572

Jour.Chem.Soc.Pak. Vol. 27, No. 6, 2005

Influence of various Bleaching Agents on
Bleaching of Cotton Knitted Fabrics

B. SHAHBAZ*, N. A. JAMIL, M. Q. TUSIEF AND M. Z. AYYAZ
Department of Fibre Technology
University of Agriculture, Faisalabad Pakistan

(Received 11" July, 2005, revised 1% October, 2005)

Summary: Bleaching agents are one of the main contributors to the quality and cost of the
bleaching. This paper attempts to optimize the quality and cost of the bleaching of cotton
knitted fabrics by using various bleaching agents (sodium hydroxide, sodium carbonate,
sodium bicarbonate, sodium borate, Urea, and sodium triphosphate) at different pH levels. The
results revealed that varying pH level and different bleaching agents significantly influenced
the bleaching properties (whiteness and bleaching loss) of the cotton knitted fabric

Introduction

Bleaching is the important step in textile
finishing. In modern preparation technologies the
bleaching process is not only concerned with brigh-
tening of fabrics by the destruction of natural color-
ing matter but, it must frequently make a significant
contribution toward preparation of subsequent dye-
ing, printing or chemical finishing. The bleaching
agent is a material that lightens or whitens a substrate
through chemical action [1,2]. The most commonly
used bleaching agent is hydrogen peroxide which is
used in batch, semi continuous and continuous
bleaching process of cotton goods. Liquor to goods
ratio, pH, hydrogen peroxide concentration, time and
temperature are primary considerations for obtaining
commercially viable results without damage to the
nylon, acrylic, polyester or other fibres that may be
present. Economics can be improved by preheating
bleach baths and by bath recycling [2,3].

The alkalis control the pH to produce per
hydroxy! ions, which are main bleaching ions, if pH
is not controlled, the nascent oxygen is produced
which damages the fabrics. Most commonly used
alkalis in the bleaching process are sodium hydro-
xide, sodium carbonate, sodium bicarbonate, sodium
borate, and sodium triphosphate. The bleach-ing of
cotton fabric with hydrogen peroxide from an
emulsion comprising water and perchloro-ethylene
indicated that optimum quantity of water modified
in a perchloroethylene resulted in effecttive bleac-
hing with minimum degradation of fabric [4-6].
The influence of alkalis on whiteness and dyeing
properties of fabric has also been reported [1,5,7].
However the influence of various alkalis on

bleaching loss and whiteness with reference to pH
and the cost of recipe has not been studied
scientifically in Pakistan. This paper evaluates the
performance of different alkalis to optimize the
quality and coat of the bleaching process.

Results and Discussion

Bleaching Loss

The statistical analysis of variance and compa-
rison of individual means for bleaching loss given in
Table-1 and Table-2 respectively show that the effect
of pH and bleaching agents on bleaching loss of
cotton knitted fabrics is highly significant. While
their interaction (PxA) remained non-signi-ficant.
Duncan’s multiple range test (Table-2) indi-cates that
in case of different pH levels P1 (9.5), P2 (10.5) and
P3 (11.5) the bleaching loss is 1.32, 1.29 and 1.07
percent respectively. It means that as the pH level
increases the bleaching loss reduces and minimum-
bleaching loss is obtained at maximum pH level P3
(11.5). The bleaching of the fabric obviously reduced
the weight and consequently caused degradation of
fabrics.

The individual comparison of means of
bleaching loss (Table-2) regarding various bleaching
agents viz. Al (NaOH), A2 (Na,CO;), A3
(NaHCO;), A4 (Na;PO,), A5 (NaBO,) and A6
(CO(NH,),), show that the minimum value of bleach-
ing loss is obtained at Al and maximum at A2 with
their mean values as. 0.89 and 1.79 respectively. It is
evident from results that the weight loss of cotton
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fabric after bleaching process is largely dependent on
the types of alkalis used.

