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ABSTRACT: Water quality of El-Dekhaila harbor was monitored seasonally at nine samples covered the
harbor surface water during 2011-2012. The chemical parameters of surface water reveal that pH, dissolved
oxygen, oxidizable organic matter, chlorophyll and total alkalinity were in the range 7.70- 9.16, 1.07-7.54
mgO,/l, 0.16- 9.92 mgO,/Il, 0.002-0.23ug/l and 2540.3-4668.8pmol/l respectively. Nutrients salts showed large
variations 1.7-51.15, 0.17-12.5, 0.4-14.9, 0.09-17.1 and 10.3-77.3 (u M) for ammonia, nitrite, nitrate, reactive
phosphate and reactive silicate respectively. Depending on DIN/P ratio of seawater samples, phosphorus was
the limiting factor for the Harbour water productivity. Principle component analysis (PCA) which was used
to develop water quality index (WQI) revealed that, stations 1, 2 and 3 is highly polluted by water discharged
from EI-Umum drain through EI-Mex pumping station. The ecological evaluation of El-Dekhaila Harbour
water quality parameters after 20 years of the constructions of the harbor indicates that, the construction of
the harbor decreases surface water circulation pattern out of the harbor leading to increase in polluted water
residence time and hence increase the flushing time and decrease harbor water self purification. Moreover
increasing shipping activity and waste water directly dumped too the harbor dramatically affect the harbor
water quality. This is reflected in large increase in nutrient salt concentration after 20 years from the harbor
construction. This is also accompanied by increasing intensity of microbial activity and decrease dissolved
oxygen content.
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INTRODUCTION

Degradation of water quality due to land-based pollution is a serious problem in Mediterranean coastal
areas. Many semi-closed bays and coastal areas in the Mediterranean are exposed to land based pollution
sources, mainly from agricultural, domestic and industrial effluents and/or river runoff. Changes to
ecosystems as a result of pollution stress have led to the search for means of quantifying such changes™.

El-Dekhaila Harbor is a semi-enclosed basin constructed recently after 1986 on the western side of El-
Mex bay? for the export of manufactured iron and steel. It is economically one of the most important
Harbors in Egypt. It plays an important role in the export and import of other goods such as minerals,
ores, fertilizers, salts and grain. According to Abdalla et al.® and Fahmy et al.?, the Harbor’s water is
subjected to several types of pollution resulted from different sources of wastewater especially those
dumped from the ships traffic to and from the harbor which continuously affect its water quality.
Moreover the harbor is subjected to the untreated industrial waste water discharged directly to the Harbor
from Chloro Alkali Plant, Tanneries and Alexandria Petrolum Company. More over the great effect on
the Harbor water quality is resulted from the huge volume of brackish water that discharged into EI-Mex
Bay through EI-Umum drain (average 6.7x10°m>day™) loaded with industrial, agricultural and domestic
wastes”. All these pollutants contaminate were driven to the Harbor water by the clock wise surface
circulation current of EI-Mex Bay surface water. The Harbor water quality state is of great interest for
many researchers, Ramadan et al.>, Amany and Dorgham', and Fahmy et al.?. Tayel et al.® and Abdalla et
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al.®, studied the water quality characteristics of El-Dekhaila Harbor for the seek of assessment of the
effect of all these different pollutants.

Previous studies* confirmed that the construction of EI Dekhaila Harbor increases the residence time of
the Bay water 10 times than before. Residence time increased from 1.2days during 1983 -1984’ to
11.32days during 2004*. The construction affects the near shore current and decreases the free connection
with sea water, So it increases the residence time and increases the flushing time which lead to a very
slow rate of the water self purification of pollutants.

Pollution assessment needs to correlate all the effective variables and to fully interpret the measured data
in addition to comparing with the previous available data sets. Principal component analysis is
successfully applied tool to sort out hydrographical and chemical from commonly collected water quality
data to establish spatial and temporal variations in water quality®. It is a technique from statistics for
simplifying a data set. It aimed to reduce the dimensionality of multivariate data whilst preserving as
much of the relevant information as possible.

This work aims to study and analyze the impact of the pollution sources (industrial, agricultural and
domestic discharge) and shipping activity and different pollutants on water quality of El-Dekhaila harbor
and evaluate the ecological state of the harbor.

