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ABSTRACT

Rosetta branch considered the most polluted area of Nile River especially the region from
Kanater city to kafr Elzayat city. Six stations selected longitudinally at this region for collection
of water and macrobenthic invertebrates. Samples were collected during the period from August,
2019 to April, 2020. Some heavy metals were measured to evaluate the degree of pollution in the
studied sites. Macrobenthic invertebrates (MBI) comprised 18 species belong to three phyla;
phylum Annelida (5 species), phylum Mollusca (10 species), phylum Arthropoda (2 species).
Annelida was the abundant group, where it represented 98 % of the total MBI with an annual
average of 28887 Org./m?.The highest number of MBI was observed at site 4 (Tamalay) with a
value of (8514 Org./m?), while the lowest one (45 Org./m?) was recorded at site 2 due to the
effect of EI-Rahawy drain. The correlation depending on Principlal Component Analysis and
biological indices showed that, water temperature, nitrie, nitrate, pH, transparency and DO had a
significant positive correlation with MBI. Cadmium showed a significant positive correlation
with the most dominant macrobenthic invertebrates groups and species. The study recommended
that, the water discharged from El-Hahawy drain should treated.

Keywords: Nile River, macrobenthic invertebrates, heavy metals.

INTRODUCTION

The river Nile in North of Cairo, is divided into two branches at EL-Qanater EL-Kbhiria
region and flows into the Mediterranean Sea at Rosetta and Damietta (Said, 1962; Osborn and
Helmy; 1980). Rosetta River Nile branch extends northwards for about 236 Km on the western
Boundary of the Nile Delta from Egypt's Delta Barrage. It has an average width of 180 m and
depth from 2 to 4 m (EI-Gammal and El-Shazely, 2008). It flows through, EI-Giza, EI-Menofyia,
El-Gharbia, Kafr EI-Sheikh and EI-Boheira Governorates. It is affected by two important sources
of pollution. The first is EI-Rahawy drain, which receives all the untreated sewage of El-Giza
governorate in addition to agricultural and domestic wastes of El-Rahawy village. The second
one is Kafr El-Zayat industrial area (Tayel, 2003).

Macrobenthic invertebrates are those animals, which spend all or part of their life in, on
or near the bottom of any aquatic habitat. The information about benthos is required for studying
productivity, fisheries and field population (Holme and Mcintry, 1971). Macrobenthos are those
forms larger than 1mm and they represented in freshwater by many annelids, insects, crustaceans
and molluscans (Merritt et al., 2008). Benthic macroinvertebrate assemblages are structured
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according to physical and chemical parameters that define habitat and other biological
parameters that influence their reproductive success (Abd El-salam and Tanida, 2013).
Macrobenthic invertebrates were affected by the discharging of untreated wastes (Saad et al.,
2015). Therefore, the present work aims to study the effect of physico-chemical parameters in
addition to some heavy metals on distribution of macrobenthic invertebrates at Rosetta branch,
the most polluted area of Nile River.

MATERIALS AND METHODS
1- The study area:

Seasonal collection of samples (water and macroinvertebrates) from six main stations in
Rosetta branch at the Nile River during the period from August, 2019 to April, 2020. Stations
include El-QanaterAl Khairiyah, EI-Rahawy, Kata, Tamalay, Com Hamada and Kafer ELZayat
(Tablel& Fig. 1).

Table (1): Locations of sampling sites in Rosetta branch of River Nile.

Sites Location Latitude Longitude
1 El-Qanater 30°12°48.79”N 31°2°39.26”E
2 El-Rahawy 30°12°26.53”N 31°1°57.84” E
3 Kata 30°13"12.93" N 30°58'33.77"E
4 Tamalay 30°30732.32" N 30°49'57.29"E
5 Kom Hamada 30°42'5291" N 30°45'44.28" E
6 Kafer El-Zayat 30°49'22.64" N 30°48'38.93"E
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Fig. (1): Map sowing the

2-Collection and analysis of Samples:

The physico-chemical parameters and heavy metals of the collected water samples were
measured according to APHA (2005). Some environmental parameters (Water temperature, pH,
electrical conductivity and total solids) were measured in the field by multi-probe portable meter
(Crison-Spain MM40™), while water transparency was measured by secchi disc.

The macrobenthic fauna were collected by Ekman dredge bottom sampler, covering an
area of about 0.02 m% After collection samples of the bottom fauna were washed thoroughly in a
small hand net of bolting silk (0.5 mm mesh size) and preserved immediately in 9 % formalin
solution in polyethylene jars. Samples were washed in the laboratory again by tab water.
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Identification was conducted by using stereomicroscope, the macrobenthic invertebrates were
separated into groups and to species level. Each species was counted and the population density
was estimated and expressed as a number of organisms/m? (Edmondson, 1966; Bishai et al.,
2000 and Thorp and Covich, 2009).

3-Statistical analysis

The correlation depending on Principlal Component Analysis (PCA) between physico-
chemical, heavy metals and macrobenthic invertebrates was conducted by using XL State
program, 2022.