Whiteness

The statistical analysis of variance and
comparison of individual means for whiteness (Table
1 and 2) indicate that the effect of pH (P) and
bleaching agents (A) is highly significant, while their
interaction remained non-significant. Duncan’s
multiple range test for the comparison of individual
means (Table-3) shows that in case of different pH
levels, minimum whiteness 62.47 is obtained at Pl
(9.5), followed by P2 (10.5) and P3 (11.5) with their
respective means 72.84 and 73.13. It is evident from
the above results that by increasing the pH level,
whiteness increases. It has beep argued by Evans [3]
that hydrogen peroxide could be used in most
currently available hosiery equipment. Liquor-to-
goods ratio, pH, hydrogen peroxide concentration,
time, and temperature are primary considerations for
obtaining commercially viable results without
damage to the nylon, spandex, acrylic, polyester, or
other fibres that may be present.

Comparison of individual mean values for
different bleaching agents (alkalis) reveals that the
maximum witness (73.93) is produced at AS
(NaBO,) followed by A4 (Na;PO,), Al (NaOH), A2
(Na,CO;), A3 (NaHCO3), and A6 (CO(NH,);) with
their respective means 71.55, 70.91, 70.00, 68.53 and
61.97respectively.All these values differ significantly
for each other except Al and A2.

Table-1: Analysis of variance for bleaching loss and
whiteness of cotton fabrics.

Sources of  Degreeof  F. Value
Variance Freedom ‘
Bleaching Loss (%)  Whiteness
P (pH) 2 530.115** 312.966**
A (Alkali) 5 1418.023%* 71.0414+
PxA 10 0.0014" 0.00314™
Error 72
Total 89
** = Highly significant, NS = Non Significant
Table-2: Comparison between individual mean
values for bleaching loss and whiteness
pH Mean Values Alkalis Mean Values
Value Bleaching Whiteness Bleaching  Whiteness
Loss (%) Loss (%)
P 1.32a 62.47b A 0.89%a 70.91be
P 1.29b 72.84a Ay 1.79f 70.00¢
Py 1.07¢ 73.13a Ay 1.22d 68.53d
Ay 1.28¢e 71.55b
As 1.20¢ 73.93a
As 0.98b 61.97e

Note: Any two mean values not sharing a letter in common (within
each column) differ significantly at o = 0.05.
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Cost of recipe

Per liter cost of each recipe (for bleaching) for
all bleaching agents (alkalis) used in bleaching is
depicted in Table-4. The different alkalis were used
to maintain the pH levels at P1=9.5, P2=10.5,
P3=11.5 which affected the cost of the bleaching
process. '

From the Table-3 it is clear that the minimum
cost for the bleaching of knitted fabrics, was found in
case of sodium bicarbonate as Rs1.75 cost per recipe
at pH level of 9.5 followed by sodium hydroxide (Rs.
1.82/liter at pH 9.5) and sodium carbonate (Rs.
2.40/liter at pH 9.5) with slightly high costs. The
maximum cost was found in case of sodium borate as
Rs 35.15 at pH level 11.5. The variation in cost was
due to the current market prices and the amount of
bleaching agents used. These prices were for one liter
solution, one liter solution of bleaching agent could
bleach 100 gm of fabric.

From above all results it is clear that NaHCO;
is most economical alkali with minimum cost per
recipe (at pH 9.5). While the cost of NaOH is lower
than other alkalis at pH of 10.5 and 11.5. It is also
evident that minimum cost is found at pH level of
9.5, while slightly higher cost in incurred of pH level
of 10.5, and at pH level of 11.5 the recipe becomes
uneconomical.

Table-3: Cost per recipe (Rs/liter) for bleaching of
cotton knitted fabrics.

Bleaching Agents  pH95 pH10.5 pH1L5

NaOH 1.82 257 3.07

Na;CO, 24 4.75 6.1

NaHCO, 1.75 355 545

Na,PO, 10.96 11.56 15.34

NaBO, 30.6 34.46 3515

CO(NHy), 217 26.15 30.1
Experimental

The research work was initiated in the

Departmen: of Fibre Technology, University of
Agriculture Faisalabad, The processing of fabrics was
done in Chand Textile Mills Faisalabad and the
testing of these samples was conducted at Clariant
Laboratory Ltd. Faisalabad, Pakistan. Single jersey
cotton Knitted fabrics of 30" width having 42
wales and 55 courses per inch were used. The
samples were scoured and then bleached by using
different alkalis and pH levels. The recipe and the
procedure of bleaching are given as under.
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Recipe

