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Abstract

El-Mex Bay is a shallow sheltered estuary west of Alexandria extends between longitude 29° 47' to 29° 50'E
and latitude 31° 7' to 31° 9'. It receives a heavy load of waste water from EI-Umum Drain, Sodium Bicarbonate and
Chloro Alkali Plant factories. Samples were collected during August (summer) 2004 from surface water of stations
I, VIII, IX and XII which represents water types of different salinity L, M, M, and D respectively. Environmental
variables such as, temperature, salinity, dissolved oxygen, carbon dioxide and total alkalinity concentrations were
measured. Gross primary production (GPP), community respiration (CR) and net community production of
phytoplankton (NCP) for EI-Mex Bay were calculated. It is found that at water type "L" (station I) GPP values is the
lowest (45.37 mg C m°h") and the highest at water type M, (station IX). Community respiration (CR) content
varied between -282.3 mg C m~h” to 167.38 mg C mh™' at water types L and M,. Water type "L" could be
considered as heterotrophic system while water types M;, M, and D are classified as autotrophic system. Net
community production (NCP) values varied between 147.89 mg C mh' at water type M, and 327.71 mg C m*h™" at

water type M.

1. Introduction

El-Mex Bay is located between longitudes 29° 47.1"
to 29° 50.4" E and latitudes 31° 7.5’ to 31° 9" N,
representing a shallow sheltered estuary west of
Alexandria. It is elliptical in shape, extends for about
15 km between El-Agami headland to the west and the
Western Harbour to the east and from the coast to a
depth of about 30 m with a mean depth of 10m (Fahmy
etal., 1997, Samir and Badr El-Din, 2001, Mahmoud et
al., 2005, Shriadah and Emara 1996). A huge amount
(about 6.75x10° m® d') of agricultural, industrial and
domestic waste water discharged into the bay from El-
Umum Drain without any effective treatment. There are
another pipeline discharges directly to the bay such as
Chloro Alkali Plant Drain (CAP), Misr Chemicals
Industries Company combined with the effluent from
Sodium Bicarbonate Factory. The Western Harbor
mouth which lies to the east of El Mex Bay also
discharge waste water from the harbor.

The role of coastal ecosystems in carbon and
nutrient fluxes can be conveniently summarized by
their trophic balance, referring to the difference
between the total amount of organic carbon produced
by photosynthesis, as represented by the gross primary
production (GPP) of the ecosystem, and its oxidative
consumption by autotrophic and heterotrophic
organisms through community respiration (CR)
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(Bender et al., 1987; Heip et al., 1995; Serret et al.,
2001). The balance between gross primary production
(GPP) and community respiration (CR) is the net
community production (NCP) = (GPP — CR). An
ecosystem is autotrophic when production of organic
matter by primary producers exceeds the consumption
of this matter by the overall community. This could be
expressed as GPP>|CR| (if CR is expressed in negative
units), thereby such systems are potentially net sinks
for atmospheric carbon dioxide (CO,) (Gazeau et al.,
2005a). In contrast, heterotrophic ecosystems, organic
matter consumption exceeds primary production, rely
on allochtonous inputs of organic matter, where
GPP<|CR|, leading generally to high CO, partial
pressure (pCO,;) and low dissolved oxygen (O,)
concentration in the water column (Duarte and Prairie,
2005; Frankignoulle et al., 1998).

Primary production is controlled by complex
combinations of physical (temperature and light
availability), biological (growth rate) and chemical
factors (nutrient availability) (Gattuso et al., 1998;
Chester, 2001). In addition, NCP in costal areas
depends on several forcings such as the ratio between
nutrients and carbon inputs (from rivers, estuaries and
lateral inputs), and the physical features (such as
residence time of water masses, circulation, light
availability within the water column, seasonal
stratification of the water column). The determination
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of NCP is of interest for the understanding of the
carbon dioxide cycle within a given area.

There is no simple relationship between NCP and
pCO,. Indeed the surface pCO, is driven by other
biogeochemical  processes (CaCO;  production/
dissolution), DIC lateral inputs (Cai et al., 1999;
Gazeau et al., 2005b), thermodynamical effects (in
particular temperature change), physical processes such
as wind speed, advection of water masses.