RESULTS AND DISCUSSION
I-Physico-Chemical Parameters:

The lowest average value of water temperature (19.1 °C) in the six investigated sites
during the study period was recorded in winter but the maximum average (31.4 °C) was recorded
in summer (Figs.2 & 3). This agrees with Ghallab (2000) who found that water temperature was
high during summer but it was low during winter at River Nile downstream of delta barrage at
El-Rahway drain and EI-Enany (2009) who reported that, the variations of water temperature
showed agreement with air temperature.

The highest average value of Transparency occurred during summer (59.5 cm), but the
lowest one (54.67 cm) was listed during autumn. With regard sites, the maximum average value
(99.25 cm) was found at site 1 (El-Kanater), but the minimum one (15.75 cm) was recorded at
site 2 (El-rahawy) due to the effect of discharged sewage at this area. Similar observations were
recorded by Praveen abd Mola (2013), EI-Damhogy et al. (2017) and Abdel Hamid (2020).

The lowest average value of EC (0.68 mS/cm) was recorded in winter, but the highest
average (0.98 mS/cm) was recorded in autumn. With regard sites, the highest average value (1.44
mS/cm) was noticed at site 2 due to the effect of EI-Rahawy drain but the lowest one (0.436
mS/cm) was recorded at site 1. This agrees with the results of and Sabae (2013) and Mola et al.
(2018).

The values of pH showed the highest average value (8.10) at site 1, where the lowest one
(6.94) was measured at site 2. This agrees with EIl Bouraie et al. (2011) and Mola et al. (2018)
who found that pH values were high at Rosetta branch before EI-Rahway drain during summer.
Also, the present findings agree with Gallab (2000) and Saad et al. (2015) who attributed the
lowest value of pH to the effect of inflowing industrial wastewater.

Dissolved oxygen (DO) plays an indicator of water condition. DO in the investigated area
showed relatively increasing during autumn, winter and spring compared to summer. These
results agreed with that of Ghallab (2000), EI-Enany (2004) and Abdel-Aziz, (2005). Moustafa et
al. (2010) stated that DO is considered as an important parameter in the assessment of the degree
of pollution in natural water.

The high biological oxygen demand (BOD) values indicate excessive export of
biodegradable organic matter increasing the de-oxygenation of water to the level where fish and
other aquatic life cannot survive (El Bourie, 2008).

In the current study, the highest average value of BOD (54.1 mg/l) was recorded at site 2,
but the lowest one (3.75 mg/l) was recorded at site 1. EI-Damhogy et al. (2017) and Moustafa et
al. (2010) concluded that BOD values at Rosetta branch is high compared with other parts of
Nile. The obtained result showed an abrupt increase BOD and COD values especially at the
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discharging point of ElI Rahway Drain into Rosetta branch due to the huge amount of different
effluents (agriculture, industrial, and domestic wastes).

Ammonia is the important inorganic nitrogen. The highest acceptable concentration is 0.1
mg/l of NH3-N (Meade, 1985). In the present study, the maximum average value of NH, is 9.142
pa/l was recorded during winter, while the minimum one (5.540 pg/l) was detected during
spring. With regard sites, the highest average value (16.49 pg/l) was noticed at site 2. This high
concentration attributed to the effect of EI-Rahawy drain. Abd EIl- Rashid (2011) and Abdel
Hameed (2020) reported that the increasing ammonia concentration in Lake El-Manzalah was
due to the effect of drains.

The maximum average value of NO, (30.67 pg/l) was calculated during summer but the
minimum one (18.03 pg/l) was showed during Winter. Regarding sites, the highest average
values (40.18 ug/l) was recorded at site 6, at the same time the lowest one (13.58 ug/l) was
measured at site 2. The present results disagreed with Abdel Hameed (2020) who found the
maximum average value of NO3 was in winter. Nitrate followed the same trend of nitrite. Deai et
al. (1991) indicated that the increase of ammonia, nitrite and nitrate was correlated to the
depletion of DO.

Bioactive metals play an important role in metabolism, thus in physiology and pathology
of fish. Metals like Zn, Cu, or Mn function as a cofactor in several enzyme systems (Bury et al.,
2003), while Fe is directly involved with haemoglobin formation in fish blood. However, when
in excessively high concentrations, these metals may cause serious threats to different metabolic
processes. Iron is the most abundant transition element, and probably the most well-known metal
in biologic systems (Forstner and Wittmann, 1983). The highest average value of Iron (0.25
mg/l) was noticed at site 2 but the lowest one (0.13 mg/l) was recorded at site 5. This finding is
in congruence with that reported by Goher (2002) and disagreed with Medani (2018). On the
other hand, the present values of Iron were lower than the permissible limit of WHO (2008) (0.3
mg/l).

The maximum average value of Aluminium (0.49 mg/l) was noticed at site 2 which may
attributed to the increasing of discharged waste water rich with Aluminium from El-Rahawy
drain.

