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ABSTRACT 
 

The concentration of nine heavy metals (Cu, Zn, Cd, Pb, Ni, Cr, Co, Fe and Mn) in 
waters of the Suez Canal and in the nearby waters was measured seasonally during 1997 – 
1998 in their dissolved (D) and particulate (P) forms. The results revealed that the northern 
part of the canal (at Port Said) recorded higher concentrations for most metals than those in 
the other parts along the canal. The metals exhibited clear differences in the distribution of 
their P and D forms. All the time, the P form was the dominant form, except in summer. 
Some metals, such as Cu (67.6 and 53.4 %) and Cd (68.6 and 71.4 %), showed high D form 
than those P one in the surface and bottom waters. This could be attributed to mobilization 
of metal ions from bottom sediments (under low oxygen content) or due to mineralization 
process as for Cd, Cr and Zn. Statistically, of course the p and D forms showed stronger 
positive significant correlation with total. In the mean time, Fe and Cr showed positive 
significant correlation between their D and P forms. The distribution coefficients “KD” for 
the different metals between the two phases were calculated and assessed. 

 
INTRODUCTION 

 
Suez Canal, the main route joining east 

with west world, was opened for international 
navigation since 17 November 1869. It 
extends between 29o 55\ N at Suez on the 
Gulf of Suez and 31o 15\  N at Port Said on 
the Mediterranean Sea, and stretches between 
32o 17\  E and 32o 35\  E, with an average 
length along the major axis of 164 km. (Fig. 
1). The cross - sectional area of the canal 
however varies between 3900 and 4200 m2. 
The canal depth ranges from 20.5 to 25.5 m 
(UNEP, 1997). It is worth mentioning that the 
canal passes in its way through a number of 
lakes, called Lake Timsah (in the north at km 
76 from Port Said) and the Great and Little 
Bitter Lakes in the southern part (between km 
97.5 at Diversion and km 134.5 at Ginefa). 
The average depth of Little Bitter Lake on 
both sides of the navigation channel (2 m) is 

shallower than those for the Great Bitter Lake 
(about 5 - 10 m). 

According to Baussan (1983), the current 
regime in the canal is time dependant (a) 
from winter to early summer, the current 
generally flows from the Red Sea to the 
Mediterranean, i.e. from south to north, (b) 
during summer, in the northern part of the 
canal, the current follows firstly the reversal 
direction i.e. from Mediterranean to the Bitter 
Lakes, (c) during late summer, a predominant 
southward current is established, and (d) in 
November, the current regains its original 
direction towards the north. 

However, in recent years, there has been a 
remarkable population growth, accompanied 
by intense urbanization, an increase of 
industrial activities and a higher exploitation 
of cultivable land. These transformations 
have brought about a huge increase in the 
quantity of discharges and a wide 
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diversification in the types of pollutants, 
including heavy metals that reach Suez Canal 
waters and have undesirable effects on its 
environment. Surveying literatures showed 
that data on heavy metals in Suez Canal 
waters are meager. Fonselius (1967) recorded 
unusually high values of Zn and Cu in the 
Bitter Lake and attributed that to some sort of 
influence from the northern Red Sea, in 
which the values of these ions were also high. 
Morcos (1970) attributed these high levels to 
pollution by different sources at that area. 
Mourad (1996) studied Cd, Pb, Cu and Zn 
levels in Lake Timsah waters. Hamed (1996) 
reported that trace metal concentrations in the 
Suez Canal water increased gradually from 
south to the north and reach maximum 
concentration at the opening on the 
Mediterranean. El-Moselhy et al. (1998) 
studied the seasonally distribution of Hg and 
Sn in Suez Canal wtares. 

The present work is an endeavor to study 
the level of concentration of nine heavy 
metals in the waters along the Suez Canal 
route and in its adjacent waters of the 
Mediterranean and Gulf of Suez. 

 
MATERIALS AND METHODS 

 
(a) Sampling stations: 

In the present work, the Suez Canal was 
divided into 4 sectors, selected to present 
good coverage to the area under investigation 
(Fig. 1). 

Sector 1: (Port Said sector) includes five 
stations called (I) El-Boughaz: Locates at the 
connection of Mediterranean with Suez 
Canal, (II) Port Fouad: Lies in front of Port 
Fouad, (III) Port Said: The northern entrance 
of the canal, (IV) El-Raswa: Connects the 
canal with Lake Manzala, and (V) El 
Qantara: is affected by the dominant water 
current in the canal. 

Sector 2: (Lake Timsah sector) includes 
four stations called (VI) Northern entrance 
of the lake: is characterized by different 
water currents caused by the passage of ships, 

(VII) Infront of Ismailia channel: receives 
some sewage effluents as well as fresh water 
from Ismailia channel, (VIII) Infront of 
western lagoon: represents brackish water 
due to land drainage (mainly sewage), and 
(IX) South entrance of the lake: is 
characterized by different water currents 
caused by the passage of ships. 

Sector 3: (Bitter Lakes sector) includes 
Five stations are arranged along the two 
Bitter Lakes which, (X) EL-Defresoir, (XI) 
Fayed, (XII) Fanara, (XIII) Kabreit and 
(XIV) Shandora. These stations represent 
huge water body of high salinity separating 
Suez Canal route into two main parts. 

