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AIM OF THIS 
WORK



AIM OF THIS WORK:
• The determination of elemental content: The study focuses on analyzing

the elemental composition of marine macrophytes found along the
Mediterranean Sea coast of Egypt. This analysis aims to provide valuable
insights into the presence and levels of various elements within these
macrophytes.

• Assessing polluting agents and their impact: The main objective of the
study is to assess the polluting agents present in the marine ecosystem
of the study area. By examining the elemental content of the collected
macrophytes, the study aims to reflect the general background of
pollution in the water environment and gain a deeper understanding of its
potential impact on the surrounding ecosystem.
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INTRODUCTION



WATER RESOURCES 
IN EGYPT

Do you know what are the main sources of 
water in Egypt: 

● The Nile River is the main source
● Agricultural drainage 
● Ground water in Delta
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Why Algae and Sea 
Grass samples



Since marine macroalgae have been found to be an excellent
biomonitor for trace elements, the use of a biomonitor is
preferable when monitoring coastal habitats. Additionally, marine
species are used to reflect the level of metals in aquatic systems
rather as detecting the concentration of metals in sediment and
seawater samples since the concentration of metals in seawater
is very low, may be below the limit of detection, and exhibits a
wide range of changes.
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Samples 
measurments
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Sampling locations



Map illustrating 
Sampling sites:

1-AGIBA, 
MATROUH

2-ELOBAYED, 
MATROUH

3-CLEOPATRA, 
MATROUH

4-ROMIL, 
MATROUH

5-CITADEL, 
ALEX.

6- ABO-QIR, 
ALEX.

7-RAHEED, 
DELTA



Sampling locations and species collected

1 Cladophora sp

2 Posidonia balls, Sargasum sp.

4

Hypnea sp, Ulva Intstinalis,
Amphiroa sp., Entermorpha sp. 

5

Cystoseira sp , Posidonia balls

6

Cymodocea nodosa, Cladophora sp.

7

Gelidium pusillum

Agiba, Marsa Matrouh

El Obayed, Marsa Matrouh

Cleopatra, Marsa Matrouh

Romil, Marsa Matrouh

Citadel, Alexandria

Abo-Qir, Alexandria

3

Rasheed, Delta Entermorpha sp.



Sampling 
collection and 

preparation



Sampling Collection and preparation:
• 13 samples od marine algae and sea grass were collected from 7 

station along Mediterranean sea north coast of Egypt during 2015-
2016.

• Samples were collected by hand on the depth 0.5 to 1.5 m, rinsed with ambient water 

and cleaned from epiphytes, then kept in a polyethylene bags and transferred to the 

laboratory in an ice-box. In the laboratory samples were rinsed with distilled water and 

dried till constant weight at 40˚C during 24 hours then manually homogenized in agate 
mortar. 





Samples 
measurments



• Samples were analyzed
with Neutron activation
analysis that was
performed in the Frank
Laboratory of Neutron
Physics, IBR-2 of the JINR.

• Samples are compressed
in special containers at 3-6
atm. pressure and
connected to the REGATA
pneumatic system .

Layout of pulsed fast reactor IBR-2 at JINR in 
Dubna



The following scheme illustrates the neutron capture 
process and gamma ray emitted after irradiation 
process:



SOME NAA FEATURES 



Neutron Activation analysis

• Neutron activation analysis is an isotope specific analytical technique for the
qualitative and quantitative determination of elemental content and is considered as
highly sensitive analytical technique

• It was first performed in 1936 by Georg de Hevesy and Hidle Lev.
• NAA is considered one the primary analytical techniques.
• It is also nondestructive analytical method, that save the samples as analysis is done

without any use of chemical preparation prior to the analysis.
• Multi-elemental analysis at the same time and in the same process.
• NAA has a good selectivity due to specific nuclear physics characteristics of the

elements.
• NAA Measures wide range of elements including rare earth elements.
• Easy sample preparation method.
• Good accuracy + 10-15% in determination of low concentrations (ppm).



Analytical capabilities and detection 
limits for elements by NAA:

Fast Neutron 

Activation analysis

Prompt Gamma 

Activation Analysis

Thermal 

Neutron Activation 

analysis

Not done by 

NAA.

*Numbers represent 

ppm.
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Process scheme of NAA:

Sample 
preparation

Measurment of 
Gamma spectra of 
induced  activity

Irradiation 
process

sampling Gamma spectra 
processing

STEP 1

STEP 2

STEP 3 STEP 5

STEP 4 STEP 5

Calculation of 
conenctration



IRRDIATION PROCESS

Short lived 
isotopes

Long Lived 
Isotopes

0.3 g of samples were
packed in a heat sealed
poly ethylene container
and irradiated in the
conventional channel

and irradiated for 3 min.
and measured twice:
• After 2-3 min.
• After 9-10 min for 20

min.

