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The present study aims to follow up the incorporation of both Na+ and Fe·· 
ions into the gypsum crystals. Time of stirring as controlling factor for the 
variation of crystal lattice and morphology of the gypsum crystals has been also 
investigated. 

MATERIALS AID METHODS 

Analytical reagent grade chemicals, triply distilled water and graded glass 
were used. Solutions of calcium chloride, sodium sulphate, sodium chloride and 
ferrous chloride were prepared using reagent grade (J.I. Backer Co.), ch~cal 

solutions were filtered (0.22 }UR, millipore filters) before used. Metal ion 
concentrations were determined by passing aliquots through a cation elchange 
resin (Dowel 50) in the hydrogen form and titrating the diluted acid against 
standardized sodium hydrolide. 

Dehydrate calcium sulphate crystals were precipitated by drop-wise addition 
of 500 ml 0.2 Kcalcium chloride solution to 500 ml of 0.2 Msodium sulphate 
solution at 70°C. The crystals were washed repeatedly with triply distilled 
water. The solid material was subjected to X-ray powder diffraction studies and 
Scanning Electron Microscopy. 

To determine the effect of stirring time on crystal-lattice and morphology, 
different time periods of stirring e.g. 1/2 h, 1 h, 2 h, 4 h, 8 h, 16 h, 24 h, 
48 h have been suggested. 

To elamine the effect of metal ion incorporation on both crystal- lattice 
and - morphology, different concentrations of la+ and Fe++ were added during 
synthesize of gypsum crystals. The incorporated Na+ was measured using "Corning 
400 flame photometer" while incorporated Fe++ was determined using atomic 
absorption spectroscopy (Perkin Elmer 2380 A.A.S.). The solid phases were 
elamined by X-ray diffraction (Philips 1840) and scanned using Scanning 
Electron Microscope SEM (Jeal SEM-25S II). 

RESULTS lID DISCOSSIOIS 

Tile of .tirrinG II controlling factor for the variations in crIltal-lattice 
and IOrphol oat: 

The variations in both crystal-lattice and morphology have been followed up 
by X-ray diffraction analysis and Scanning Electron Microscope, considering time 
of stirring as controlling factor for such variations. Figure (1) reveals that 
the gypsum crystals show their ideal form after 1 hour with d-spacing for (020), 
7.5553Ao. The continuous stirring results in shifting of the d-spacing that 
reflects continuous deformation of the crystals. Figure (2) illustrates the 
uniformity of the crystal after 1 hour of stirring, while Figure (3) 
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ABSTRACT 

The influence of the presence of Ka+ and Fe++ ions on the 
crystal-lattice and - morphology of gypsum crystals has been 
investigated. Generally, the degree of crystallinity is affected by 
the replacement of Ca++ by metal ions. The replacement and the 
partial deformation of crystal is more in case of incorporated Ka+ 
than that of Pett ions. The minimum allowed concentration of Kat as 
impurities in the gypsum must not elceeds 4\ to obtain ideal gypsum 
crystals. Also the effect of different stirring time was el~ned. The 
change in stirring time results in irregular crystal faces of gypsum 
crystals. 

IIfftODUC'lIOIf 

The sequence of precipitation of salts from seawater during evaporation was 
originally worked out by Usiglo (1849). The growth of calcium sulphate crystals 
has important applications in areas such as desalination technology, 
geochemistry and petroleum technology (e.g•. Spriegler, 1962; stumm and Morgan, 
1970; Vitter and Philips, 1970). During crystallization processes of gypsum in 
industrial environments usually all kinds of impurities are present which 
influence on the crystallization processes in many aspects, not only the 
nucleation and kinetics of crystal growth, but also the crystal shape and 
morphology are subjected to drastic changes (Kancollas et 11., 1978). According 
to Weijnen It 11. (1983); in processes where gypsum is formed as by-product, the 
ores being processed are important source for metal ions, particularly, heavy 
metal ions like Cd2+, Pb2+ and Cu2• are often incorporated into the gypsum 
lattice; Weijnen ~ 11. (1983). 

\ 
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EFFECT OF SODIUM, IROM IOMS OM MORPHOLOGY OF THE GYPSUM CRYSTALS.
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Fiqure 1. Effect of stirrinq time on the crystal lattice of qypsum. 
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Flqure 2. Nell crystalliled qypsum crystal after 1 hour of stirrinq 
time (SEM X3000). 

Pivure 3. Defo~ed gypsum crystal atter 48 hours of stirring time 
(SEM XI000). 
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Figure 5.	 Effect of laf ion incorporation on the crystal lattice of 
9YPSUil. 
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Figure 6.	 Effect of KaCI dissolved in the parent solution on KalCI 
molar ratio of the precipitate. 
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Figure 7. Effect of Kat ion incorporation on the diffraction angle 
(21) of (020) in gypsum crystals. 
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EFFECT OF SODIUK, IRON IONS ON MORPHOLOGY OF THE GYPSUM CRYSTALS.
 

Na/Ca ratlo decreases suggesting that the ability of the found crystals to 
accept new incorporated Kat ions decreases. The comparison between Figures 6 
and 7 reflects the strong relation between the ionic exchange and the variatlon 
of d-spacing whereas the maximum shift in 29 from the ideal form is accompanled 
with the highest value of Na/Ca molar ratio. 

The degree of crystallization of the synthesized gypsum is also affected by 
the replacement processes. It can be measured as the area of mean peak (020). 
Figure (8) illustrates a negative correlation between the concentration of Na+ 
ions incorporated into the gypsum and the degree of crystallinity. This can be 
interpreted on the basis of partial deformation which result from the 
replacement processes. 

re2 t incorporation into the crYstal lattice of gypsum and its effect on 
crlstal- lattice and - morphology of the gypsum: 

Ferrous sulphate may occur in several hydrated forms e.g. Melanterite 
FeSO•. 7H20, Siderotil FeSO•. 5H20, Rozenite FeSO•. 4H20 and Szomolnokite 
FeSO•. H20. In the present study it was able to obtain intermediate series of 
solid phases between calcium and ferrous sulphates containing Fe2• with 
concentrations ranging from 1.6 to 8.9\ (Table 2). 

Table (2): Effect of Fet • ion incorporated into gypsum crystals. 
============================================================== 

Conc. of Percent of Nat 
Sample FeCl2 add incorporated Fe/Ca 

No. (M) in the gypsum Molar' 2e d-spacing 
crystal 

8 0.1 1.664 0.170 11. 70 7.4895 
9 0.2 3.120 0.032 11. 85 7.5189 

10 0.3 8.920 0.097 11. 75 7.5829 
11 0.4 6.300 0.070 11. 65 7.5102 
12 0.5 4.500 0.050 

=============================================================
 

Figure (9) reveals the effect of Fet • ions incorporated into gypsum on its 
crystal lattice. It is noted that the lower concentration of incorporated Fett 

the crystal lattice of gypsum is not markedly affected. Figure (10) 
illustrates the shift in diffraction angle 29 of (020) as a result of Fe tt 
incorporation into gypsum crystals. Figure (11) reveals that the conversion 
point at which Fe/Ca molar ratio attains its maximum value corresponds about 
0.3 Mof added FeCI2. However the comparison of both Nat and Fett incorporation 
reveals the susceptibility of Oypsum crystals to take up Kat is higher than 
Fet t • 

167
 



SHATA, H.A. AID S.l. HANDOIA 

y =6 2862 

r = - 0.5 

- 0 02565 X 

oX 

o 
tl 
a. 
t: 
~ 

E 

6r------ 

4 

~ 

o 
~ 

~ 
« 

2 

o 
4 8 12 16 20 .,. 