MATERIAL AND METHODS

Study area: El-Dekhaila harbor is located at the western part of EI-Mex Bay at latitude 29° 47' and
longitude 31 ° 10" (Figure 1) with a surface area of about 12.5 Km?. Its water depth ranges between 6 and
19 m with an average of 12.4 m. Surface water samples were collected seasonally from nine stations
during the year 2011/2012 covering the ecologically different parts of the Harbor (Figure 1).
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Figure 1: Investigated area (EL-Dekhaila Harbor) and position of stations

Sample Collections: Surface water samples were collected using Niskin’s bottle. Physico-chemical
analysis were carried out for the collected water samples to measure the following variables (Table 1):
temperature, measured by an ordinary thermometer accurate to 0.1 °C, the pH — value, was measured by
Metrohm (827 pH) pH electrode calibrated with TRIS buffer on total scale (pHT) following Dickson et
al.’, Total alkalinity (TA) was measured following Sarazin et al.,'®. Certified reference materials (CRM
batch 19) that used to calibrate and establish correction factors for TA measurements were obtained from
Professor Andrew Dickson at the Marine Physics Laboratory of the Scripps Institute of Oceanography,
University of California San Diego. Dissolved oxygen (DO) was analyzed according to the modified
Winkler method, (Strickland and Parson)™, oxidizable organic matter (OOM) was measured according to
Carlberg method". Nutrients salts (nitrite, nitrate, ammonia, phosphate and silicate) were analyzed
spectro-photometrically according to the recent oceanographically methods described by Grasshoff"
using a Shimadzue double beam spectrophotometer. Chlorophyll content was determined spectro-
photometrically according to Strickland and Parsons™.
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RESULTS AND DISCUSSION

Water quality parameter of the surface water sample of El-Dekhaila Harbor was interoperated in the
Figures (2-12). The seasonal variations of the ranges and average + SD of different parameters were

presented and tabulated in Table 1.

Table 1: Seasonal variation of the average concentration, minimum and maximum values of
chemical parameters and corresponding standard deviation in El -Dekhaila Harbor.

Parameter Winter Spring Summer Autumn AA\?enr:gle
Ranges 8.17-7.88 8.17-7.87 9.16- 8.46 8.34-7.7 -
PH Average £SD - - - - -
o | megs | ZRC [amencon | Ton | GRT |
(umol/l) | Average +SD | 2673.7+141.6 | 4206.6+468.2 354231“17 3684.3+257.2 3563;2-331
Chlorophy Ranges 0.079- 0.016 0.23-0.045 888;5 0.016- 0.0021 -
(ulglll) Average +SD | 0.040+0.02 | 0.158+0.07 0'028;0'01 0.0024+0.005 | 0.058+0.068
DO Ranges 7.54-5.65 - 2.34-7.26 6.62- 1.07 -
(mgO/l) | Average +SD | 6.65+0.65 - 4714164 | 2.69+1.60 4.68+1.98
OM Ranges 3.84-0.16 8.24-0.32 9.92-4.32 5.12-0.24 -
(MmgO./l) | Average+SD | 2.22+0.99 5.3+2.68 7.2742.19 | 4.19+1.53 4.75+2.11
Total Ranges 2.14-1.56 2.22-1.56 1.98-0.86 3.59-2.42 -
hardness
g/l Average £SD 1.98+0.17 1.77+0.23 1.45+0.44 2.97+0.33 2.05+0.66
Ranges 5.1-1.7 - 37.8-74 | 51.15-13.35 -
Ammonia
(UM) Average £SD 3.55+1.15 - 13.9+9.36 29.52+12.02 15.66+13.07
NO, Ranges 7.40-3.08 12.45-5.58 2.25-0.175 12.5-5.8 -
(M) Average £SD 4.51+1.28 9.07+2.5 0.45+0.28 9.07+2.56 3.53+4.21
NO, Ranges 11.84-6.36 7.57-1.03 5.4-04 14.9-8.4 -
(M) Average £SD 8.76x1.98 4.06+2.36 1.5+1.5 11.83+2.4 6.54+4.63
Silicate Ranges 40.7-21.4 77.35-27 32.3-11.98 | 52.3-10.3 -
(M) Average £SD 26.3+6.02 53.4+15.86 23.29+£7.47 | 33.83+13.51 34.21+13.54
Phosphate Ranges 10.4-7.82 17.10-8.21 0.7-0.13 1.32-0.08 -
(UM) Average £SD 8.59+0.79 13.82+2.66 0.34+0.18 0.33+0.39 5.77+6.62
DIN Ranges 22.8-13.3 - 45.40-8.43 72.7-33.43 -
(HM) Average +SD | 16.58+2.92 - 17'831111'4 50.9+12.78 | 28.44+19.46