Material = 100 % Cotton
knitted fabric

Liquor ratio = 1: 50

Detergent/wetting agent = Sandopan MRN

Bleaching Agents (Alkalis) = Variables (A)

Alkali Concentration = Variable
(to obtain
desired pH
levels)

Temperature = 90 °C

Time = 60 min.

pH, = Variables(P)

Table-4: Bleaching variables

pH levels Alkalis(A)
Al= Sodium hydroxide(NaOH)
Pi1=9.5 A2= Sodium carbonate(Na,CO» )
P2=10.5 A3= Sodium bicarbonate(NaHCO,)
P3=11.5 Ad4= Sodium phosphate(Na,PO, )

AS= Sodium borate(NaBO; )
A6= Urea CO(NH,),

The scoured dry samples were put into the
bleaching machine bath at about 40 °C and then
raised the temperature of bath up to 90 °C (near
boiling), maintaining this temperature for about one
hour, the bath was allowed to cool and at low
ternperature the sample was taken out, rinsed first in
hot and then in cold water. Finally the sample was
hydro extracted and dricd. After bleaching following
tests were carried out.

Bleaching Loss

Bleaching loss means decrease in weight of
the fabric due to the bleaching. To determine the
bleaching loss, the samples, after scouring, were
conditioned in the testing laboratory for 4 hours.
After that the samples were weighed, and then the
bleaching process was conducted, after bleaching the
samples were washed, dried and again conditioned
for 4 hours. The samples were again weighed. The
bleaching loss percentage was calculated by the
following formula.

Percentage of bleaching loss = Wo - W, x 100
W,

Where
Wo = weight of fabric before bleaching

W, = weight of fabric after bleaching,

INFLUENCE OF VARIOUS BLEACHING AGENTS

Whiteness

The whiteness of the bleached and unbleached
samples was checked with the help of "Macbeth,
color-Eye 3100" apparatus. '

Statistic analyses:

Duncan’s Multiple Range test was also
applied for individual comparison of means among
various characteristics. This test is applied to analyze
the statistical significance of individual treatments in
order to check whether the treatments are statistically
similar or not [8].

Conclusions

The study revealed that varying pH level and
different bleaching agents significantly influenced the
bleaching properties of cotton knitted fabric. The
bleaching loss decreased with the increase of pH
level. The alkali NaOH recorded minimum bleaching
loss and in the case of whiteness of knitted fabrics the
alkali NaBO, produced maximum whiteness.
However cost wise NaBO, is most expensive. Alkalis
NaOH and Na,CO; performed equally better for
fabric whiteness, but the cost of Na,CO; is higher.
Similarly higher pH level increased the whiteness but
at the same time cost also increased. It is therefore
suggested to use either NaOH or NaHCO, and
maintaining the pH level 10.5 for optimum results.
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Summary: The monitoring of ambient air quality along with various metrological parameters
was carried out at the site of Port Qasim in Karachi (Pakistan). The study was conducted
continuously for seven days and nights. Hourly average concentration of O, was found to be
12.01 ppb, SO, 2.42 ppb, CO 0.62 ppm, NO 2.35 ppb, NO, 11.26 ppb and PM, 123.49 pg/m’.
The maximum concentration of almost all of the pollutants were observed in the early momning
period due to the stable atmospheric conditions prevailed during the night, being dispersed
during the day due to the phenomena of thermal convection. The results obtained in the study
have been discussed with reference to the permissible ambient air pollutant limits,

recommended by World Health Organization (WHO).

Introduction

Rapid growth of population has given rise to
many day to day common problems, such as environ-
mental degradation due to air pollution, pressure for
land space, traffic congestion, lack of adequate
drainage and waste disposal, and destruction of trees
and green areas to accommodate the ever increasing
urban development. Air pollution is an abnormal
component of the natural environment and the
environmental problems have acquired new dimen-
sions now-a-days, resulting in the loss of biodiver-
sity, threat of climatic change, rise in sea level, and
depletion of stratospheric ozone layer. All of these
after affects are the result of indiscriminate industrial
activity and uncontrolled pollution. Rapidly increa-
sing population, factories and processing industries,
motor vehicles and other sources of emission of
hazardous gases are adversely affecting the quality of
air, especially in urban areas.