Concentration percent of incorpora ted 

Sodium ions Into gypsum crystals 

Figure 8.	 The degree of crystallinity versus Ka+ ion incorporated 
into the gypsum crystals. 
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EPPICf OP SODIUM, IROI lOIS 011 MORPHOLOGY or THE GYPSUM CRYSTALS. 
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Figure 9. Effect of Fe2+ ions incorporated on 
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Fiqure 10.	 Effect of FeCl2 dissolved in the parent solution on Fe/Ca 
molar ratio of the precipitate. 
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Fiqure 11.	 Effect of Fe2+ incorporated ions on the diffraction angle 
of (020) 1n the gypsum crystals. 
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COKCLUSIOK 

The present investigation illustrates that with continuous stirring, both 
crystal - lattice and - morphology are partially affected. Also it can be 
concluded that the incorporation of Ka+ and Pe2+ into gypsum result in a shift 
of precipitated gypsum crystals from their ideal form. This phenomenon is 
strongly correlated with the ionic exchange capacity of the present solution. 
Finally it is observed that the replacement and the effective deformation in 
case of Ka+ is more than that of Pet. incorporation. 
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stored in a desiccator. with slilca gel as deSiccant. for subsequent analyses. 
All weighings for chemlcal and biochemical analysis were performed at 
aC~~l.~Y ot 5 x 10 ( and sens1t1v1ty and readabllity of 0.1 ug. 

The carbon and nitrogen concentrat1ons were determ1ned using Model 1104 
Carlo Erba elemental analyter located in the Department of Oceanography, 
Liverpool Unlversity, using Acetanilide as standard containing 10.73 , nitrogen 
and 71.09 'carbon. The mean relative ~rrors for duplicate calculatlons of 
standard was + 3 , carbon and + 6 , nitrogen. 

For phosphorus determination, 5 to 20 mg of dried adult ~. acut!lrgns were 
fused with MaOH in a platinum crucible and then dissolved with concentrated 
HCl. In this solution, phosphorus was analyzed using the Molybdate method 
according to Murphy and Riley (1962). 

Samples for nitrate. phosphorus. chlorophyll a were simultaneously collected 
and analyzed using the methods descrlbed by Strlckland and Parsons :19721 
wh1le salinity was determined using the RSC-76 induction salinometer. 

RESULTS. DDPISCUSSIOM 

Carbon content : 

The carbon content (as percentage of dry we1ght) of E. ac~tifrgp~ showed, not 
only variation between the different localit1es, but also with1n the different 
sampling sltes of the same area (Figure 2). In Abu Qir, the lowest carbon of 
the copepod was generally observed during summer at the inshore sites OPPoslte 
to EI-Tabia pump station discharging the lndustrial waste of about 36 factories 
(st. 10). The same results was also recorded for Boughaz EI-Kaadia d1scharglng 
brackish water from Lake Edku (St. 15). The dissolved oxygen content at th1s 
station was extremely low 1.31 mIll. However. in the other seasons, the carbon 
content at this location was normally low varying from 30.9 , in spring to 36.1% 
in winter. The maximum carbon content observed for EI-Tabia sector reached 
48.4 , at the offshore location (st. 12) during winter. 

On the other hand, the carbon content of g. ~~tifrons in the coastal st. 15 
of Boughaz EI-Haadia sector, affected by agricultural discharge, varied over the 
same magnitude like those of EI-Tabia i.e. between 32.6 'in summer and 38.6 \ 
in winter, but with a slightly higher range. Similarly, the carbon content in 
this sector increased gradually offshore at st. 13 (range 41.8 \ - 52.8 \), far 
from the discharge point (Fig. 2). The carbon content in both sectors showed a 
peak in winter with a general average of 44.6 + 7.4' for EI-Haadia sectot and 
41.4 + 6.3 , for EI-Tabia sector (Fig. 2). 

The carbon content of E. acu~JtrQns 1n the E.H. lsts 6-9~ and W.H. (st. 4 
and 5) (Fig. 2) are signiflcantly (p < 0.01) hlgher than those recorded for Abu 
Oir Bay i.e. annual averaqe! 48.3 + 5.5 , and 46.6 + 3.9 \. respectlvely 
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THE COPEPOD EUTERPIHA ACUTIFROKS
 
{Table 11. Carbon was character1stically high at the central station of E.H 
reach1ng 61.9 % dur1ng autumn {Fig. 2). stat10ns affected by sewage d1scharge 
1st. 6 and 8) showed characteristically the lowest carbon contents (annual av 
44.9 t 6.8 \ and 43.7 + 3.9 \. respectively). The m1n1mum value for carbon 1n 
the E.H. was recorded at st. 8 in spr1ng, l.e., 38.3 \. The overall average 
:alculated tor the m1d W.H. statlon, i.e. 42.4 + 4.4 %was slgnlflcantly lower 
:p < 0.05) than that located OPPoslte to the agrlcultural dlscharge i.e. 47.5 . 
5.1 t. 

Statlons sampled at Ef-Mex Bay showed signlficantly conslderable varlatlor:~ 
tn thetr carbon content of ~uterpin~ depending on their posltion relatlve tc 

agrlcultural/industrial mixture dlscharge locatlon. Opposite to the d1scharge 
pOlnt, the carbon content fluctuated between 30.8 \ and 36.4 \ 1n autumn aDd 
summer, respectively. On the other hand, desptte of the relatlve ollgotorQpn~ ' 
nature of st. 1 sampled at the western coast, the average carbon content :: 
Euterptna acutitr~D? was 51.2 + 2.6 % (Table 1). Generally, sea~Gr.j. 

variations in sampling sltes were related prlnc1pally to the seasonal amp]lt~de_ 

1n the discharge from landbased sources as well as :ts reflection O[ ·~.e 

productivity and b10mass of phytoplankton 1n the different local1t1es. 

Coastal stations that are h1ghly affected by e1ther 1~dustr1al Jr 

agr1cultural dlscharge indlcated by low sallnity values reacnlng 16.41 %a' 
El-Maad1a opening 1n ~lnter shewed low carbon contents \Flg. 2). Industrlal 
disposal seemed to have a h1gher impact on the carbon content \st. 3 and 10) 

On the other hand, the chlorophyll a 1n the Eastern Harbour avo ~.67 mg 
chI.. a/m3 ) corresponds to t~e maXimlli~ carber. content of the organ1sms rer 
locatlons subJected to land dlscharge 'avo 48.3 t, Table ll. 

Correlat1on between the carbon content and chlorophyll a in this basln wa~ 

stat1stically signiflcant {r = 0.9686. p < 0.001) while for the whole coastal 
area was \r = 0.7103. p < O.Oll lndicating the 1mportance of food supply in 
building up the carbon content of the organism. 

Hardsted-Romeo (1982) observed hlgh carbon values (48 %l ln plankton samples 
from the N. western Medlterranean. He concluded that phytoplankton are r1cher 
in mineral elements and carbohydrates than zooplankton Wh1Ch are character1zed 
by low mineral content. Curl (1962 a & b) reported 29.8 %C (dry weight) ln 
samples of mixed copepods and phytoplankton and an average at 38,3 %carbon ln 
crustaceans. Beers (1966) observed 41.6 % C (dry welght) ln copepods from 
Sargasso Sea off Bermuda. Among 4 copepod speC1es from the N.~. Mediterranean. 
Champalbert and Keramhrun \1978) found carbon ranging from 32.4 \ to 43.3 %. 

For the 1nland sea of Japan. Hlrota (1981) est1mated the total carbon fat 
d1fferent copepod speC1es and observed concentrat1ons varylng from 45.85 \ tat 
Acartla erythraea and A. pac1fica to 51.96 \ for the harpactlcold Hlcrostej~a 

nOlveqlca. The carbon content of Olthona bervlcornls, Oncea medla and 
Corycaeus sp. was 49.51 \ and 48.14 \ respectlvely. For 128 organls~ ot 
Pontella medlterranea, ':hampalbert and Kerambrun '1979\ recorded carbon 
concentrat1ons between 40 6 and 46.0 %. 
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Figure 2: Carbon content (\ of dry wt) of ~. a~urifron~ 

in the coastal waters of Alexandria. 

Table \1): Average	 carbon content (%) of g. acutJilQP~ ln the dlfterent 
reglons ot the coastal waters of Alexandria. 