Sector 4: (Suez sector) includes four 
stations called (XV) Infront of El-Dersa 
pond: is affected by the water from the Suez 
Bay, (XVI) Port Tawfik: Southern entrance 
of the canal, connection between the Suez 
Canal and Suez Bay, its water is usually 
drained from the Gulf of Suez most of the 
year, (XVII) El-Zeitiya (Suez Bay): is 
characterized by arrival and departure of 
ships, specialized for petroleum oil 
transportation and near two big petroleum 
complexes, and (XVIII) Sinai side: Locates 
at Sinai side of the Suez Bay.   
(b) Sampling: 

From each station, surface (0 - 0.5 m 
depth) and bottom (near bottom) water 
samples were collected seasonally (1997 - 
1998) using PVC water sampler (capacity 2 
liters). Water samples were then drained into 
polyethylene bottles (capacity 5 liters) that 
had been previously soaked in nitric acid (0.2 
N) and rinsed with deionized distilled water. 
The precautions recommended by Kremling 
(1983) to minimize risk of sampling 
contamination were followed during 
collection, treatment and filtration of 
samples. The water samples were filtered in a 
dust-free clean lab. The filtration was through 
acid washed 0.45 µm membrane filter paper. 
The filters were then immediately dried in a 
dissicator and preserved frozen at – 20 oC 
until further analysis. 
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Fig. (1): Map of the Suez Canal showing the selected sectors and sampling stations 
Sector 1 (Port Said sector) I: El-Boughaz, II: Port Fouad, III: Port Said, IV: El-Raswa, V: El 
Qantara 
Sector 2 (Lake Timsah sector) VI: Northern entrance of the lake, VII: Infront of Ismailia channel, 
VIII: Infront of western lagoon, IX: Southern entrance of the lake 
Sector 3 (Bitter Lakes sector) X: El-Defresoir, XI: Fayed, XII: Fanara, XIII: Kabreit, XIV: 
Shandora 
Sector 4 (Suez Bay sector) XV: Infront of El-Dersa pond, XVI: Port Tawfik, XVII: El-Zeitiya (Suez 
Bay), XVIII: Sinai side 
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(c) Analysis: 
(1) For particulate heavy metals: The 

filter paper with its content was digested 
using conc. HNO3 in a Teflon vessel. The 
samples were then heated at 95oC for about 4 
hours for mineralization of the metals and to 
destroy any organic matter. After the 
digestion, the residue and its washings were 
centrifuged and the supernatant solution was 
collected and completed to 10 ml in 
measuring flask with deionized distilled 
water. The extracted solutions were finally 
kept in polyethylene bottles for subsequent 
determination of the metals by Atomic 
Absorption Spectrophotometer (AAS) Perkin 
Elmer model Aanalyst 100. 

(2) Dissolved metals: The metals in the 
filtrate were extracted using APDC-MIBK 
procedure (Brewer et al., 1969; APHA, 
1989). In which the pH of 1 L of the water 
sample was first adjusted to about pH 3 – 4 
using nitric acid, then add 5 ml ammonium 
pyrrolidine dithiocarbamate (APDC) 
solution, and shake to mix. Add 50 ml methyl 
isobutyle ketone (MIBK) and shake 
vigorously for 30 sec. The extracted organic 
layer was then used for aspiration directly to 
the flame atomic absorption 
spectrophotometer to determine the metals 
concentration. All chemicals used were ultra-
pure grade. Blanks for filters and reagents 
were carried out in all determinations. 

The total metal (µg/l) = D (µg/l) + P 
(µg/l) 

The precision and accuracy of the method 
was checked by replicate measurements of 
the studied metals in a selected seawater 
sample. The precision was satisfactory (range 
of 5.4 – 18.2 % for all metals). 

 
RESULT AND DISCUSSION 

 
The seasonal concentration (range and 

mean) of dissolved (D), particulate (P) and 
percentage of D to total of each of Cu, Zn, 
Cd, Pb, Ni, Cr, Co, Fe, and Mn in the Suez 

Canal waters are presented in Tables (1 – 5). 
The most studied metals, except of Pb and 
Cd, recorded their highest mean value at 
sector 1 (Fig. 2). Pb and Cd gave their highest 
level at sectors 3 and 2, respectively. Port 
Said sector (sector 1) is the most 
industrialized area in the Suez Canal area (El-
Moselhy et al., 1998). Suez Canal suffered 
from considerable sources of landbased 
activities; waste discharging from tankers 
passing across the canal, domestic wastes, 
industrial effluents and fish processing 
activities, most of these sources are 
concentrated in the northern part of the canal. 
The middle sectors are affected mainly by 
agriculture effluents, shipyard of the Suez 
Canal and sewage discharge from Ismailia 
City and other small villages. The southern 
part (Port Tawfik) is affected by invaded 
water coming from the Suez Bay which is 
loaded by oil and industrial effluents. In Suez 
Canal, the principal process dominating the 
ecosystem are the mean sea level, the 
velocity and direction of current which are 
responsible for the distribution of pollutants 
along Suez Canal (El Samra et al., 1983). 