Historically, GPP, CR and NCP were first
investigated on regional scales using the oxygen light-
dark (O,-LD) method (Riley 1939). Steemann (1952)
introduced the '*C incorporation method which, at the
time, was much more precise than the O,-LD method
and allowed shorter incubation times. This method has
been extensively used and has become the most
common way for measuring primary production,
although the sensitivity of the O,-LD technique has
since been considerably improved (Howarth and
Michaels, 2000). Moreover, several problems with the
use of the '*C method have been identified and it is
advisable to be careful when interpreting data based on
it (Peterson, 1980).

Numerous studies have focused on the comparison
between GPP estimates based on the O,-LD technique
(0,-GPP) and primary production measured by the "*C
method (**C-GPP). Several studies suggested that the
"*C method with incubations lasting from 12 to 24 h
provides a rate closer to NCP (Eppley, 1980) while
others found a reasonable correspondence between the
two methods in oligotrophic and eutrophic
environments (Bender et al., 1987, Williams et al.,
1983; Longdon et al., 1995).

Gazeau et al. (2007) compared rates of primary
production measured using three different incubation
methods: (1) the oxygen light-dark method (O,-LD),
(2) ™C incorporation and (3) '*O labeling by in two
estuaries (Randers Fjord, Denmark, and the Scheldt
estuary, Belgium/The Netherlands). They found that,
the estimates based on the '*C incorporation technique
were not significantly different from those obtained
using the O,-LD technique while the 'O approach
provided rates is significantly lower. They attributed
the underestimation of gross primary production by the
O method to an intracellular recycling of labeled
oxygen which increased in magnitude with decreasing
external oxygen conditions. These results suggest that
the 'O method must be used with extreme care in
nutrient-rich and low oxygen systems.

2. Material and Methods

Samples for photosynthesis measurements by
incubation of light and dark bottles were collected in 10
liter polyethylene bottles from a depth of 0.5m at
stations I, VIII, IX, X and XII during August 2004,
(Figure 1). These stations represent different water
types registered at the Bay (Mahmoud et al., 2005).
Station I represents water type L, stations VIII and IX
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represent water type M1, station X represents water
type M2 and Station XII represents water type D.

Estimation of the magnitude of phytoplankton
counts was carried out by using the sedimentation
method (A.P.H.A., 1985), the different species were
identified, counted and estimated as unit. 1. Each
sample was examined in triplicate to improve accuracy.
Photosynthetic rates were estimated according to
Strikland and Parsons (1972) and Carrillo (2002) by
variation in O, during light incubation experiments
(photosynthesis) and dark community respiration
(DCR). For photosynthesis estimation sea water
samples were filtered through clean nylon netting with
mesh size 30 um net to remove the larger zooplankton.
BOD (300 ml) Pyrex bottles were used for incubation
experiment, two clear bottles (light bottle, LB) and
initial bottle (IB) and one opaque bottle (dark bottle,
DB) are needed to be filled in triplicate for each sample
to improve the overall precession. The LB and DB
were incubated in situ at the desired location at the sea
for about 3 hours. Sea water samples in IB were
immediately analyzed while LB and DB were analyzed
after incubation period of 3 hours. Dissolved oxygen
samples (mg O, I") were analyzed according to
modified Winkler method (Grasshaff; 1976), pH values
were measured immediately after collection using a
portable pH meter HACH, (EC10). Total alkalinity
content was detected according to Haraldsson et al.
(1997) and Dickson (2003). Water salinity values were
determined from the electrical conductivity ratio using
a Bekman induction salinometer model RS-7C.
Nutrient salts in pmol I (ammonia (NH;), nitrite
(NOy,), nitrate (NOs3), phosphates (PO4-P) and silicates
(Si,0;) were determined following Grasshaff (1976)
using a Shimadzu Double Beam Spectrophotometer
model UV-150-02. Surface water temperature was
measured immediately in the field using standard
thermometer accurate to 0.1 °C. Changes in carbon
dioxide pCO, and buffer factor in each bottle were
calculated from measurements of alkalinity and pH
using CO,-SYS. Corresponding CO, flux were
calculated according to the equation:
FC02 =ka ApCOz

Where; ApCO, (ppm) is the pCO, gradient between
water and atmosphere respectively, a is CO, solubility
coefficient (in mol m™ patm™) calculated according to
Weiss (1974), and k; is the gas transfer velocity (m d™).