:========================::::===================::::::==============::::=====: 
Location AG KX WH EH AQ AQ Seasonal 
Season (T8) (MOl average 

Summer, 1989 50.1 42.2 44.9 49.5 36.2 37.5 43.3 + 8.02 
Autum, 1989 48.6 38.7 48.2 55.6 37.0 41.1 44.9 + 9.45 
Winter, 1990 51.1 42.5 46.5 44.7 41. 4 44.6 45.1 + 6.90 
Spring, 1990 54.8 35.5 40.3 43.4 35.4 38.2 41. 3 + 7.73 

Annual averag 51. 2 39.8 45.0 48.3 37. 5 40.4 43.7 + 1. 8G 
S.D. + 2.6 +

-- 3.4 + 3.4 + 5.5 + 2.7 + 3.2 
==============~==============================================================: 

•	 AG = AGAKI MX = MEX BAY WH = WESTERN HARBOUR 
EH = EASTERN HARBOUR AQ (TBI = ABU QIR/EL-TABIA SECTTOR 
AQ(MO) = ABU QIR/EL-MAADIA SECTOR. 

S.D. : Standard Devlatlon. 
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!II! COPBPOD nTIRPIIA ACUTlrROIS 

The present lnvestlgatlon reveal an average carbon content for~. ~_~t~frons 

of 43.7 + 1.80 , ;Table 1) of dry weight which is accepted for inshore troplcal 
speCles and consldered wlthln the range recorded by most investlgators. 

Nitrogen content : 

Avallable information' on the nitrogen content of copepods, are scarce 
(Beers, 1966; Champalbert and Kerambrun, 1978; 1979; Hirota, 1981; Wililams and 
Robins, 1982). 

The present data revealed a nitrogen level (av. 5.6 + 0.97 ') Wh1Ch 1S at 
least one order magnitude lower than those recorded in other localities (Table 
2). Comparatively, in this study, the nitrogen content of E. ~~utitor~ covered 
the range between 2.0 \ and 10.4 %. Such wide variation reflects the effects ot 
LBS on decreasing of increasing the body contents of the organisms sampled 
opposite to the effluents. The lowest value l.e. 2.0 'was observed OPPoslte 
of EI-Tabia pumps in spring (Fig. 2). However, this season was characterlzed 
with a common low nitrogen contents in all sampled areas, leading to the lowest 
seasonal average i.e. 4.2 \ (Table 2). Even the E.H. which normally showed the 
higher nitrogen levels during the study period (av. 6.2 \ ± 2.1), showed the 
lower average during the season i.e. 4.0 %(Table 2). 

For the E.H., the mid harbour station generally recorded the highest values 
especially in summer and autumn (absolute max1mum). Stations affected by the 
external sewage discharge from Kayet Bey pump station (st. 6) and that sampled 
in the ship anchorage (st. 9) normally showed high levels while st. 8 directly 
affected by sewage discharge inside the harbour recorded low values ranglng 
between 3.2 \ in spring and 8.7 %ln autumn, respectively. Similar to Abu Qlr 
Bay, the nltrogen levels of E. ~cutifrQns increased seaward ln Mex Bay. as the 
organism is apart from the direct discharge. reaching nearly half the value 
example: winter (Fig. 3). 

It is 1nteresting to note that the highest average recorded for the study 
area lncludlng the western statlon (Agaml) (6,4 ~ 0.89 ') are observed durlng 
winter 1990, except for the E.H. where the maximum average occurred durlng 
autumn i.e. 9.1 ! 1.1 \. Williams and Robins \1982) measured n1trogen ln 
Calapus h~)qol~n~icu~ collected from the Cetlic Sea and observed levels around 
10.89 ± 0.73 \, 10.36 ~ 1.5 , and 9.28 + 1.61 \ for fresh, frozen and flxed 
specimens. For Pontell~ ~edit~rran~a, Champalbert and Kerambrun 19791 
reported an average nitrogen content of 11.4 \. Beers (1966) observed 9.62 \ N 
(dry weight) in copepods and 7.83 , N in other crustaceans from samples 
collected from the Sargasso Sea. Among 4 speCles of copepods from The HW 
Mediterranean, Champalbert and Kerambrun (1978) found nltrogen concentratlonf 
ranging from 9.3 from 9.3 , Nand 11.5 'N. For Inland Sea of Japan. Hlrota 
(1981) reported nltrogen contents of different copepods varylng between 9.~8 \ 
and 13.14 " 



M.A.R. ASDEL-MOATI ~ a1. 

Table ( 2) ; Average	 nitrogen content (%) af E. aC'utitron~ in the different
 
reg10ns of the coastal waters af Alexandna.
 

============================================================================= 
ocatlon AG MX WH EH AQ AQ Seasonal
 
eason (TBI (MDI average
 

5 (,urruner. B8'1 6.5 5.3 6.3 5.2 5.6 5.7 + o. 'j~ 

utumn . 1989 7.1 4.2 6.3 ~.1 4.6 5.1 6.1 + .:.~2 

inter, 1990 7.8 6.3 7.1 5.5 5.6 6.1 6.4 + a.8~ 

pring, 1990 6.8 3.4 4.2 4.0 3.3 3.6 4.~ ~ 1. 07 

... 
... ... 

nnual average 7.1 4. 7 5.7 6.2 4.7 5.1 5.6 0.~7 

.D. + 0.6 + 1.2 1.3 2.1 + La + 1.1 
-======~====================================================================~=-

•	 AG = AGAMI MX = MEX BAY WH = WESTERN HARBOUR 
EH = EASTERN HARBOUR AQ (TBl = ABU QIR!EL-TABIA SECTTOR 
AQ~MDI = ABU QIR!EL-MAADIA SECTOR. 

~.~. = Standard Deviat19n. 

Nitrogen % 

- I ~ 0 

F1gure 3: Nltroaen ~ontent %ot dry wt! at E. acutltrans 
1n th~ coastal waters of Alexandria 
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THE COPEPOD ~PIKA ACUTIFROKS 
The nitrogen content of the E.H. copepods lS hlghly related to tb~ chlorolyl: 

a blomass of the harbour showing strong cOlncldent peaks ~r : O.96~8,9 ( 
0.001). In other areas llke W.H. (st. 4 and 5) and EI-Haadla sector (station 
13 to 15) a negatlve correlation was observed between chlorophyll a content and 
the nltrogen content of the copepod I r = -0.5300, p < 0.1 and r = -0.1339, 
lnslgnlficant) :ndlcatlng t~at factors Jther than the a~ailat~e fOJd regulate~ 

the nitrogen content of the orqa~:sm. 

Using the data for nltrogen content of the copepod ln a relatlon wlth the 
n1trate content of water; it was clearly eVident that a negatlve, not hlghly 
sign1f1cant relatlonshlp eXlsts. The general regres£lon equatlon was: 

N (%l orgs. = 6.145 + 1.00 + 0.0947 + 0.0467 NOl \ tiM) 

with a regression coefficient of -0.3985. p < 0.0153. RegreSSions fJr 
different seasons showed inslgn:flcant differences. all showing an 1nvers~ 

relationship 1ndicating the use of nltrate for Euterplna body nltroger. 
synthesls which appeared through a medlator i.e. Phytoplankton. The 1ntercept 
1n the equat10n 1ndicates that the organ1sm 1n addit10n to n1trate, depends on 
other sources ln building up its body nitrogen. Ammonia, WhlCh was not measured 
by that t1me could be an addlt10nal andlcr subst1tut1onal source. When nitrogen 
suffic1ent media prevails, ind1cated from the concentrations 1n water, the 
organism conta1ned a cons1stent amount of n1trogen. However, the organlsm could 
suffer n1trogen starvat10n wlth a total decrease 1n cellular n1trogen. lnternal 
decrease of NO) and amlno aClds followed by a drastlc reduction of prote1n and 
NO) normally used to sustain growth when n1trogen source 1S depleted. 
const1tutlng the n1trogen stJre when N 1S plent:ful Dartch. 198:1. 

