STUDIES ON THE POLLUTION EFFECT
OF ORGANIC SOLVENTS
USED IN CHEMICAL INDUSTRIES

vy Mff'f T
\v7"; Thesis BRI

Submitted for Partial Fulfillment
of The M.Sc. Degree in
Environmental and Biclogical Sciences Departiment

BY
SAMIA TAHA AHMED

B.Sc. 1968
Faculty of Science, Ain Shams University

Supervised by

Prof. Prof.
MOHAMED T. OMAR MOHAMED TI.RUSHDY
Professor of Organic Chemistry Egyptian Petroleum
Faculty of Science Research Institute

Ain Shams University

INSTITUTE FOR ENVIRONMENTAL
STUDIES AND RESEARCH
ATN SHAMS UNIVERSITY

1994

Central Library - Ain Shams University



Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



ACKNCOWLEDGEMENT

I wish ro =xpress my deep thanks and gratitude -2 Prof. Dr.
Mohamed. T. Omar, Professor of organic chemistry., =raculty of
Science, Ain Shams University for the patience, care and
scrutinizing with which this study was reviewed, his generous help
and support of the work. Grateful thanks for his constant

supervision of this work and preparation, giving me the benefit of

his advice and revising the manuscript.

I am specially deeply indebeted to Prof. Dr. Mohamed I.
Rushdy, Zgvptian Petrolezsum Research Institute, who supervise the
proiect from the beginning and whose instructicns, sincere help and
suggestions enabled me to grasp many techniques necessary for this

study, and most helpful comments.

My thanks also go to Mrs. Magda Yassien, the Head of the
Research Sector/NIQCSH. Egypt, for her support and her sincere help

wherever seeked.

My cordial acknowledgement goes to Engineer Ibrahim Tharwat

far the £

n

c1litias he genarouslvy offered.

Central Library - Ain Shams University



CONTENTS

ACKNOWLEDGEMENT

AIM OF WORK AND INTRODUCTICN

Aim of Work

Introduction

DEFINITION AND TERMINCLOGY

Air Pollution
Sclvents
Paints, Varﬁishes, Lacquers and Additives
Technical Definitions
Long-Term and Short-Term Exposure Limits

Mixed Exposures

THE HAZARDCUS EFFECTS OF ORGANIC SOLVENTS ON THE HUMAN SYSTEMS

The
The
The
The
The
The

The

Central Nervous System

Digestive System

Blood and Haemopoietic System

Respiratory System (Lungs) .....................

Central Library - Ain Shams University

Z9

31

33

36

37



Effect on ENZymMeS ...ttt e e e e 41
Other Effects ... . . e 42

THE FATE OF ORGANIC SOLVENTS IN THE BODY
ACBLONE & it e e e e e e e e e 44
Bthyl Alcohol ...t e 47
Ethyl Acetate ... ... . i e e e e 49
Methyl Alcchol .. ... .. . i et e e 50
n-Butyl Alcohol . ... ... . . . ... 51
1 T o (= 51
Y LB o e e e e e e 54
BEIIZETIIE . L .t ittt it it ittt e it e e i e e 56
MATERIALS AND METHODS . .itttn it itee e e i eeaens 58
STATISTICAL ANALY ST S . . . . it ittt e e it e e e e e e ee ea e eennn 68
RESULTS AND DISCUSSION . . .. .. i i et et e e e et e e e e e e e ae 70
Environmental Studies .......... .. .. .. ... 71
Department (A) . ...t i i ittt e e e e 83
Department (B) .. .. ...ttt ienn e 113
Department (C} .. ... .ttt it e 122
Biochemical Studies ... ... ... . ... i 179
Recommendabions ... ... ..ttt e e e e 189
SUMMA R Y . .t v i s e e e et e e e e e e e e e e e e e e 191
REFERENCE S & .t it i e it et e e et et e et e et et e et s eae e 194

Central Library - Ain Shams University



Table
Table
Table
Table
Table
Table
Tabie
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Tabhle
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

o e
-1 Uy W
— e e e e e e e

{

pte}
2]

(9b) :

(10a):

(10b} -

(1la):

{1lb}:

{l2a):

(1Z2b}:

(13a):

(13b):

(14a):

{14b):

{l15%a}:

(15b):
(16):

{17a):

(17b}):

{18a):

(18b):
(19):

{20a):

(20b}:

(2la)

{21b):

(22a):

(22b) :
(23a):
(23b):

(24a):

{24b) :

(25a}):

(25b):

(26a):
(26b):

{27a):
(27b):

(28a}) -

{28b):

{29a):
(29b):
(30a}:

LIST OF TABLES

The gaseocus composition of the unpolluted air.