Manganese, although it is an important trace element, it also sometimes exhibits toxicity
(Burger and Gochfeld, 1995). Its concentration lies within the permissible level (0.5 mg/L)
according to WHO (1993). The maximum average value of Manganese (0.04 mg/l) was noticed
at site 2 due to the effect of EI-Rahawy drain. The present results are lower than that mentioned
by Medani (2018).

Zinc is one of the most abundant essential trace elements in the human body. It is a
constituent of all cells, and several enzymes depend upon it as a cofactor (Forstner and
Wittmann, 1983).The maximum average value of Zinc (0.013 mg/l) was noticed at site 1, but the
minimum one (0.010 mg/l) was recorded at site 5. This result is in accordance with that reported
by Khalil et al. (2012) and Medani (2018). According to WHO (2008), the concentration of zinc
in domestic water supplies should be below 5 mg/l. This implies that all the studied area still
within the accepted permissible limit for Zinc values.
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Fig.2.physico-chemical parameters of the studied area of Rosetta branch, Nile River.
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I1-Macrobenthic Invertebrates (MBI):

In the present study MBI comprised 18 species belong to 3 groups; phylum Annelida (5
sp.), phylum Mollusca (10 sp.), phylum Arthropoda (2 sp.) The number of each species in the 6
investigated sites is shown in Table (2).

It was obvious from Tables (2, 3, 4) and Figure (4) that Annelida was the abundant
group, where it represented 98 % of the total MBI with an annual average of 28887 Org. /m?.
Arthropoda and Mollusca contributed 2 % of the total MBI with a respective annual average of
422 and 172 Org./m?. The maximum occurrence of bottom micromenthos in the investigated
sites was recorded during spring and the minimum occurred during winter, being 2004 and 460
Org. /m?, respectively (Table 5). This agreed with the results of Iskaros and El-Dardir (2010).

Table (2). Spatial distribution of the recorded species of MBI.

species/ Taxa | I Il v \ Vi
Phylum: Annelida

Branchiura sowerbyi 0 0 0 0 0 11
Limnodrilus 222 0 83 1865 233.25 217
hoffmeisteri

Limnodrilus spp 1188 45 366 6027 3874 2525
Limnodrilus 155 0 0 178 78 78
udekemianus

Helobdella conifera 11 0 11 0 0 0
Phylum: Mollusca

Pristina sp. 22 0 22 56 11 33
Melanoides tuberculata 389 0 6 0 33 0
Bellamya unicolar 89 0 0 0 44 55
Clatura sp. 0 0 0 0 17 0
Cleopatra bulimoides 67 0 0 0 11 11
Corbicula consobrina 144 0 0 0 0 22
Lanistis carinatus 22 0 0 0 0 0
Eupera ferruginea 0 0 0 0 0 22
Melanoides granivira 0 0 0 0 17 78
Mytella sp. 33 0 33 0 11 0
Phylum: Arthropoda

Chironomus sp. 55 0 0 366 355 1732
Proclides larve 0 0 0 0 11 11
Total MBI 2397 45 521 8492 4695 4795
species numbers 12 1 6 5 12 12

In the present study, Annelida occupied the highest population density (P.D.) of total
macrobenthic fauna as represented by 54.1 % followed by Mollusca (43.5%) and then
Arthropoda (2.3%) of the total number of macrobenthic fauna. The obtained percentages not
coincided with Fishar (2005) who mentioned that Mollusca recorded the highest population
density of total macrobenthic fauna as represented by 60.79% followed by Annelida (24.05%)
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and then Arthropoda (14%). In the present study, Annelida are the most important organisms
recorded from the bottom of the River Nile. This result agreed with Saad et al. (2015).

Arthropods considered the lowest dominant group of bottom fauna. This result agrees
with, Aboul-Ezz (1988), EI-Shabrawy and Khalil (2003), Barbary and El-Shabrawy (2004), EI-
Shabrawy and Rizk (2005), Fishar (2005) and (Mola and Farhat, 2015).

MBI recorded the highest average density at site 4 with a value of (8514 Org./m?) but
sites 2 recorded the lowest value (45 Org./m?) due to the effect of El-Rahawy drain as mentioned
by El Sayed et al. (2020).

The highest average density of Annelida was recorded during spring (7807 Org./m?),
while decreased during summer to 762 Org./m> The lowest annual average of total Annelida
was recorded during autumn (171 Org./m?). Annelida recorded the highest average density at site
4 with a value of (8125 Org./ m?) but site 2 recorded the lowest value (45 Org./ m?). Limnodrilus
spp. is the most dominant annelid species. This result agrees with Mola and Abdel Gawad (2014)
and Saad et al. (2015).

Table (3).The abundance of the recorded macroinvertebrate groups at 6 sites during this study.

roup
Site Annelida | Mollusca | Arthropoda Total
1 1598 710 55 2364
2 45 0 0 45
3 483 6 0 488
4 8125 22 366 8514
5 4196 138 366 4700
6 2875 156 1743 4773
Average 2887 172 422 3480

Table (4). Average density (Org./m?) and percentage of different macrobenthic groups
during the study.

