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ABSTRACT: The present study focuses on steel corrosion rate in seawater by weight loss technique and the impact
of some physicochemical and biological marine parameter on it. Surface water samples were collected twice a week
over one year; March 2013 -February 2014 at a fixed station in the Eastern Harbor of Alexandria. The results indi-
cated that; water transparency (58.5 - 240.0cm). Temperature (15.5°C - 34.1°C). Salinity (<35.0-37.5). pH (7.80 -
8.92). Dissolved oxygen (2.51 - 7.95ml/l). Total alkalinity (1.3 - 3.6meqg/l). While nutrient salts (umol) displayed wide
and rapid changes; 0.77-93.13, 0.03-0.75, 0.03-1.7, 0.01-3.2 and 0.06-38.38 for ammonia, nitrite, nitrate, reactive
phosphate and reactive silicate respectively. Parallel to the above mentioned condition, the phytoplankton count
(1.02x10° - 4.92x10° cells/l); while bacterial count (1.3x10°- 221.0x10° CFU/ml). The corrosion rate ranged between
0.9339-2.3488 mpy. It is directly affected with temperature and nitrite concentrations. The principle component

analysis were calculated and discussed.

Keywords: Physicochemical parameters; Biological parameters; Weight loss technique; Corrosion of steel.

INTRODUCTION: The corrosiveness of a marine
environment depends on the topography of the shore,
wave action, prevailing winds and relative humidity".
Natural seawater is more aggressive than the artificial
seawater. Alloys including stainless steel are used in
seawater for various applications. The localized corro-
sion of these materials is affected by temperature,
microbial activity, chlorination and flow rate”.

The degree of severity of corrosion in marine envi-
ronment depends on temperature, salinity, current,
dissolved oxygen content, pH, pollution and marine
biofouling®.

Rate of corrosion tends to increase with rising temper-
ature. Higher temperatures  accelerate the diffusion
of oi<ygen through cathodic layers of protective oxide
film®.

Algae can modify the local environment of the steel
by influencing oxygen concentration, changing the
pH and through the production of metabolites which
create a more aggressive electrolyte. The presence
of an algae fouling might produce a reduction in
the local oxygen concentration and studies using
steel panels immersed at offshore sites have
shown that, initially, corrosion rates were reduced
by fouling, with a thin cover of Enteromorpha
Sp.5,6&7l

Relation between bacteria and corrosion can be ex-
plained by anyone or more of the following: produc-
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ing a corrosive environment, creating electrolytic
concentration cells on the metal surface, alternating
the surface protecting film, influencing the rate of
anodic-cathodic reaction and changing the environ-
ment composition®.

Microbes can initiate, facilitate, or accelerate electro-
chemical corrosion reactions®. Microbes achieve this
through their interactions with the environment sur-
rounding the metal surface. For example, bacteria can
generate conditions that enhance corrosion through
alteration of some physicochemical properties, excre-
tion of corrosive metabolites, direct or indirect enzy-
matic reduction or oxidation of corrosion products,
formation of biofilms that create corrosive microenvi-
ronments’.

This work aims to study the corrosion of steel in sea-
water by weight loss technique and the impact of
some physicochemical and biological marine parame-
ters on the weight loss of the steel panels.

MATERIAL AND METHODS:

1. Study area - Eastern Harbor: The Eastern Harbor
(EH) is a relatively shallow semi closed basin, shel-
tered from the sea by break water leaving two open-
ings, El-Boughaz and EL-Selsela, through which the
exchange of water between the harbor and the neritic
Mediterranean water takes place.
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The steel panels' immersion test for the study of cor-
rosion rate of steel was done in seawater of the East-
ern harbor in the area located in front of NIOF. Only
one marine area was selected (Figure 1).
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Figure 1: Marine location of panel immersion test in
front of NIOF, Eastern Harbour; Alexandria, Egypt.

