Tt ) bt il S
@ ASUNET

daalall Claglaal) A




i
W
<
-
)
<
@

©

&

- "
(9=

Com !VXVA!?%@NAQI
. /

e O 40—“40%‘@1— e ry— O e O
N/ NF 4 74




povwTe] u\;gﬂi“
@ ASUNET

fmibat] Elaatical 1523
& . dzala
uadi (5 Azaly

abis Sl (i I (33

Lo

il

Lebinaty Lgiligh a3 AN Balad) o)) audiad) A0l awdd

s 4 Gg0 el B Y sl o

-o.\)c(_m.. ¢/

>

d )
) ;':

0 >

é\r UL A
I i b 1. g

)/ 3 fods g dkels %
i it ] o el ‘/
il @ ASUNET :
£ £ <>
N oA i
T.J U * & o (‘

L) e dam OB oda Jadal

Yot =¥+ (e dgpadd dyghyg dygia YooV o (e Bl Al
To be Kept away from Dust in Dry Cool place of
15-25- ¢ and relative humidity 20-40%

A
sk

\:

Seiiary,




8
Tt ) i | A |

@ ASUNET

R

o

N




ic,.)&.c-)@ﬁ.o.@(..o.. e

] e plad | S
@ ASUNET

O
e

=

O
i

\tqo—-/

al Giladia allu )yl

o

NS

O

XA
NS

g O

qo—ﬁ—qo—%ob&on—mc%—-o'&4o -v—(o—-ﬁ—‘o bm-‘op— 2




“Study of Air Pollution in the Industrial Area
of Shaq El-Teeban in Cairo”

—

A Thesis submitted
To
‘Faculty of Science

Cairo University

By
Ahmed Shehata Abd El Maksoud
(M.Sc. 2002, B.Sc., 1996, chemistry)

| For
The Degree of Doctor of Philosophy of Science
(2010/ 2011)

p
o\X



Approval sheet for submission

Title of Ph. D. thesis: “Study of Air Pollution in the Industrial Area
of Shaq El-Teeban in Cairo”

Name of the candidate: Ahmed Shehata Abd E1 Maksoud

This thesis has been approved for submission by the

Supervisors:

Prof. Dr. Amin Mahmoud Baraka

Signature: A WES

Prof. Dr. Said Abd El-Rahman Mostafa
Signature: S5.A- VL«‘SHL)Q&

Prof. Dr. Kamal Tamer Hindy
Signature: Kamai T4 mD

Prof. Dr, Mohamed Ahmed Badawy

Chairman of Chemistryt priment
Faculty of Science-Cairo University



CONTENTS

Aim and plan of the present study ------==emmemmmemmeemmeemeee -

I. Introduction -----==~e=cememmmmccoeeeee -

I.1. Air Pollution

I.2. Sources of Air Pollution - ——

I1.2.1. Natural Sources --

[.2.2. Anthropogenic (Man-made) Sources ---------=a===---

[.3. Air Pollutants --

1.4. Particulate Matter - e

I.4.1. Suspended Particulate Matter (SPM) --------nuevnm--

[.4.1.1. SPM and PM,, in Non-industrial areas ------=====-=--

1.4.1.2. SPM and PM,, in Industrial areas --«--------

[.4.1.3. SPM Seasonal Variation e

1.4.2. Deposited Particulate Matter (Dustfall)

1.4.3. Particulate Matter Classes and Sources ----------———————-

1.4.4. Chemical Composition of Particulate Matter ------~----

1.4.5. Particulate Matter Atmospheric Behavior ---------------

1.4.6. Health Effects of Particulate Matter

and Their Chemical Composition

I.5. Metallic Elements --

30
37

L.6. Crystalline (Free) Silica -=---------- S ——
I.6.1. Crystalline Silica Identification ---------- -

1.6.2. Health Effects of Crystalline Silica

iv

4]
42



L.6.3. Occupational Exposure Limits of Crystalline Silica --

L.7. Dust Mineralogical Composition - ----

L.8. Effect of Meteorological Conditions on Air Pollution -~

1.8.1. Effect of Wind Speed and Direction ---—--ewee-
1.8.2. Effect of Air Temperature and Pressure ----------u_-

L.9. Dimensional Stone Industry in Egypt and Its

Environmental Impact ----=-----—-—ceemmmeee .