The data for particulate and dissolved 
forms indicated that the metals exhibited 
clear differences in their distribution between 
the two forms. Regarding particulate metals, 
they exhibited higher concentrations range 
than that of the dissolved metals. However, 
both particulate and dissolved forms showed 
high significant correlation with total metals. 
In the contrary (Table 7), Fe and Cr showed 
correlation between its dissolved and 
particulate phases. This may indicated that, 
the distribution of metals in different phases 
is governed by interaction of several 
variables: a) the suspended matter loads of 
the effluents, b) its outflow rate, c) the 
concentration and physical forms of the metal 
in the effluent, d) stratification and stability 
of seawater, and e) the current velocity and 
pattern (Abu El-Dahab, 1985). 
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Copper (Table 1): For the surface water, 
total Cu varied from 0.02 µg/L at station VIII 
in autumn to 7.73 µg/L at station VI in 
summer. P-Cu was between 0.01 µg/L at 
station VIII in autumn and 2.04 µg/L at 
station III in spring. D-Cu was between 0.01 
µg/L at station VIII in autumn and 7.60 µg/L 
at station VI in summer. However, in the 
bottom water, total Cu concentration ranged 
from 0.08 µg/L at station XVIII in autumn to 
7.88 µg/L at station I in spring. P-Cu ranged 
from 0.04 µg/L at station XVIII in autumn to 
4.07 µg/L at station II in autumn, while D-Cu 
ranged from 0.04 µg/L at station XVIII in 
autumn to 4.10 µg/L at station I in spring. 
The seasonal mean of total Cu ranged from 
0.58 µg/L at station XVIII to 3.91 µg/L at 
station I. Seasonal P-Cu was from 0.17 µg/L 
at station XVIII to 2.16 µg/L at station II. 
However, the seasonal D-Cu was from 0.41 
µg/L at station XVIII to 2.60 µg/L at station 
VI. Winter showed the maximum regional 
mean concentrations  (2.86, 1.25 and 1.61 
µg/L) of Cu for total, particulate and 
dissolved forms, respectively. The minimum 
total and dissolved Cu was recorded in 
autumn, while summer showed the minimum 
of particulate form. D-Cu had the most 
percentage of total Cu rather than particulate 
(Fig. 2), which amounted only to 53.2 % at 
the bottom in spring. In seawater, no more 
than 10 % of total Cu may be bound to humic 
acids (Mantoura et al., 1978). Moore (1991) 
showed that desorption of Cu from sediments 
is enhanced by increasing salinity and the 
concomitant competition for binding sites 
with the chloride ion. 

Zinc (Table 1): The concentration of total 
Zn ranged from 0.62 µg/L at station XI in 
summer to 15.5 µg/L at station II in spring in 
the surface water, while it was from 1.09 
µg/L at station XVII in summer to 15.5 µg/L 
at station I in spring and station V in autumn 
for the bottom. P-Zn fluctuated between 0.15 
µg/L at station XI in summer and 9.34 µg/L 
at station V in spring for the surface layer, 
and between 0.74 µg/L at station XV in 
spring and 9.14 µg/L at station IV in spring 
for the bottom. However, D-Zn ranged from 

0.01 µg/L at station IV in summer to 6.64 
µg/L at station II in spring for the surface 
water, and from 0.03 µg/L at station II in 
winter to 6.70 µg/L at station I in spring for 
the bottom. In the same manner of Fe, Zn 
concentration in the bottom water forms was 
higher than that of the surface. The regional 
mean of Zn showed its maximum 
concentration (6.73, 5.00 and 1.73 µg/L) in 
spring for total, particulates and dissolved Zn, 
respectively, while their minimum 
concentration were recorded in summer for 
total and particulates and in winter for 
dissolved form. The seasonal mean 
concentration of total, particulates and 
dissolved form showed the ranges of 2.36 
µg/L at station XIV - 7.41 µg/L at station V, 
1.62 µg/L at station XIV - 6.47 µg/L at 
station V and 0.32 µg/L at station X - 2.64 
µg/L at station II, respectively. Spring owned 
the maximum mean concentration for the 
three forms of Zn. P-Zn was the dominant 
form in all seasons which comprised about 
69.7 % to 88.8 % of the total Zn (Fig. 2). 
Owing to the high Zn input during spring and 
Zn binds readily with many organic ligands, 
particularly in the presence of nitrogen or 
sulfur donor atoms, these dominant during 
spring, and also may explain the high 
particulate Zn than dissolved Zn. Moore 
(1991) indicated that the binding of Zn to 
suspended particulate depended on pH and 
Eh conditions, and the input of 
anthropogenically derived Zn. 