pH: pH values plays an important role in many marine life processes. It may also reflect the redox
potential, productivity and pollution level of the aquatic environments. In highly polluted estuarine areas
with limited circulation, natural processes, such as enhanced primary production and organic matter
degradation are causes of pH fluctuation'. In the study area, despite the absence of proportionality, the
lowest value 7.70 in autumn at station 1 is associated with the lowest salinity reflecting the effect of
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brackish water that discharged from EI-Umum drain which affects El-Dekhaila Harbor due to the
clockwise surface water current that allow the discharged water from EI-Umum Drain to move west ward
entering Eldekhaila Harbor. Maximum pH = 9.16 was recorded in station 3 in summer due to the
influence of the alkaline water discharged from Chloro Alkali Plant Factory. The pH of discharged water
from this company is always in the alkaline side, it ranges between 8.9 and 9.5 all over the year and the
volume of discharged water increase dramatically during summer in consistence with tanks washing
processes causing discharge of huge amount of high pH ~ 9.5 waste water™. The distribution of pH at
different stations during different seasons was investigated in Figure 2.
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Figure 2: Seasonal variation of pH in ElI-Dekhaila Harbor stations 2011-2012

Total Alkalinity: Total alkalinity is simply expressed as the sum of equivalents of carbonate, bicarbonate
and borate ions and it is a good indication of the water buffering capacity and the pollution. The annual
mean values of total alkalinity in the surface water of EI-Dekhaila Harbor was 3530.38 pumol/ kg, which is
highly matched with the values recorded for such polluted areas®'® & *’. Total alkalinity vales flocculated
from 4668.8 pumol/ kg in spring (station 1) to 2540.3 pumol/ kg in winter (station 9) (Figure 3). Increasing
alkalinity in spring is accompanied with increasing of chlorophyll which confirms the relation between
alkalinity and phytoplankton standing crop®. The increase photosynthetic activity consumes large amount
of dissolved carbon dioxide causing increasing in alkalinity as a result of carbonate —bicarbonate
equilibrium shift. In addition the contribution of High concentration of phosphate, silicate and ammonia
in the %ischarged waste water in alkalinity must also be considered which result in high alkalinity value in
spring™”.

Dissolved Oxygen: Dissolved oxygen is considered as one of the most important and useful parameters
in identification of different water masses and in assessing the degree of pollution especially with organic
pollutants which affects fish and other marine life through oxygen reduction or depletion. The absolute
surface dissolved oxygen content was fluctuated between highest value recorded during the winter (7.54
mgO-/l) , while the lowest value was in autumn (1.07 mgO,/l) at station 2 which is highly affected by the
brackish water from EI-Mex Bay. In general the high values of DO in winter can be attributed to lower
water temperature as well as agitation of water by strong winds™, both increases the oxygen dissolution in
surface water and decrease degassing. The annual average of dissolved oxygen content DO is 4.68
mgO-/I. Statistical analysis showed that, DO are negatively correlated with high value of ammonia during
Autumn (table 1) confirming the great impact of discharging waste water high in ammonia on the level of
oxygen content since dissolved oxygen is used in oxidation of discharged pollutants. The seasonal
variations of DO at different stations in EI Dekhaila harbor water during 2012 are presented graphically in
Figure 4.
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Figure 3: Seasonal variation of Total Alkalinity
(umole/l) in El-Dekhaila Harbor 2011-2012.

mgO2/I

oxygen
8.00 ~ == \Vinter

700 A summer

A
6.00 - ‘\‘/

e AUtUumn

1 2 3 4 5 6 7 8 9
Stations

Figure 4: Seasonal variation of dissolved oxygen

concentration DO, (mg Oy/l) in El-Dekhaila

Harbor 2011-2012.