The major source of air pollution is the
generation and ever increasing requirement of energy
in diverse sectors of economy, which has its local,
regional and global environmental impacts. The
present worldwide consumption of commercial
energy is about 8.3 billion tons of oil equivalents, out
of which 86 % is produced by burning of fossil fuels
i.e. coal, oil and gas [1]. The combustion of fossil
fuels results in the emission of particulate matter,
organic compounds and CO, CO,, SO, and NO,. The
present global consumption of fossil fuels amounts to
about 4.5 billion tons of coal, 3.4 billion tons of oil
and 77.6 trillion cubic feet of natural gas, which all
together results in the release of 24 billion tons of

CO, annually in the ambient environment [2].
Pakistan uses annually about 3.6 million tons of coal,
15.9 million tons of oil and 598 billion cubic feet of
gas, which on the whole is responsible for the
emission of 90 million tons of CO; [3]. The figures as
regards annual emission of other green house gases in
Pakistan amounts to 4.6 million tons of CH,, 3.0
million tons of CO, 0.5 million tons of NO, and 495
million cubic feet of natural gases and other ozone
depleting substances, like chlorofloro-carbons, etc.
used in manufacturing of foam and refrigeration
purposes, etc. [4]. The main objective of this study
was to assess the quality of ambient air in Port Qasim
area, which is the second largest port of Pakistan and
in coming days, going to cater the logistic need of
industrial zones, being established near Karachi city
and other areas of the country.

Ever growing concentration of air pollutants
in the atmosphere at an alarming pace, not only
damages the materials and agriculture, but also
contribute to a variety of adverse effects on human
health, ranging from respiratory diseases to change in
the blood chemistry of living beings. Nitric oxide
(NO) is not itself an irritant but in the presence of
oxidants such as ozone (O3), it is converted into NO,,
which irritates the respiratory system. It also reacts
with the ozone resulting in the decrease of ozone
levels at higher altitudes. This sort of depletion in O
levels may cause several types of skin diseases, as in
this case human beings would be exposed to more
intense ultraviolet radiation which would easily reach
the earth. SO, is a corrosive gas and when inhaled,
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produces irritation and attack the lungs and
respiratory system. CO is a toxic gas and its
prolonged exposure, even at very low levels, may
adversely affect the central nervous system. When
inhaled, it reacts with hemoglobin of. the blood
stream to form carboxyhemoglobin. CO attaches to
hemoglobin roughly about 220 times more strongly
than oxvgen, so small amount of CO in the air we
breathe, may cause significant amount of our
hemoglobin to be tied up as CoHb [5]. This CoHb
reduces the transpori or oxygen to the cells, causing
nervous  disorders.  Higher concentration of
carboxyhemoglobin in blood may also induce
retention of cholesterol in the aorta [6]. Particulate
matter, depending on the nature and size of the
composing particles, may produce various types of
environmentai and health impacts. Particles with
diameter between '3 to “15’ pm are deposited in the
upper respiratory system, whereas those between ‘1’
and ‘5’ pm are deposited in the lungs, and may cause
various types of diseases, such as silicosis [7].

An assessment of the quality of ambient air,
with continuous monitoring of major ambient air
pollution components along with various metrolo-
gical parameters, was carried out in Port Qasim area
continuously for 7 days and nights. The monitoring
site was located approximately one Km away from
the main gate of Port Qasim and Steel Mill was about
2 Km in NW, KESC Thermal Power Plant and 300
MW Oil Fired Power Plant at about 5 Km in NE, Port
Qasim Berth in SE. open sea in the South and Steel
Mill conveyer belt was in SW direction of the
sampling point.

Resuits and Discussion

Table-1 shows hourly average concentration
for the respective hours of the week days of different
air poliutants like O;, SO;, CO, NO, NO, and PM,, at
the selected site in Port Qasim area. Table-2 shows
hourly average concentrations of various meteorolo-
gical parameters and Table-3 gives the calculated 1h
and 24h Time Weighted Average (TWA) concentra-
tion of O3, SO,, CO, NO, NO, and PM,, along with
their permissible ambient air quality limits as per
guidelines, recommended by the World Health
Organization [§].