Groups Average Relative abundance %
Annelida 28887 98
Mollusca 172 1
Arthropoda 422 1
Total 29481 100
Macrobenthic invertebrates
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4000

2000

Annelida

Mollusca

Arthropoda

Fig. 4. Distribution of macrobenthic invertebrates (Org. /m?) in 6 investigated sites.
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Table (5). Distribution and seasonal variation of bottom fauna (Org./m?) groups at studied area.

Site | Group Summer Autumn Winter Spring Average
1 | Annelida 621 1110 1909 2753 1598
Mollusca 2175 222 266 177 710
Arthropoda 44 0 133 44 55
2 | Annelida 0 0 89 89 45
Mollusca 0 0 0 0 0
Arthropoda 0 0 0 0 0
3 | Annelida 221 644 0 1065 483
Mollusca 0 22 0 0 6
Arthropoda 0 0 0 0 0
4 | Annelida 621 5639 1376 24864 8125
Mollusca 0 89 0 0 22
Arthropoda 0 488 89 888 366
5 | Annelida 1155 1554 4617 9457 4196
Mollusca 0 287 177 89 138
Arthropoda 0 933 133 399 366
6 | Annelida 1953 533 399 8613 2875
Mollusca 133 0 400 89 156
Arthropoda 177 44 89 6660 1743

El-Damhogy et al. (2017) found that, Mollusca recorded its highest average number
(1027 Org./m?) during spring, while the lowest was observed during winter (88 org./m?). This
may be due to increasing of Melanoidesturberculata which the most common Mollusca species
in the area investigated recorded from all types of bottom. It recorded the highest average during
summer (229 Org./m?) and the lowest average during winter (13 org./m?) and formed( 22.62 % )
of the total Mollusca .

In the present data, the highest average density of total Mollusca was recorded during
summer (385 Org./m?), while the lowest average recorded during spring (59 Org./m?) (Table 4).
Mollusca recorded the maximum average density (710 Org./m?) at site 1, while the minimum one
(6 Org./m?) recorded at site 3 it completely disappeared in site 2 due to the effect of EI-Rahawy
drains. This indicated that Moullsca preferring the clean water. This is in agreement with
AbuelEzz (1984); El Shabrawy (1993); Fishar (1995) and Samaan et al. (1995) who stated that
summer was the flourishing season.

The highest average density of total Arthropoda was recorded during spring (1332
Org./m?), while the lowest average recorded during summer (37 Org./m?). Mollusca recorded
the maximum average density (1743 Org./m?) at site 6, while the minimum one (55 Org./m?)
recorded at site 1 it completely disappeared in site 2&3.Arthropodarepresented by Chironomus
larvae only. It recorded the highest average density (1325 Org./m?) during spring. In vice versa,
Chironomus larvae was the most dominant species contributed 94.40% of the total Arthropoda as
mentioned by EI-Damhogy et al. (2017). Previous results agreed with Stahl (1986) who
mentioned that these larvae are wide spread and abundant in all kinds of inland in lakes. Wirth
and Stone (1968) stated that Chironomus larvae are most abundant in lakes, ponds and streams
favoured by growth of aquatic plants. The increase of Chironomus is often an indication of
polluted conditions.
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In the present study, the highest density of Chironomus larvae was observed during
spring. This result disagrees with AboulEzz (1984) and Samman et al.,(1995) stated that the
highest density of Chironomus larvae was observed during summer and winter. Also, disagree
with Saad et al. (2015) which found the highest density of Chironomus larvae during autumn.

I11-Effect of Physico-chemical Factors on Macrobenthic invertebrates

Water temperature, Nitrie, nitrate, pH, transparency and DO showed a significant positive
correlation (at the same direction) with the most dominant macrobenthic invertebrates depending
on PCA diagram, while it showed a significant negative correlations with EC, COD and
ammonium which located at the opposite side (Fig. 5&6). EI-Damhogy et al. (2017) found a
positive correlation(r = 0.41) between total Mollusca and water temperature.

Cadmium showed a significant positive correlation (at the same direction) with the most
dominant macrobenthic invertebrates groups and species especially Annelida (Limnodrilus
udekemianus, Limnodrilus hoffmeisteri and Limnodrilus spp). PCA diagram showed significant
negative correlations for the dominant macrobenthic invertebrates with the other heavy metals.
These observations are in congruence with that reported by saad et al. (2015) and Medani
(2018).

Iskaros and El-Dardir (2010) reported that the predominance of oligochaetes in Lake
Nasser was due to their ability to adapt to various habitats and to their tolerance to low oxygen
content or anoxic conditions. The present study is disagreeing with Abdel Gawad et al., (2012).
The present study is agreed with Fishar (1995), Bendary (2013), Ibrahim and Mageed (2005),
Zaki (2008), Abd EL-Karim et al.(2009), Khalil et al. (2013), Abdel Salam and Tanida (2013),
Rashid and Pandit (2014), Mola and Farhat (2015) and Saad et al. (2015) who indicated that
predominance of oligochaetes (Limnodrellus spp. ) can be referred to their ability to adapt to
various habitats and their tolerance to oxygen depletion related to excess decomposable organic
matter present in the environment.