2. Sample collection: Two liters from surface sea-
water samples were collected by using Ruttiner sam-
pler twice a week over one year started from March
2013 till February 2014. One liter for physicochemical
measurement; transparency, temperature, salinity,
dissolved oxygen, total alkalinity and nutrient salts.
The other litre of water samples was used for phyto-
plankton count it preserved in 4% neutral formalin
solution, left 48 hours for sedimentation and cells
were counted and identified using 2ml settling cham-
bers with a Nikon TS100 inverted microscope at 400 x
magnification using Utermohl (1958)'° method. The
results expressed cells per liter. One hundred ml of
water samples were collected in two sterile bottles
(100 ml): (1) water sample and (2) steel platelet im-
mersed in water for total variable bacterial count de-
termination, then kept after sampling in an ice box
until transferred for laboratory examination according
to APHA (1998)".

These measurements are carried out at the time of the
steel panels immersion in seawater and at the time of
removal of the frame contains the same panels from
seawater to measure the weight loss of the steel panels
hanged in the steel frame.
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3. Physical parameters: Transparency, temperature
and salinity were measured in situ using CTD SBE
Sea bird electronics.

4. Chemical parameters:

4.1 Dissolved oxygen (DO): It was determined by a
modified Winkler’s method. Fixation of dissolved
oxygen was made in situ using manganous sulphate
and alkaline potassium iodide solutions '*

4.2 Alkalinity: Total Alkalinity was measured accord-
ing to the method described by Strickland and Par-
sons. Water sample was titrated against diluted HCI
using methyl orange as indicator **

4.3 Nutrient salts: nitrite, nitrate, ammonia, Phosphate
and silicate were measured according to standard
methods™.

4.4 pH: The pH was measured in situ using portable
pH meter model (JENWAY, 3410 Electrochemistry
Analyzer pH-meter).

5. Bacterial isolation and Enumeration: The isola-
tion process was carried out using Pour Plat tech-
nigue. One ml of each collected water and steel plate-
let samples was applied in a sterilized Petri dish. The
sterilized nutrient agar medium (45°C)* was poured
on the inculcated plates, and then incubated at 28°C
for 24-48 h. The macroscopic examination of colonies
and bacterial count (CFUx10%ml) were observed
using a Leica DMLS microscope.

6. Steel panel's composition: The used steel had the
following chemical composition (wt. %): C, 0.288;
Mn, 0.578; P, 0.0698; S, 0.0121; other constituents,
0.1621; Fe, 98.89 (balance Fe).

7. Steel panel's preparation: Steel panels were used.
Their surfaces were polished and cleaned before im-
mersion in seawater. The steel panels after cleaning
were hanged in frame and the frame was immersed in
seawater of the Eastern harbor in area front of NIOF.

8. Steel panel's immersion test: The prepared steel
panels (two panels immersed each time) were hanged
in steel frame and immersed in seawater The test was
repeated two times each week over a period of a year
(March 2013-February 2014). Each week the immer-
sion of the frame hanged the panel was tested two
times. The immersion time was nearly at the same
time of the day.

9. Weight loss method: A simple test for measuring
corrosion is the weight loss method. The method in-
volves exposing the clean weighed three panels of the
steel to the seawater followed by cleaning to remove
corrosion products and weighing each of the panel to
determine the loss of weight. The mean of loss in
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weight of the three panels each time was calculat-
6d16&17.

10. Statistical analysis: Correlation coefficient at a
confidence limit 95% (P<0.05) were estimated for all
data (n=42), as well as factor analysis and principle
component analysis (PCA) for the average data well
done by using SPSS program and discussed.

RESULTS AND DISCUSSION:
1. Physicochemical parameters:

1.1 Transparency: Water transparency of seawater of
the studied marine area fluctuated between a mini-
mum of (58.5 and 59 cm) measured at 10/11/2013 and
26/01/2014 and a maximum of 240.5 cm on
12/6/2013; with an annual average of 153 cm. Other
low transparency values (78, 85 and 87 cm) were ob-
served during 12 August, 25 December; 18 & 25 Au-
gust and 1% September, 27 November, 1%, 12 and 25
December. Other high transparency values were ob-
served during 2" and 5/06/2013 (209.5 & 210 cm).
With respect to the monthly average distribution; the
transparency of the study marine area ranged between
a minimum of 111.67cm during August to highest
transparency of 191.69cm during June, 2013, Figure
2.
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Figure 2: Monthly average distribution of transparency
during March 2013- February 2014.