Table-1 shows that hourly average concentra-
tion of (i) O3, SO,, NO and NO, were found to be in
the range of 2.4 to 28.12, 0.78 to 5.32, 0.98 to 5.48
and 4.61 to 17.45 ppb respectively, with total hourly
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Table - 1: Evaluated Hourly Average Concen'tration
of Ambient Air Pollutants recorded at Port Qasim

Time 0, S0, CO NO NO. PMu
ppb_ Ppb _ppm ppb ppb  pg/m
[00AM 330  FI3 0.5 478 1548 142.80
200AM 291 182 035 452 1458 12688
3.00AM 240 125 049 423 1483 16190
400AM 416 158 050 278 1445 13528
5:00AM 498 118 043 275 1280 12498
6:00AM 468 263 058 192 1265 13843
T.00AM 305 490 063 175 1158 19168
8:00AM 551 380 068 153 1028 14485
9:.00AM 813 532 043 250 13.15 13028
10:00AM 1294 350 032 163 9.13 12210
11:00aM 1558 208 045 133 733 12805
12.00AM 2110 220 090 153 790 11913
1:00PM 2398 328 072 125 573 9435
2.00PM 2812 365 056 098 500 8473
3.00PM 2443 275 072 100 461 6868
400PM 2126 291 091 198 570  80.45
500PM 1995 218 110 179 713 73.03
6:00PM 1848 234 123 158 870 8210
700PM 1523 198 112 140 1168 12888
8:00PM 1102 141 050 175 1435 12023
9:00PM 1053 153 070 248 1638 133.03
10:00PM 902 162 050 263 1505 12288
11:00PM 860 120 035 293 1435 14635
12:00PM 890 078 020 548 1745 15375
Average 1201 242 062 235 1126 12349
maximum 2812 532 123 548 1745 19168
minimum 2 40 078 015 098 461 6868

average values of 12.01, 2.42, 2.35 and 11.26 ppb
respectively, (ii) CO in the range of 0.15 to 1.23 ppm
with average value of 0.62 ppm, and (iii) PM,, in the
range of 68.68 to 191.68 pg/m’, with average value
of 123.49 pg/m’.

Table-1 further shows that maximum
concentration of ozone was 28.12 ppb, NO 5.48 ppb
and NO, 17.45 ppb. Ozone is gencrated by two
processes, (i) the down wind mixing of stratospheric
ozone and (ii) as a result of chemical reactions
involving the absorption of solar radiation by
nitrogen dioxide (NO;) in the presence of volatile
organic compounds and carbon monoxide [9].
Stationary sources contribute approximately 40% of
the total man made ozone emission [10]. From Table-
1, it may also be seen that the ozone concentration
was found to be the maximum in the mid afternoon,
and it may be due to the photochemical dissociation
of NO, during the day time period when it was found
to be at its maximum level. The correlation in the
formation of ozone is evident, as the solar energy
gradually increases the balance between NO, NO,
and O, shift in favour of ozone production. The
ozone level increases with the increase in sunlight
and decreases in the evening time, as the ultraviolet
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Table - 2: Hourly Average Concentration of Meteorological Parameters recarded at Port Qasim

Time Wind Wind Humidity Temperature Barometric Solar
Hrs Speed direction % °C Pressure Energy
m/sec deg mbars W/sqecm

1:.00AM 1.35 158.88 8555 2133 1014.18 2.60
2:00AM 1.83 135.25 83.63 2213 1014.45 2.55
3:00AM 1.83 219.00 8273 21.28 1013.75 1.98
4:00AM 1.88 171.88 82.68 21.05 1013.45 2.00
5:00AM 248 182.50 82.00 2093 1013.70 1.80
6:00AM 2.53 214.00 8245 20.63 1014.08 1.95
7:00AM 2.48 203.38 8323 20.40 1014.65 5.38
8:00AM 2.00 198.75 82.85 20.85 1015.35 101.25
9:00AM 225 265.00 7383 2438 1016.08 307.45
10:00AM 345 29938 60.53 28.18 1016.58 497.80
11:00AM 4.65 303.88 49.45 30.63 1016.53 643.28
12:00AM 495 299.25 46.28 31.68 1015.25 717.03
1.00PM 5.20 29938 4435 3218 1014.60 715.23
2:00PM 5.50 284.50 4330 32.00 1013.43 639.50
3.00PM 5.73 297.13 43.05 31.63 1012.95 568.13
4:00PM 613 309.88 42.58 3145 1012.68 410.20
5:00PM 5.88 304.50 46.93 30.53 1012.65 201.60
6:00PM 4.90 309.38 5125 29.40 1012.93 33.60
7.00PM 370 217.38 60.08 27.80 1013.48 2.18
8:00PM 2.88 172.63 64.43 26.55 1013.83 1.70
9:00PM 2.38 168.63 6338 25.83 1014.58 2.90
10:00PM 1.88 204.00 67.05 24.80 1014.95 3.05
11:00PM 2.05 183.88 71.68 2383 1015.08 330
12:00PM 2.03 166.25 73.88 2318 1014.95 3.40
Average 333 232.03 6530 2594 1014.34 20291
Maximum 6.13 309.88 85.55 3218 1016.58 717.03
Minimum 1.35 135.25 42.58 20.40 1012.65 1.70

radiation from the sun declines. Ozone level is often
elevated in down wind direction of the emitter,
because of the time lag involved in the
photochemical process and NO scavenging in the
polluted atmosphere [11].

The maximum average concentration of SO,
was found to be 5.3 ppb and minimum average
concentration 0.7 ppb, whereas total average
concentration was 2.42 ppb. Maximum concentration
of SO, was found at about 9:00 AM, which gradually
decreases thereafter during the day time. The main
source of SO, at Port Qasim is the oil fired Power
Plant, which consumes about 480,000 tons per annum
of furnace oil. 80 % of the city’s consumption of
furnace oil is being used in power generation at port
Qasim and it has been estimated that 32,000
tons/annum of SO, is produced from Power Plant
[12]. An environmental data was not available for
this Power Plant; however, it has been known that the
installation was designed for the use of furnace oil
and oil containing 3.5 and 2.7 % sulphur respectively.
Sulphur dioxide is readily oxidized into sulphur
trioxide in the atmosphere by photochemical or
catalytic processes. In the presence of moisture,
sulphur trioxide is converted into sulphuric acid or a

sulphate salt which further precipitates out of the
atmosphere, where it lasts only for a few days and its
maximum residence time is four days. SO, may cause
irritation, reduction of wvisibility and respiratory
diseases. Healthy persons may experience broncho-
construction at 1.6 ppm of SO, within a few minute
exposures, throat irritation at 8 — 12 ppm, eye
irritation at 10 ppm and immediate cough at 20 ppm.
Exposure to 400 — 500 ppm of SO,, even for a few
minute is dangerous to life. Normally urban air
contains 0.001 — 0.02 ppm SO, [13].

The maximum hourly average concentration
of CO was found to be 1.23 ppm and minimum 0.15
ppm during the daytime, whereas its total average
concentration was 0.62 ppm. The level of CO is very
low during the day and increases during the night due
to the phenomena of thermal convection. Natural
production of CO, mainly by volcanic and biological
action in swamp area, was estimated to be 75 x 10°
tons per year and by man made emissions it is 274 x
10° tons per year, mainly emitted from vehicular
exhaust and other combustion sources. CO is present
in small concentration in the atmosphere with a
lifetime of 2 — 4 months [13]. Further it has back
ground concentration of 0.1 ppm and residence time
of 3 days [14].
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Table - 3: Evaluated Time Weighted Average Concentration of Air Pollutants recorded at Port Qasim and
TWA limits recommended by the World Health Organization

S. Pollutants TWA Limits recommended by TWA values recorded at Port Duration
No. WHO Qasim
1 SO, 350 pg/m 6.2 pg/m’ 1 hr
;) co 30 mg/m’ 0.79 mg/m’ 1 hr
10 mg/m’ 1.02 mg/m’ 8 hr
3 0, 150 — 200 pg/m’ 23.7 ug/m’ 1 hr
100 — 120 pg/m’ 37.0 ug/m’ 8 hr
4 NO, 400 pg/m’ 17.0 pg/m’ | hr

Anthropogenic suspended particulate matter
emissions have been estimated to be about 116,000
tons per year. The inventory shows that stationary
industrial sources account for 59% of the anthro-
pogenic SPM emissions. Heating boilers and house
hold stoves, contribute to about 34% of all SPM
emissions [15]. The maximum concentration of PM,,
was found to be 191.68 pg/m’ and minimum 68.68
pg/m’ whereas its average concentration was 123.49
pg/m’. A significant relationship may be observed
between PM, and different metrological variables.

