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DISTRIBUTION OF ALKALINITY, pH,
SALINITY AND CARBON DIOXIDE
COMPONENTS IN THE COASTAL
WATERS OF ALEXANDRIA

THANAA H. MAHMOUD

National Institute of Oceanography and Fisheries,
Kayet Bey, Alexandria, Egypt

( Received 8 October 1996, in final form 6 November 1996)

The area studied is located between El-Dikheila Harbour in Elmex Bay and Mandara, at
longitude 29° 47" and 30° East and latitude 31° 8 and 31° 17" North. The aim of the work
is to look at carbon dioxide components in this arca and the effect of waste water
discharged on their concentrations. Surface and bottom water samples were collected
from 12 stations during January, April, August and November, 1995. Total alkalinity,
salinity, temperature and pH were measured. Carbonate alkalinity, total alkalinity, partial
pressure and dissolved carbon dioxide, carbonate and bicarbonate ions were calculated,
since the studied area includes two different sources of pollution. It was found convenient
to refer El-Mex Bay as region “A” which contains stations from I to VI and the area
located between Kayet Bey outfall and Mandara which contains stations from VII to X1I
as region “B”. When specific alkalinity is used as a tracer for El-Umum drain water it is
observed that the drain water could reach Sidi Bishr area especially in August and
November, while in January and April drain water did not reach this area.

Keywords: Alkalinity; pH; salinity; carbon dioxide components; Eastern Mediterranean

INTRODUCTION

The study area is located between El-Dikheila Harbour in Elmex Bay and
Mandara at longitude 29° 47" and 30° 00’ East and latitude 31° 8 and 31°
17" North. El-Mex Bay receives a heavy load of wastewater both directly
from industrial outfalls and indirectly from Lake Maryut through the
El-Umum drain. The drain discharges about 2.4 x 10° m* annually. The
eastern part of the studied area which lie between Kayet Bey outfall and
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Mandara is affected mainly by sewage discharged from the main sewer at
Kayet Bey which discharges about 57 x 10° m® annually of untreated
sewage and some small outfalls located on the coast of the Eastern
Harbour, El-Ibrahimiya, Gleem, Sidi-Bish and Mandara.

The values of alkalinity, pH, and salinity in the studied area are
used to calculate carbon dioxide components (Strickland and Parsons,
1972). The chemistry of carbon dioxide in natural waters has long
interested a wide spectrum of investigators. While biologists have fo-
cused their attention on the role of carbon dioxide in photosynthetic
processes, geochemists and chemical oceanographers were interested
in the participation of carbon dioxide in the major geochemical cycles
and also in the processes that led to the distribution of carbon dioxide
in the oceans (Riley and Skirrow, 1965; Gieskes, 1974). The distribution
of carbon dioxide in the surface waters is governed by six principal
processes: photosynthesis, calcium carbonate formation, such advective
processes as upwelling, temperature changes, evaporation and precipi-
tation. Much work has been done to study the distribution of carbon
dioxide in surface waters using the partial pressure of carbon dioxide
(Pco,) as a measure (Keeling, 1968; Keeling and Waterman, 1968;
Keeley and Hood, 1971). These studies have demonstrated that equi-
librium rarely exists between carbon dioxide in the atmosphere and in
the surface waters. Machta (1972) found that the surface mixed layer
of the ocean contains about the same amount of total carbon dioxide
as the atmosphere, 5 x 10'® mol, intermediate waters contain roughly
18 x 10'® mol, and the deep ocean contains 300 x 101% mol.

The aim of this work is to study the distribution of temperature,
pH, salinity, total alkalinity, and carbonate alkalinity and specific
alkalinity, in the coastal waters of Alexandria and to calculate the
carbon dioxide components for both surface and bottom water ac-
cording to the equations mentioned by Strickland and Parsons (1972)
using the current parameters. The second aim is to know what the
effect of the discharge of different sources of pollution on the specific
atkalinity and carbon dioxide components in the area.

MATERIAL AND METHODS

12 stations were sampled during January, April, August and Novem-
ber, 1995, from surface and bottom water of the Alexandria coast
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(Figure 1). Samples were collected from surface water using a plastic
sampling bottle and from the bottom layer using a Nansen reversing
bottle.