Gross primary photosynthesis (GPP), community
respiration (CR) and net community production (NCP)
are calculated from the following equations:
GPP (mg C m”> h™") = 605x f x [V1g)-Vos)] / (NXPQ)
NCP (mg C m > h™") = 605x f x[Vp)-Vs)] / (NxPQ)
CR (mg Cm > h™")=605x f x [Vys»Vos)] x RQ/N
where: Vg, Vips) and Vg : are the thiosulphate
titration volume obtained within the three types of
bottles. N: time of incubation in hours, and PQ and RQ:
they are dimensionless numbers indicating the relative
amount of oxygen and carbon involved in the process
of photosynthesis and respiration, since;
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PQ = photosynthesis Quotient = +AO, / -ACO, = 1.2
RQ = Respiratory Quotient = +ACO, / -AO, = 1.0

3. Results and Discussion

Based on the distribution of salinity in the Bay
surface water could be divided to three water types,
diluted sea water "D" with salinity ranged from 30 to
35. Mixed sea water "M" with salinity ranged between
10 and 30, this water type could be classified into 2
subtypes, "M;" which mainly affected by waste water
discharge from El-Umum Drain and M, which is
affected by water of Western Harbour opening. The last
water type is Water type "L" which is affected directly
by El-Umum Drain water and showed salinity < 10.
Water quality of different water types is illustrated in
Table (1). From the table it could be noticed that water
type "L" had lower pH (7.75), salinity (4.27), dissolved
oxygen (2.6 mg O, I"") and higher concentrations of
ammonia 90.21 pmole I, nitrite 12.45 pmole 17,
nitrate 42.92 pmole 1", phosphate 11.57 pmole 17,
silicate 126.28 pmole 1" and total alkalinity6165.89
peq Kg' than water type "D" pH (8.07), salinity
(34.43), dissolved oxygen (12.30 mg O, 1) and lower
concentrations of (ammonia 2.10umole "', nitrite 0.47
pmole 1", nitrate 2.57 umole I"' phosphate 0.55 pmole
1", silicate 2.47 pmolel™ and total alkalinity 2900.63
peq Kg™'. Water type M1 and M2 showed intermediate
levels of nutrient salts, dissolved oxygen and alkalinity.

Table 2 illustrates the changes in carbon dioxide,
dissolved oxygen; nutrient salts and total alkalinity
content in different sea water samples for samples
before and after incubation experiment for light, dark
and initial bottles at different water types. Salinity
values and phytoplankton quantity for each sample are
also tabulated. It is easily to account for CO,, DO,, and
nutrient salts involved in photosynthesis and respiration
processes. The variation in concentration of the
previously mentioned variables either decreased or
increased after incubation period could be calculated by
subtract their initial concentration in the bottle (IB)
from their concentrations in the light (LB) and dark
bottles (DB). The data presented in table 2 showed that,
for water type L considering photosynthesis process,
there is a sharp decrease in nitrate content (9.89 umol
1'") accounts for nitrate assimilation during this process
and this is coincided with an increase in total alkalinity
value 44.50 peq kg this is in consistence with the
found of Brewer and Goldoman (1976) where nitrate
uptake raises total alkalinity. Nevertheless, the increase
in nitrate is not in stoichiometry with the increase in
total alkalinity. The same case was found in the
polluted Scheldt basin, Abril and Frankignoulle (2001)
and they attributed this variation to the higher turbidity
and oxygenation conditions of anthropogenic input by
aerobic and anaerobic processes. The rapid deplation of
nitrate is accompanied with reduction in manganese,
iron and sulphates, which contributing to the alkalinity
increase. These facts are also verified by the increase in
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oxygen content in light bottle resulted from
photosynthesis 0.43 mg O, "' and the decrease of CO,
(-57.00 pmol kg™). The unexpected decrease of CO,
content after incubation in dark bottle (respiration
process) (-62.4 umol kg') indicates the presence of
anaerobic, heterotrophic organic respiration and aerobic
oxidation respiration (nitrifiers, sulfur oxidizers and
methanotraphs). This phenomenon is confirmed by a
decrease in total alkalinity (-160.3peq kg'). The
nitrifies effect is verified by a decrease in ammonia
content (-41.90 — 36.23 pmol 1) and an increase in
nitrite  (11.82, 11.98 pumol 1') during both
photosynthesis and respiration processes.