It may be seen in Table-2, that during the
monitoring period, hourly average values of various
metrological paramecters, like wind velocity was
recorded in the range of 1.35 to 6.13 m/sec, wind
direction 135.25 to 309.88 deg, humidity 42.58 to
85.55 %, temperature 20.4 to 32.18 °C, barometric
pressure 1012 - 1016 mbars and solar energy 1.70 to
717.03 Wisg m.

Meteorological conditions play an important
role in the dispersion of pollutants. Low wind speeds
usually accompany inversion, and in this case there is
very little dispersion of pollutants, so these pollutants
accumulate and produce high degree of pollution.
Port Qasim has relatively leveled topography and its
climate is influenced by the water body. The presence
of significant body of water can lead to micro-
climatological effects and to on shore and off shore
diurnal wind pattern. Thermal inversion is also one of
the factor influencing the transport and dispersion of
air pollutant emissions. The wind speed increases
with the increase in temperature and decrease in the
humidity. That is why; average speed of wind during
night the time is less than 3 m/sec. Therefore,
pollution generated in this area may accumulate
during the night time beneath a very stable
atmospheric level, a few hundred meters high, and is
then further carried down to the ground in the
morning. These results in Table I further show, that

the maximum concentration of SO, and PM;, has
been observed in the morning time, whereas that of
CO in the evening and NO and NO, the in the
midnight.

The level of concentrations of O, SO,, CO,
NO, NO, and PM,, in the ambient air recorded at
Port Qasim are presented in Table-3, along with their
Time Weighted Average (TWA) limits provided in
WHO guidelines [8]. The Table shows that the
concentrations of these pollutants in the ambient air
are within the permissible limits of WHO guidelines
for ambient air quality. However, it is presumed that
in future, after the area will be fully industrialized.
the level of the air pollutants may increase and may
result in a variety of adverse health effects.

Experimental

The monitoring of ambient air quality has
been cerried out using Air Pollution Monitoring
Mobile Laboratory (Environmental SA; France). This
Laboratory is fitted with UV Photometric Ozone
Analyzer (Model 0:41M), NO and NO, Analyzer
(Model AC31M), UV Fluorescent SO, Analyzer
(Model AF21M) and Gas Filter correlation CO
Analyzer (Model CO11M) for the analysis of O;, NO
and NO,, SO, and CO in the ambient air and
Ambient Suspended Particulate Beta Gauge Monitor
(Model MPSI 100) for monitoring particulate matter.
The laboratory is also equipped with meteorological
sensors mounted on a telescopic mast. These advanced
technology instruments are microprocessor regulated
and define a homogenous and coherent range. An
Intelligent Data Logger (SAM32) fitted in the Lab.
records spot concentrations at cvery second and
accumulates them to provide 15-minute averages. The
logger also monitors instrument alarm and diagnostic
functions and control daily instrument zero/span
response checks. The NO, NO, and SO, analyzers were
regularly calibrated by using NO, /SO, permeation tube
oven and Zero Gas Generator. The Ozone Analyzer has



(€661) ¥ (2)9¢ ‘mowuosaug ‘visrez

"(6961)

aunf ‘woday [eyuswaddng ‘8961 44 ‘S5L9-¥d
109lo1d yS Hoday AMINSU] yoreasay piojuelg
.m«ﬂ.ﬂﬂ:Oa— o_._OEn_mOeE< w:Oummu .wo e
pUe 2dUBpUNQY ‘sUIqqoy D'y Pue uosuiqoy g
(L661) €1 dd “0p