Total alkalinity was determined by the titrimetric method men-
tioned in APHA standard methods for the examination of water and
waste water (1965). Salinity was measured with a Beckman salino-
meter, pH was measured using a pH meter. Temperature was mea-
sured at the time of sampling using a standard thermometer ranged
0-100°C accurate to +0.1°C. The bottom water temperature was
measured using the reversing thermometer fitted in the reversing Nan-
sen bottle. Carbonate alkalinity, total alkalinity, partial pressure and
dissolved carbon dioxide, carbonate and bicarbonate ions were cal-
culated using tables in Strickland and Parsons (1972). This method is
very rapid and is advantageous practically and eliminating the need
for a titration process.

Since the studied area includes two different sources of pollution.
First, the El-Umum drain which discharges a huge amount of brackish
water annually (2.4 x 10° m®) to El-Mex Bay containing agricultural,
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industrial and some sewage. The second source is the main sewage
outfall located at Kayet Bey and some minor pipe lines discharge
sewage inside the Eastern Harbour and at the eastern coast of Alexan-
dria in front of El-Ebrahimiya, Gleem, Sidi Bishr and Mandara. It was
found convenient to refer El-Mex Bay as region “A” which contains
stations from number I to VI and located between El-Mex Bay and
Kayet Bey outfall, and region “B” which located between Kayet Bey
outfall and Mandara and contains stations from number VII to XII.

RESULTS AND DISCUSSION

Salinity

Surface and bottom distribution of salinity, pH, temperature, total
alkalinity, carbonate alkalinity are tabulated in Table I. Average salin-
ity values ranged between 2542 +44.659%, at the surface and
38.88 +0.36 %, at the bottom of region “A” during April and January,
with an annual average of 25.89 + 0.38%, and 36.86 +2.02%, at sur-
face and bottom. In contrast, at region “B” they ranged between
3395 +0.31%, (August) and 39.5 4 0.20%, (April) at surface and from
3532 +0.239%, (August) to 39.82 + G.11%, (April) at the bottom. The
annual average of salinity at region “B” at both surface and bottom
are 35.80 + 2.18 and 37.07 & 1.849,. It is observed that salinity values
of region “A” are lower than those at region “B”; this may attributed
to the great amount of brackish water discharged to this region
throughout the year through the El-Umum Drain.

Hydrogen Ion Concentration, pH

The inflow of brackish water into region “A” resulted in the decrease
of surface pH to a minimum value in November, 7.98 + 0.16 at the
surface because in this month the volume of water discharged reached
its maximum 208 x 10°m>, while in April it increased again to
8.154+0.21 due to a decrease in the volume of water, 185 x 10° m?, in
this month. The pH annual value of region “A™ ranged between
8.08 £ 0.07 and 8.11 4+ 0.01 in surface and bottom water. The annual
value of region “B” fluctuated between 8.10 + 0.07 and 8.05 + 0.04 at
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surface and bottom, and pH values fluctuated between 8.0 +0.07 and
8.21 +0.17 in August and November at surface and between 8.0 + 0.11
(November) and 8.09 4 0.04 (April) in bottom water. The increase of
pH values of bottom water of region “A” and its decrease in region
“B” may be due to the extent to which carbon dioxide content of the
bottom water is modified by biological activity. Although variations
in the salinity affected the pH values, the predominant factor that
affected pH in our studied area is the total carbon dioxide content or
its partial pressure.

Temperature

Average temperature values at region A ranged between 17.37 +0.39°C
and 30.1 +0.34°C in January and August at surface, while at the
bottom they ranged from 17.48 + 0.26°C to 28.8 4 0.0°C in the same
months. At region “B”, the surface temperature is lower than in region
“A” and ranged from 16.73 +-1.11°C to 29.45 + 0.58°C. The bottom
water temperature ranged between 16.62 4+ 0.53°C and 28.68 +0.21°C
in January and August. Higher and lower values of temperature at
both regions are coincident with air temperature. The annual average
values of temperature at both regions at the surface are 23.05 + 4.64°C
(region A) and 22.88 +4.67°C (region B), while at the bottom water
they are 22.55 + 4.31°C (region A) and 22.37 + 4.85°C (region B).