Phosphorus content : 

The annual average concentratlon af content of Phosphorus E. acut1frans 
collected from the coastal waters of Alexandria was 0.34 + 0.06 \ (Table 3). A 
m1n1mum value was recorded 1n spr1ng at st. 10 (0.1 \) opposite to the 
1ndustrial outfall in Abu Qlr Bay whereas the maxlmum value was observed at st.7 
(E.H.) during autumn (0.64 l) ,Fig. 4). During summer and autumn the h1ghest 
average values were recorded at the E.H. (0.38 %and 0.57 %), although 1n 
summer, nearly similar values were notlced at AG {0.37 \) and Haadia sector of 
AQ (0.36 \); (Table 3). Similar annual averages of phosphorus content (0.3: \) 
were noticed at both Mex and W.H. stations (Table 4). The highest annual 
average of phosphorus \ was recorded at AG (0.46 + 0.09 \), whereas the two 
sectors of AQ Bay were represented by the lowest annual average values af 
phosphorus \ which ranged from 0.~7 f 0.07 \ to 0.29 \ + 0.09 \ (Table 3). 

Generally. E. ac~tifrons collected from stations affected by direct d1scha~qe 

of industrial wastes showed remarkably low phosphorus contents espec1allyat 
times of high dlscharge perlods (st. 10. spring and st. 3, summer). However. 
t~e discharge of agricultural runoff from Lake Edku throuqh Bouqhaz EI-Maad1a 
enrlched wlth reactlve phosphorus during W1nter i.e. 2.767 tiM and salln1ty 
16.41\. . Lead to a corresponding elevation 1n the phosphorus levels in E. 
acutifrons dur1ng th1S season. (0.34 \1 Sewaqe dIsposal to the E.H. see~ 
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Table (3): Average phosphorus content (%) of E. acutif~ons in the different 
regions of the coastal waters of Alexandria. 

=============================================================================== 
Location AG MX WH EH AQ AQ Seasonal 
Season (TB) (MD) average 

Summer, 1989 0.37 0.29 0.34 Q.38 0.33 0.36 0.35 + 0.06 
~utumn, 1989 0.40 0.36 0.28 0.57 0.26 0.28 0.36 + a.13 
~inter, 1990 0.51 0.43 0.42 0.31 0.31 0.34 0.39 + 0.a8 
Spnng, 1990 0.55 0.19 0.23 0.22 0.17 0.16 0.75 + Q.11 

~nnual average 0.46 0.32 0.32 0.73 0.27 0.29 0.34 + o. a6 
~.D. 't 0.09 ± 0.10 + 0.08 + 0.15 ! 0.07 + O. 09 
c============================================================================== 

•	 AG =. AGAMI MX = MEX BAY WH = WESTERN HARBOUR 
EH = EASTERN HARBOUR AQ (TB) = ABU QIR/EL-TABIA SECTTOR 
AQ(MD) = ABU QIR/EL-MAADIA SECTOR. 

S.D. = Standard DeViation. 

Flgure 4: Phosphorus content '% ot dry wtl of E. acutifrons 
In the coastal waters of Alexandria. 
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generally to 1ncrease phosphorus levels 1n the organ1sm as recogn1zed from the 
highest annual average recorded at the harbour (0.37 \, Table 3). dur1ng tn~ 

study per10d. In sp1te of this, maximum d1scharge per10ds are not accompanied 
by high P contents probably because most of the P 1S discharged 1n the organic 
form (Aboul-Kass1m, 1987). It seems 11kely that the phosphorus content of tne 
orqan1sm lS slightly affected by react1ve phosphorus concentrat10n 1n water. A 
regress10n equat10n descr1bed such relatlonsh1p. This relatlon though not 
hlghly slgn1ficant was neqat1ve for both seasons. The general regresslon 1S 

P (\ dwt) orgs. = 0.3467 + 0.094 - 0.0377 + 0.02 P water(uM) 

(r = -0.1985. P < 0.063). 

Slmilar to nitrogen, Euterp1na use phosphorus 1n water through phytoplankton 
uptake to bUlld body phosphorus, though stlll other sources 11ke D1ssolvea 
Organ1c Phosphorus, (Dop) could be of considerable 1mportance. DOP 1n the 
coastal waters of Alexandria constltuted between 20 and 65 %(Aboui-Kass1ffi. 
1987). However, the phosphorus content of water is not only a factor of 
d1scharqe but also of the amount of chlorophyll a (chosen as a phytoplankton 
biomass lndlcator) concentration. 

Table (4): Average C!N raHo for E. a~uJlfrons 1n the ditferer.t 
reg10ns of the coastal waters of Alexandrla. 

====================::================================ =============:=========~= 

Locat1on AG MX WH EH AQ AQ Seasonal 
Season	 (TB) (MD) average 

o	 1Summer, 1989 7.9 8.7 " .... 8.0 7.0 6.7 7.7 0.74 
Autumn. 1989 7.4 'TI ... " 7.0 6.1 8.1 8.1 7.3 0.80 
W1nter, 19~O 6.9 6.7 6.3 8.2 7.4 7.3 7.1 + C.7u 
Spr1ng, 1990 8.6 10.6 9.3 11.0 11.6 10.7 10.3 + 1.10 

"'1	 .,Annual average 7.7 8.3 I. I 8.3 8.5 8.: 8.1 ~ 1.50 
+ 0.7 + 1. 8 + 1. 3 + 2.0 + 2. .i. + 1. 8 

=======:================================~=========~===:====~===========:~=~~---

•	 AG = AGAMI MX = MEX BAY WH = WESTERN HARBOUR 
EH = EASTERN HARBOUR AQ \TB) = ABU QIRjEL--TABL~ SECTTOR 
AQ(MD) = ABU QIR/EL-MAADIA SECTOR. 

S.D. = Standard Dev1atlon. 
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Copepods sampled at st. 1 located at the Alexandrla western coast, were 
characterized by high phosphorus content especlally during winter and sprlng and 
to a lower extent in autumn (0.51 \. 0.55 %and 0.4 %, respectivelyl. 

Reactlve phosphorus levels in thls station were extremely low (range 
0.08-0.32 liM). thus a negatlve relatlon between water phosphorus and organlsm 
phosphorus appeared Ir = -0.8802. P ) 0.01). On the other hand. a slgnlflcantly 
posltlve relatlon (r = 0.9525. P < 0.01) appeared between the phosphorus 
content of the organlsms and phytoplankton blomass in water. ThlS condltlon 
lndlcates that despite the low phosphorus content of water. phytoplankton can 
asslmllate these low concentratlons. formlng a phosphorus rlch dlet to copepods. 
Unavallable data on phytoplankton phosphorus content ln the area make.lt 
lmposslble to reach a concise conclusion. 

Hardstedt Romeo (1982) for the southern French coast, observed low phosphorus 
content ln near shore planktonlc samples which were malnly composed of 
phytoplankton and a relatlvely hlgher content for those were malnly composed of 
copepods and other crustaceans. However, Mayzaud and Martln (1975), for 
Callfornla current, noted a value of 0.59 t for phytoplankton whereas Beers 
(1966) ln the Sargasso Sea, reported hlgher levels of phosphorus for copepods 
:0.79 %), for Euphauslacea (1.48 %) and for other crustacea (1.26 %). In the 
Llguro-Provencal basin Hardstedt-Romeo. (19821 recorded an average of 0.79 + 
0.11 for the total zooplankton populatlon for March 1980 samples. 

As a general trend. apart from the low average recorded ln spring. l.e. 0.25 
~ (Table 3), variations In the average values of the phosphorus content of E. 
aC4tltrons ln the coastal waters are not signiflcant (ranging from 0.35 to 0.39 
%, Table 31. The low average ln spring was malnly driven from low values 
located opposite to areas affected by industrlal dlscharge (Abu Qlr and Mex 
Bays). ThlS decrease also corresponds with the decrease ln P content ot the 
copepod food. On the other hand, the Ncontent of Euterplna also decreased 
during this time of the year (Fig. 4). Therefore it is possible that changes of 
the Euterpina Nand P contents are caused by different grated algae. Diatoms 
productlon was high as indicated from the hlgh average chlorophyll a recorded 
durlng this season. 

e!K, e!p and N!P ratios in E. acutifrons : 

C/N ratio is frequently interpreted as a gross measure of condltion because 
of its apparent connection with proportlons of lipld and proteln (Conover and 
Corner, 19681. C and N propionate levels reflect food quantity. productlon 
cycles and trophlc level (Omorl, 1970; Ikeda. 1974). 