1.2 Temperature: The temperature ranged between a
minimum of 15.5 °C, 29/01/2014 to a maximum of
34.1 °C, 2/06/2013 with annual average 23.9 °C. It is
noticed that the temperature range and average during
2013-2014 are higher than their corresponding values
during 2009 *® and 2011-2012 *° which show tempera-
ture ranges (17.1-31.5) °C and (16.5-32.1) °C and
averages 24.9 and 22.83 °C, respectively (Table 1).
The highest monthly average of seawater temperature
31.58 °C was found during August and lower values
during the cold months (January and February). The
lowest monthly seawater temperature average was
16.38 °C during January, Figure 3.
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Figure 3: Monthly average distribution of temperature
during March 2013- February 2014.

1.3 Salinity: Salinity values differed between 34 on
18/08/2013 and 37.35 on 09/10/2013 followed by
another high value 36.8 on 17/04/2013 with an annual
average 35.536. These ranges and averages values are
lower than their corresponding ones during 2002-2003
202009 ' and 2011-2012 *° as their ranges are (34.9-
41.3), (35.9-38.9) and (35.5-39.5) respectively, while
the averages during 2009 *® and 2011-2012 *° are 37.2
and 37.45 respectively, Table 1.

The monthly averages of salinity value ranged be-
tween low of < 35.00 detected during June, July, Au-
gust and September and the values of (37.00-37.50)
measured during October 2013. The monthly average
salinity were low values and fluctuated between 34.62
during August to 36.28 during April and October,
Figure 4.
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Figure 4: Average variation of total alkalinity of two
successive days, E H, (in front of NIOF), during the
study period.

1.4 pH: The pH values lie on the alkaline side and
their values are fluctuated between 7.8, 24/03/2013
and 8.92, 25/12/2013. These ranges are higher than
their corresponding values during 2009 *® and 2011-
2012 *° as their ranges are (7.6-8.3 and 7.97-8.45)
respectively, Table 1.
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With respect to monthly distribution; pH measured
high values (8.7) during the winter months and low
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values (7.97-8.25) during spring months, Figure 5.
Figure 5: Average variation of DO concentrations of two
successive days, E H, (in front of NIOF), during the
study period.

1.5 Alkalinity: The total alkalinity measured values
showed wide variations over the measured dates of the
year. It recorded low value of 1.3meg/l at both
17/04/2013 and 17/07/2013 and the high values of it
found during late March (27&30) with value 3.6meg/I
and at the beginning of April (3"), with the value of
3.8meg/l. The total alkalinity annual average value
during the studied period was 2.67meg/l. These values
are lower than their corresponding ones during 2011-
2012 *° as in the previous work the total alkalinity
range was 2.65-3.8meg/l and the total average was
3.35meq/I, Table 1.

With respect to the monthly distribution; high total
alkalinity averages were found during April, May and
June 2013 ( 3.14, 3.25 & 3.41meq/I respectively) and
the averages of low values of total alkalinity detected
at August, November, December and February with;
2.04, 2.23, 2.42, 2.15meq/| respectively, Figure 6.
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Figure 6: Average variation of nitrite and nitrate con-
centrations of two successive days, E H, (in front of
NIOF), during the study period.

11.6 Dissolved Oxygen (DO): DO show a wide range
of variation and lie between a minimum of 2.51ml/l,

11/09/2013 to maximum value of 7.95ml/l at
25/12/2013 with annual average of 5.23ml/l. Also low
concentration of DO was detected during the dates of
months; 14/09/2013, 2.96ml/l; 22&26/5/2013 and
08/09/2013, 3.87ml/l; 11/07/2013, 3.19 ml/;
04/08/2013 and 01/09/2013, 3.42 ml/l; 11,
14&18/09/2013, (2.51-3.65ml/l); 28&30/10/2013,
(3.43&3.25ml/l) and at 24/11/2013, value recorded
low level of 3.86ml/l. The DO range and average are
lower than those recorded by Khairy et al 2009 *° (3.5-
10.1 ml/l; 6.6 mi/l), but they are higher than their cor-
responding values recorded by Hermine et al 2014
during 2011-2012 *° (2.01-6.84ml/l; 4.09 ml/l), Table
1.