Oxidizable Organic Matter, OOM: Oxidizable organic matter, OOM, is far known as one of the most
criteria to assess sewage pollution and organic loading. It is expressed as a measurement of the oxygen
equivalent to the amount of organic matter oxidized by a strong oxidizing agent. The source of OOM in
the Harbor water is from biological activities of living organisms, the decomposition products of died
organisms and from the water discharged from EI-Umum Drain into EI-Mex Bay. Maximum value of
OOM content in surface water was recorded in summer 9.92 mgO,/I at station 3 which lies near the
connection of the harbor opining with EI-Mex Bay. It is reported that increasing organic supply
introduced into EI-Mex Bay under relatively slow rate of self-purification®** results in elevation of OOM
content®. The minimum OOM value was 0.16 mgO,/I recorded in winter at station 6 (Figure 5). The
seasonal average was varied from 2.22+0.995 mgO,/I during winter due to the influence of mixing by
entrainment in addition to the turbulence by winds and waves to maximum average content 7.27+2.19
mgO_/l during summer in consistence with the highest recorded water residence time 13.3days during
summer®. The annual average content of OOM is 4.745 mgO,/l (Table 1).
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Figure 5: Seasonal variation of OOM (mgQO,/l) in Figure 6: Seasonal variation of chlorophyll

El-Dekhaila Harbor 2011-2012. (uUM) in El-Dekhaila Harbor 2011-2012.

Chlorophyll A:  Chlorophyll A is considered as an essential component responsible for the
photosynthesis processes and can be consider as a good easy tool for measuring water productivity.
Measurements of chlorophyll A in El-Dekhaila Harbor surface water varied from approximatly zero at
station 5 during autumn to a maximum content of 0.23ug/l at station 3 during spring (figure 6). the
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seasonal average showed that the highest production of the harbour was during spring with the highest
average chlorophyll content (0.158+0.066g/l) in consistence with high photosynthetic activity while the
lowest (0.002+0.005ug/l) recorded during autumn in spite that the surface water had the highest NO; and
NO, content indicating that low chlorophyll is directly correlated to low phytoplankton community. The
recorded annual average of chlorophyll content in EI-Dekhaila Harbor during 2011-2012 is 0.0576pug/l.
Total Hardness: Calcium, magnesium and total hardness varied from minimum (Ca=0.32 g/l, Mg=1.24
g/l and total hardness= 1.56 g/l) during spring at station 1 to maximum (Ca=0.521g/l, Mg=3.06 g/l total
hardness= 3.588 g/l) at station 2 during autumn (Figure 7). Regarding seasonal average lowest content
(Ca=0.382+0.04 g¢/l, Mg=1.39+1.91 ¢/l total hardness= 1.77+0.23 g/l) while the highest was recorded
during autumn (Ca=0.46+0.03 g/l, Mg=2.51+0.33 g/l total hardness= 2.97+0.33 g/l).
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Figure 7: Seasonal variation of Total hardness (g/l) Figure 8: Seasonal variation of NH; (umole/l)
in El-Dekhaila Harbor 2011-2012. in El-Dekhaila Harbor 2011-2012.

Nutrients salts: Sewage and agricultural discharge through EI-Umum Drain to EI-Mex Bay may consider
as the major source of nutrients to EI Dekhaila Harbor. Large nutrient discharge may have dramatic
ecological consequences. A high anthropogenic input of nutrients under restricted water circulation
especially in semi enclosed basin like El-Dekhaila harbor will support a high rate of organic matter
accumulated at the sea floor where it is respired and oxygen is depleted due to nutrient regeneration.

The studied nutrients in the present work (nitrites, nitrates, ammonia, phosphate and silicates) measured
seasonally and data presented in Tableland their distribution is interpreted in figures. (8-12). In principle,
ammonia is the form of nitrogen preferred by algae and only when its concentration is depleted to less
than 0.15 pM, nitrates and nitrites will be utilized (UNESCO, FAO, UNEP, 1988)21. Ammonia content
was varied from 1.7 uM in winter (st.8) to 51.15 pM in autumn (st.9).

Maximum values of NO, and NO; were detected during autumn (12.5, 14.9 um/I respectively) and
minimum values were measured in the summer, reproductive season, (0.175, 0.4 pum/l respectively).
Increasing NO, and NO; concentrations in autumn accompanied with a decrease in ammonia
concentration during autumn may be attributed to nitrification process. This may be confirmed by a
dissolved oxygen deficiency during autumn.