In general. ln Eacutifrons the estimated C/N ratio in sprlng ~av. 10.3 t 

1.1) was hlgher than those estimated In other seasons whlch showed insignlficant 
dIfferences in between 7.7 + 0.74 ,summer I , 7.3 t 0.8 ,autumn) and 7.1 t 0.7 
I, Win t er ), \Tab 1e 4). 
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Seasonal trends of C/K does match the seasonal variatlons ln chlorophyll a 

biomass (r = -0.646, P < 0.01). This could suggest that copepods could sustain 
themselves during periods of low phytoplankton production by feeding on detritus 
or microzooplankton. High C/K ratio followed to a same extent phytoplankton 
blooms while lower averages were observed before the bloom. In Sargasso, Sea, 
C/K ratio for copepods range from 5.0 to 3.8 (Beers, 1966). However, in 
contrast, Omori (1969) observed a fairly constant and low ratio throughout the 
year because of the uniformity of the environment. 

Despite the variation in environmental impacts of different sampled areas, 
the annual average of C/K ration at the different localities showed 
insignificant variations (Table 4) ranging fram 7.7 at both Agami and H.H. to 
8.5 for EI-Tabia sector. Highest averages of C/K ratio were recorded at 
EI-Tabia sector (11.6) and £.H. (11.0) in spring. 

Relative to Redfield et al., (1963), the C/K ratio observed in the present 
study, was remarkably higher than that expected for marine organisms. omorl 
(1969) found ealanus cristatus that when Copepodite Vare healthy and large 
sized diatoms are abundant, they eat diatoms and store great reserves of fat in 
their bodies. As a result, the percentage of Kdecreases while the C/K ratio 
increases. 

The high C/K values, which correspond to no measurable phytoplankton 
production, indicate that the energy requirements are met mainly from internal 
deposits (Tande and Hopkins, 1981). 

The work of Gatten et al., (1979; 1980) and Tande (1982) supported the idea 
that despite the restricted external energy supply, mainly based on deficient 
particulate matter, copepods may to a large extent rely on internal lipid 
resources. 

Recorded elK ration for Acarti~ clausi collected from different areas near 
Marseille (Keramhrun, 1978) fluctuated from 3.22 to 3.80 with minimum values in 
summer and highest in winter. Carbon concentrations varied from 38.87 to 
45.49' while nitrogen from 10.35 to 13.55 \ .. He calculated energy equivalents 
to range from 4.28 to 5.00 cal mq-l OW, using carbon levels. Applying his 
conversion factor for I. acutifrons, the organism could have an average energy 
equivalents of 4.8 ± 0.2 cal mq-l UH, (The same factor, i.e. 0.09 was 
recommended by Salonen et al., 1976; in case of neqligible inorganic carbon). 

Differences in the c/K ration reflects differences in the biochemical 
composition of the organism. Orr (1934) and Marshall et al., (1934) declared 
that different factors affect c/K ration of the organism. They classified these 
factors to internal (Like growth rate and reproduction condition) and external 
(Like geographic area and season). High elK ration indicate that metabolism 
was oriented by lipid and/or carbohydrate synthesis rather than protein. This 
could be supported also by enerqy equivalent values which &qreed with means 
reported in literature for non-lipidic species, but were far below those 
recorded for species which are able to store lipids. On the other hand, 
Cala~~ ti~marchicus have equivalent energy values ot 5.232 to 7.672 k cal 9 1 
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EFFECT OF SODIUM, IROK IOKS OK MORPHOLOGY or THE GYPSUM CRYSTALS.
 

illustrates the changes which occur in the crystal morphology after 48h of 
stirring. Figure (2) shows also the precipitation model by which the seeding of 
gypsum proceeds, whereas one crystal acts as nucleus for the following 
precipitated crystals. Figure (4) illustrates that the shift in diffraction 
angle attains its maximum value after 8 hours of contlnuous stirring after 
which a general tendency of decrease toward the ideal form of the gypsum. This 
can interpreted on basis of the crystal homogeneity after certain stirring time. 

Kat ion incorporation in the crIstal-lattice of gypsum and its effect on 
crtstal- lattice and - morphology: 

The present study deals with the incorporation of Nat ions into the crystal 
lattice of synthesized gypsum and the possibility of synthesis a series of 
intermediate solid phases between Thenardite Ka2 504 and gypsum CaS04.2H20. 
Natural Thenardite forms under certain conditions of high temperature, high 
salinity, strong ionic exchange (Smykatz 1974), i.e. beginning with gypsum it is 
very difficult to attain complete replacement of Nat ions in the sites of Ca·· 
ions under normal conditions of laboratory. The ions of alkali metals are 
loosely hydrated, thus the full replacement of Nat ions to replace Catt ions 
completely in the crystal of gypsum is limited Luder ~t ale (1965).

In the present investigation it could be seen that one can obtain a series of 
solid phases of gypsum containing Nat with different concentrations ranging from 
4.2 to 19.04\ Table (1). 

Table (1): Effect of Nat ion incorporated into gypsum crystals. 
==============================================================
 

CODC. of Percent of Kat 
Sample 

Ko. 
laCI add 

(H) 
incorporated 
in the gypsum 

Na/Ca 
Molar 20 d-spacing 

crystal \ 

1 0.01 4.20 0~0438 11.7 7.5571 
2 0.05 8.50 0.0924 
3 0.10 15.81 0.1880 11.85 
4 0.15 17.98 0.2190 11.7 7.4305 
5 0.20 19.04 0.2350 11.8 7.4555 
6 0.40 11.75 0.1300 11.7 7.4932 
7 0.50 8.50 0.0920 11.66 7.4305 

==============================================================
 

Figure (5) illustrates the shift in d-spacinq as result of Kat incorporation 
into the gypsum crystal lattice. It has been found that the allowed minimum 
concentration of Kat as impurities in the synthesis of gypsum must not elceeds 
4' to obtain ideal gypsum. Figure (6) reveals the shift in the diffraction 
angle as result of lat ion incorporation into crystal lattice of gypsum. Figure 
(7) shows the relation between HaCI added (H) and Na/Ca molar ratio, whereas 
thiS ratio attains its malimum (0.235) when NaCI added is 0.2 H, after which 

163
 



12.1 

8IIfA, II.A. AID S.l. UIIDOIA 

122 

0 

Q) 12.0 
N 

11.9 

I 1.8 

11.7 

20 2L. 

Time (h) 

Figure 4. Effect of stirring time an the diffraction angle of (020)
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Tabl e (5): Average C/P ratio tor g. ~1J1_~Jr..9Jl~ in the different 
regions of the coastal waters of Alexandria. 

======================================================:::=====::=====:========== 
ocatlon AG MX I·m EH ~.Q 1'.Q Seasonal 

Season (TB) (HD) arerage 

--  -
mT'u7ler, 1~8 ~ 190.7 '152.0 130.2 133.4 110.8 103.0 136.7 + 31. 7 

P.utumn, 1989 145.4 106.3 143.9 97.7 141. 2 145.4 130.0 oj. : 1.1 
linter I 1990 140.5 97.5 %,0 144,0 134.5 132. a 124.1 + 21.6 
pring, 1990 102.2 186.0 159.5 200.6 228.5 234.6 185.3 + 49.2 

.nnual average 144.7 135.6 132.4 143.9 153.8 153.7 144.0 + 28.9 
.D. + 36.2 + 41.6 + 27.1 + 42.7 + 51. 5 + 56.8 

-===========================================================================:=== 

•	 AG = AGAMI MX = MEX BAY WH = WESTERN HARBOUR 
EH = EASTERN HARBOUR AQ (TB) = ABU QIR!EL-TABIA SECTTOR 
AQ(MD) = ABU QIR/EL-MAADIA SECTOR. 

S.D. = Standard Deviation. 

Table (6): Average Nip ratlo for ~ ..ac_u~.ifn>n? in the different 
regions of the coastal waters of A!exandrla. 

