.2) 

3.0 
(34.8) 

2.8 
(39.1) 

3.2 
(30.4) 

I 

3.2 
(30.4) 

4.5 
(2.2) 

4.1 
(10.9) 

3.9 
(15.2) 

I 
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TABLE 3.-MoNT.H:LY ROTTING ACTIVITY OF BRACKISH WATER (STATION 11) 

(EGYPTIAN COTON TWINES Ne 20/9 BREAKING STRENGTlt 4.6 KGM) 

MonthYear 

August (8) 

September (9) 

October (10) 

November (11) 

December (12) 

1964 

1963 

January (1) 

February (2) 

March (3) 

April (4) 

May (5) 

June (6) 

July (7) 

loss in strength after 
value value 

1 
week 

2 
weeks 

3 
weeks 

4 
weeks 

per 
month 

per 
day 

2.5 0.6 3.4* 0.3* 1~0 5.8 
(146) (87) (26) (93) 

2.4 0.8 1. 7* 0.0* 183 6.1 
(48) (83) (63) (100) 

0.9 0.0 4.0* 0.0* 200 6.5 
(80) (100) (91) (100) 

1.6 0.0 2.4* 0.0* 200 6.7 
(65) (100) (48) (100) 

2.1 0.8 3.7* 1.1 * 159 5.1 
(54) (83) (20) (76) 

3.6 0.6 3.3* 2.2* 139 4.5 
(22) (87) (28) (52) 

2.3 0.60 2.9* 124 4.3 
(50) (87) (37) 

2.2 0.8 3.7* 1.1 * 159 5.1 
(52) (83) (20) (76) 

3.8 1.8 0.9* 0* 161 5.4 
(17) (61) (80) (100) 

4.3 2.5 1.1 * 0* 146 4.7 
(7) (46) (76) (100) 

1.4 0.3 1.5 0 193 6.4 
(70) (93) (67) (100) 

3.2 0.0 2.5* 0.4* 191 6.2 
(30) (100) (46) (91) 

(*) New material for one week period. 

(0) New material for ten days period. 

Percentage of loss in strength. 
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FIG. I.-Synthetio twines of different groups and their behaviour in U.A.R. Sea Water 

(9.4.1963 - 9.7.1964). 

I.-Polyamide (Perlon staple).
 

2.-Polyamide continuous (Anzalon Td 210 X 15).
 

3.-Polyamide monofila~ent (Perlon).
 

4.-Polyester (Trevira).
 

5.-Polyethylene (Nymplex).
 

6.-Polypropylene (Fon Td 500 X 6).
 

7.-Polyvinylalcohol (Newlon 20/18).
 

8.-Arigal (cotton).
 

1 
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Cotton (Ariga l) 

Polyamidfl continuous 

Polyt'5t~r 

Polyamide monofilament 

Polyamide staple 

Polyethylene 

Poly propyli ne 

Polyvinylalcohol 

"J W ~ (J'\ en '-I c» CoO 
0 0 0 000 000 0 o 

PERCENTAGE OF REMAINING STRENGTH 

o 

FIG. 4. -Relative resistance to water effect for synthetic and treated cotton fibres in Medi­
terraIll'Un Sea water (Alexandria station). 
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