Suiysijqnd vl pue piojxg 10§ siauilg ueyop
‘uonnjjod 1y jo S[eluauRpUN | .:.FM '‘N'S'd
(€661) ve “(€)T1 ‘mawdojpaaq puv ABojouryoa )
mutm.abm. .m.N.___Z TN Cﬁm Em_mm ‘W .T:.:._O ‘d
(¥661) ‘01 ‘196-¥T ON Hoday Kiojesoqer]
Suuds  uaureMm  ‘16-0L61 ‘swemnjog Iy
Jo uotssiwg 3N ‘Bulno) ‘S pue wey[io "y'o
(1661) ‘(dV) 928-¥11

"oN uoday A1ojeroqe Juudg uaLrem ‘68-0L61
sjeIn(jod 1y JO suoissiwug N ‘Yo Md
‘(5002) 9L

‘dd NIoA maN ‘ssaid Aisiaalun) pi0jxQ ‘plowy
.Ho,v_umI ,mumm.—m_._U _muchEO._;:m pue co_u:__om
suaydsouny ‘amia ‘Q pue YN S
(L661)

L0g "dd ‘ssa1d uodg ‘uone|si3a pue spiepuelg
‘uononponup Uy ‘uounjjod Ny ‘sjjon
(0002) 601 “(1)LE “198 ppoy ubistypg 2044
‘Plesy uewny pue uonnjjod Iy ‘lysamnd) ‘H'
(1861)

¥OA MIN ‘ssuag SuusawmSug [eusuIUONAUY
‘ployuiay  puensoN ueAp Cenbuyos] pue
SINSS| :Jonuo) uonn||od [ensnpuj ‘[[3Ys ‘I'N
(9661) LES "dd *000T ‘II'H-MBIDIW P,
.ME.—ooEw:m _Dbcou co_un__om Iy .m._u>uz .Q.Z
(9661) 11 10A ‘Apmig SHUIS pue SUOISSTWH SBD

5LS S00T ‘9 "ON ‘LT IOA ™Med 0§ wayjy-inop

<1

R4

el

Tl

3SnoH u2210) [euonieN Hoday ueisiied ‘Aljred 'H b
‘(L661) ueIshied ‘peqewe|s| ‘ueisied Jo

JUSUILIDAON) ‘S32IN0S3Y [BINIEN puB WN3[0N3d

Jo Answuipy ‘ueisiyed jo 2mmnsu] juswdojsasqg

uoqresoIpAF “joog Jeap ASioug uesiyed ¢
'L661) VSN D' uoiduiysem
‘poday uawdo[aaag pHom  ueg pHom T

'(8661) aung ‘AS1aug plaom

Al Jo MaIAY [ednshiEIS dF ‘Wndondd yshug |
$30U13J3Y
"Xn|j Iejos pue
amssaid sinaworeq ‘amjeradwa) ‘Aypruny ‘uondanp
puim ‘poads pumm 21| ‘sisjowered [edifojonaw
JU2IaJIP 10J P2123[|02 OS[e Sem eiep |eoidojoslaw
‘sjuswiaanseaws  snoureA  Suung  Y'Wd  pue *ON
‘ON ‘0D 0S8 0 Jo uonenuasuod aferaay payydiam
QW] 2} J0j OS[E PUB 23aM Y} JO SINOYy 2Andadsal
3] 10} UONEBNUIIUOD IFeIdAR A[INOY 10] PIzA[BUE SEM
BJEp papliodal aFelaAr nur G| Sy ‘(Yg9 a'1) Aep
Suimoljo} ay Jo B piw oy o3 Aep Suiuuidaq ay)
Jo w3iu pru woy °'Ng pue *ON ‘ON ‘0D “0S “0
10} A[Snonuljuod pajoa|[od Sem Blep A "JAQUISAON
JO yuouI 3y} Ul UOSeas Jajuim ay ur ‘syySiu pue skep
U3A3S 10} A[SNONUIIUOD JNO PILLIED SEM IS WISED)

uod 1e Arenb e juaiqure jo Suuonuo

TENVS
woy eep [esiFojeue pue [edi1do] Fuipiosal pue Sunipa
‘uomsinboe 10j pasn sem ‘qe] ) ul pany ‘aremyos
AIVNVOS 2yl souely ‘zedeydiy s/ Aq paijddns
sed ueds Q) prepuels payiuad Juisn  pajesqifed
sem 1azAjeuy ) “sed ueds Joj 10je1ouad 2u0Zo MO syt

ALITVNO ¥IV INTIFWV




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