It is observed from Table 2 that total alkalinity,
nitrite, nitrate and phosphates concentrations decrease
at both respiration and photosynthetic processes in
water type M1 (170.45 and -685.2 peq kg™), (-3.52 —
3.37 umol 1), (-3.11, -4.43 pmol I'") and (-2.03, -2.28
pmol 1) respectively. In this water type carbon dioxide
and Dissolved O, (DO) content are a mirror image of
each other. During photosynthesis oxygen content
increased (2.65 mg O,1™") and carbon dioxide decreased
(-4.20 umol kg™). In respiration process it is found that
oxygen content decreases -1.12 mg O, and carbon
dioxide increases 0.15 pmol kg'. Ammonia values
increase 3.04 pmol 1" during respiration due to
excretion of zooplankton and bacteria as well as the
decomposition of organic matter in the dark bottles.

In water type M, which is affected by industrial
wastes, it is found that total alkalinity at both light and
dark bottles increases (121.80, 33.6 peq kg™') greatly
reflecting the effect of industrial wastes on the
photosynthesis and respiration processes not only the
biological effects. On the contrary, nitrate (-8.87, -9.21
pmol 1) nitrite (-4.85, -1.20 pmol I') and phosphates
values (-2.51, -2.86 umol I'") decrease at those two
processes. Oxygen and carbon dioxide in this water
type are a mirror image of each others at light and dark
bottles (1.62 and -0.97 pmoll") and (-0.3 and 2.70
pmol I'").

Water type "D" which is a diluted sea water nutrient
salts content decrease during both photosynthesis and
respiration processes, ammonia (-1.68 and -0.85 pmol
1Y), nitrate (-3.43 and -3.51 pmol I'") and phosphates (-
0.31 and -0.22umol I'") carbon dioxide and oxygen
concentrations are reversely correlated with each other
during photosynthesis and respiration processes (-0.40
and 0.70umol kg™) and (2.46 and -0.81mg O,1™).

In water types M,;, M, decreases of nitrite, nitrate
and phosphates after incubation time may be due to
their uptake by phytoplankton during photosynethic
processes, (Fan et al., 2003 and Maestrini et al., 1999).

Regional variations of Gross primary production
(GPP), community respiration (CR), net community
production (NCP) and phytoplankton community
count, at El-Mex Bay surface water in summer 2004, at
different water types are calculated using the
previously mentioned equations and are represented in
(Table 3) and (Figure 2). It is observed that water type
L showed the lowest GPP values (45.37 mg C m™ h™),
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in spite its nutrient salts content are very high (NH,'=
274.75 pumol I, NO, =12.62 pmol I'', NO;y™ =15.47
pmol 1" and PO, = 21.13umol 1""). This observation
may be attributed to low phytoplankton content
(0.25x10° cell 1), high turbidity and high organic
matter content at this water type. Increasing turbidity
will decrease light availability, consequently decrease
primary production. Parsons et al. (1977) found that,
the maximum primary production is often found at
some distances from the discharged water although
nutrients levels may be lower there, that is due to light
availability. The highest value of GPP 430.22 mg C m”
h'' is estimated for water type M, is coincided with
highest phytoplankton content (3.57x10° unit 1)
(Figure 2).

Community respiration (CR) was varied largely
from -282.3 mg C m~ h' at water type L to 167.38 mg
C m™ h™' at water type M; (Figure 2).

Net community production varied between (147.89
mg C m” h') at water type M, and (327.71 mg C m™
h) at water type L (Figure 2).

It is noticed that water type L showed GPP <| CR |,
since 45.37 < |-282.33| (Table 3), which may indicate
that organic matter consumption exceeds primary
production, and this could be attributed to the
allochthonous organic matter from El-Umum Drain.
According to the statements of Frankignoulle et al.
(1998) and Duarte & Prairie (2005), water type L could
be classified as net heterotrophic system with a very
high carbon dioxide partial pressure there in. The
calculated pCO, at water type L, was (3607.92 patm)
and high CO, flux to the atmosphere (240.84 mmol m™
d") as shown in table 3.

For the other water types M1, M2 and D it is
noticed that GPP > | CR | which may indicate their
autotrophic characters since 389.89 > | 139.15|, 268.89
<1121.00/, and 339.47 <] 100.83 | for water type M1,
M2 and D respectively. Therefore, they produce
organic matter in excess and thereby they are
potentially acted as a sink for atmospheric carbon
dioxide at M;. The recorded pCO, at these stations are
(1015.34, 415.5 and 478.35patm). The corresponding
air sea flux at these water types are (47.72, 4.62 and
9.94mmol m?d™") respectively (Table 3).

Seasonal variation of Gross primary production
(GPP), community respiration (CR), and net
community production (NCP) at different water types
of El-Mex Bay is calculated by integrating the primary
production rates recorded in summer to the average
phytoplankton community count at some stations
(Figure 3) at different seasons. The daily GPP rate is
estimated by multiplying hourly rates in each season by
the numbers of hours of daylight at season in question
(Randall and Day 1987). The hourly CR rate is
multiplied by 24 hours to get daily community
respiration. Daily net community production is
estimated from daily GPP and CR according to (NCP)
= (GPP — CR) (Gazeau et al., 2005a). The calculated
seasonal variations of GPP, CR, NCP at different water
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types and their annual average values were recorded in
table (3). In winter, surface water showed lowest daily
GPP (0.76 g C m> d"), CR (-1.5 g C m> d"') and NCP
(229 g C m™ d"). While in spring, surface water had
the highest values for GPP, CR and NCP (66.29 g C
m>d’, 478 gCm”d’, and 61.15 g C m” d™"). During
winter and autumn GPP <| CR | since 0.78<1-1.53 | in
winter and 0.94 <| -1.90 | in autumn, so surface water is
a source of CO,. While during spring and summer the
situation is reversed since the recorded GPP > | CR |,
66.29 <|4.79| in spring and 19.72 <| 4.76 | in summer.

Water type "L" which is affected greatly by waste
water had very low GPP annual average (4.75g C m™
d") and highest CR (63.33g C m> d') and NCP
(68.08¢C m™ d). It is found that GPP<CR which
indicates the allochthonous origin of organic matter and
this water type is heterotrophic. Water type M, which is
affected by the water discharge from Western Harbour
opening had the highest GPP (44.0gC m™ d™") and high
value of CR (42.71 g C m™ d") while NCP exhibited is
very low value (1.29 g C m™ d'). Water type "D"
which is a diluted sea water the annual average of GPP,
CR and NCP are 14.66, 8.75, 591 g C m” d.
GPP>8.75 this indicates the autocthonous origin of
organic matter. The system is a potentially sinks for
atmospheric carbon dioxide.

Buffer factor which is a measure of capacity for sea
waters to take up anthropogenic CO, from the
atmosphere, hence, the lower the buffer factor, the
higher the oceanic equilibrium concentration of

anthropogenic CO, for a given atmospheric CO,
perturbation (Sabine et al., 2004; Sundquist &
Plummer, 1981). B can also be used for identifying
processes responsible for marine inorganic carbon
dynamics, such as primary production, calcification or
water mass mixing. Frankignoulle et al., (1994)
reported that, if organic matter production/respiration
by organic metabolism has no effect on B, this value
can decrease down to -7 under the influence of
inorganic metabolism (e.g. uptake or release of
bicarbonates and/or carbonates by calcifying
organisms). Thus, the buffer factor has a wide range of
values depending on the inorganic species involved in
the CO, dynamics. Furthermore, the homogeneous
buffer factor may provide substantial help in
understanding inorganic carbon dynamics even in
coastal waters where complex and intense
biogeochemical processes co-occur (Frankignoulle et
al., 1996 a; Frankignoulle et al., 1996 b).