Cadmium (Table 2): In surface water 
layers, total Cd ranged from 0.04 µg/L at 
stations VIII and XIV in winter to 2.40 µg/L 
at station IX in summer. P-Cd was from 0.03  
µg/L at station XI in spring and stations VIII 
and XIV in winter to 0.52 µg/L at station X in 
summer. D-Cd ranged from undetectable 
(ND) concentration at station XII in spring to 
2.09 µg/L at station IX in summer. In bottom 
water layers, total Cd ranged from 0.02 µg/L 
at station XIII in winter to 2.80 µg/L at 
station IX in summer. P-Cd was from 0.01 
µg/L at stations XIII and XV in winter to 
0.50 µg/L at station IX in summer. D-Cd 
ranged from ND at stations XII and XV in 
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spring to 2.30 µg/L at station IX in summer. 
The seasonal total Cd ranged from 0.30 µg/L 
at station XVI to 0.78 µg/L at station IX. P-
Cd ranged from 0.09 µg/L to 0.21 µg/L at 
many stations, while, the D-Cd varied from 
0.16 µg/L at station XI to 0.61 µg/L at station 
IX. Summer showed the maximum regional 
concentrations (1.51, 0.32, and 1.26 µg/L) for 
total, P- and D-Cd, respectively. While winter 
comprised the minimum concentrations 
(0.11, 0.06 and 0.05 µg/L). Fig. 2 indicates 
that, D-Cd constituted the most percentage 
from total Cd, particularly in summer which 
arrived to 78.8 and 83.4 % for surface and 
bottom water. As the salinity increases in 
summer, Cd concentration increases also. 
Zirino and Yamamoto (1972) and 
Abdelmeneim and Fattouh (1994) indicated 
that, at high salinity, Cd interacted primarily 
with the chloride ions. The opposite 
happened for particulate Cd. 

Lead (Table 2): Total Pb varied from 0.64 
µg/L at station VIII in autumn to 8.50 µg/L at 
station XII in summer for the surface water, 
while in the bottom water it ranged from 1.04 
µg/L at station VIII to 8.52 µg/L at station 
XVI in autumn. P-Pb was from 0.18 µg/L at 
station XV in summer to 3.53 µg/L at station 
XVI in spring for the surface water, while in 
the bottom water it ranged from 0.83 µg/L at 
stations I and XVII to 5.68 µg/L at station 
XII in summer. D-Pb ranged from 0.03 µg/L 
in autumn to 7.54 µg/L in summer at station 
VIII for the surface water, while in the 
bottom water was from 0.05 µg/L at station I 
in spring to 6.33 µg/L at station XIII in 
winter. Seasonally, total lead ranged from 
2.54 µg/L at stations II to 4.95 µg/L at station 
XIII. P-Pb was from 0.73 µg/L at station VIII 
to 2.48 at station XII. D-Pb was from 0.94 
µg/L at station III to 3.30 µg/L at station 
XIII. The maximum regional mean 
concentrations of total, P- and D-Pb (5.80, 
2.11 and 4.64 µg/L) were recorded in 
summer. The minimum total and D-Pb (1.82 
and 0.62) were recorded in winter while P-Pb 
(1.12 µg/L) was in autumn. Fig. 2 shows an 
approximately equal distribution of Pb 
between the two forms, P-Pb and D-Pb. 

However, only in summer, dissolved form of 
Pb constituted a major percentage (80.0 %, 
63.3 %) of total lead for surface and bottom 
water. Summer was characterized by high 
salinity and accompanied by high chloride 
ion (Morcos and Riley, 1966). Lead typically 
desorbs from sediments and suspended solids 
in estuaries water, owing to competition with 
chlorides, producing an appreciable increase 
in soluble Pb in the water column (Ferrari 
and Ferrario, 1989). 

Nickel (Table 3): Total Ni ranged from 
0.34 µg/L at station XV to 7.10 µg/L at 
station I in spring for the surface water. The 
P-Ni ranged from 0.07 µg/L at station X in 
summer to 4.20 µg/L at station I in spring, 
while the D-Ni ranged from 0.02 µg/L at 
station XIV in autumn to 2.92 µg/L at station 
II in spring. However, total Ni ranged from 
0.39 µg/L at station XII, XV and XVIII to 
5.00 µg/L at station III in spring for bottom 
water. The P-Ni ranged from 0.23 µg/L at 
station XV to 3.40 µg/L at station X in 
spring, while the D-Ni ranged from 
undetected concentration at station XIII in 
autumn to 2.15 µg/L at station III in spring. 
The minimum seasonal mean concentrations 
(0.59, 0.42 µg/L) of total and P-Ni were 
recorded at station XVII, while its maximum 
mean concentrations (2.64, 1.62 µg/L) were 
recorded at station I. For dissolved form of 
Ni, the seasonal mean ranged from 0.13 µg/L 
at station XVIII to 1.39 µg/L at station II. 
Autumn showed the minimum regional mean 
concentrations (0.65, 0.55 and 0.10 µg/L) of 
total, particulate and dissolved forms of Ni. 
Its maximum (2.32, 1.62, and 0.70 µg/L) was 
found in spring season. On the reverse of 
copper, particulate was the dominant form of 
nickel except in the surface water in winter 
(Fig. 2). Under aerobic conditions, which are 
always found in spring from photosynthesis 
and pH < 9, Ni complexes with hydroxides, 
carbonates, sulfates and naturally occurring 
organic ligands do not precipitate, only above 
pH 9 (rarely found in marine water) 
hydroxides and carbonate complexes 
precipitate (Luther et al., 1986). 
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Chromium (Table 3): Surface water layers 
showed maximum Cr concentrations (1.40, 
0.54 and 0.86 µg/L) at station VIII in autumn 
for total, particulate and dissolved forms, 
respectively. Bottom water had its maximum 
concentrations (1.24, 0.59 and 0.65 µg/L) at 
station II in autumn, for the three forms 
respectively. In autumn, station VI showed 
the minimum concentrations for the total, 
particulate and dissolved Cr at surface and 
bottom waters. The seasonal mean 
concentration of total chromium ranged from 
0.13 µg/L at station XVII to 0.53 µg/L at 
station VIII. P-Cr was from 0.09 µg/L at 
station XVI to 0.29 µg/L at stations I and II. 
Dissolved form was from 0.02 µg/L at 
stations IV and XVII to 0.29 µg/L at station 
VIII. In winter, total-Cr, P-Cr and D-Cr 
showed its maximum concentrations (0.38, 
0.30 and 0.09 µg/L, respectively). The 
minimum concentrations were 0.16 and 0.03 
µg/L for total-Cr and D-Cr which recorded in 
spring, while P-Cr (0.09 µg/L) was recorded 
in summer and autumn. Cr showed dissolved 
form enrichment only in summer, where it 
showed high affinities for the particulate 
phase in all course of study. Particulate form 
of Cr recorded high percentage to the total Cr 
especially in winter and spring (Fig. 2). These 
may be attributed to the decrease in the 
decomposition rate of organic matter with 
low temperature and decrease of the 
consumption of metal by phytoplankton from 
water (Abdelmeneim et al., 1990). 