TLVs by the Europear Communities.

Veolatility characteristics.

Pollution units and transformation.

TLVs by ACGIH.

Odour characteristics.

The biclogical effects.

Sites of sampling.

Conc. of Acetone in dep. {(A) during summer & winter.
Data calculated, derived from measured conc. in (9a).
Conc. of Ethanol in dep. (A) during summer & winter.
Data calculated, derived from measured conc. in {l10a).
Conc. of Ethyl Acetate in departments (A & B).

Data calculated, derived from measured conc. in {1ila).
Cconc. of n-Butyl Acetate in departments (A & B!.
Data calculated, derived from measured conc. in {12a).
Conc. of n-Butyl Alcohol in departments (A & B).
Data calculated, derived from measured conc. 1n {1l3a}.
conc. 0of Toluene in departments (A & B).

Data calculated, derived from measured conc. in {(l4a).
Conc. of Xylene in departments (A & B}.

Data calculated, derived from measured conc. in (15a}).
Collective Table of all pollutants in department (A).
Conc. of Acetone in dep. {B) during summer & winter.
Data calculated, derived from measured conc. in {l7a}.
Conc. of Ethanol in dep. (B) during summer & winter.
Data calculated., derived from measured conc. in (18a}).
Collective Table cof all pollutants in department {(B}.
Conc. of Acetone in dep. (C) during summer.

Data calculated, derived from measured conc. in (20a).
Conc. of Acetone in dep. (C) during winter.

Data calculated, derived from measured conc. in (21lal.
Conc. of Ethanol in dep. (C) during summer.

Data calculated, derived from measured conc. in (22a).
Conc. of Ethanol in dep. (C) during winter.
Data calculated, derived from measured conc. in {23a).
Conc. of Ethyl Acetate in dep. (C} during summer.
Data calculated, derived from measured conc. in (24a).
Conc. of Ethyl Acetate in dep. {C) during winter.
Data calculated, derived from measured conc. in {(25a).
Conc. of n-Butyl Acetate in dep. (C) during summer.
Data calculated, derived from measured conc. in (26a).
Conc. of n-Butyl Acetate in dep. {C) during winter.
Data calculated, derived from measured conc. in (27a}l.
Conc. of Methyl Alcohol in dep. (C) during summer.
Data calculated, derived from measured conc. in (28a).
Conc. cf n-Butyl Alcohol in dep. (C) during summer.
Data calculated, derived from measured conc. in (29a}l.
Conc. of n-Butyl Alcchol in dep. (C) during winter.

Central Library - Ain Shams University



Table
Table
Table
Tabia
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

Table
Table
Table
Table
Table

Table

(30b):
t31lal:
(31lbt:
£32a) -
[ 312b1:
(33a):
{23k
{34a):
({34b) -

(35):
(36):
(371}
(38):
(397 :

(457} ;

Tzta rcalculated. derived from measured conc. n 20a).

Tone. of Toluene in dap. /7 during summer.

Data calculated, derived from measured conc. in {3lat.
-

Cene. 2f Toluene in dep. ioduring winter.

Tata calculated, derived from measured conc. in {32al.
Jonc. of Xylene in dep. () during summer.

Data calculated, derived from measzsured conc. in {33al.
Conc. of Xylene in dep. (<) during winter.

Data calculated, deri1ved from measured ~onc. in (243},
Coll. Table of &all poliutants in dep. {C), (summer).
Coll. Table of all pollutants in dep. (C). !fwinter!.
Mixture values.

Rge distribution of examined populaticn.
Distribution of exposed workers according to the
duration of employment (years).

Frequency of symptoms distribution in control and
exposed groups according to symp:oms.
Mean, S.D. and 5.E. of liver function te
Mean, $.D. and S.E. of kideny function ¢t
Mean, 5.D. and S.E. of blocd haemoglobin,
bleood indices

Mean, §.D. and S.E. ¢of total! and differential W.B.Cs.
count . .

Number and percent of workers have blcod parameters
exceeding the normal values.

o

Central Library - Ain Shams University



LIST OF FIGURES

Factory layout.

Department (A), layout.

Department (B), layout.

Department (C), old building, layout.

Department (C}, new building, layout.

Gas Chromatograph, (GLC).

Linear responce of the detector teo all solvents.
Conc. c¢f Acetone in dep. (A) during summer & winter.
Conc. of Ethanel in dep. ({A) during summer & winter.
Conc. ¢f Ethyl Acetate in departments (A & B).

Conc. of n-Butyl Acetate in departments (A & B).
Conc. of n-Butyl Alcohol in departments (A & B).
Conc. of Toluene in departments (A & B).