Total Alkalinity and Carbonate Alkalinity

In the case of total alkalinity and carbonate alkalinity surface samples
have higher annual average value in region “A”, 3.335 +0.439 meq ™!
(total), and 3.27+0.44 meq 17! (carbonate) than the bottom ones,
2722 +£0.082 meq 17! and 2.653 4+ 0.118 meq 1™ *. On the other hand,
region “B” surface and the bottom water have almost the same annual
average values 2.836 +0.127 and 2.751 +0.124 meq 17! at surface and
2.81540.151 and 2.732 +0.158 meq 1~ * at the bottom. It can also be
observed that region “A” has a higher total and carbonate alkalinity
content than region “B” due to the effect of brackish water discharged
with a higher content of total and carbonate alkalinity from the El-
Umum drain. The low values in the bottom waters are ascribed to the
loss of calcium carbonate by organisms possessing calcareous skeleton.
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Whether or not calcium carbonate dissolves again while sinking
through the water column depends upon the degree to which the water
is saturated with these compounds. Higher levels of alkalinity may be
attributed to the lower dissolved oxygen content in the El-Umum drain
water. The lower oxygen content is an indicator of the higher content of
carbon dioxide and hence greater solubility of calcium carbonate.

In El-Mex Bay, especially in the near-shore stations which are
affected greatly by the discharge of brackish water, the water contains
relatively larger quantity of calcinm carbonate, and in the region of
marked dilution there is a great increase in alkalinity. This may be
attributed to the volume of brackish and waste water discharged to
the Bay or possibly due to the decomposition of the bottom organic
matter by biological processes.

Specific Alkalinity

The term “specific alkalinity” which is calculated as milliequivalents
per unit chlorinity, this is introduced to facilitate the comparison of
the alkalinities of various bodies of water. According to Koczy (1956)
different water masses frequently have characteristic alkalinities,
which usually lie in the range 0.119-0.130. Such variety appears to be
associated in some complex fashion with difference in the calcium
content in the waters. The annual average values of specific alkalinity
at surface water in region “A” is 0.238 + 0.029 decreasing with depth
to 0.135 + 0.012, while in region “B” which is not affected by brackish
water discharge, specific alkalinity values are constant at both surface
and bottom water and are almost equal to 0.144 +0.011 and
0.139 +0.01. Higher values at the surface water of region “A” are
attributed to low chlorinity values in comparison with higher chlorin-
ity values of region “B”.

The specific alkalinity of region “B” indicates that this area repre-
sents almost true sea water. In normal sea water, different water masses
frequently characterise specific alkallinities which usually lie in the
range 0.119-0.130 with a mean value of 0.126. In brackish water the
ratio may be increased tremendously if the river water is high in
bound carbonate compounds.

Total carbon dioxide content, partial pressure of carbon dioxide,
Pcol, dissolved carbon dioxide, bicarbonate and carbonate ions
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concentration have been calculated for both surface and bottom
samples according to the equations mentioned in Strickland and Par-
sons (1972). Average monthly values for surface and bottom samples
are given in Table II.

Total Carbon Dioxide

The annual average value of total carbon dioxide in surface and bottom
water in region “A” is 2.792 +0.431 mM and 2.507 +0.123 mM and in
region “B” the values were 2.630 +0.139 mM and 2.644 £+ 0.199 mM.
Higher content of total carbon dioxide in the bottom water of region
“B” than “A” may be attributed to respiration and decomposition by
microbiological agents leading to the production of carbon dioxide in
addition to the circulation of water, and plays an important role in the
distribution of total carbon dioxide or may reflect possibly the dissolu-
tion of calcium carbonate skeletal material.