~===============:::=====:=:==================:================================= 

Locatlon AG MX WH EH AQ .~Q Seasonal 
Season (T8) (HD) average 

Swnmer. 1989 24.3 17.6 16.1 16.7 15.8 15.6 17.7 + 3.3 
~utumn . 1989 19.7 11. 6 20.4 16.0 17.5 18.0 l7.2 + 3.2 

p~ _Winter 19St',; :0.2 14.5 15.5 17 . 6 18.2 18.0 I ..... or :.0 
Spang. 1990 11. 9 17.6 17,2 18.3 19.7 21. 9 17 .8 + 3.3 

.~nnual a':erage 19.0 15.3 17.3 17.2 17.8 18,4 17.5 + 1.3 
S.D. + 5.2 + 2.9 + 2.2 + 1.0 + 2.6 + 2.6 
===========:==============:==================================================== 

•	 AG = AGAMI HX : HEX BAY WH = WESTERN HARBOUR 
EH : EASTERN HARBOUR AQ tTBI : ABU QIR/EL-TABIA SECTTOR 
AQ(MDJ : ABU QIR/EL-MAADIA SECTOK. 

S,O. Standard Devtatlon. 
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In general, the changes of the copepod NIP ratio 15 ffi4Lnly du~ to wh~ther or 

not nutrients in certain area limits the phytoplankton growth, the main copepod 
food. In the present study, though NIP ratios in phytoplankton are not 
available, a statistical significant relationship appeared between NIP ratios In 
both water and organism (r = 0.7655, P < 0.001). 

REFEREIfCES 

Aboul-Kassim, T.A.T., 1987. Cycles of Carbon, nitrogen and phosphorus in the 
marine environment in Alexandria region. M. Sc. Thesis, Faculty of Science, 
Alexandria University, 233 pp. 

Beers, J.R., 1966. Studies on the chemical composition of the major zooplankton 
groups in the Sargasso Sea off Bermuda. Limnol. Oceanogr., 11: 520-528. 

Champalbert, G. and P. Kerambrum, 1978. Composition biochimique des copepodes 
de I 'hyponeuston de Mediterranee Nord accidentale Poids sec et analyse 
elementaire du carbone, de I 'hydrogene et de 1 azote. Mar. BioI. 45: 215-224. 

Champalbert, G. and P. Keramhrun, 1979. Influence du mode de conservation sur 
la composition chimique elementaire de ront~j~ ~~t1~~J~llea (Copepoda: 
Pontellidae). Mar. BioI. 51: 357-360. 

Co~ta, G.W. and n.w. Schindler, 1963. Calorific values of microcrustacea. 
Science, N.Y. 140: 1394-1396. 

Comita, G.W.; S.M. Marshall and A.P. Orr., 1966. On the biology of ~!lanus 

finmarchicus. XIII. Seasonal changes in weight, Calorific values and organic 
matter. J. Mar, BioI. Assoc. U.K. 46: 1-17. 

Conover, R.J. and E.n.S. Comer, 1968. Respiration and nitrogen excretlon by 
some marine zooplankton in relation to life cycles. J. Mar. BioI. Ass. U.K. 
48: 49-75. 

Curl, H., JR., 1962 a. Analyses of carbon in marine plankton 
orqanisms. J. Mar. Res., 20: 181-188. 

Curl, HR., 1962 b. Standing crops of carbon, nitrogen and phosphorus and 
transfer between trophic levels, in continental shelf waters south of Nev 
York. Rapp. P.V. Reun. Cons. Perm. Int. Explot. Mer, 153 183-189. 

Dortch, Q., 1982. Effect of growth conditions on accumulation of internal 
nitrate, ammonium, a~no acids and protein in three marine diatoms. J. Exp. 
Mar. Bioi. leal., 61: 243-264. 

Fudqe, H., 1968. Biochemical analysis of preserved zooplankton. Hature, 219 
380-381. 

188 



THE COPEPOD EUTIRf.~ ACUTIFROKS 

"~Jtten, R.R.; E.D.S. '.'Jtnet; C.C. KllVlngaton and J.R. Sargent l:Jr:. 
Asea.;;unal survey af tnc llplds 1n Calanus helgoland1cus \Claus) trum rr,i" 

English ~hannels. In cycl1c phenomena ln mar1ne plants and animals E. 
NaytQ! lnd R.C. Hartnoll ~eds). Pergamon press.lxford ~!5-~84. 

Gatten. R.R.; J.R. Sargenent; T.E.V. Forsberg; s.c.~~. O'Hatl and E.r.:~. 

Corner, 1980. On the nutrient and metabol1sm of zooplankton. XIV 
Ut1llzatlon of lipld by Cal anus helgolandlcus durlng maturatlon and 
reproductlon. J. Mar. B10l. Assoc. U.K. 60: 391-399. 

Grovik, S. and C.C.E. Hopklns, 1984. Ecologlcal lnvestlgations of zooplankton 
community of Balsf]orden. Northern Norway: ~eneratlon cycle, seasonal 
vertlcal distrlbution, and seasonal varlations ln body weight and carbon and 
nitrogen content of the copepod Metrldia lonqa (Lubbock). Exp. Mar. Bl~l. 

EC'ol. SO: 93-1C7. 

Hardstedt-Rcmeo, M., 198:. Some aspects ot the cheml~al c:ompasltlJn J~ 

plankton fr0~ :ne North-Western Medlterranean Sea. Mar. B10l. 70: 22S-2~t. 

Harr1S. E. and G.A. Rlley, 1~~6. Jceanograpny or Long Island Sound, 1~S2-1))4. 

a. Chemlcal composltlOr. ot the plankton. bull. otngnam Oceanogr. Cell. 1): 

315-323. 

Hlrota, R•• ijSl. Dry welght and cnemlcal c:ampaSltlOn of the l:tprtjL' 

zooplankton ln the setonalKal .Inland Sea of Japan). Bull. Plank. So,~, 

Japan. : 8 ,1): 1 j 24. 

Ikeda, T., 1974. Nutntional ecology of manne ;:JoplanKtan. Mem. F3.c. ". 
Wokkudo Unl '.' ., 22: 1- 97 . 

Kerambrun, 2., _187. Composltlon chlmlque elementalre ;C,H,N} et equiva:~f1t 

enerqle d'A~ar:la ~lausl ~Crustacea: Copepoda}, espece lmprortante dans la 
Dloenergeti~ue les ecosystemes cotlers de Mediterranee nord-OCC1Jenta~~. 

Ma r. Bi 0 I ., 95: 115 -121 . 

Krey, J .. ~958. Chem1cal ieterminations of net plankton ~lth speclal [efer~nce 

to equlvalent albumln content. J. Mar. Res., 17: 312-324. 

Marskall, S.M.; A.G. N1Cholis and A.P. Orr, 1934. On the biolgoy of Calanus 
fln~archicus. V. seasonal dlstrlbution, Size, welght and chemical 
compositlon ln Loch Strlven ih 1933, and thelr relatlon to the phytoplankton. 
J. Mar. B10l. Assoc. U.K. 19: 793-827. 

Mayzaud, P. and J.L. Martln, 1915. Some aspects of the biochemlcal and mlner 1_ 
composltlon of mar1ne plankton. J. Exp. Mar. B10l. Ecol., 17: 207 31C, 

Murphy. J. and J.P. Riley, 1962. Amodlfled slngle solution method for th~ 
determina~ ::m of phosphate in natural waters. Anal ytlca ChlTft. Acta .. I, 
31 ~ •i 

IS' 



M.A.R. ASDEL-MOATI et 11. 

Nakal, Z., 1942. The chemical composition, volume, weight and Slze of the 
lmportant marlne plankton. J. Oceanogr. Soc. Japan. 1: 45-55. 

Omon, M., 1969. Weight and chemical composition of sorn~ iITlportar.t oceanl.C' 
zQoplankton in the North Pacific Ocean. Mar. B10I. 3: 4-10. 

Omori, M., 1970. Variations in length, weight, respiratory and chemlcal 
composition of Calanus cristatu~ in relation to its food and feeding. In: 
J.H. Steele (ed.). Marine food chains. Edindurgh: Oliver &Boyd. : 113-126. 

Orr, A.P., 1934. On the biology of ~~J~n~s. ~!nm~~~hicus IV. Seasonal changes in 
weight and chemical compositlon of calanus from Fyne. J. Mar. Bioi. Assoc. 
U.K. 20: 613-632. 