Conc. of Xylene in departments (A & B).

Conc. of Acetone in dep. (B) during summer & winter.
Conc. of Ethanol in dep. (B} during summer & winter.
Conc. of Acetone in dep. (C) during summer & winter.
Conc. of Ethanol in dep. (C) during summer & winter.
Conc. of Ethyl Acetate in dep. (C), summer & winter.

Conc. of n-Butyl Acetate in dep. (C), summer & winter.
Conc. of Methanol in dep. (C) during summer.

Conc. of n-Butyl Alcohol in dep. (C}), summer & winter.
Conc. of Tcluene in dep. (C) during summer & winter.
Conc. of Xylene in dep. (C) during summer & winter.

Central Library - Ain Shams University



AIM OF WORK
AND
INTRODUCTION

Central Library - Ain Shams University




ATM OF WORK

~orkers =2mpioved 1n the manufacture =¢° palnts and ~rhemical

industries, 1n which organic sclvents are used, are =xposed o the

[#7]

hazards of their toxic =2ffect. Such hazards 4dc net only depend on
the types of solvents used. but also on their concentrations in the

working environment,. and possibly on the duration of exposure.

In Egypt., where such industries are newly developed, it is
felt that a study of their possible toxic effects on eyposed
workers is becomming an urgent duty of research workers. This work
was undertaken with the aim of obtaining more information about the
effect of solvents on workers exposed to them by direct cutaneous
contact and probably more important, to their wvapours in the
working environment. The solvents under investigation are Acetone.
Ethvl. Methyl. and Butyl Alcohels, -<thyl and Butyl Acetates,
Toluene and Xvlene, which are widely used in paints and chemical

industries.

Away from studying the toxic effects of organic solvents on
labcratory animals and volunteers under controlled experimental
conditions, where one solvent was studied at a time, the present
work deals with the toxicity of such solvents in situ i.e., in the
factory as mixtures of solvents usually present. This is felt to

reflect more precigely the impact of these solvents aon the workers
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under the prevailing conditinns and therefore might constitute a
practical guide to any measures towards improving these conditions

should this become necessary.
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INTRODUCTION

Drganic soivents have extensive uses in chemical industries.
They are not only utilized in the manufacture of paints, varnishes
and lacquers, but are also commonly emploved in the manufacture of
plastics, rubber, artificial silk and leather, extracting oils, fat
and medicinal materials from seeds, nuts and bones. Some solvents
are used for degreasing and dry cleaning. Chemical reagents are
frequently dissolved in organic solvents to facilitate desired
chemical reactions. The manufacture of the different tvypes of

paints, however, represent the main ceonsumption of these solvents.

A large proportion of the solvents used are capable of
dissolving fats, hence they are often referred ﬁo as fat organic
solvents. Examples of such fat solvents are, Acetone, Ethyl.
Methyl, and Butyl Alcohols, Ethyl, and ‘Butyl Acetates, Toluene and
Xylene, other solvents are alsc used such as Glycol Ethers, Methy!l
Ethyl Ketcnes and Trichloroethylene. New sclvents such as Benzene,
Tetrachlorocethane and Carbon Tetrachloride have largely been
eliminated, due to their hazardous effects. Workers dealing with
these solvents, are liable not only to get these substances in
direct contact with the skin, but also they are exposed to their
vapcurs in the air they inhale. It is within the scope of
industrial medicine to study the side effects of such exposures and

to provide the possible means to prevent them or tc lower their
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Bafcre yaviewing the !iterature concerning the effect of
organic solvents used in painting on exposed workers. {t is felt
necessary to lay stress on certain definitions and technical terms

that will be met within this thesis.
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I-DEFINITION AND TERMINOLOGY

1- Air Pollutionl

It is still an argument to define the term "alr pollution”.
Some definitions consider any foreign matter added to the
composition listed in Table (1) at any concentration as an air
pollutant. Others consider that air becomes polluted only if these
foreign compounds exist in concentration which can cause harmful

affect to man or his property.

The American Medical! Association defines air pollution as
"The excessive atmospheric concentration of foreign matters that
may adversely affect, the well bheing of any person or cause damage
toc property". Moreover, U.S.A. oregon state defined: "air pollution”
as the presence in outdoor atmosphere of substances or
contaminants, put there by man. in quantities or concentrations and
of duration as to cause any discomfort to a substantial number of
inhabitants of district or which are injurious to public healthy,
or to human, plant or animal life or property or which interfere
with the reasonable comfortable enjoyment of life and property
throughout the state or throughout such territories or areas of the

state as shall be affected thereby.
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