Undissociated Dissolved Carbon Dioxide (Dissolved CO,)

This content in the investigated area is very low especially in the bottom
water of region “B”; its annual value is 0.017 x 1073 4 3.269 x 107 * mM.
In the surface water of regions “A” and B its concentrations are
00209 x 1073 +4.982 x 10"3>mM and 00236 x 1073+ 7044 x 107> mM.
At region “B” surface values reached their maximum in August,
0.034 + 0.04 mM. This is coincident with a maximum temperature of
29.454+0.577°C, a minimum salinity of 33.95 + 0.319,,, maximum pH
8.207 4+-0.173. On the other hand, undissociated dissolved carbon di-
oxide within region “B” reached its minimum content in April and
November.

Partial Pressure of Carbon Dioxide, P,

The values of P, are of interest due to several reasons, most of which
centre around the significance of the variations in this parameter and
the possibility that the values of P, serve as an indicator of chemical
and physical changes. The dynamics of the carbon dioxide system in
sea water can be studied by the use of P, and pH, which is the most
precise way to study the changes due to biological activity and
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carbonate dissolution effect (Martin, 1970). Krogh (1910) determined
the partial pressure of carbon dioxide in a series of samples from the
sea surface between Scotland and Canada, indicating a P, amount-
ing to 30 x 1073 atmospheres. Buch (1939) has made similar observa-
tions during summer months. In this study, the P, in the surface
water was found experimentally and by calculation varied with an
average some 5% less than in the atmosphere. Buch (1939) found that
Pgo. to be around 29 x 107° atmosphere in temperate regions and
15 x 1075 in Arctic waters. Shriadah (1982) also found in Alexandria
that the P in the Eastern Harbour is 0.5068 x 10~? atmosphere.

The monthly average values of P¢, in the two regions is more or
less equal but in August the surface water of region “B”, the P,
content reached its minimum average value, 0.122 x 107* +0.146 x 104
atmosphere. This is coincident with a very high content of undis-
sociated dissolved carbon dioxide, maximum temperature 29.45 + 0.577°C,
pH =8.20740.173 and minimum salinity 33.95 4 0.31%,. This may be
attributed to an increase in the quantity of phytoplankton in this month.
El-Sherief (1994} found that plankton reached a maximum quantity in
August. This means that in August carbon dioxide is consumed by
phytoplankton decreasing its concentration and the pH increases because
carbon dioxide system is shifted to produce carbon dioxide. In November
in region “A”, PCOZ content decreased to a mimimum value
0.1028 x 10™* 4 3.69 x 10~ * atmosphere, correlated with a low pH value
(7978 + 0.16), high content of undissociated dissolved carbon dioxide
(0.028 + 0.008 mM) and low salinity (25.608 + 4.602%,.).

Carbonate and Bicarbonate Ions

Due to the close relationship between bicarbonate and carbonate con-
tent in sea water, they are better to be discussed together. As shown in
Table II, bicarbonate is more generally abundant than carbonate in
the whole investigated area. The annual average values of bicarbonate
in region “A” are 2.749 4+ 0.321 mM and 2.205 4+ 0.107mM at surface
and bottom water. Carbonate content in surface and bottom are
0.263 + 0.072mM and 0.228 +- 0.024 mM at the same area. In region
“B”, bicarbonate content in both surface and bottom are more or less
equal, 2.356 + 0.247mM and 2.310 4 0.149 mM. The annual average
values of carbonate in both surface and bottom of the same region are
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0.232 + 0.056 mM and 0205 +0.005mM. In region “A”, bicarbonate
content is 10 times greater than carbonate in both surface and bottom
water, while in region “B” the ratio is 11 times higher. In both regions,
the general trend of bicarbonate is to decrease with depth. Limited car-
bonate data are due mainly to the presence of carbon dioxide in excess
converting it into bicarbonate. The monthly variation of bicarbonate and
carbonate ions are related to the duration of the high discharge of the
El-Umum drain and elevated temperature during summer.