RaYffiont, J.E.G.; J. Austln and E. Linford, 1967. The biochemlcal composltlon 
of certaln oceanic zooplanktonic decapods. Deep-Sea Res. 14: 113-115. 

Redfleld, A.C.; B.H. Ketchum ar.d F.A. Richards, 1963. The influence of 
organis~~ on the composltion of sea water. In: M.N. Hill (ed.). The Sea. 
Vol. 2. New York: 26-77. 

5alonen, K.; J.S. Sarvalo; I. Hakala and M. Vii Janen, 1976. The relation of 
energy and organic carbon ln aquatic invertebrates. Llmnol. Oceanogr., 21: 
724-730. 

Strickland, J.D.H. and T.R. Parsons, 1972. A practical handbook of seawater 
analysis. 2nd ed. Bull. F1Sh. Res. Bd Canada., 167pp. 

Spoehr, H.A. and H.W. Milner, 1949. The chemical composition of ChIarella: 
effect of environmental conditions. Plant Physiol., 24: 120-149. 

Tande, K.S., 1982. Ecological investigations of the zooplankton community of 
Balsfjorden, Northern Norway: Generation cycles, and varlations in body 
welght and body content of carbon nitrogen related to overwintering and 
reproduction in the copepod ~~l ~rJJ!~ fJIL~J_~_htg_~ (Gunnerus) . J. Exp. Mar. 
B10I. Ecol., 62: 129-142. 

Tande. K.S. and C.C.E. Hopkins, 1981. Ecological investigations of zooplankton 
community of Blasfjorden, northern Norway: the genital system in ~~Lan~s 

tinmarch~cu~ and the role of gonad development in overwintering strategy. 
Mar. Bioi., 63: 159-164. 

Williams, R. and D. Robins, 1982. Effects of preservation on wet weight, dry 
weight, nitrogen and carbon contents of Calaqus helgolandicus (Crustacea: 
Copepoda). Mar. Bioi., 71: 271-281. 

190 



- Bull. Kat. Inst. Ocn. , Fish., A.R.E. 1993. (19): 119-144 

PHYTOPWKTOK PRODUC'I'I01 , DIVaSIft AID CHLOROPHYLL-A
 
II THE SUEZ CUAL, EGYP!.
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ZEIIAB M. EL-SHERlp· UD AHMED, M. IBRAHIM 

Institute of Oceanoqraphy and Pisheries, Alelandria, Eqypt. 

lords: Phytoplankton, Diversity, Biomass, Productivity, Suez 

ABS'l'RAC'I' 

Qualitative and quantitative estimations of phytoplankton and its 
diversity, beside determination of chlorophyll-a , phytoplankton 
biomass, qross primary production and dissolved olyqen of the Suez 
Canal were carried out durinq the four seasons of 1991. The samples 
were taken from 15 stations alonq the Canal and they were further 
grouped into three reqions, namely; Port-Said, Ismailia and EI-Suez. 

A total of 139 species and varieties were identified from the 
different samples, of them, 94 species and varieties representing 40 
qenera belong to diatoms and 36 species within 11 qenera belong to 
dinoflaqellates. The hiqhest number of species (100) were recorded 
from HI-Suez region, followed by Port-Said and Ismailia respectively 
(97 , 90 species). Most species and varieties were wide spread throuqh 
the canal elcept of 13, 8 and 15 species which were confined to Port
Said, Is~lia and HI-Suez respectively, where these species were 
recorded in Mediterranean, Red Sea and Lake Manzalah. It was found 
that at least 13 species of Red Sea oriqin have crossed the canal 
northward to Port-Said, while many species have immiqrated south to 
EI-Suez. 

Quantitatively, the standinq crop was numerically much hiqher at 
Ismailia region (averaqe 25,380 units L-1) than Port-Said and 
EI-Suez regions (18,883 and 4,767 units L-l respectively).The hiqhest 
counts of phytoplankton were recorded at St.6 (39 I 10. Units L-1) and 
it decreased towards both the south and north elcept of a remarkable 
increase noticed at St.l. The minimal value was recorded at St 13 
(2.8 I 10. units L 1). The annual averaqe of the total phytoplankton 
counts amounted to 16,342 units L-1. ~lso, the standing crop attained 
its highest density durinq winter (averaqe 41,658 units L 1) in all 
reqions, with its malimum at Ismailia (59,584 units L-l) and Port-Said 

191 



Z.M. EL-SHERIF AND A.H. IBRAHIM 

(50,372 units L 1) while its minimum was recorded at El-Suez (15,034 
units L 1). In all regions, diatoms constituted more than 97\ by 
number of the standing crop. 

The concentration of chlorophyll-a, phytoplankton biomass, gross 
primary production and dissolved oxygen amounted with averages 1.95 
mg mI, 0.146 mgC L 1, 2.936 ml02 L-l 8 hr 1 and 4.1 ml 02 L I 
respectively in the Suez Canal and they showed the same regional and 
seasonal trend of the phytoplankton standing crop. 

The relatively low numbers of species and low standing crop of 
phytoplankton numerically and its biomass after reopenIng the Suez 
Canal for navigation is attributed to the fact that the water is 
always turbid and slightly polluted as supported by the results of 
dlversity (average 1.8) in the present investigation. 

The Suez Canal lies between longitudes 32° 20' and 32° 35' E, and between 
latitudes 29° 55' and 310 15' N. It is a passage between the Mediterranean Sea 
at Port-Said and Red Sea at Port-Taufiq. The Canal was opened in 1869 with 162 
KID length, recently increased to 195 Km including Lake Timsah, the Great Better 
Lake and Little Bitter Lake through which the canal passes. Also, the canal is 
connected at Port-Said with Lake Kanzalah . 

Little work has been done on the phytoplankton of the Suez Canal, and this 
~as confined to the preliminary reports of Macdonald (1933) and Ghazzawi 
(1939), while Dowidar (1976) studied the phytoplankton community in the Canal 
during July, 1969 and February, 1970 when the canal was closed against 
navigation. 

For the lack of any particular study on the Suet Canal plankton during the 
last 20 years and after its promotion and reopening in 1985 for navigatlon, the 
present investigation was necessary to deal with the phytoplankton community, 
chlorophyll-a Biomass, gross primary production and population diversity. 

Through the period from June to December, 1991 four trips were carried out 
in the Suez Canal, representing four seasons, namely; spring (June), summer 
(August), autumn (October) and winter (December). 
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The samples were taken from 15 stations along the Canal. These stations 

were further grouped into three main reglons as follows: I Port-Sald reqlon 
(stations 1-5) and it comprises stations (1) Deleceps, (2) 22- Hectometer, (3) 
Ras EI-Esh, (4) EI-Cap and (5) EI-Ballah. 11- Ismailia region (stations 6-10) 
which compnses stations (6) Lake Timsah, (7) East-OefersoH, (81 
West-Defersolr. (9) East-Fayed, (10) West-Fayed. 111- EI-Suez region (Stat1or.~ 

11-15) and lt lncludes stations (11) l-Kabret, (12) 2-Kabret, (13) Geneta, (14) 
2-Port Tauflq and (15) I-Port Taufiq. (Fig. 1). 

Samples used for determination of dissolved oxygen were flxed immedlately 
after collection and analysed in the laboratory; according to the classIcal 
Winkler technique (Strickland and Parsons, 1965) and the results were given in 
ml 02 L 1. Gross primary production was determined as oxygen productIon 
according to the light and dark bottle method (Strickland and Parsons, 1968). 
In situ measurements were carried out by exposing the glass bottles containing 
the water samples just below the surface water ln the canal for 8 hours (from 8 
a.m to 4 p.m.). The data were expressed as ml 02 L 1 and ml 02 L 1 8 hr I. 
Chlorophyll-a was determined spectrophotometrically after extractlon of the 
studied samples with 90% acetone solution and expressed in mg m-3 accordlng 
to the method described by Strickland and Parsons (1972). The phytoplankton 
biomass was tentatively calculated in ug C L-1 by multiplying chlorophyll-a 
content by factor 75 as given by Holm-Hansen (1973). Estimation of the 
phytoplankton standing crop was carried out by using the sedimentation method 
and the different species were calculated as their total n~~er per liter 
(units L 1). Diversity index of the phytoplankton community was calculated on 
computer according to the equation of Shannon-Wiener (Shannon &Weaver, 1963), 
using primer program. 

RESULTS 

The phytoplankton community in the Suez Canal was rich ln the numbers of 
species but showed moderate density. Altogether, about 139 species and varlet1es 
were recorded, included 94 diatom species and varieties representing 40 genera. 
36 dinoflagellates including 11 genera, one species of sillcoflagellates, 3 
species of chlorophytes belonging to 3 genera and 5 species within 4 genera of 
cyanophytes. 

As shown ln Table (1), the community composition appeared more or less 
similar in the three regions except of 13, 8 and 15 speCIes which were 
confined to Port-Said, 1smalllia and EI-Suet regions respectively. 

Th~ phytoplankton population of Port-Sald r~lon comprlsed 97 speCles and 
variet1es for~n9 69.8 , to the total number of speC1es recorded 1n th~ Canal. 
The dlatoms constituted 73.2 , of the total number of speCies. Host of them 
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belong to the Mediterranean flora, which have been previously recorded by 
Dowidar (1976) in the same area beside the two Indopacific species 
Cosc~nod.~~cu.§ ma§ and C~~atium ~tiac1.!JIl which have been previously reported 
in Port-Said and/or off Alexandria (Dowider, 1965; 1971 &Halim, 1970) and in 
the same region (Dowidar, 1976). These 2 species are immigrants into the 
Mediterranean through the Suez Canal. 

Thirteen species were confined to Port-Said region, namely; Coscinodiscus 
r.adia.tu~, ~lg:ireU~ ?JJiatul a, Qg..mp'hoIl~ma ~~~jJ.~, Mastogloia ell iptica, 
~osi~Qg~~f_~ g~as, Surirella ~mmg, Chaetoceros densum, Thalassiothril 
I()nqi~$i'ln~, ~tr_~p.tothe~.~ th~en_sis, Ceratium PJ!l.~b~U.t!ID var ~l chell um, ~. 

pul~~~llum var. tr~p~gigi~~, Dinophysis caudata and Coelastrum microporum. The 
first 4 species and the latter one were recorded in Lake Manzalah (EI-Sherif et 
~l, 1993) and the other species were recorded in the Mediterranean (Dowidar, 
1974) except stI~t~lhe~ thamenis which appeared in Red Sea (Halim, 1969). 

other species of brackish affinities were also recorded in Port-Said region 
as ~~\!9ig.~ni~ 1.~t~~~~~~, Spirulina laxissim~, §. platensis, Cocconcis 
£lace9t~la, Ple~rosiqm~ elonqatum, Chaetoceros affinis, Synedra ulna, Melosira 
gr3n~1 a. t~, C-1~.LQ.tell a m~neqhiniania, ~T!!Phiprora pal udosa, HYalodiscus Iaevi~, 

~it~?c~~~ spp and K~~icul~ cryptoceph~la all of them were recorded in the 
adjacent brackish water Lake Manzalah (EI-Sherif et al., 1993) and were 
transported to Port-Said region. Atotal of 66% of the species estimated in this 
region was also recorded in Ismailia sector (Table 1). 

The community composition of phytoplankton at Ismailia region was 
relatively lower than that of the other two regions. A total of 90 species and 
varieties were enumerated forming 64.7 , of the total number of species recorded 
in the Canal. Of these, the diatoms were represented by 60 species [forming 
about 66.7 % of the total population}. Atotal of 73.3% of the species present 
in this region was also recorded in EI-Suez (Table 1). Eight species were 
confined to this region, namely; Biddulphia alternans, Rhizosolenia styliformis, 
~er~t.~um karstenL fi9_~till.1ca mil!ris, Perjdinium Ieosi~, f. portus-:~Ii~I1.t.alis, 
Q~~tllatoria limnetica and Gomphosphaeria aponiana, all of them were previously 
recorded in the Mediterranean (Dowidar, 1974) except the latter two species 
which are considered as fresh forms. While, the species from the second to the 
fifth were also recorded in the Red Sea (Halim, 1969). 

At El-Suez region, 100 species and varieties were recorded, representing 
about 72% of the total species estimated in the Canal. Diatoms were represented 
by 70 species and varieties. 
About 15 species were confined to this region, being absent from Port-Said and 
Ismailia regions (Table 1), namely; Bacj,l@ri~ p_ar~_4Q~a, G.9_~~no~H~cus 

aC.\l:llls-irgi~, !f~tzscm.~ p~Ilciu~~top~, a1d_41!l.pJlj._~ 1. ~evis, ~. m.Q.bi lieQsi~, a· 
au.rit~, ~Jl~IC! ~cj~tata, lli~hemia zebr~, !Lltopalod~~ ~LQQ~, Pe9i~st~UITI t~r~, 
Q~~JH atari~ t~n.uis., ~~_uvi~ l.a Q.PQra, C_~.t'~Ji_\lID 19.!Hlir9-~tJIJffi, C. ext~nsum and 

Gq_n_~aul~ spiI1Uera. The flrst species and the latter two ones were recorded ln 
both the Red Sea (Halim, 1969) and the Mediterranean (Dowidar, 1974). The rest 
of the recorded species were also observed in the Mediterranean Sea except 
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The samples were taken from 15 stations along the Canal. These statlons 

were further grouped into three maln regions as foIl ows: I Port -Said reglon 
(stations 1-5) and it comprises stations (1) Deleceps, (2) 22- Hectometer, (31 
Ras EI-Esh, (4) EI-Cap and (5) EI-Ballah. 11- Ismailia region (stations 6-10) 
which compnses stations (6) Lake Timsah, (7) East-DefersoH, (Sl 
West-Defersolr. (9) East-Fayed, (10) West-Fayed. 111- EI-Suez reglon (Station~ 

11-15) and it lncludes stations (11) l-Kabret, (12) 2-Kabret, (13) Ceneta, (14) 
2-Port Tauflq and (15) I-Port Taufiq. (Fig. 1). 

Samples used for determination of dissolved oxygen were flxed immedlately 
after collectlon and analysed in the laboratory; according to the classIcal 
Winkler techn1que (Strickland and Parsons, 1965) and the results were glven in 
ml 02 L i, Gross primary production was determined as oxygen production 
according to the light and dark bottle method (Strickland and Parsons, 1968). 
In situ measurements were carried out by exposing the glass bottles containing 
the water samples just below the surface water in the canal for 8 hours (from 8 
a.m to 4 p.m.). The data were expressed as ml 02 L 1 and ml 02 L 1 8 hr 1. 

Chlorophyll-a was determined spectrophotometrically after extractlon of the 
studied samples with 90% acetone solution and expressed 1n mg m-3 accord1ng 
to the method descrlbed by Strickland and Parsons (1972). The phytoplankton 
biomass was tentatively calculated in ug C L-l by multiplying chlorophyll-a 
content by factor 75 as given by Hol~-Hansen (1973), Estimation of the 
phytoplankton standing crop was carried out by using the sedimentation method 
and the different species were calculated as their total nlli~er per liter 
(units L i). Diversity index of the phytoplankton community was calculated on 
computer according to the equation of Shannon-Wiener (Shannon &Weaver, 1963), 
using primer program. 

RESULTS 

The phytoplankton community in the Suez Canal was rich in the numbers of 
species but showed moderate density. Altogether, about 139 species and varletles 
were recorded, included 94 diatom species and varieties representing 40 genera. 
36 dinoflagellates including 11 genera, one species of sillcoflagellates, 3 
species of chlorophytes belonging to 3 genera and 5 speCies within 4 genera of 
cyanophytes. 

As shown in Table (1), the community composition appeared more or less 
similar 1n the three reglons except of 13, 8 and 15 speCies which were 
confined to Port-Said, Isma1llia and EI-Suet regions respectively. 

The phytoplankton population of Port-Sald r~qlon comprlsed 97 speC1es and 
variet1es forming 69.8 , to the total number of SpeCif"S recorded 1n the Canal. 
The diatoms constituted 73.2 , of the total number of speC1es. Most of them 
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