The maximum monthly average of DO content was
recorded during March 2013 (6.91mgO,/l) and the
lowest level 3.715ml/l during September as clear from
Figure 7.
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Figure 7: Monthly average distribution of dissolved
oxygen during March 2013- February 2014.

1.7 Nutrients:

1.7.1 Nitrite: The lowest level of nitrite 0.03pmol/l
measured at the dates; 27/03, 9/10, 28/10, 30/10, 3/11,
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1/12, 15/01, 20/1 and 16/02) and the highest value
found to be 0.75 detected at 18/09 & 23/06 and a high
Figure 8: Monthly average distribution of nitrite con-
centrations during March 2013- February 2014.
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concentration of 0.68 pumol/l at 28/08/2013; the annu-
al average 0.155umol/l. The range and average values
of nitrite concentration during this work are lower
than their corresponding values during 2011-2012 *°
(0.369-2.938umol/l; 1.658umol/l), but higher than
their corresponding values during 2009 *® (0.02-
0.87umol/l; 0.27umol/l); Table 1.

The lowest monthly average level of NO, was ob-
served during October (0.019umol/l), while the high-
est one was observed during May (0.3 pmol/l), Figure
8.

1.7.2 Nitrate: Respect to nitrate concentration, the
values fluctuated between 0.03pumol/l measured at
24/03, 1/10, 9/10, 15/01& 20/01 and the high level of
nitrate recorded 1.7pumol/l at 8/09 and 1.16umol/l
found at 4/09 and 0.68umol/l found at both 21/04 and
25/08/2013, annual average 0.36pmol/l. By compar-
ing these results with those obtained ones during
2002-2003 %°, 2009 *® and 2011-2012*°; it is noticed
that the nitrate concentrations range and average dur-
ing this work is much lower than the others corre-
sponding values (0.42-72.02umol/l;  10.48umol/l,
0.44-11.1pmol/l; 5.33umol/l and 1.606-15.633umol/I;
8.651umol/l) respectively, Table 1.

The lowest monthly nitrate concentration average was
0.05umol/l during January 2014, while the highest
one was 1.17pumol/l in November 2013, Figure 9.
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Figure 9: Monthly average distribution of nitrate con-
centrations during March 2013- February 2014.

1.7.3 Ammonia: Ammonia measured very high level
of 93.13umol/I at 29/05 and 2/06 and also, 86.5umol/I
measured at 09/06/2013. The lowest value of ammo-
nia 0.77umol/l measured at 9/02/2014, with an annual
average of 26.86umol/l. These values are very high
compared to those previous work during 2002-2003 %
and 2009 *® that showed ranges and averages as fol-
lows: 0.15-43.7umol/l;  5.33umol/l and 0.03-
23.49umol/l; 3.57umol/l respectively, Table 1.

The lowest monthly ammonia concentrations average
was noticed during February (5.187umol/l), while the
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highest one was observed in May (56.084umol/l),
Figure 10.

It is noticed that; the highest levels of NO, and NHs
are measured during May with average concentra-
tions; 0.30 and 56.084umol/l respectively.
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Figure 10: Monthly average distribution of ammonia
concentrations during March 2013- February 2014.

1.7.4 Phosphate: Phosphate concentration showed
wide variation and ranged between 0.01pumol/l, (27/11
& 8/12/2013) — 3.2umol/l, 14/04/2013, annual aver-
age 1.031umol/l. Phosphate concentrations range and
average is higher than those obtained by Madkour et
al 2007 and Kairy et al 2014 for their work done dur-
ing 2002-2003 %° and 2009 *® at the same area of in-
vestigation. Their study showed ranges and averages
as follows: 0.12-3.78umol/l; 0.6umol/l and 0.02-
2.2umol/l; 0.64umol/l, but this range and average
values are lower than those obtained by Hermine et.
al. 2015" 0.588-5.538umol/I; 1.8pmol/l as shown in
Table 1.