There is a strong positive correlation coefficient between pH and the total Arthropods (r =
0.99). On the other hand, strong negative correlation coefficient with total mcrobenthic molluscs
and pH is present (r = - 0.91.

The discharged point of El-Rahawy drain at site 2 showed zero for all the diversity
indices. On the other hand, site 1 at El-Qanater El-khiria recoded the highest diversity indices
and considered as control and healthy station. In addition, the lowest similarity index was
observed between Site 2 and all the other Sits. EI-Damhogy et al., (2017) found that, the lowest
numbers of macrobenthic invertebrates were observed at sites Rosetta and the other sites after
dames this might be due to the effect of strong water current which decrease and prevent
macroinvertebrates from association with substrates.

Arthropoda (Insecta) was the most abundant group in the investigated area. The highest
annual average of Arthropoda population was recorded during spring (3366 Org./m?). This is
mainly due to increase number of insects. But the lowest annual average of Arthropoda
population (35 Org/m?) was recorded during autumn. This result agrees with El-Tantawy et al.
(2003) and Abd EL-Karim et al. (2009). Chironomus larvae were the most dominant species of
Arthropoda (96.97 % of total Arthropoda) with an annual average density of 1344 Org./m?. The
highest average density (3331 Org./m?) was during spring, while the lowest average density
(2046 Org./m*) was recorded during winter. This result agree with Stahl (1986) who mentioned
that these larvae are widespread and abundant in all kinds of inland lakes. However, it is not
common for polluted streams to have abundant Chironomus population as well (McCulloch,
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1986). Limnodrilus spp. was the most dominant species contributed 99.21 % of the total
Arthropoda. It recorded the highest average density (2055 Org./m?) during autumn. But, the
lowest one (18 Org. /m?) was recorded during winter. Also, they disappeared during spring. This
result agrees with Mola and Abdel Gawad (2014), El-Tantawy et al. (2003).

The correlation depending on principal component analysis (PCA) and biological indices
showed that, water temperature, nitrie, nitrate, pH, transparency and DO showed a significant
positive correlation with macrobenthic invertebrates. Cadmium showed a significant positive
correlation with the most dominant macrobenthic invertebrates groups and species. Similar
observations were observed by Saad et al. (2015) who stated that, the highest positive correlation
was recorded between Arthropoda and iron and zinc, while iron recorded a negative correlation
with Mollusca and Annelida. Also, it showed that the most dominant annelid Limnodrilus spp.
had a positive correlation with cadmium and negative correlation with all other heavy metals.
This indicates that this species can resist the high concentrations of cadmium.

So, we can conclude that, the discharged water from El-Rahawy drain play a dangerous
role in Killing all macrobenthos in this area and should treated.

Variables (axesF1and F2: 51.16 %)

0.75 -

Ph

Pristinasp.
Fe . e

0.5

0.25

Mollusca *
0.2 ollusca |

F2{15.77 %)

-0.5

-0.75

-1 -0.75 -0.5 -0.25 0 0.25 0.5 0.75 1

F1({35.39 %)

Fig. (5).The principal component analysis (PCA) diagram between Macrobenthic
invertebrates and physico-chemical parametersparameters.



22
El-Sayed T. E. Rizk et al.

Chirominus
larvae

NO2- ———y
e % Ppristinasp.

F2(21.86 %)

pH
¥
Temp.

¥
* Mollusca T
NO3-

-1 -0.75 -0.5 -0.25 0 0.25 0.5 0.75 1

F1(38.81 %)

Fig. (6).The principal component analysis (PCA) diagram between Macrobenthic
invertebrates and heavey metals.

REFERENCES

Abd El-Karim, M.S.; Fishar, M.R. and Abdel Gawad, S.S. (2009). Epiphytic algae and
macroinvertebrates communities of Myriophyllum spicatum Lemn and their Cascade in
the littoral food Web of Lake Nasser, Egypt. Global Veterinaria, 3 (3): 165-177.

Abdel Aziz, G.S. (2005). Study on the water quality of The River Nile with the environmental
condition at El-Kanater El-Khyria region. M. Sc. Thesis, Chem. Dept, Fac. Sci., Al-
Azhar Univ.188pp.

Abdel Gawad, S .S .. ; Abdel hamid A. M.; El-Barbary M . I. and Mabrouk. A. M. A. (2012).
Benthic invertebrate fauna in Ashtoum El Gamil protected area (Lake Manzala), Egypt.
Egypt. J. Aquat. Biol. & Fish., 16(4): 91-101.

Abdel Hameed, M.S. (2020).Ecological and applicable studies on some zooplankton species in
Lake Manzalah, Egypt. Ph.D. Thesis. Zoology Dept. Fac. Sci. Ain Shams Univ., Egypt.

Abdel Salam, K. and Tanida, K. (2013): Diversity and spatio -temporal distribution of macro
invertebrates communities in spring flows of Tsuya Stream, Gifu prefecture, central
Japan. Egypt. J. Aquat. Res., 39:39-50.

Aboul Ezz, S.M. (1984). Limnological investigations on zooplankton and benthos. In Lake
Burollus. Ph.D. thesis, Fac. Sci. Mansoura Univ., 340pp.

Aboul Ezz, S.M. (1988): Periodicity and distribution of bottom fauna in the hyper saline
Bardawil lagoon. Bull. Nat. Inst. Ocean. &Fish., 14(1): 159 — 174.

APHA (2005). APHA: Standard Methods for the Examination of Water and Wastes, 18th ed.,
American Public Health Association, Washington, DC.



23
Effect of physico-chemical parameters on distribution of macrobenthic invertebrates
at Rosetta branch the heaviest polluted area of Nile River

Barbary, M.S.A. and EIl-Shabrawy, G.M. (2004). Community structure and biochemical
parameters of annelid worms in Bardawil Lagoon. J. Egypt. Ger. Soc. Zool., 45(D):469 -
492.

Barbary, M.S.A. and EIl-Shabrawy, G.M. (2004): Community structure and biochemical
parameters of annelid worms in Bardawil Lagoon. J. Egypt. Ger. Soc. Zool., 45(D):469 -
492.

Battle, J.M.; Golladay, S.W. and Clayton, B. (2001). Aquatic macroinvertebrates and water
quality characteristics in five wetland types: preliminary results on biomonitoring, pp.
333-336. In: K. J. Hatcher (ed.), Proceedings of the 2001 Georgia Water Resources
Conference. Institute Ecology, University of Georgia, Athens.

Bendary, R.E.E. (2013). Ecological studies on macrobenthic invertebrates associated with
macrophytes in River Nile, Egypt. M. Sc. Thesis, Zool. Dept. Fac. Sci.. Ain shams Univ.,
207pp.

Bishai, H.M.; Abdel Malek, S.A. and Khalil, M.T. (2000). Lake Nasser. Egyptian environmental
affairs agency (EEAA production). National Biodiversity Unit. No. 11.

Burger, J. and Gochfeld, M. (1995): Growth and behavioral effects of early postnatal chromium
and manganese exposure in herring gull (Larus argentatus) chicks. Pharmacol. Biochem.
and Behaviour, 50: 607-612.

Cattaneo, A. (1983). Grazing on epiphytes. Limnol. Oceanogr., 28: 124-132.

Chin, D.A. (2000). Water- Resources Engineering. Prentice-Hall Inc. Upper Saddle River, New
Jersey, PP 585-635.

Clements, W.H.; Cherry, D. S. and Cairns, J. (1988): Impact of heavy metals on insect
Communities in streams: A comparison of observational and experimental results. Can. J.
Fish. Aquat. Sci., 45: 2017-2025.

Deai, J.; Yida, T.; Gong, Y.; Jianrong, Z. and Yicheng, S. (1991). Factors affecting the
relationship between the NBOD values and the amounts of nitrogenous pollutants: A
field study on the Lee River. Wat. Res., 25(4): 485-489.

Edmondson, W.T. (1966). Freshwater biology, John Wiley and Sons Inc., New York & London
(second ed).

El Bourie, M.M.Y. (2008). Evaluation of organic pollutants in Rosetta branch water-river Nile.
M.SC. Thesis. Fac. Sci., Tanta Univ., Egypt.

El Bourie, M.M.Y.; Motawea, E.A.; Mohamed, G.G. and Yehia, M.M. (2011). Water quality of
Rosetta branch in Nile delta, Egypt. Suoseura-Finnish Peatland Society Suo, 62(1): 31—
37.

El Sayed, S.M.; Hegab, M. H.; Mola, H.R.A.; Ahmed, N.M. and Goher, M.E. (2020). An
integrated water quality assessment of Damietta and Rosetta branches (Nile River, Egypt)
using chemical and biological indices. Environ Monit Assess (2020) 192:228.

El Shabrawy, G.M.M. (1993). Studies on invertebrates in the first Lake of Wadi El Rayan
Depression. M.Sc. thesis, Fac. Sci., Zagazic Univ., 200PP.

El Tantawy, S.A.; Bishai, R. M.; Abdel Latif, A. F.; Samaan, A. A. and Iskaros I. A. (2003).
Species composition and seasonal population dynamics of the benthic fauna in
KhorKalabsha, Lake Nasser, Egypt. Egyp. J. Aquat. Biol. & Fish. 7(4):211-240.

El-Damhogy K.A.1; Fishar, M.R.; Mola, H.R.A. and EI-Naggar, S.A.M. (2017). The relationship
between macrobenthic invertebrates and those associated with Plants (Myirophyllum



24
El-Sayed T. E. Rizk et al.

spicatum) in River Nile at Qanater region, Egypt. J. Egypt. Acad. Soc. Environ. Develop.,
18 (1): 21-32.

El-Enany, H. R. (2009). Ecological studies on planktonic and epiphytic microinvertebrates in
Lake Nasser, Egypt. Ph. D. Zool. Dept.Thesis, Fac. Sci. Banha Univ., 311pp.

El-Enany, H.R. (2004).: Ecological studies on Lake Manzalah with special references to their
water quality and sediment productivity. M.Sc. Thesis, Zool. Dept. Fac. Sci... Al Azhar
Univ., 379pp.

El-Gohary, F. (1994): Comparative environmental risks in Cairo: Water pollution problems, in
comparing environmental health risks in Cairo, Egypt, USAID & GOE, vol. 2, p.2.1.

El-Shabrawy, G. M. and Rizk, E. T. (2005). Long-term changes and community structure of
macrobenthic Arthropoda and Mollusca in Bardawil Lagoon. Thalassia Salentina, 28: 17-
30.

El-Shabrawy, G.M. and Khalil, M.T. (2003). Macrobenthos of Lagoon Bardawil and Zaranik
Lagoon. A report presented to Nature Conservation Sector, EEAA. Med Wet Coast
Project, Conservation of Wetland and Coastal Ecosystems in the Mediterranean Region,
Ecological Survey of Zaranik Nature Protectorate, GEF, 30 pp.

Fishar, M.R.A. (1995). Studies on bottom fauna in Lake Nasser, Egypt. Ph.D. Thesis, Suez
Canal Univ., p. 267.

Fishar, M.R.A. (2005). Ecology of benthic communities of Lagoon Bardawil, Egypt. B.
Macrobenthos. J. Aquat. Biol. & Fish., 9 (2):53-71.

Forstner, U and Wittmann, G. T. W. (1983): Metal pollution in the aquatic environment.
Springer-Verlag, Berlin, pp. 30-61.

Ghallab, M.H.M. (2000). Some physical and chemical changes on River Nile downstream of
delta barrage at EI- Rahawy drain. Ph.D. Thesis. Chemis. Dept. Fac. Sci. Ain Shams
Univ. 239pp.

Goher, M.E. (2002). Studies on the precipitation and dissolution of some chemical element in
lakeQarun, Ph.D. Thesis. Fac. Al Azhar Univ. Egypt.

Holme, N.A. and Mcintry, A.D. (1971). Methods for the study of Marine Benthos. Internatinal
Biological Programme 7 Marylebone Road NWI. Blackwell Scientific Publications,
Oxford and Edinburgh.

Ibrahim, E. A and Mageed, A. A. A. (2005). Project for studying the distribution of algae and
aquatic plants in Lake Nasser. Final Report, National Institute of Oceanography and
Fisheries, Cairo.

Iskaros, I. A. and El-Dardir, M. (2010). Factors affecting the distribution and abundance of
bottom fauna in Lake Nasser, Egypt. Nature and Science, 8(7): 95-108.

Khalifa, N. and Sabae, S. Z. (2013). Seasonal Variation and Interaction Between Rotifers and
Bacteria in Rosetta Branch, River Nile, Egypt. Australian J. Basic and Appl. Sci., 7(2):
752-762.

Khalil. M. T.; Fishar, M. R.; Khalifa, N.; Sleem, S. H. and Bendary, R. E. (2013). Ecological
studies on macroinvertebrates associated with aquatic macrophytes in the River Nile,
Egypt. Proc. of The International Conference of Environmental Sciences21- 22 May
(2013) - pp. 191 — 206.

McCullch, D. L. (1986). Benthic macroinvertebrates distributions in the riffle-pool communities
of two east Texes streams. Hydrobiologia, 135:61-70.



25
Effect of physico-chemical parameters on distribution of macrobenthic invertebrates
at Rosetta branch the heaviest polluted area of Nile River

Medani, H.M.O (2018). Effect of Pollution on Macrobenthic Invertebrates in Some Stations on
the River Nile in Greater Cairo. M.Sc. Thesis. zoology. Dept. Fac. Sci. Ain Shams
university, 163pp.

Merritt, R.W.; Cummins, K.W. and Berg, M. B. (2008). An Introduction to the Aquatic Insects
of North America. 4th (Edition) Kendall Hunt Publishing. Dubuque, lowa, U.S.A.
1158pp.

Mola, H. R.A. and Abdel Gawad, S.S. (2014). Spatio-temporal variations of macrobenthic fauna
in Lake Nasser Khors, Egypt.(2014). Egypt. J. Aquat. Res., 40: 415-423.

Mola, H.R.A. and Farhat, H. I. (2015). Effect of Sedimentological and geochemical changes on
macrobenthos structure in Bardawil Lagoon, Egypt. Middle East J. Appl. Sci., 5(2): 549-
560.

Mola, H.R.A.; Shaldoum, F.M.A. and Alhussieny, A.M. (2018). Diversity of planktonic and
epiphytic microinvertebrates associated with the macrophyte Eichhornia crassipes
(Mart.) in River Nile at El-Qanater El-Khiria region, Egypt. J. Egypt. Acad. Soc.
Environ. Develop., 19 (1):117-132.