Cobalt (Table 4): At surface water layers, 
station VIII displayed the minimum 
concentration (0.07 µg/L) of total Co in 
spring. Low concentration of P-Ci (0.07 
µg/L) was found in many stations in spring 
and summer. Undetected concentration was 
reported for dissolved form of Co at stations 
IV, V and VIII in spring. While the 
maximum concentrations (0.90, 0.55 and 0.61 
µg/L) were recorded at stations XVII, III and 
XVI in winter for total, particulate and 
dissolved Co, respectively. At bottom water 
layers, the minimum concentrations (0.08, 
0.05 and 0.01 µg/L) of total, particulate and 

dissolved form of Co were recorded in many 
stations along Suez canal, while the 
maximum concentrations (1.16, 0.90 and 0.47 
µg/L) were recorded in winter season at 
stations XV for total and particulate, and 
station I for D-Co, respectively. Station XII 
showed the minimum seasonal mean 
concentrations (0.16, 0.12 and 0.04 µg/L) for 
the three forms of Co. The maximum 
concentrations (0.54, 0.37 and 0.25 µg/L) 
were at stations I, XV and II for total, 
particulate and dissolved, respectively. 
Regionally, the minimum mean 
concentrations (0.18, 0.14 and 0.04 µg/L) 
were recorded in spring and the maximum 
concentrations (0.48, 0.32 and 0.16 µg/L) 
were recorded in winter for total, particulate 
and dissolved forms, respectively. The 
dominant form of Co was the particulate (Fig. 
2), which showed percentage of 78.9 % from 
the total Co in spring season. Co forms 
chelates of moderate stability, greater than 
those of Fe and Mn, but less than those of 
Hg, Cu, Ni and Pb (Hutzinger, 1980).  

Iron (Table 4): At surface water layers, 
the total iron concentration ranged from 3.25 
µg/L at station XVIII in summer to 139 µg/L 
at station I in spring. P-Fe ranged from 2.21 
µg/L at station XVIII in summer to 69.4 µg/L 
at station I in spring. However, for D-Fe the 
range was 0.12 µg/L at station XVIII in 
autumn to 103 µg/L at station III in spring. In 
the bottom water layers, the range of total Fe 
was 2.39 µg/L at station XVII in summer to 
316 µg/L at station II in autumn. For P-Fe, 
the range was 1.06 µg/L at station XVII in 
summer to 160 µg/L at station II in autumn. 
However, D-Fe ranged from 0.12 µg/L at 
station X in summer to 233 µg/L at station IV 
in summer. According to the seasonal mean, 
the concentration of total Fe ranged from 
9.78 µg/L at station XVIII to 126 µg/L at 
station II. P-Fe ranged from 6.81 µg/L at 
station XVI to 72.1 µg/L at station II. D-Fe 
ranged from 2.50 µg/L at station XII to 65.3 
µg/L at station IX. According to the regional 
scene, the maximum means of Fe 
concentrations (73.1, 27.8 and 45.3 µg/L) 
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were recorded in summer for total, particulate 
and dissolved Fe, respectively. The minimum 
concentrations of Fe were recorded in autumn 
and winter. Generally, bottom water 
contained high Fe concentration in different 
forms than that of surface ones. The 
particulate forms had always higher 
concentration than the dissolved forms during 
the course of study, except for summer 
season. Throughout the different seasons, P-
Fe exhibited high percentage of total Fe (Fig. 
2), except in summer which D-Fe showed 
55.7 % and 62.0 % for surface and bottom 
water. This phenomenon may be attributed to 
that, in summer, oxygen level at the water - 
sediment interface decreases to almost zero 
which causes the reduction of particulate Fe3+ 
to soluble one (Fe2+), and then transports 
upward in the water column (Moore, 1991). 
Clearly sector 1 contained the maximum 
level of Fe with different forms. While the 
minimum Fe concentration was at stations 
VI, XVII and XVIII. Such variation 
depended mainly on environmental 
conditions and inputs of anthropogenically 
derived Fe. 

