Rzdiochemical Studies On Some [ndustriai Pollutants
Released To The Environment

o - AThesis Submitted
5 - P e
R _):ﬂ.ﬁé‘_-u__ . J 4 i By

Essatn Metwally Abdel-Ghany Metwally .7
.S¢ and M.Sc. in Chemistry

For
The Degree of Doctor of Philosophy of Science
%, g/ {Chemistry)

U1y
7 T3
% SUPERVISED BY 4%
" Prof.Dr. M.F.Ei-Shahat Prof.Dr.H.A.Ei-Naggar
Prof of Anaiytical and Head of Nuclear Chemistry

Inorganic Chemistry Department- Hot Labs. Center

Faculty of Science Atomic Energy Authority
Ain Shams University

Prof.Dr.M.K.K.Shehata | o J
Prof. of Radiation Chemistry o
Hot Labs. Center
4 Atomic Energy Authority

: To
Chemistry Department; Faculty of Science
Ain Shams University

1997

LAY 3t el -~ ok T



Radiochemical Studies On Some Industrial Pollutants
Released To The Environment

Advisors Approved
Prof. Dr. M. F. El- Shahat o
Prof. Dr. H. A. El- Naggar y ' f,-" PN %
Prof. Dr. M. K. K. Shehata i

Q T H Ja bnom A
Prof. Dr. F. M. Fahmy
Head of Chemistry Department

Faculty of Science
Ain Shams University




m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University






ACKNOWLEDGMENT

Vwould like to express my deep gratitude to Prof. Dr. M.F. El-Shahat, Prof.
of inorganic and anafytical chemistry, Faculty of Science, Ain Shams University
for spansering this work and fruitful discussion.

I would like to express my deep thanks and gratitude to Prof. Dr. HA. Ei-
Naggar, Head of the Nuclear Chemistry Dept., Hot Labs, Center, Atomic Energy
Authority for suggesting the peint of research, supervision, encouragement,
continuous follow up of the experimental work, interesting discussion and
constructive criticism of the manuscript.

| would fike to express my sincer thank and deep gratitude to Prof. Dr.
WM.K.K.Shehata Emeritus Prof. of radiation chemistry, Hot Labs. Center, Atomic
Energy Authority for his supervision, interesting discussion, continuous
encouragement and valuable revision of the manuscript.

{ would like to express my deep gratitude to Assiss. Prof. Dr. F.H. El-Sweify
Assiss. Prof. of inorganic and analytical chemistry, Hot Labs. Center, Atomic
Energy Authority for her help, advice and continuous support.

t would like to express my deep thank to my colleagues in the lab., all the
members of research contract Mo. 7378/RB of IAEA and my colleagues in

Muclear Chemistry Department, Hot Labs, Center for their help and support.



CONTENTS

Listof Tables ... e e semvtin e ()
List of Flgures ., (I
Abbreviation ... e e W)
ABSIACE . e e rrenres s e rren s e s § K
Chapter | IntrodUction ... e e e {1-38}
Chapter [l Experimental ... e e {39 - 48)
Chapter B Results and Discussion ... (49- 171
APDENTICES oo ittt et eeee e e e ea e (178 - 181
BUMIMIBMY oo e rrr e e s et eesar st taaa e e sttt e st e neama st e e eaa (182 - 1Ei5_}l
REFEIENCES oo oo eeeeeeee e ceeeeeeee e ee ettt {186 - 1963

Arabic summary .



Content. PAGE
1. |ntroguction.

1.1, Crigin of elements.

1.2. Radioactive nuclides.

1.2.1. Naturally occurring radioactive nuclides.

1.2.1.1. Radionuclides formed from cosmic radiation.
1.2.1.2. Radionuclides of long life time.
1.2.1.3. Radionuclides of naturally radioactive series.

1.2.2.
1.2.3.

1.3
1.4

1.4.1.
14.2.

1.5

1.5.1.
1.5.2.
1.5.3.

1.5.

1.58.1.
1.6.2.
1.6.3

1.7

171
172
1.7.3.

2.1,

211
212
213

2.2,
23

231
232

Artificially produced radicnuclides.

Secular equilibrium and naturally occurring decay series nuclides.

Pathways of radionuclides.

Impact of industrial activities on the envircnment.
Highlights en industrial activities and their outcomings.
QOrigin, nature and kind of pollutants.

Sources of heutrons,

Radicactive neutron sources.

Meutron generaters.

Muclear reactors.

Instrumental neutron activation analysis.
Activity produced after irradiation.
Absolute and comparative technigues.
Advantages and disadvantages of INAA.
Scope on the present study.

Fertilizer industry.

Ceramic and alum industry.

Application of radictracers in industry.

Expenmental.
Sampling .
Sampling of solid materials.
Sampling of liguid materials.
Storing of samples.
Chemicais and reagents.
Analytical techniques,
Instrumental neutron activation analysis [INAA).
Naturally gamima spectrometric analysis.

W O oW W W W s

[N B ek =k a3 e
%a&?mhmmmmm =l

38

38
32

40
40
40
41
41
42



2.3.3 Classical chemical analysis.

2.4, Solvent extraction studies.

2.4.1. Preparation of the organic and the agueous sclutions.
z.4.2, Batch extraction technique.

2.4.3. Effect of amine cencentration on the extraction.

3. Results and discussion.

3.1.  Instrumental neutron activation analysis.

3.1.1. Analysis of raw material and product samples.

3.1.1.1 Analysis of AZFC samples.

3.1.1.2. Analysis of samples from Egyptian Alum Company.

3.1.1.3. Analysis of ARACEMCO samples.

3.1.1.4. Comparison between the data of the three industries.

3.1.2. Analysis of water samples,

313 Analysis of dust and sediment samples.

314  Ansalysis of leave samples.

3.1.5. Comparison between the elemental content for all the samples
studied by MNAA.

3z Measurements of natural radicactivity.

3.3.  Classical chemical analysis.

3.4  Soclvent extraction study.

3.5, Airpollution analysis.

42
44

44
45

49
49
49
49
73
79
97
108
127
134

146
152
160

168
176




List of Tables.

Table {1} Decay processes of the nuclides.

Table (2) List of sampling spots along Ismailia canal.

Table {3) The recorded y-ines.

Table {4} v Transition energies of Z3%Np, the net area under peak and % error
recorded afier different cooling times for iradiated uranium
standard and the analyzed samples.

Table {S) Elernent content (ppm) of AZFC samples.

Table (6} Element content (ppm;} of the alum ore and aium product samples.

Table (7} Element content-of ARACEMCO samples.

Table (8f Comparison of elemental contents for the three industries.

Table {9} Element content of different water samples (pph).

Table {10} pH and conductivity of some water samples.

Table {11) Element content of different dust and sediment samples {ppm).

Table {12) Element content of different leave samples (ppm).

Table {13) Uranium content in different samples (ppm), except water {ppb).

Table (14} Thorium content in different samples {ppm).

Table {15) The net area under peak and % error for uranium standard and
the analyzed samplas depending on the 214Pb and 214Bi gamma
fransitions.

Tabfe (18) Comparison of the uranium content determined in some samples
using the NAA and natural radioactivity counting technigues.

Table {17) Chemical anzlysis of lsmailia canal water samples.

Table {18} Chemical anafysis of water samples from Ismaifia canal and cther
spots collected one year after the samples in table (17}.

Table (19} Chemical analysis of liquid samples collected from AZFC.

Table (20} Measurement of flouride ion concentration in some liguid and

solid sampies {ppm}.

Tzbie {21) Heavy metals content {mg/Kyg soil) in different soii fractions.

Table{(22) Extraction of different elements from AZFC drainage water (W7) using

0.5M Tridodecyl amine in chioroform at pH =2.2 (1 st exiraction

cycle}.



Table(23) Extraction of different elements from AZFC drainage water (W7) using
different concentrations of Tridodecyt amine in chloroform at pH =
2.2 by two successive extraction experiments.

Table(24) Percent of the extraction and concentration of different elements from
AZFC drainage water (W7) using 0.5M Tridodecyl amine in
chloroform at pH = 2.2 by two successive extraction experiments,

Table(25) Percent extraction of difierent elements from AZFC drainage water
(W7} using different concentrations of Tridedecy aming in
chlorafarm af pH = 2.2 by two successive extraction experiments.




Vi

Figure{65) Fourth expanded part of gamma spectrum of irradiated dust sample

after AZFC by 200 m. {D2); afier 6 days cocling time.

Figure{86) Content of different elements in leave samples

Figure{67) Expanded part of gamma spectrum of imadiated prewashed leave

sample {Lv1} from AZFC zone.

Figure{68) Expanded part of gamma spectrum of irradiated unwashed leave

sample {Lv7} from AZFC zone

Figure (69) Content of chromium in water {ppb), dust and sediment samples.

Figure {70) Content of chromium in different samples.

Figure (71) Content of lanthanum in different samples (water in ppb).

Figure {72) Gamma spectrum for natural radicactivity of standard uvranium IAEA
Mo. S-12 sample of 3.014% U530,

Figure (73) Gamma spectrum for backgraund of the natural radioactivity.

Figure (74) Gamma spectrum for natural radicactivity of phosphate ore.

Figure {75} Gamma spectium for natural radioactivity of SSP.

Figure {76) Gamma spectrum for natural radicactivity of GSSP.

Figure (77) Standard curve for determination of uranium content using 214Pb

and 2"4Bj transition energies 352.4 and 609.3 KeV.
respectively.

Figure {78) Extracticn of different elements from AZFC drainage water (WT)
using 0.5M Tri dodecyl amine in chicroform atpH =2.2 .

Figure (79) Effect of amine concentration on the extraction of different elements
from AZFC drainage water (W7} using Tri dodecyl amine in
chloroform at pH = 2.2 {first extraction cycle)

Figure (80) Effect of amine concentration on the extraction of different elements
from AZFC drainage water (W7} using Tri dodecyl amine in
chioroform at pH = 2.2 {second extraction cycle).



i

List of Figures.

Figure (1) The naturally radicactive uramum, thorium and actinium  series.
Figure {2) Radiation exposure pathways to Man,
Figure (3) A map of AZFC and Al-Sebaeve locations.
Figure {4) Chemicals and fertilizers produced in AZFC.
Figure {5} Schematic diagram for the production of monophosphate in AZFC.
Figure {6} Schematic diagram for the production of phosphoric acid in AZFC.
Figure {7} Schematic diagram for the area of interest.
Figure {8} Schematic diagram for ceramic industry.
Figure {9} Schematic diagram of different samples.
Figure {107 Gamma spectrum for irradiated standard uraniom IAEA No.S-12,
0.014% U30gq and decay curve for 238Np.
Figure {11} Gamma spectrum for iradiated phosphate ore and decay curve
for 239Np.
Figure (12) Gamma spectrum for iradiated SSP and decay curve for 238Np,
Figure {13) Gamma spectrum for iradiated GSSP and decay curve for 238Np
Figure {(14) Gamma spectrum for irradiated Gypsum and decay curve for
239Np.
Figure (15) Concentration of uranium and thorium in AZFC samples.
Figure (18) Concenfration of lanthanum and cerium in AZFC sampies.
Figure(17} Concentration of chromium, antimeny and gadelinium in AZFC
samples
Figure(18} Concentration of scandium and hafnium in AZFC
samples.
Figure(19} Concentration of sodium, iron and lutetium in AZFC samples.
Figure (20) Concentration of cobalt and zinc in AZFC samples.
Figure(21} Gamma spectrum for iradiated phosphate ore after coaling time of 7
days.
Figure(22} Gamma spectrum for irradiated gypsum after cooling time of 7days.
Figure(23)} Concentration of different elements in Alum Ore (211} and Alum
Product {Z12} samples.
Figure (24} Concentraticn of different elements in Alum Qre (Z11} and Alum
Product (Z12} samples,
Figure (25} Gamma spectrum of irradiated Alum Ore (Z11) after codling time of
4 days.




v

Figure (26} Gamma spectrum of inadiated Alum Product {Z12) after cooling time
of 8 days.

Figure (27) Concentration of different elements in Local Fert sample (21).

Figure {28) Concentration of different elements in Local Fert sample {21).

Figure (239 Gamma spectrum for irradiated Local Fert sample (Z1) after
cooling time of 5 days.

Figure {30) Different elements concentration of Kaolinite-E, {(Z2) and R, {Z3)
imported samples.

Figure (31} Different elements concentration of Kaolinite-E, {Z2) and R, {Z3}
imported samples.

Figure {32} Expanded part of gamma spectrum of irradiated Kaolinite-E
saimple {Z2) after cooling time of 6 days.

Figure {33) Expanded part of gamma spectrum of imadiated Kaolinite-R

. sample-(Z3) after cooling time of § days.

Figure (34} Different elements concentraticn in Glaise {Z4) and Filispar (Z6)
samples. ;

Figure {35) Expanded part of gamma spectrum of iradiated Glaise sample
{Z4) after 6 days cooling time.

Figure {38) Expanded part of gamma spectrum of irradiated Glaise sample
{Z4) after & days cooling time.

Figure {37} Expanded half of the gamma spectrum of irradiated Filispar sample
{ZB} after 6 days cooling time.

Figure (38) Expanded half of the gamma spectrum of irradiated Filispar sample
(28} after 6 days cooling fime.

Figure (39) Concerdration of different elements in Sand (£5) and Clay (Z7)
sampfes.

Figure {400 Concentration of different elements in Sand {75} and Clay (Z7}
samples.

Figure {41) Expanded part of gamma spectrum of irradiated Sand (Z5) sample
after 6 days cooling time.

Figure {42} Expanded part of gamma specirum of irradiated Clay sample (Z7)
after cooling tima of 6 days.

Figure {43} Concentration of different elements in Glaise {Z4) and Filispar (76)
samples.

Figure (44) Concentration of different elements in Ceramic raw-A (Z8) and
ceramic raw-B (Z9) samples.



Figure {45) Content of different elements in Ceramic raw-A (Z8} and Ceramic
raw-B {Z9} samples.
Figure(46) Full gamma spectrum of iradiated Ceramic raw-B sample (28} after
6 days cocling time.
Figure{47) Full gamrna spectrum of iradiated Ceramic FProduct sample (210}
after 6 days cooling time
Figure(48) Concentration of uranjum, thormum and lanthanum - in different water
samples.
Figure (49} Content of lron, antimony, chromium and secandium  in different
water samples. -
Figure {50) Content of cobalt in different water samples.
Figure (51) Content of gold in different water samples.
Figure {52) Gamma spectrum of irradiated standard AGV-1 sample.
Figure {53) Gamma spectrum of iradiated water sample at El-Tahreer sq. {W1),
Figure (54} Gamma spectrum for irradiated drainage water sample of petroleum
pipaiines company {¥¥5).
Figure {55} Gamma spectrum for imradiated drainage water sample of AZFC
(V).
Figure (568} Gamma spectrum of irradiated canal water sample before AZFC
vy 200 meters (WE).
Figure (573 Gamma spectrum of irradiated canal water sample after AZFC by
200 meters. (W9).
Figure {58) Content of uranium and thorium in different dust and sediment
samples.
Figure {58) Content of lanthanum and cerium in different dust and sediment
sampies.
Figure {60} Content of chromium, scandium and zinc in different dust and
sediment sampies.
Figure (61) Content of sodium and iron in different dust and sediment samples.
Figure (62} First expanded part of gamma spectrum of irradiated dust sample
after AZFC by 200 m, {02); after & days cooling time.
Figure{63) Second expanded part of gamma spectrum of imadiated dust sample
after AZFC by 200 m. (D2}, after 6 days cooling time.
Figure{64) Third expanded part of garmma spectrum of irradiated dust sample
after AZFC by 200 m. {D2}; after 6 days codling time.




W
W2
W3
W4

W5

Wo

W7

W8

W9

w10
W11
Wiz
W13
W4
W1ia
W16
W17
W18
V19

Wao
W21

W22

W23
ip1
Lp2
Lp3
Lpd
Lps
Lp6
Lp7
Lp8
Z1

Vi

Abbreviation

River water sample at Tahreer sq. {reference sample).
River water sample at Tahreer sq. during the flood.
Ismailiz canal water sample at petroleurn pipelines company.
Drainage water sample of petrdeum pipelines Co.,from main pipe
"AN,
Drainage water sample of petroleum pipelines Co. from secondary
pipe "B"
lsmailia canal water sampie 200 m. before AZFC.
Drainage water sample of AZFC, from the main pipe "A".
Drainage water sample of AZFC, from the secondary pipe "B".
Ismailia canal water sample 200 m. after AZFC.
lsmailia canal water sample facing-ARACEMCO.
Drinking water sample at EAEA.
fsimailia canal water sample facing EAEA.
tnlet water from Ismaiiia canal for cocling super phosphate at AZFC
Water for feeding the processing at AZFC.
Drinking water of AZFC.
Demi. water at AZFC.
Soft water at AZFC.
Cutlet phosphoric acid cooling water at AZFC.
Blow down water (unit 5 of AZFC).

Qutlet cocling water (unit 5 of AZFC).
Outlet cooling water from HyS0, cooler at AZFC.

Inlet H;50, cooling water {in unit 5 of AZFC).
Cutlet water {acid dilution) at AZFC.
Fuming sulfuric acid 25%.

Sulfuric acid 93.5%.

Sulfuric acid 98.9% (for Lab. work]).
Commercial phosphoric acid 50%.
Commercial phosphoric ack 30%.
Phosphoric acid 50% (for plant}.
Phosphoric acid 30% (for plant}.
50% phosphoric acid filtrate.

Local fert.