Dissolved inorganic nitrogen concentrations DIN (the sum of ammonia, nitrite and nitrate) in the harbor
were relatively high (Table 1). Generally the high level of DIN was affected directly by the discharged
water from the drains, which contains high amount of domestic sewage and agricultural fertilizers®.

The environmental significance of phosphorous arises out of its role as a major nutrient for both plant and
microorganisms. High value of phosphorous was detected in spring in station 8 (27.1um/l). Low content
of phosphorous was recorded in station 5 (0.088 um/l) in autumn (Figurell). The high enrichment of
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water with phosphate during winter—spring period is mainly attributed to the allochthonous huge amount

of domestic and drainage effluents enriched with phosphate and other fertilizers discharged into this
2&22

area”™ .

According to Chiaudani and Vighi [23], when DIN/P ratio is higher than 6, the marine algae are
considered to be P-limited and when it is lower than 4.5, they considered to be N — limited. In the present
work, winter data have DIN/P ratio (1.91) while summer and autumn have DIN/P value 55.95 and 308.5
respectively .The average of DIN/P for measured seasons for whole stations was 122.2 where phosphorus
was the limiting factor. This agrees with the data reported for EI-mex bay by shreadah et al.”.

The variations of silicate concentration were mainly contributed to the supply of silicate from drain water
on one hand and its consumption by diatoms on the other hand. Thus, silicate is a good indicator of fresh
water dispersion and of the potential for diatom blooms. Silicate and phosphate were highly correlated
with each other which indicate the footprint of drain water and brackish water from EI Mex Bay. Highest
absolute value of silicate was detected in spring at station 5 (77.3 pm/l) while the lowest content of
silicate was recorded in station 3 (10.3 pm/l) in autumn. The surface water seasonal average of phosphate
and silicate showed maximum content (13.82+2.66 um/l and 53.4+15.86 pum/I respectively) during spring

while the minimum surface average was during summer 0.33+0.18 pum/l for phosphate and 23.29+7.47
pm/1 for silicate.
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Figure 9: Seasonal variation of NO, (umole/l) in Figure 10: Seasonal variation of NO;
El-Dekhaila Harbor 2011-2012. El-Dekhaila Harbor 2011-2012.
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Figurell: Seasonal variation of phosphate (umole/Il) Figure 12: Seasonal variation of silicate
in El-Dekhaila Harbor 2011-2012. (umole/l) in El-Dekhaila Harbor 2011-2012.
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Principal Component Analysis (PCA): Principal component analysis is applied to multivariate data
derived from the water quality parameters analysis of the water samples of all stations during the four
seasons in El-Dekhaila Harbor. The output data reveals four factors (PC1-PC4) affect El-Dekhaila harbor
water quality, association and sources, with cumulative covariance of 83.85%. Varimax rotated
components matrix is presented in Table 2 to give an overview on the nature of loading among the
parameters. PC1, PC2, PC3 and PC4 have covariance of 23.67%, 21.6%, 19.7% and 18.8% respectively.
PC1 represented loading of OOM (0.837) associated with negative loading of silicate (-0.776) which can
be demonstrate autochthonous sources of silicate. PC2 had loading for nitrite (0.869) and nitrate (0.834)
which demonstrated the positive relation between nitrite and nitrate confirming their allochthonous origin.
PC3 represented high loading of dissolved oxygen (0.919) with negative loading of Ammonia (-0.756).
PC4 represented high loading of phosphate (0.860) where phosphorus is limiting factor in phytoplankton
growth.

Water Quality Index (WQI): Water Quality Index (WQI) is calculated according to the following
formula®:

WQI=X 1 —1(An/ Y 1)x PCn

For PC Assessment model where n: The number of effective components, , are the Eigen values of the
effective components, > A sum of the Eigen values and PCn are the n critical principal component
scores”. According to calculation of water quality index, station 3 (WQI =0.731), station 2 (WQI =0.673)
and station 1 (WQI =0.329) suffer from pollution.

These stations are highly affected by discharged water of EI-Umum Drain where oxidizable organic
matter, nitrate and nitrite are the effective parameters (Table 3).

Table 2: Varimax rotated component matrix for chemical parameters of EI-Dekhaila harbor.