The average buffer factor in water type D and M,
are very close to the expected values for Revelle factor
(B=10). This indicates that total inorganic carbon
variations measured in these water types are mainly
driven by changes in the dissolved CO, level (eg. Air-
sea CO, exchanges and/or organic matter
production/degradation without any CaCO;,
precipitations). In case of water type M, it showed an
average buffer factor 3 = 14. This is slightly higher
value than water type M, and D because it is more
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affected by discharged water from El-Umum Drain
leading to increase in productivity at this water type.
Water type L showed extremely high B value ( = 23.8)
reflecting a very small capacity to take up CO, from the
atmosphere. This is attributed to very high DIC content

60074291 pmol kg and a very high pCO, recorded

Table 1: Water quality of surface water at EI-Mex Bay at different water types during summer 2004.

4153 patm accompanied with low pH 7.7 and very high
total alkalinity TA = 5980+302.68 peq kg as a result
of input of alkalinity rich water with average (TA=
6040.78+410 peq kg and DIC = 6047+389 umol kg™)
from El-Umum Drain.

Water Types | T Salinity | pH DO, NH;-N [ NO,-N [ NOs-N [ PO,P | Si,0,-Si [ TA
°C mg O, I umol I peq kg’
L 2828 | 4.27 7.75 | 2.6 90.21 1245 [ 4292 1157 | 126.28 6165.89
Ml 2831 19.95 8.15 [ 10.68 4734 | 743 1657 | 6.85 72.38 4786.98
M2 28 28.24 829 | 13.85 1841 [ 4.89 1091 | 4.62 46.2 4316.43
D 275 34.43 807 | 123 2.1 0.47 2.57 0.55 2.74 2900.63
Table 2: changes of pH, DO,, TA, DIC, [CO;], NH,, NO,, NO;, PO,, Si,0s.
3 2| [CO,1 [ NHsN [ NO»-N | NOs-N [ PO,-P | SiO.-Si
Water Type pH DO, | TA meqkg DIC mmol kg mmol kg pmol I
L LI | 023 | 043 44.5 -129.7 -57 419 | 11.82 [ -9.89 [ -2.05 [ -75.76
DI | 022 | -2.27 -160.3 -317.4 -62.4 3623 [ 1198 | -9.07 | -22 | -70.58
M1 L[ 015 [ 2.65 -170.45 -377.95 4.2 3293 | 3.1 | -3.52 | 2.03 | -1.58
D-I1 | -0.06 | -1.12 -68.5 -509.85 0.5 3.04 | 443 | 337 [ 228 [ 0.03
w2 LT 0 1.62 121.8 232 -0.3 002 | -485 | -887 | 251 | -1.72
D-I [ -0.07 | -0.97 233.6 267.7 2.7 9.05 -1.2 921 | 286 | 382
b LI 0 2.46 -5.7 -46.9 -0.4 -1.68 0.3 343 [ 031 14.3
D-I [ -0.12 | -0.81 30.4 132.1 0.7 0.85 | -054 | -351 | 022 | 228

Table 3: Phytoplankton community count, Gross primary production (GPP), community respiration (CR), net
community production rates, carbon dioxide partial pressure, air sea carbon dioxide flux, and buffer factor

at different stations in El-Mex Bay surface water, summer 2004.

Phytox10° GPP CR NCP fCO,
Water types it ") | (mgCm®h") | (mgCm>h") | (mgCm?nhy | PEO2AM) |01 C m2d? B
L 0.25 45.37 -282.33 327.71 3607.92 240.84 23.85
Ml 3.61 389.89 139.15 250.74 1015.34 47.72 13.90
M2 0.59 268.89 121.00 147.89 415.50 4.62 10.11
D 0.54 339.47 100.83 238.64 478.35 9.94 10.81
_ o . = 2 z0
125 N
Mediterranesan Sea ‘
Wi
Weastern
-V Harbour
317
18 El-Mex Bay
e
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Figure 1: Map of El-Mex Bay and sampling locations.
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Figure 2: Regional variations of phytoplankton community count (10° cell I""), Gross primary production (GPP),
community respiration (CR), and net community production at different water types in El-Mex Bay
surface area in summer 2004.
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Figure 3: Seasonal variations of total phytoplankton community count (10° cell I') at different water types in El-
Mex Bay during 2003-2004.
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Figure 4: Seasonal variations of daily Gross primary production (GPP), community respiration (CR) net community
production (NCP) at different water types at El-Mex Bay. GPP, CR, NCP are in (g C m d™"). a) (GPP), b)
(CR, C) NCP.
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