The monthly average variations revealed that the low-
est value was in July; 0.6umol/l while the highest one
was in May; 1.79umol/l, Figure 11.
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Figure 11: Monthly average distribution of phosphate
concentrations during March 2013- February 2014.

1.7.5 Silicate: The highest silicate concentration rec-
orded a value of 38.38umol/l 13/03/2013 and the low-
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est concentration found to be 0.06pmol/l detected at
20/10/2013, annual average 6.76umol/l. Ranges and
averages obtained during 2002-2003 % and 2009 *® are
lower than that obtained in this work; 0.3-12.1umol/I;
3.36pmol/l and 1.01-27.26pmol/l; 5.85umol/l, Table
1. This may be attributed with high outfalls water
which discharged in the EH.

The lowest monthly average was 3.6umol/l during
July and the highest one was 16.0umol/l during
March, Figure 12.

Generally, the monthly average variations of both
phosphate and silicate concentrations showed that
they reached their highest average values during
March (5.52 and 16.47ug/l). The rest monthly averag-
es of both parameters lie in the range (1.79, May-
0.59ug/l, July 2013) and (10.36, August-3.36 pgl/l,
February, 2013) respectively.
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Figure 12: Monthly average distribution of silicate con-
centration during March 2013- February 2014.

Table 1: Range and average of some physicochemical parameters, phytoplankton, total bacterial counts and corro-
sion rate during the period 2000-2014.

Year 2002 - 2003 2009 2011 - 2012 2013 - 2014
reference Madkour et al 2007 Khairy et al 2014 Hermine et al 2014 Present data
Parameter Range Average Range Average Range Average Range Average
Temperature 17.1-31.5 24.9 16.5-32.1 22.83 15.5-34.1 23.9
Salinity 34.9-413 35.9-38.9 372 35.5-39.5 3745 | 34.-3735 | 35536
pH 7.6-8.3 7.97-8.45 7.8-8.92
D.O 3.5-10.1 6.6 2.01-6.84 4.09 2.51-7.95 5.23
Alkalinity 2.65-3.8 3.35 1.3-36 2.67
Phosphate 0.12-3.78 0.6 0.02 -2.2 0.64 0.588-5.538 18 0.01-3.2 1.031
Silicate 0.3-12.1 3.36 | 1.01-27.26 5.85 0.06-38.38 6.76
Ammonia .015-43.7 533 | 0.03-23.49 3.57 0.77-93.13 26.86
Nitrite 0.02-0.87 0.27 0.369-2.938 1.658 0.03-0.75 0.15
Nitrate 0.42-72.02 1048 | 0.44-111 5.33 1.606-15.633 8.651 0.03-1.7 0.36
Phytoplankton | 0.12x10%1.2 x10° %05%111%36 1.387x 10° | 3.6x10°-4.50x10° | 1.84x10° ig;‘if;e 2.48x10°
Bacteria 11.5 x10° ;éixif;-ﬁ 44.0 x10°
Corrosion 35827.5518 | 478303 | 0% 1.3866

2. Biological parameters:

2.1 Phytoplankton Structure: The phytoplankton
standing crop is represented with three main groups
namely;  Bacillariophyceae, Dinophyceae  and
Euglenophyta.

Phytoplankton community changed numerically and
species composition. The minimum counts which
recorded during May 2013 (19/05), 1.02x10° cells/I.
This met with high water temperature (27°C), pH
(8.19), total water alkalinity (3.1meg/l) and DO,
5.24ml/l. The maximum counts of phytoplankton were
recorded during December (22/12), 4.92x10° cells/I.
This accompanied with low value of water transpar-

ency (87cm), water temperature (17°C), water alkalin-
ity (2.85meq/l) as well as high values of pH (8.77) and
DO (7.06ml/l)). The increased values are due to in-
creased in counts of Bacillariophyceae (99.09% of
total phytoplankton).

It attained to an annual average of 2.48x10°cells/I.
This value is higher than that recorded during 2009
and 2011/2012 at the same area of investigation
(1.387x10° & 1.8x10° cells/I)**.