Parameters Component
1 2 3 4

Chlorophyll 0.658 -0.057 0.586 0.19
DO -0.119 -0.07 0.919 -0.221
oM 0.837 0.35 -0.027 0.392
TH 0.758 0.08 -0.077 -0.513

TA -0.007 0.518 0.334 0.521
Ammonia -0.202 -0.104 -0.756 -0.45
Silicate -0.776 0.524 -0.066 0.161

Phosphates -0.015 0.135 -0.036 0.86
Nitrite 0.05 0.869 0.205 0.373
Nitrate 0.005 0.834 -0.215 -0.073
Variance 23.673 21.602 19.715 18.863
CV% 23.673 45.275 64.991 83.854

Rotation Method: Varimax with Kaiser Normalization CV: cumulative variance; bold number indicates positive
correlation and -ve italic values indicate negative correlation. a. Rotation converged in 7 iterations
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Table 3: Principal component factor scores and water quality index, WQI, of water samples in

study area.
Hot PC
spots PCl1 | PC2 | PC3 4 WQI parameter
. ) According to high PC1lvalue, the
Station3 | 1.71 | 0.36 | -0.08 | 0.08 | 0.73 effective parameter is OOM
. ) According to high PC1lvalue, the
Station2 | 1.46 | 0.71 | -0.53 | 0.27 | 0.67 effective parameter is OOM
According to high PC2value, the
Station1 | -0.93 | 1.82 | 0.12 | 0.92 | 0.33 effective parameters are nitrite and
nitrate

Monitoring of seawater quality of El-Dekhaila Harbor during 20 years: —Comparing different
environmental water quality parameters in El-Dekhaila Harbor during 20 years from the constructions of
the harbor was tabulated in table (4). It is clearly obvious from the table the great impact of the
construction on the water quality of the harbor since the increasing residence time of polluted water cause
pollutants accumulation. Moreover increasing shipping activity with large organic and inorganic
pollutants dumped to the harbor. It is indicated from the table that the pH affected greatly due to
accumulation of waste water of low pH inside the harbor. The same is for the high alkaline pH value 9.16
recorded due to the industrial water discharge. Concerning dissolved oxygen, the water is still well
aerated except the area f waste water accumulation where dissolved oxygen is used via organic matter
mineralization. Slight ncrease in nitrate attributed to effect of waste water, while the very large increase in
nitrite and ammonia ontent is related to both domestic sewage accumulation and bacterial activity. The
very high phosphate and silicate content in current study comparing to the previous studies is directly
correlated to the large amount of industrial, domestic and agricultural waste water discharged from EI-
Umum Drain and different factories that dumped their untreated wastes directly to the harbor. The worst
situation is that all these kinds of pollutants were accumulated in the Harbor under the influence of
increasing fresh water residence time after the harbor construction.

Table 4: Comparison between water quality parameters of El- Dekhaila Harbor of the current
study and previous studies.

parameters 1990-1991° 1993-1994 ° 2011-2012"
pH - 8.55-8.63 7.7-9.16
DO, 1.47-5.44 mgO-/I 6.29-7.47 mgO,/I 1.07-7.54 mgO-/I
OOM 3.1-18.80 mgO/l | 4.75-6.69 mgO./I 0.16-9.92 mgO,/I
Chlorophyll - - 0.0021-0.23pg/l
Total alkalinity - 3980-4680 umol/l | 2540.3-4668.8 umol/I
NO3 0.52-8.28 uM - 0.4-14.9 pM
NO; 1.77-2.16 uM - 0.17-12.5 pM
NH3; 4.38-14.2 pM - 1.7-51.15 uM
PO, 0.3-0.6 uM - 0.09-17.1 pM
SiO, 2.40-9.5 pM - 10.3-77.3 uM

* Present study
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CONCLUSION

El Dekhaila harbor surface water was highly productive during summer as indicating by having the
minimum NOjz;, NO,, PO, and maximum oxidizable organic matter content. While during winter it
showed the highest dissolved oxygen DO, content which attributed to high surface water turbulence. Also
the low community during summer doesn’t consume too much oxygen as confirmed by low oxidizable
organic matter content. On the other hand the foot print of the drainage water comes through EI-Umum
drain was highly detected and showed a maximum effect on El-dekhaila harbor during autumn. This was
indicated by the lowest DO, content and minimum chlorophyll concentration both accompanied with
highest nutrient salts concentration (NO,, NO3, PO, and Si,0s). Stations 1,2 and 3 are polluted area which
highly affected by EI-Umum Drain and petrochemical companies.
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