0.3 g of samples were
packed in aluminum cups
and were determined
using epithermal
neutrons in cadmium-
screened irradiation

channel for 5 days. and
measured twice:
• After 4-5 days.
• After 20 days.
And measuring time from
1 to5 hr.



Measurement of Gamma spectra 
of induced  activity:

- The gamma ray counting system for multi-elemental analysis uses a
semiconductor detector.

- The system sorts the pulses in spectrum analyzers and saves the data on a
computer system.-

- Ge(Li) detectors or highly pure germanium HpGe detectors are used for
measuring induced gamma activity.

- The detectors have high efficiency and resolution.
- HPGe detectors have a resolution of 1.9 keV for the 60Co 1332 keV gamma line.
- The determined concentrations have errors in the range of 5% - 15% for most

elements. And for elements like Zr, Mo, Ag, and Au, which have concentrations
at the level of detection, the errors can be 30% or greater.



Gamma-ray spectrum showing several short-lived elements measured:

To process gamma spectra and to calculate concentrations of elements in 
the samples, software was used that was developed at FLNP JINR



Gamma spectra processing:
-So as to process gamma spectra and to calculate concentrations of
elements in the samples, software was used that was developed at FLNP

JINR.
-Quality control was ensured by simultaneous analysis of the examined
samples and standard reference materials SRM 1632c (trace elements 33
in coal, National Institute of Standard and Technology (NIST)), SRM
1633b (constituent elements in coal fly ash, NIST), 1547 (peach leaves,
NIST), 690CC (calcareous soil, Food and Agriculture Organization of the
United Nations), 1573a (tomato leaves, NIST), SRM 433 (marine
sediments, International Atomic Energy Agency) and BCR 667 (estuarine
sediment, Institute for Reference Materials and Measurements) irradiated
in the same conditions together with the samples under investigation.



1- Concentration equation:

Csam= Cstd ( Asam / Astd)

Where:
Csam is the concentration of the sample 
Cstd is the concentration of the standard 
Asam is the measured activity of the sample 
Astd is the measured activity of the standard 

Calculation of the concentration:



2- The activity concentration equation used to determine 
concentration of elements:

A= σΦ (
𝒎

𝑴
) NA ɵ Pγ ξ (1- 𝒆−𝝀𝒕irr)             

(1- 𝒆−𝝀𝒕meas) (𝒆−𝝀𝒕cool)
Where: 
A is the activity in Bq
σ is the activity cross section of the isotope under determination in cm2

Φ is the neutron flux in (neutron/cm2.sec) 
m is the mass of the element under determination in g 
M is the atomic weight of the element under determination in g/mol
ɵ is the abundance of the activated isotope 
Pγ is the probability for emission of γ rays with energy E 
ξ is the detector efficiency as a function of energy E 
tirr is the sample irradiation time 
tmeas is measurement time 
tcool is sample cooling time 
λ decay constant of formed isotope 
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RESULT AND 
DISCUSSION



For all collected samples the concentrations of Na, Mg, Al, S, Cl, K, Ca, Sc, 
V, Mn, Fe, Co, Ni, Zn, As, Se, Br, Rb, Sr, Ag, Sb, I, Cs, Ba, Ta, Th, and U 
were determined while the content of Ti, Ag, I, Mo, La, Sm, Eu, Ta, Tb, Yb
and Hf in some species were below the levels of detection. 

Concentration of

element in mg/kg

dry wt. in marine

algae and

seagrass

collected from

Med. Sea, the

coast of Egypt.



• From the data it is clear that the major elements
content in all species are Na, Mg, Al, S, Cl, K, Ca
reflecting that they are the main nutrients for all type of
macrophytes.

• The concentration of these elements varied in a wide
range,like it ranges from 3310 mg/kg in Entermorpha
Rasheed to 81800 mg/kg in Hypnea from Abo- Qir for
Na.

• On the same way The concentration of elements in the
samples collected at the same station (Abo-Qir bay)
are varied greatly too. Thus the content of Na, S, Cl, Ca
and Sr in Hypnea sp., Ulva intestinalis and Amphiroa
rigida differ by more than 10 times.