Manganese (Table 5): Total and 
particulate Mn showed its maximum 
concentrations  (7.26, 4.35  µg/L) in surface 
water at station VIII in winter and  (6.70, 
5.54 µg/L) in bottom water at station III in 
autumn, while dissolved form showed its 
maximum concentration of 3.54 µg/L in 
surface water at station XV in winter and 
4.16 µg/L in bottom at station IX in autumn. 
Total Mn showed its minimum 
concentrations (0.86 and 0.68 µg/L) in station 
XVII in autumn and station X in winter for 
surface and bottom waters, respectively. P-
Mn showed its low concentration (0.31 µg/L) 
for surface water at station XVIII in summer 
and 0.18 µg/L for bottom water at station XI 

in winter. D-Mn exhibited its minimum 
concentration (0.03 µg/L) for surface water at 
station XVII in spring and 0.04 µg/L for 
bottom at the same station in autumn. Station 
I showed maximum seasonal mean 
concentrations (4.49 and 3.55 µg/L) of total 
and P-Mn, while station XV displayed the 
maximum seasonal mean concentration (2.02 
µg/L) of D-Mn. Minimum seasonal mean 
concentrations (1.82, 0.98 and 0.26 µg/L) for 
total, P- and D-Mn were recorded at stations 
X, XVII and IV, respectively. Total and P-
Mn showed its maximum regional mean 
concentrations (3.80 and 2.83 µg/L) in 
autumn, while dissolved form showed 
maximum concentration (1.61 µg/L) in 
summer. The minimum concentrations (2.24, 
1.23 and 0.60 µg/L) for total, P- and D-Mn 
were observed in winter, summer and 
autumn, respectively. Only in summer, D-Mn 
was of high percentage (56.7 %) from the 
total Mn at surface water, while in general P-
Mn was higher than D-Mn (Fig. 2). In 
summer, the depletion of oxygen at the water 
sediment interface causes the reduction of 
particulate Mn4+ to soluble Mn2+, which is 
then transported upward in the water column. 
Oxidation of Mn occurs much slowly than the 
oxidation of Fe. As a result, soluble Mn in 
water was supplied almost entirely from in 
situ reduction in the water column whereas 
soluble Fe was supplied by reduction in the 
sediment (Moore, 1991). 

An appropriate way to describe the 
partitioning of elements between the 
dissolved and particulate fractions in 
seawater is the evaluation of distribution 
coefficients “KD” (Li et al., 1984 and 
Kremling et al., 1997) according to  

 KD = Mepart. / Mediss. 

where; Mepart. : Metals in particulate form 

Mediss. : Metals in dissolved form 
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Ideally, the coefficients should reflect the 
distribution of metals in equilibrium between 
the two phases, and the exchange reaction 
(e.g. adsorption/desorption, 
oxidation/reduction, precipitation/dissolution 
or ingestion/excretion. The KD data are 
shown in Fig. (3), where a decrease in the 
order Zn > Ni > Cr > Mn > Co > Fe > Pb > 
Cu > Cd is obtained. Such phenomenon may 
be attributed to the different biogeochemical 
behaviour of these elements. The proceeding 
series can be considered as the reverse of 
increasing of toxic effect of these metals. 
Moore (1991) mentioned that, lead was more 
toxic than chromium, manganese, barium, 
zinc and iron, but was less toxic than 
cadmium and mercury. For most metals, 
complexation with humic acid, other organic 
molecules and inorganic ligands, increased 
the particulate form and reduce toxicity to 
most organisms (Moore, 1991 and Starodub 
et al., 1987). The dissolved forms of metals 
which are highly reactive forms as toxic 
metals (e.g., PbCl2, PbBr2) are converted to 
less reactive, less toxic forms when bound to 
suspended particles (Williamson, 1993). 
There were high variabilities between metal 
levels of surface and bottom water layers. 
There were no significant correlation between 
the three phases of Co, Cr and Mn for surface 
and bottom waters (Table 6), significant 
correlations (r = 0.554, 0.550 and 0.490) for 
total, particulate and dissolved phases were 
found with Fe between surface and bottom 
water. Fluctuated correlation between these 
phases were found for other metals, 
depending on the nature and size of 
suspended matter, and on physico-chemical 
parameters intrinsic in water as 
hydrodynamic conditions, temperature, 
dissolved oxygen, and salt content (Papoff et 
al., 1989). 

Finally, summary of published data of 
total metals in different coastal seawater in 
comparison with the present study are 
presented in Table (8). In the present work, 
the concentrations of most metals fall within 
the range given by most authors, Fe appeared 

to be of higher concentration, but still lower 
than that of El Mex Bay and German Bight, 
while Pb gave concentration higher than 
recorded by other work. In general, water in 
Suez Canal showed consistently higher 
concentration than the background of oceanic 
concentration except those of Zn, Cu, Ni and 
Cr. But Zn, Pb and Cd were lower than the 
IOC/UNEP for protection of life, indicating 
no potential pollution problem in Suez Canal 
by these metals, which was expected for Cu. 