Regarding to the monthly averages counts of phyto-
plankton it fluctuated from a minimum value of
5.31x10° cells/l during September as a result of mini-
mum concentration of DO (3.72ml/l) to high counts
recorded during December and August, 5.72x10° and
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7.11x10° cells/l respectively. This met with lower
average values of water transparency (127.25
&111.67cm), DO (5.5 & 4.88ml/l), phosphate content
(0.87 & 0.8 pmol/l) and water salinity (35.48 &
34.62) as shown in Figure 13.
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Figure 13: Monthly average distribution of phytoplank-
ton community during March 2013- February 2014.

2.2 Viable bacterial count variations: From the illus-
trated data in Figure 14, minimum bacterial counts in
sea water were recorded during 08/05 and 5/6 at1x10°
CFU/ml, also, no count observed during 23 June. This
may be related to the lowest counts of phytoplankton
community (1.02x10° cells/l) during this period.
While, the maximum bacterial counts were observed
during 7" & 14" July at 64.3x10° and 60x10°
CFU/ml, respectively. This followed by the count
records in 5, 9, 20 January (30, 31.5, 32 x10® CEU/m,
respectively), which related to the high pH (8.9), high
dissolved oxygen (7.9 ml/l) and maximum phyto-
plankton count (4.9x10° cells/l). In addition, the max-
imum amount of some nutrients was recorded during
the same period: 0.75umol/l for nitrate and
28.4umol/l for phosphate; which help in flourishing
bacterial community.

Annual bacterial average was 44.7x10° CFU/ml. This
showed a tendency of increasing bacterial count over
that obtained value by Hermine et al. (11.5x10°
CFU/ml) from the recorded data during 2011/2012 **
at the same area of study.

Monthly averages of bacterial counts were fluctuated
from a minimum value of 1.3x10° CFU/ml during
February as a result of minimum temperature
(16.38°C) to high counts recorded during August and
December; 221.1 & 145.4x10° CFU/ml, respectively.
This related to the highest average values of phyto-
plankton counts (5.72 x10° and 7.11x10° cells/I re-
spectively). Bacterial counts on the steel panels were
extremely lower compared with those recorded from
sea water samples which ranged from 1 to 28 x10°
CFU/ml.
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3. Seasonal average variations of the corrosion rate
of the tested steel panels in seawater, EH, (front of
NIOF) during 2013-2014: Corrosion rate was meas-
ured for the three steel panels immersed in NIOF sea-
water for 72hrs a time for 42 times during the period
March 2013- February 2014.
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Figure 14: Monthly average distribution of Total Bacte-
ria Count during March 2013- February 2014.

It fluctuated between 0.9339mpy during winter season
and 2.3488mpy during summer season with an aver-
age 1.3866mpy. These corrosion rate values are lower
than their corresponding ones immersed in the same
place for 24hrs during 2011-2012"° which ranged be-
tween 3.582-7.5518mpy; average 4.78303mpy*’. This
may be explained by the fact that; at first the corrosion
rate was very high until the formation of a biofilm on
the steel plates within the first couple of days leading
to the formation of passive film that affects on de-
creasing the corrosion rate of the immersed steel pan-
els as presented by Tuthill, 1988%.

The steel corrosion rate range measured on laboratory
scale for the same site was between 4.320mpy and
9.813mpy . This range is between higher steel corro-
sion rates values measured in western harbor water
(Alexandria, Egypt); 16.24, 16.96 and 16.30mpy and
11.476 and 11.934mpy ** and lower values measured
in the eastern coastal zone of Alexandria ranged be-
tween 3.665 - 10.462mpy”.

During winter season (December, January and Febru-
ary); the average corrosion rate of steel panels record-
ed the lowest value (0.9339mpy) accompanied by the
lowest seasonal average of temperature (16.6°C) and
lowest seasonal averages of phosphate, nitrite, nitrate
and ammonia concentrations (0.78, 0.104, 0.172 &
10.818umol/l) respectively; and the highest pH value
(8.71). The average monthly counts of phytoplankton
during the months of winter season showed the in-
crease in its total counts during December and reach
7.11x10° cells/l while during January and February; it
reached 1.02x10° and 2.34x10° cells/I respectively.
The phytoplankton counts are mainly due to the num-
bers of diatoms; Skletonema costatum during Decem-
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ber and Chaetoceros spp. during January and Febru-
ary. The average phytoplankton count during winter
was 3.49x10° cells/I. The average total counts of bac-
teria recorded 56.2x10* CFU/ml in water.