Figures 2, 3 and 4 illustrate the horizontal distribution of salinity,
alkalinity and specific alkalinity in regions “A” and “B”. It is observed
that region “A” is characterized by having lower salinity, higher al-
kalinity and specific alkalinity in the investigated period than that of
region “B” (Table I). It is also observed that specific alkalinity in region
“B” is affected by sewage outfalls located at the beaches and the main
sewage outfall at Kayet Bey is more or less constant in both surface
and bottom water at 0.14 meq 171, In region “A”, which is affected
greatly by brackish water from the EI-Umum drain, specific alkalinity
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FIGURE 3 Horizontal distribution of alkalinity (meq 17 !) in January, April, August
and November 1995 in the coastal area of Alexandria.

in the surface water doubles that in the bottom one. According to
Wong (1988), sea water approximates to shelf molar sodium chloride
solution with a rather uniform alkalinity of about 2.3 meq 17*, but the
composition of river water can be much more variable. Average river
water usually dilutes calcium bicarbonate solution (Garrels and
MacKenzie, 1971). Since bicarbonate is the dominant contributor to
alkalinity in river and sea water, thus although average river has lower
alkalinity, it should have a much higher specific alkalinity than sea
water. As a result, specific alkalinity may serve as a tracer for charac-
terizing the riverine end-member in the mixing between river and sea
water. Park (1966) and Park et al. (1969) have used specific alkalinity
to demonstrate successfully the extent of the penetration of the outflow
of the Columbia River into the adjacent marine waters off the coast of
Oregon. Pelletier and Lebel (1979) and Sharp et al. (1982) have also
shown that alkalinity may be used to identify the influence of the
waters from the St Lawrence River and Delaware River on the
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FIGURE4 Horizontal distribution of specific alkalinity in January, April, August and
November 1995 in the coastal water of Alexandria.

decomposition of adjacent coastal water. Although the range of specific
alkalinity in the open oceans is small as a result, alkalinity and specific
alkalinity have become a widely accepted oceanic tracers (Koczy,
1956; Sen Gupta and Pylee, 1968; Turekian et al, 1971; Fiadeiro,
1980). In the investigated area, specific alkalinity could serve as a
tracer for characterizing the brackish water from the El-Umum drain
in region “A”, while sewage waste water in region “B” comes from
sewage outfalls. If specific alkalinity is used in the investigated area as
a tracer for the El-Umum drain water, the drain water could reach
Sidi Bishr area to the east of the drain causing an increase in its
specific alkalinity, especially in August and November, and a decrease
in its salinity. In January and April, drain water did not reach region
“B” and its specific alkalinity is more or less constant.

Comparing data for total alkalinity, specific alkalinity and carbon
dioxide components in other studies in different areas are shown
along with results of the present study in Table IIL It can be seen that
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there are quite substantial differences that can be attributed to dif-
ferences in waste water content. El-Mex Bay and Western Harbour
are affected mainly by a discharge of brackish water from the El-
Umum drain mainly agricultural and industrial wastes, while Abu Qir
Bay is mainly affected by industrial waste and the Eastern Harbour is
affected by sewage discharged to it through minor outfalls and the
main outfall at Kayet Bey. Total alkalinity values in region “A” of the
present study (3.335 and 2.722 meq 17 ') are more or less equal to that
of the Western Harbour and El-Mex Bay (3.020 meq 17! and 3.4087
meq 171). In Abu Qir Bay and the Eastern Harbour total alkalinity
content (2479 meq 17! and 2.719 meq 17!) are more or less equal to
that of region “B”, and its concentration is lower in region “A”. Spe-
cific alkalinity measurements are constants for Abu Qir Bay, Western
Harbour, Eastern Harbour and region “B”. Shriadah and Emara
{1992) found that specific alkalinity of El-Mex Bay is 0.3493 which is
much higher than its values for the previously mentioned areas. This
may be attributed to increase in the volume of brackish water dis-
charged in that time. Shriadah (1982) and the present study used the
same tables of Strickland and Parsons (1972) to calculate carbon diox-
ide components of the Eastern Harbour because this method is rapid
and is practically advantageous. It is observed that total carbon diox-
ide, partial pressure of carbon dioxide, carbonate and bicarbonate ion
content are more or less equal at the Eastern Harbour and in regions
“A” and “B”. Dissolved carbon dioxide content in the studied areas is
less than that in the Fastern Harbour.
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