 
CONCLUSION 

 
One of the important conclusions is that 

the northern part of the Suez Canal had 
higher concentrations of most metals than 
those found in other sectors. This attributed 
to the highly polluted area by industrial 
effluents, sewage and agricultural drainage, 
and brackish water from Lake Manzala, as 
well as ships passing through the canal. In the 
surface water layers, seasonal differences due 
to biogenic uptake of the elements can not be 
traced for dissolved metals. However, in 
bottom waters, concentrations of some of 
metals were higher in summer in clear excess 
than in winter. This is probably either due to 
the steady diffusion of metal ions as Fe2+, 
Mn2+, Co2+ from the sediments at the 
interstitial water/bottom water interface under 
low-oxygen conditions or remineralization 
processes as for Cd, Cr, Zn of recently 
sedimented biogenic particulates under 
environmental conditions. Moreover, the 
release of some metals as from redissolution 
Fe/Mn oxides/hydroxides may contribute to 
the increase of Cd and Zn as well (Kremling 
et al., 1997). With the exception of Cu, Cd 
and Pb, of the overall annual mean, the 
dissolved fractions are of minor importance, 
with slight variabilities between seasons. Abu 
El-Dahab (1985) indicated that, cadmium 
tends to act like a (dissolved) metal - weakly 
chelated with low percentage bound to 
particulate matter. 



EL-MOSELHY, KH. M. et al. 

 159 

 



CONCENTRATION OF NINE HEAVY METALS IN SUEZ CANAL WATERS, EGYPT 
 

 160 



EL-MOSELHY, KH. M. et al. 

 161 



CONCENTRATION OF NINE HEAVY METALS IN SUEZ CANAL WATERS, EGYPT 
 

 162 



EL-MOSELHY, KH. M. et al. 

 163 

REFERENCES 
 
Abdelmeneim M.A. and Fattouh, F. A. 

(1994): Distribution of some heavy metals 
in coastal recreational areas of Port Said. 
Bull. H.I.P.H., XXIV (2): 315 - 338. 

Abdelmeneim M.A.; El-Sarraf W. M. and 
Beltagy A.I. (1990): Distribution of some 
heavy metals in lake Burollus, Egypt. 
Bull. Nat. Inst. Oceanogr. & Fish., ARE., 
16 (1): 203 - 221. 

Abou El-Dahab, O. M. T. (1985): Chemical 
cycle of inorganic pollutants in the 
ecosystem west of Alexandria between 
Anfoushy and Agamy. Ph. D. Thesis, Fac. 
Sci. Alexandria University. 338p. 

Al-Sayed, H. A., Mohasneh, A. M. and Al-
Saad, J. (1994): Variations of trace metal 
concentrations in seawater and pearl 
Oyster Pinctada radiata from Bahrain 
(Arabian gulf). Mar. Poll. Bull. 28 (6): 
370 - 374.  

APHA (1989): Standard Methods for the 
Examination of water and wastewater. 
Part 3: determination of metals, 17th ed., 
APHA, Washington. 

Baussan, J. (1983): Variations annuelles de 
niveau le long du canal de Suez. Revue de 
Geographie physique et de Geologie 
Dynamique, 9: 293 - 321. 

Bryan, G. W. (1976): In: Marine Pollution, 
Johnston, R. B. (ed.), Academic Press, 
London, Vol. 3. Copyright Academic 
Press. 

Brewer, P. G.; Spencer, D. W. and Smith C. 
L. (1969): Determination of trace metals 
in seawater by atomic absorption 
spectroscopy. Am. Soc. Test. Mat. Tech. 
Publ., 443: 7- 77. 

Ferrari, G. M. and Ferrario, P. (1989): 
Behavior of Cd, Pb, and Cu in the marine 
deltaic area of the Po River (North 
Adriatic Sea). Wat., Air, and Soil Pollut., 
3: 323 - 343.  

El-Moselhy, Kh. M.; Hamed, M. A., Abd El-
Azim, H. (1998): Distribution of Mercury 
and Tin alonge the Suez Canal. J. Egypt. 

Ger. Soc. Zool. Comparative Physiology, 
27(A): 33 - 42. 

El Samra, M. I.; El Deeb, K. Z.; Askar, A. I.; 
Wahby, S. D. and El Shazly, M. S. H. 
(1983): Preliminary study of petroleum 
hydrocarbon pollution along the Suez 
canal. Bull. Nat. Inst. Oceanogr. & Fish., 
9: 97 - 101. 

Emara, H. I.  and Shriadah, M. A. (1991): 
Manganese, Iron, Cobalt, Nickel and Zinc 
in the eastern harbour and El-Mex bay 
waters, (Alexandria). Proc. Symp. Mar. 
Chem. in the Arab Region, Suez: 99 - 
112. 