Moustafa, M.M.; Ali, M. H. H.; Abdel Satar, A. M.; Mohamed, T.Y .And Madbouly, S. M.
(2010). Water quality assessment of Rosetta and Damietta Branches, River Nile, Egypt.
Afr. J. Biol. Sci., 6 (2): 127-142.

Parveen, S. and Mola, H.R. (2013): Comparison of physico-chemical parameters and
zooplankton species diversity of two perennial ponds in Aligarh, India. J. Environ. biol.,
34(4):709-716.

Rashid, R. and Pandit, A.K. (2014). Macroinvertebrates (Oligochaetes) as indicators of
pollution: a review. J. Ecol. Nat. Environ., 6(4): 140-144.

Saad, A.A.; Emam, W.M.; Mola, H.R.A. and Omar, H.M. (2015): Effect of pollution on
macrobenthic invertebrates in some localities along the
River Nile at Great Cairo, Egypt. Egypt. J. Aquat. Biol. & Fish., 19(2): 1-11.

Sabae, S.Z. (2004). Monitoring of microbial pollution in the River Nile and the impact of some
Human activities on its waters, Proc. 3rd Int. Conf. Biol. Sci. Fac. Sci. Tanta Univ., 28-29
April, vol. 3: 200-214.

Samaan, A. A.; Aboul Ezz, S. M. Salem, S. A. and Soliman, A. M. (1995): Benthic fauna of
Rosetta Nile branch (Egypt). Bull. Nat. Inst. of Oceanogr& Fish., A.R.E. Vol 21.

Samaan, A.A.; AboulEzz, S. M. Salem, S. A. and Soliman, A. M. (1995): Benthic fauna of
Rosetta Nile branch (Egypt). Bull. Nat. Inst. of Oceanogr& Fish., A.R.E., 21: pages.....

Stahl, J. B. (1986). A six year study of abundance and voltinism of Chironomidae (Diptera) in an
Illinois cooling reservoir. Hydrobiologia, 134, 67-79. Thesis, Fac. Sci., Suez Canal Univ.,
267PP.

Thorp, J. H. and Covich, A.P. (Eds.). (2009). Ecology and classification of North American
freshwater invertebrates. Academic press.

Ueda, S.; Kawabata, H.; Hasegawa, H. and Kondo, K. (2000): Characteristics of fluctuations in
salinity and water quality in brackish Lake Obuchi. Jpn J. Limnol, 1: 57 — 62.

Wirth, W. W. and Stone, A. (1968): Aquatic Diptera, P.372-482 in R.L. Usinger (ed.), aquatic
insects of California. Univ. Calif. P. r. Los Angeles.

World Health Organization (WHOQO) (2008): Guidelines for drinking-water quality, 3rd ed.,
incorporating the first and second addenda, vol., 1. Recommendations. Geneva.



26
El-Sayed T. E. Rizk et al.

il e B Caplil) Baad Alaia 5 st Ae ) Cily 8 a6t Ao AiliasS g 3l Gailadll il

"3 dsall e sl ¢ L g8 gl dana cull) ¢ gy a ¢ P gale Adlad 155 )
Uil dasla o glal) 4408 gual) ol and - 1
O sl daaly o glall 408 ) goad) ale and - 2
£ 3.e Aaala Ly i) A5 2 gl o - 3
*Corresponding author: hesham_reda06@yahoo.com

aldiual)

o bl S (fia g Sl sl dkaiall 8 La gead 5 Jall e (A A5 skl Shliall JS) e 3l ) g 8 iag
Sl Ao ) by S e 5 olae e asand 3 g Aidaiall o3 L gda W HLA a3 Cilasa 6 il o A yall 518
b gl A pa il ALEN jealiall (s (a8 2352021 Ji ) is 2019 Gshanst ) (e85l JDA Cligal) gpent o
<lbsa ), (g5 psed)Annelida chalall a5 daw ) Gle sana 3 ) a5 18 Jamasd a3 Ay y2al) Adlaiall
gl S oo Annelida <ldlall <l (Gue 58 )Arthropoda Jao¥) cilbilaie 435 (2153 10 ) Mollusca
anall Cilas (% o/04S ) 2887 (M sae 5 uSl el il S S ¢ ganall (50 %698 (s SESI i i Lo 5
Jal (s sta )l Al cilais ety (2o/0i1S ) 8514 (Al sa 5 Sl Ao ) <y SO (e 2ae e (gDlada dihaic) 4 &8

80 all Aa o o ds Y sl Slaa W) Ll Al ) Ciaa gl 5 sl 11 G pame 585 Aaii 13 5 (%/05S ) 45 2
Gl ) a5 68 de alaal 5l Cld CulS QA S g A8EN 5 s g juel) a1 As a9y il g &l pall
Lol by U 5 58 8 Ll 1B ALED pualiall S 58 o gae s0alSI o Qi 138 pia 5) LS 550 A Ll
Sl Ll s 55 U (o sl 1) i jame alie Aadlaay A jall i of GlIAL 5 01


mailto:hesham_reda06@yahoo.com