I.10. Dimensional Stone Solid Waste Recycle ------------

II. Materials and Methods - -

IL.1. Study area --- - - -

I1.2. Sampling Procedure -~-----sc oo

I1.2.1. Sampling sites ------ —--

I1.2.2. Suspended Particulate Matter (SPM) Sampling ---

I1.2.3. Inhalable Suspended Particulate Matter (ISPM)

 Sampling —-—-mme e e L
I1.2.4. Dustfall and Raw Materials (Rocks) Sampling ----
I1.3. Analytical Procedures -----------=cemmmmmemomemme

I1.3.1. Suspended Particulate Matter ---------- -

I1.3.1.1. Water Soluble Matter Determination

I1.3.1.1.1. Colorimetric Determination of Sulfate (SO,>) ---

I1.3.1.1.2. Colorimetric Determination of Chloride (CI) ----

I1.3.1.1.3. Colorimetric Determination of Ammonium

(NH{") —omemememecmmmmemememee i

v

Page
47
48
49
49
50

51
54
56
56
58
58 -
60

61
62
66
66
67
67
68 -



Page

I1.3.1.1.5. Colorimetric Determination of Nitrate (NOj;") ---- 70
I1.3.1.2. Determination of Crystalline Silica ----------=---mceeeev 71
I1.3.1.2.1. Analytical Method Principle -- 73
I1.3.1.2.2. Analytical Method Procedure - ——memmeee- 73
I1.3.2. Dustfall and Raw Materials (Rocks) 77
I1.3.2.1. Water-Soluble Matter Determination «------=----=m-menm- 77
I1.3.2.2. Water-Insoluble Matter Determination -------==----mn--- 77
I1.3.2.2.1. Tarry Matter Determination - 77
11.3.2.2.2. Ash Fraction and Combustible Matter

Determination --- -- - 78
I1.3.3. Metal Determination =-------eee-omeeemmmomeeem . 78 -
IL.4. Dustfall Mineralogical Identification -- 79
I1.4.1. Polarizing Microscope e —--ee o 80
I1.4.2. Infra-Red Spectroscopy -----=-=-=--mecmceeeev =« 80
I1.4.3. X-Ray Diffraction Analysis -- --- =. 81
IL5. Dimensional stone Solid Waste Recycle - -- - 81
I1.6. Meteorological parameters - 82
I1.7. Statistical Analysis 84 -
III. Results and Discussion ---- R TR PR R 85
IIL.1. Particulate Matter (PM) -- - - 85
HI.1.1. Suspended particulate Matter (SPM) -~ 85
IIL1.1.1. SPM concentration --------==-mmmemmmmmoeeeeeeeee e 85
II1.1.1.2. Frequency Distribution ------- -~ 89
III.1.1.3. Seasonal Variations ----- e - 92




Page

II1.1.1.4. Meteorological Data 96
I11.1.1.5. Water Soluble Matter -- - 101
II1.1.1.5.1. Sulphates (SO,%) 101
II1.1.1.5.2. Chlorides (CI') ----- ; 106
III.1.1.5.3. Nitrates (NOj3") ----- -- 110
II1.1.1.5.4. Nitrites (NO;") ====n=nmmemmmmmmmm oo 113
[IL.1.1.5.5. Ammonium (NH,") ------- -- --- - 116
I11.1.1.5.6. Comparison between Water Soluble

‘Matter Concentrations - 120
IT1.1.1.6. Metallic Elements- ------- - 122
III.1.1.6.1. Sodium (Na) ---- - 122
III:1.1.6.2. Potassium (K) - 123
II1.1.1.6.3. Calcium (Ca) 127
I1.1.1.6.4. Lead (Pb) - 128
III.1.1.6.5. Iron (Fe) : 130
II1.1.1.6.6. Manganese (Mn) ----- ERaCEEEE R 132
III.1.1.6.7. Silicon (Si) --==-===nnnn--- -- - - 133
III.1.1.6.8. Aluminum (Al) ----- 134
II1.1.1.6.9. Seasonal Variation of Metallic Elements --------- 135
IT1.1.1.6.10. Silicon (Si)/ Aluminum (A1) Ratio ---------------- 137

II1.1.1.6.11. Comparison between Metallic Elements
Concentrations --- — - . 138

II1.1.1.6.12. Correlation between Studied Metallic

Elements and Meteorological Parameters ------ 139
vii



III.1.2. Inhalable Crystalline Silica (Quartz) ---

III.1.2.1. Inhalable Crystalline Silica (Quartz)

Concentration -------------

I11.1.2.2. Seasonal Variations of Ambient Inhalable

Quartz Concentrations --------------

IIL.1.3. Inhalable Suspended Particulate Matter (ISPM) -----

III1.1.3.1. ISPM concentration - -—

I11.1.3.2. Seasonal Variation of Ambient ISPM -----

III.1.3.3. Water Soluble Matter

I11.1.3.3.1. Sulphates (SO,*)

111.1.3.3.2. Chlorides (CI) .

I11.1.3.3.3. Nitrates (NOj3") ====---mmmmmmeem e
I11.1.3.3.4. Nitrites (NO,") P —

I11.1.3.3.5. Ammonium (NH,")

II1.1.3.3.6. Comparison between Water Soluble

Matter Concentrations

II1.1.3.4. Metallic Elements -

I11.1.3.4.1. Sodium (Na)

111.1.3.4.2. Potassium (K) —

I11.1.3.4.3. Calcium (Ca)

11.1.3.4.4. Lead (Pb)

I11.1.3.4.5. Iron (Fe)

I1.1.3.4.6. Manganese (Mn) -
II.1.3.4.7. Silicon (Si)

viii

151

- 153

153
159
160
160
164
167

172

175

178
181
181
185
187
190
192
194



III.1.3.4.8. Aluminum (Al) ==--===mmmmmm e
III.1.3.4.9. Seasonal Variation of Metallic Elements ---------
I11.1.3.4.10. Silicon (Si)/ Aluminum (Al) Ratio ----=-----------
1.1.3.4.11. Comparison between Metallic Elements

Concentrations o e
11.1.3.4.12. Correlatibn between Studied Metallic

Elements and Meteorolbgical Parameters ------
I11.1.4. Deposited Particulate Matter (Dustfall) ----------------
III.1.4.1. Dustfall Rates-
ITI.1.4.2. Seasonal Variation ------ --

I11.1.4.3. Total Deposition Rate — Particle Size

Relationship --
1I1.1.4.4. Water-soluble Matter
111.1.4.4.1. Total Water-soluble Fraction
111.1.4.4.2. Sulphates (S0,%) —
I11.1.4.4.3. Chlorides (CI") ====mmmmmmmmmm e e
I11.1.4.4.4. Nitrates (NO3') ~==n=-nmnmm-
HI.1.4.4.5. Nitrites (NO;")
111.1.4.4.6. Ammonium (NH,")
II1.1.4.4.7. Comparison between Water-Soluble

Matter Concentrations ———m——————————

I11.1.4.4.8. Water-Soluble Matter Percentage — Particle

Size Relationship ---- - —- --

ix

Page
198
200
200

201

- 202
206
206

- 211

213
217
217
221
225
229
232
236

240

242



Page
I11.1.4.4.9. Water-Soluble Matter of Raw Materials and -

Its Relation with SPM and Dustfall --=-------——- 250

II1.1.4.5. Water-Insoluble Matter --------=--—-meceememeeeeeee . 252
HI.1.4.5.1. Total Water-Insoluble Matter --------=------- 252
I11.1.4.5.2. Ash Content e e 256
HI.1.4.5.3. Tarry Matter ~=-----mnmmmmmme e 259
I11.1.4.5.4. Combustible Matter — 263
I111.1.4.5.5. Water-Insoluble Matter Concentration — ,

Particle Size Relationship -- 266
I11.1.4.5.6. Water-Insoluble Matter of Raw Materials

and Its Relationship with That of Dustfall ------ 266
I11.1.4.6. Metallic Elements - e 273
II1.1.4.6.1. Sodium (Na) -=--=mnmmmmemmmmm e . 273
I11.1.4.6.2. Potassium (K) , - 279
III.1.4.6.3. Calcium (Ca) ---- --- -- 280
111.1.4.6.4. Lead (Pb) menmnee 281
II1.1.4.6.5. Iron (Fe) ===--mmmmmmm e . 283
III.1.4.6.6. Manganese (Mn) -- --- 284
I11.1.4.6.7. Silicon (Si) S — 285
II.1.4.6.8. Aluminum (Al) - 286
I11.1.4.6.9. Seasonal Variation of Metallic Elements ~-----~-- 287
I11.1.4.6.10. Silicon (Si)/ Aluminum (Al) Ratio -----------==--- 287
I11.1.4.6.11. Metallic Flements Concentration — Particle

Size Relationship -- 289



11.1.4.6.12. Metallic Elements of Raw Materials and Its
Relationship with That of Dustfall ---------------
I11.2. Dustfall Mineralogical Identification --- ---

II1.2.1. Microscopic Examination -
II1.2.1.1.Dustfall Samples ----- :
III.2.1.2. Rock Samples -~----- -
II1.2.2. Infra-Red Spectra Interpretation
III.2.2.1 Dustfall Samples ~-----~----- —-n-

III.2.2.2 Rock samples -- -
I1.2.3. X-ray Diffraction Analysis
III.2.3.1. Dustfall Samples ----------- --
II1.2.3.2. Rock Samples - ' - -

III.3. Environmental Management of Dust ---

I11.3.1. Prevention and Control of Dust at Source =----=-=----
I11.3.1.1. Containment and Ventilation Solutions -------=-=---
I11.3.1.2. The Use of Suppression to Control Dust S
II1.3.1.3. Dust Collectors ~-s-s-—mmmmmmmmemm e
I11.3.1.4. Dust Control Through Alternative Engineering

Solutions and Good Practice --- -

II.3.2. Green Belt Development ——-
I11.3.3. Policy Issue --- -

I11.3.4. Dimensional Stone Solid waste Recycle -------=nvnuam-

Summary - --- — —

Conclusions & Recommendations S

Page

292
293
293
293
294
298
298
303
305
305
306
314
314
315
316
317

320
322
325
325
335
369

xi