Concentration of some elements in 
all samples in mg/kg:







`The data showed:
• for Ti, Ni, Co, Fe, Ag, Mn have their highest concentration in

Entermorpha sp. from Rasheed.
• La, Ce, Sm, Tb, Tm, Hf, Ta, Th and U are rare earth elements have

highest values in Entermorpha sp. from Rasheed.
• Highest value of V was 59.9 mg/kg in Cladophora sp.from Romil.
• Highest value of Zn was 243 mg/kg in Cymodocea nodosa

collected from Romil .
• The highest content of As was 45 mg/kg and was found in

Cystoseira sp. Collected from Cleopatra beach Marsa Matroh.



On comparing our results with other data reported for
other location on the Mediterranean Sea it showed that:

1- The concentration of V in Cladophora sp. and
Posidonia sp. from Marsa Matroh are relatively higher
than corresponding data from Thessaloniki gulf in Greece
reported in 2007.

2- And for Hypnea sp. and Ulva sp. from Alexandria it is
found that the V are less by 5 times than the
corresponding value from Thessaloniki gulf in Greece
reflecting an accepted levels of V in Alexandria coastal
areas.



• For Mn the concentrations measured for Cladophora
sp., Cystoseira sp., Hypnea sp. and Ulva sp.collected
from Alexandria and Marsa Matroh showed a much
less value than reported in Greece reflecting an
accepted levels of Mn in these areas.

• On comparing Mn from Rasheed with data from
Greece it was found that Mn concentration is higher
reflection a higher levels of Mn in this area.



• For Fe the concentrations measured for Posidonia sp.
from Marsa Matroh showed a higher value than
reported in the same area in 2010. reflecting an
increase of Fe emission to the environment is this area.

• In the same way in Alexandria measurements for
Enermorpha sp. and Ulva sp. it was found that the Fe
content are much higher than corresponding data
reported in 2008-2010.



• Data obtained for Co in most studied locations and
species(Cladophra sp., Cystoseira sp., Hypnea sp.,
Ulva sp. Corallinalis sp. and Entermorpha sp.) showed
a lower value than corresponding data in different
locations around the Mediterranean Sea reflecting an
accepted levels of Co in all studied locations.



• For Ni content in Cladophra sp., Posidonia
sp., Cystoseira sp. Cymodocea sp., Hypnea
sp., Ulva sp. Corallinalis sp. and Entermorpha
sp. are relatively lower than corresponding
reported data from Alexandria, Marsa Matroh
and Thesssaloniki gulf in Greece.



• With respect to Zn, of Cystoseira sp.from Marsa
Matroh our result is two times the data reported in
Marsa Matroh in 2009-2010 and about three times data
reported from Tartous, Syrian coast, while still lower
than data reported from Thessaloniki gulf, Greece.

• significant findings is that for Cymodocea sp. showed
Zn content are found to be four times than
corresponding reported data from Marsa Matrouh in
2009-2010 indicates that an increase in Zn emission to
the environment in this area.

• Entermorpha sp. from Alexandria and Rasheed show a
relatively high content of Zn compared with other data
reflecting also a higher content of Zn in these locations



• All this can reflect an increase of Zn
emission to the environment which due to
corrosion of Zn based alloys which is widely
used in ship building.



Correlation analysis: 
Data was analyzed to utilize correlation analysis using Person 
rank order correlation using SPSS. 

• A positive correlation between (As, Cd, Sr, Th, U and rare 
earth element) forming a group which may be coming from 
fertilizers.

• The second group having correlation  is group from (Al, 
Sc, Fe, Rb, Cs, Th, U) which have terrigenous origin. 

• A positive significant correlation between (Ti, Mn, Ni, Co, 
Fe, Ag, Th) may be reflected due to chemical peculiarities 
of igneous rocks.  



Conclusion:
-Neutron activation analysis was used to determine the
concentrations of over 30 elements, including Mn, Fe, Co, Ni,
and Zn, in marine macrophytes along the Egyptian coast of the
Mediterranean Sea.
- Concentrations varied widely depending on the species of

macrophyte analyzed
.- The concentrations of Co, Ni, Se, Mo, Ag, Cs, La, Sm, Yb, Hf,
Ta, and U were very similar in all samples.
.- Results showed that V content in Marsa Matrouh samples was
higher than compared data, while in Alexandria it was lower than
compared data.
- Mn, Ni, and Co contents were within accepted levels in all

compared data, except for Mn content in samples from
Rasheed area.



-The content of Zn varied according to type of macrophytes and
location of sampling, samples from Marsa Matroh showed a
higher content than compared data reflecting a main pollution
problem appearing in Marsa Matroh.
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