During spring season (March, April and May 2013);
the average corrosion rate of steel panels was
(1.4293mpy). This average loss in weight was accom-
panied by decrease in pH value (8.16) and increase in
seasonal average of temperature (24.48°C), dissolved
oxygen concentration (6.09 ml/l), highest values of
alkalinity  (3.07meqg/l), phosphate concentration
(2.75umol/), silicate concentration (10.2 pmol/l) and
higher nitrate concentration than winter season
(0.32umol/l). Phytoplankton count showed a slight
increase during spring months (March, April and
May), 1.4x10°, 1.77x10° and 1.56x10° cells/| respec-
tively which are due to increase counts of diatoms
particularly Skletonema costatum which contribute
over 90% by number of the total phytoplankton
counts. The average phytoplankton count during
spring was 1.58x10° cells/I. The highest seasonal av-
erage of bacterial counts found during spring season
(136.02x10* CFU/m).

The highest average corrosion rate of steel panels was
observed during summer season (June, July and Au-
gust) and was found to be 2.3488mpy. This highest
average corrosion rate was accompanied with highest
temperature (30.2°C), highest nitrite concentration
(0.0.216pmol/l), highest ammonia concentration
(41.404pmol/1) and lowest salinity value 35.19. The
phytoplankton counts during summer months (June,
July and August) showed increase and their counts;
2.73x10°, 2.42x10° and 5.72 x10° cells/| respectively.
This is due to increase of diatoms Skletonema
costatum and Cyclotella during both June and July,
while the increase in phytoplankton community dur-
ing August is mainly due to increase in dinoflagelate
particularly Alexandrinium minutum. The highest av-
erage phytoplankton count was observed during sum-
mer; 3.62x10° cells/Il. The average total counts of
bacteria during this season recorded 69.03x10*
CFU/ml in water.

The average corrosion rate of steel panels found dur-
ing autumn season (September, October and Novem-
ber) was 1.3514mpy. The average corrosion rate of
steel was accompanied by highest seasonal average of
transparency (149.8 cm) and nitrate concentration
(0.648umol/1) and lowest dissolved oxygen concentra-
tion (4.35 ml/l), silicate concentration (5.62pmol/l)
and ammonia concentration (18.575umol/l). Phyto-
plankton standing crop during the same autumn
months, (September, October and November) found to
be 0.42x10°, 1.21x10° and 2.0x10° cells/I respective-
ly. The increase number during October is mainly due
to increase of both diatoms (Skletonema costatum)
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and dinoflagelate (Protoperidinium), while the in-
crease in November is mainly due to increase in
counts of diatoms (Skletonema costatum). The average
phytoplankton count during autumn was 1.22x10°
cells/l. The lowest seasonal average of bacterial
counts in water was recorded during autumn
(18.34x10" CFU/m.

Generally, it is noticed that the lowest corrosion rate
(0.9339mpy) was accompanied by the lowest seasonal
average of temperature (16.6°C) and lowest seasonal
averages of phosphate, nitrite, nitrate and ammonia
concentrations (0.78, 0.104, 0.172 & 10.818umol/l)
respectively and the highest pH value (8.71); while
the highest corrosion rate (2.3488mpy) was accompa-
nied by the highest temperature (30.2°C), nitrite con-
centration (0.0.216umol/l), ammonia concentration
(41.404pmol/), total phytoplankton count and lowest
salinity value 35.19.

4. Principal Component Analysis (PCA): Principal
component analysis is derived from the water parame-
ters analysis of the weekly average data in Eastern
harbor .The output data reveals five factors (PC1-
PC5) affect Eastern harbor water, association and
sources, with cumulative covariance of
90.58%.Varimax rotated components matrix is pre-
sented in Table (2) to give an overview of the nature
of loading among the parameters.PC1, PC2, PC3, PC4
and PC5 have covariance of 31.54%, 23.74%,
16.53%, 10.10% and8.68%, respectively. PC1 repre-
sented high loading of ammonia, alkalinity, nitrite,
phosphate, temperature, and; (0.933, 0.813, 0.800,
0.767 & 0.726 respectively) associated with negative
loading of pH (0.887) which can demonstrate that
autochthonous sources of outfalls. PC2 had loading of
total count of Bacteria (0.946), Dinophyceae (0.943),
total phytoplankton (0.701) and silicate (0.712) with
negative loading of transparency (0.615). This illus-
trate that high count of phytoplankton reduce water
transparency. PC3 represented loading of dissolved
oxygen (0.674), salinity (0.611) with high negative
loading of corrosion rate (0.895), this relation can be
explained as follows: with respect to salinity;
Melchers (2003) stated in that for "at-sea™ conditions,
salinity is of little practical importance to marine cor-
rosion. Also, the effect of small changes in salinity
appears to be marginal for steels inquiescent condi-
tions. Melchers stated also that salinity reduction
doesn't necessarily mean a reduction of corrosion
26&21 \With respect to dissolved oxygen, it may be
considered that the concentration of oxygen dissolved
in the water, thickness, porosity, density, adhesion and
iron permeability of corrosion products and tempera-
ture are the main factors governing the corrosion rate
of steel immersed in seawater in the diffusion con-
trolled stage?. PC4 represented high loading of
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Bacillariophyceae (0.980) and total phytoplankton
(0.694). PC5 represented negative loading of nitrate
(0.972) where phytoplankton consumed nitrite salts.

Table 2: Varimax rotated component matrix for
physico-chemical, biological and corrosion rate.

Component

PC1 PC2 PC3 PC4 PC5

Transparency 0.203 | -0.615 | 0.286 | -0.202 | 0.556
Temp 0.726 0.387 | -0.352 | -0.386 | -0.018

pH -0.887 | 0.091 | -0.154 | 0.168 0.027

Alk. 0.813 -0.429 | 0.235 0.062 0.144

DO 0.024 -0.12 0.674 0.407 0.43
PO.? 0.767 | -0.171 | 0.541 | -0.019 | -0.153
SiOs 0.072 0.712 0.43 0.116 -0.469
NO, 0.8 0.184 | -0.272 0.042 -0.097
NO; -0.01 -0.041 -0.07 -0.043 | -0.972

NH; 0.933 -0.065 | -0.153 | -0.016 | 0.234

S 0.169 -0.615 | 0.611 0.05 0.188
diat -0.103 | 0.039 0.05 0.98 -0.025

dino 0.024 0.943 | -0.046 | -0.273 | 0.112
Total phyto -0.077 | 0.701 | 0.013 | 0.694 | 0.057
Ba"te;ila(;ec"””t -0.056 | 0.946 | -0.055 | 0.292 | 0.007
Corr.rate 0.133 | -0.087 | -0.895 | 0.055 0.016
% of Variance 31.535 | 23.741 | 16.528 | 10.103 | 8.677
Cumulative % 31.535 | 55.276 | 71.804 | 81.906 | 90.583

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.® (a=Rotation
converged in 7 iterations)

CONCLUSION:

Corrosion rate was measured for the three steel panels
immersed in NIOF seawater for 72hrs a time for 42
times during the period March 2013- February 2014.
The monthly corrosion rate of steel located between
0.9339-2.3488 mpy with an annual average
1.3866 mpy. The change of corrosion rate of steel is
directly affected with temperature and nitrite concen-
trations. The lowest monthly average corrosion rate of
steel (0.9339mpy) was accompanied by the lowest
seasonal average of temperature (16.6°C) and lowest
seasonal averages of phosphate, nitrite, nitrate and
ammonia concentrations (0.78, 0.104, 0.172 &
10.818umol/l) respectively and the highest pH value
(8.71). The highest monthly average corrosion rate of
steel (2.3488mpy) was accompanied by the highest

temperature (30.2°C), nitrite concentration
(0.0.216pmol/), ammonia concentration
(41.404pmol/), total phytoplankton count

(3.62x10° cells/) and the lowest salinity value 35.19.
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