Fonselius, S. H. (1967): Analysis of trace 
metals in the Mediterranean and Indian 
Ocean P.V. Ass. Oceanogr. Phys. Geod. 
Intern., 10: 20 - 22. 

Hamed, M. A. (1996): Determination of some 
micro-elements in aquatic ecosystems and 
their relation to the efficiency of aquatic 
life. Ph.D. Thesis, Fac. Sci., El-Mansoura 
University.134p. 

Hamed, M. A. and El-Moselhy, K. M. 
(2000): Levels of some metals in coastal 
water and sediments of the Red sea, 
Egypt. (Association for the advancement 
of Modelling and Simulation techniques 
in Entreprises, A. M. S. E.), 61 (1): 43 - 
57. 

Hutzinger, O. (1980): The handbook of 
environmental chemistry. Volume 1. Part 
A. The natural environmental and 
biogeochemical cycles. Springer-Verlag, 
New York, 258p. 

Intergovernmental Oceanographic 
Commission IOC / United Nations 
Environment programme UNEP 
(IOC/UNEP) (1991): Report of the 
CEPPOL. Regional workshop on coastal 
water quality criteria and effluent 
guidelines for the Wider Caribbean. 
Caribbean Environment Programme Tech. 
Rep. No. 8 UNEP, Jamaica, p. 31 - 32. 

Kremling, K. (1983): Trace metals fronts in 
European shelf waters. Nature, 303: 225 - 
227.  



CONCENTRATION OF NINE HEAVY METALS IN SUEZ CANAL WATERS, EGYPT 
 

 164 

Kremling, K.; Tokos, J. S. J.; Brügmann, L. 
and Hanesen, H. P.(1997): Varibility of 
dissolved and particulate trace metals in 
Kiel and Mecklenburg bights of Baltic 
sea, 1990 - 1992. Mar. Poll. Bull., 34 (2): 
112 - 122. 

Li, Y. H.; Burkhardt, L.; Buchholtz, M.; 
O’Hara, P. and Santschi, P. H. (1984): 
Partition of radiotracers between 
suspended particles and seawater. 
Geochem. Cosmochim. Acta, 48: 2011 - 
2019. 

Luther, G. W.; Wilk, Z.; Ryans, R. A. and 
Meyerson, A. L. (1986): On the 
speciation of metals in the water column 
of a polluted estuary. Mar. Pollut. Bull., 
17: 535 - 542. 

Mantoura, R. F. C.; Dickson, A. and Riley, J. 
P. (1978): The complexation of metals 
with humic materials in natural waters. 
Estuar.Coast. Mar. Sci., 6: 387 - 408. 

Moore, J. W. (1991): Inorganic contaminants 
of surface water. Springer - Verlag New 
York, Inc., Perlin, Heidelberg, London, 
334p. 

Morcos, S. A. (1970): Physical and chemical 
oceanography of Red sea. In: Oceanogr. 
Mar. Biol. Ann. Rev., Barnes, H. (ed.). 8: 
73 - 202. 

Morcos, S. A. and Riley, J. P. (1966): 
Chlorinity, salinity, density and 
conductivity of seawater from the Suez 
Canal region. Deep-sea Research, 13: 741 
- 749.  

Mourad, F. A. (1996): Heavy metal pollution 
in Timsah lake. M.Sc.Thesis, Marine 
Biology Department, Faculty of Science, 
Suez canal University.115p. 

Papoff, P.; Betti, M. and Fuoco, R. (1989): 
Theoretical and experimental drawbacks 

in heavy metal speciation in natural 
waters. In: Metals speciation, separation, 
and recovery, Patterson, W. and Passino, 
R. 1989. Lewis Publishers, INC. USA, p. 
632.  

Rajkumar W.; Mungal, R. and 
Bahadoorsingh, V. (1992): Heavy metal 
concentration in sea water, sediment and 
biota (Donax Striatus) along the east coast 
of Trinidad. Caribb. Mar. Stud., 3: 26 - 
32. 

Schonfeld, W.; Schmidt, D. and Radach, G. 
(1990): Spatial and temporal variability of 
heavy metal concentrations in water of the 
German Bight. Dt. hydrogr. Z. 43, H.5. p. 
209 - 252.  

Starodub, M. E.; Wong, P. T. S.; Mayfield, C. 
I. and Chau, Y. K. (1987): Influence of 
complexation and pH on individual and 
combined heavy metal toxicity to a 
freshwater green algae. Canad. J. Fish. 
Aquat. Sci., 44: 1173 - 1180. 

UNEP (1997): Vulnerability assessment of 
the low-lying coastal areas in the southern 
part of the suez canal in the context of 
climate change sand sea-level rise 
“Egypt”. 205p. 

Williamson, R. B. (1993): Urban runoff data 
book: A manual for preliminary 
evaluation of stormwater impacts. By 
Williamson, R. B., 2nd ed. - Hamilton, 
New Zealand: Water Quality Center, 
Ecosystems Division, Water Quality 
Center Publication NIWAR, 20: 51p. 

Zirino, A. and Yamamoto, S. (1972): A pH- 
dependent model for the chemical 
speciation of Cu, Zn, Cd and Pb in sea 
water. Limnd. Oceanogr., 17: 661 - 671. 

�


