Punjab Univ. J. Zool., Vol.17, pp.1-13, 2002

ATMOSPHERIC BACTERIAL PROFILE AND SUSPENDED PA RTICULATE
MATTER OF LAHORE CITY

JAVED I. QAZI, MUDASSAR YASIN AND SHAGUFTA SHAHJAHAN

Microbiology Laboratory, Department of Zoology, University of the Punjab,
Quaid-e-Azam Campus, Lahore(JIQ, M Y). Environmental Protection Agency, Lahore, Pakistan(S5).

ABSTRACT: Air of ten different localities of Lahore was sampled with the help of
Hi-volume sampler for 15 minute by using Whatman glass microfiber filter papers. A
piece of 4xdcm? of each filter was then suspended in sterile water and processed for
enumeration of bacteria on nutrient, EMB and mannitol salt agar media. Plates of
these media were also exposed directly to the atmospheres of sampling areas. It was
found that air of the city harboured high to considerable profiles of viable bacteria
corresponding to the amount and size distribution of suspended particulate matter
(SPM). The agar plates directly exposed to the atmosphere indicated that the number
of colony forming units (CFU) of bacteria including coliforms and Staphviococcus
aureus in general, followed the higher and lower values of concentration and size of
SPM respectively. Atmosphere of Ravi Chowk depicted more than 600 value of CFU,
while the lowest figure, 35 appeared on the plate exposed in the Quaid-e-Azam
Campus of the University of the Punjab. Surprisingly, these areas also expressed
highest and lowest counts for the S. aureus i.e. 385 and 3 CFU. Concentrations of
SPM pg/m? for the Ravi Chowk and Quaid-e-Azam campus areas nfeasured 240.53
and 3.16, respectively. Amongst the coliform, CFU values of E. coli represented the
highest figures and ranged from 8 to 125 for the different study areas. CFU obtained
for water immersed SPM reflected a range of 134x100' to 101x10! )/ 4x4cm? of the
air filter on nutrient agar for different study areas. The CFU values on EMB and
mannitol salt agar media ranged from 300x10' | 1o 45%10' | and nothing to 182x10/ ,
respectively for different urban locations. These results are suggestive that besides
other toxicological effects of the atmospheric SPM of an industrial city with heavy
traffic load, they should also be considered seriously in the spreading of various types
of bacteria including pathogens. The study indicates importance of size and mass
distribution of airborne particles and correlates these attributes to microbial types and
densities to be disseminated. '

Key Words:  Biopollutants in air, Size and mass of atmospheric particles,
Aeromicrobiology, Coliforms in air, Staphylococcus aureus in air.

INTRODUCTION

tmospheric pollution is an indispensable consequence of big citie’s life
characterized by heavy traffic and industrial set up(Wittoroff er al., 1994;
Sacre et al., 1995). Dust and soot particulate matter is a major component of
the atmosphere of such cities (Schwartz et al., 1993; Anderson er al., 1996).
This form of pollution is directly concerned with acute human health problems, ranging
from skin irritation to cardiac and respiratory diseases (Dockery and Pop, 1994; Burnett er
al., 1995; Schwartz, 1996; Poloniecki ef al.,1997; Hwang and Chan, 2002) and cancer
(Netteshei et al., 1975; Repace and Lowrey, 1985; Bhatia ez al., 1998). A number of cases
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of asthma attacks have been associated with air pollutions (Rossi er al., 1993; Castellsague
et al., 1995). The air borne particles may contain heavy and transition metals. The
chemical composition of particles has been shown to determine their health effects
(Tepper et al., 1994; Dusseldorp et al., 1995; Campen et al., 2001). Besides aforesaid
health problems even mortalities have been associated with air pollution in different cities
(Schwartz, 1994; Wordley et al., 1997).

Various studies have shown that adverse health effects- and mortalities are
associated with number and mass of ambient ultrafine particles (Oberdoster et al., 1995:
Peters et al., 1997). Another very important aspect of suspended particulate matter (SPM)
is that it carries and disseminates microbes which can contaminate / spoil food and cause
infections, especially respiratory diseases (Radmore et al., 1998; Reiman and Uitti, 2000
Chang et al., 2001, Dutkiewicz et al., 2001; Whyte et al., 2001). Practically such attempts
addressing microbial status and SPM have not been even initiated for second big city of
Pakistan. Therefore, this effort was made to survey the microbial air pollution in
connection with amount and size distribution of SPM in air of 10 areas of Lahore. Viable
counts of coliforms, Staphylococcus aureus and on nutrient agar are reported here. This
information is valuable for public health authorities. Monitoring programs may be
designed on these lines to assess the aerial SPM pollution generated by motor vehicles and
industrial activities and its impact on bacterial dispersion.

MATERIALS AND METHODS

Ten air samples of different areas of Lahore were taken with the assistance of the EPA air
sampling facility on dates indicated in table 1. The bacteriological media’s composition
and identification of coliforms were made as described by Merck (1996/97). Whatman
glass microfiber filters (20.3x25.4cm) were kept in polythene bags and exposed over night
to formalin gas in a closed glass chamber. They were removed out of the glass chamber
and polythene envelopes were closed. These presterile filters were fitted in Hi volume air
sampler after arrival at the sampling point and allowed to suck in the air for 15 minutes.
The air filters were removed from the sampling facility, put in the polythene bags and the
flaps of the envelopes were closed. Nutrient and EMB agar plates were exposed directly
in air for half, while mannitol salt agar plate for three minutes at the same time, at each
study area. These were brought to laboratory and incubated at 37°c for 24 hours and then
observed for microbial growth and enumeration of colony forming units (CFU). The air
filters were cut into pieces in the laboratory. For microscopic observations of the
suspended particulate matter (SPM), 2.9x2.2 cm pieces from half portion of each filter
sheet were cut and particulate matter collected on them was tapped by finger jerks on
clean slides. Each slide was tapped by three such pieces of filter sheets to achieve
maximum matter on the slide. Then SPM on one set of slides was embedded in safranin
plus glycerine in 1:1 ratio followed by sealing with cover slips and cutex. Microscopic
appearance of SPM and microfibres of the filters was studied from these slides.
Photomicrographs of representing areas of the slides and scale of stage micrometer were
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taken on a camera fitted microscope. All the photographs were developed at same
magnification. The tapped SPM on another set of slides was mounted by Canada balsam
and covered by cover slips. These slides following drying were studied for measuring
average size (diameter / span range) of particulate matter. For this purpose sizes of ten
particles for a given sample were recorded randomly with the help of ocular micrometer at
400X magnification and calibrated as um by using a stage micrometer. Onec half of each
Whatman glass microfiber filter was kept in desiccator in the presence of excessive KOH
and CaCl, to remove the water contents for more than 24 hours. The desiccated half of
cach sheet was then weighed to calculate weight of SPM by subtracting'the weight of the
unexposed filter. Weight of SPM was also calibrated as peg/m? of air. A piece of 4xdem
of cach filter was cut in laminar airflow system and immersed in 100ml sterile water on
the day of sampling. The glass containers containing the immersed pieces of the filters
were shaken for 1 min. On next day the contents in the containers were again shaked and
the water was processed for bacterial enumeration. Dilutions of water ranging from 102 to
10" were made in a series of test tubes containing 9ml of sterile water by successive
transfer of 1ml from a previous dilution and the diluents were stirred for twenty seconds
on gyromixer. Initially three dilutions; 1:10° to 1:105 were spreaded evenly onto the
surface of each nutrient, EMB and mannitol salt agar plates in an amount of 0.1ml/plate by
means of sterile glass spreader. The plates were then incubated at 37°C for 24 hours and
colonies appeared were observed, counted and measured by using a colony counter. For
samples containing either less than 30 or more than 300 of bacterial colonies the
experiment was repeated by using appropriate dilution. CFU obtained on different media,
directly exposed to the atmosphere as well as obtained for water suspended SPM of
different study areas were correlated to amount and size of SPM of the corresponding
samples,

RESULTS

Microscopic observation of the dust and soot particles in the glycerine plus
safranin (1:1) embedding showed small fragments of the glass microfiber filters
containing SPM for all the samples except one. Interestingly the microfibers of the filters
did not take safranin but SPM revealed many shades of the stain. Thus it was possible to
visualize different sizes and shapes of the SPM while entrapped within the fibres. Such
slides were photomicrographed, by using a camera fitted microscope. As can be seen
from Fig. 1.1, SPM of the Thokar Niaz Baig area usually comprised of bigger particles
that were of variable dimensions. However, many particles of small and intermediate
sizes were also visible. When sample 2 was observed, very few large suspended particles
(SP) were visible. However, due to very fine nature of SPM, the microfiber indicated
pinkish shade (Fig.1.2). Sample number 3 (Model Town) also appeared similar to sample
2 with relatively lesser concentration of SP as revealed by very light pink shade of the
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Tablel: ATMOSPHERIC BACTERIAL PICTURES OF VARIOUS SAMPLIN® AREAS AS
VISUALIZED BY
FORMING UNITS ON PETRI PLATES OF DIFFERENT AGAR MEDIA

EXPOSURE, SUBSEQUENT

INCUBATION AND COUNTING COLONY

] DATE/TIME NUTRIENT MANNITOL
Sr. No. S/;'é?: OF AGAR %E;::fétco/:lﬁc SALT AGAR
i SAMPLING /2 min exposure ) %P 3 min exposure
I. THOAR o T1(5a) E coli=41(I) 2(6)
NIAZBAIG | 22810243 Aerd) STl 52
) - 80(<2) Ecterobacter=12(5) 4(<2)
2. . & E. Coli=52
QA. 5.11.01 5.5 S&S=19 1(5)
‘ ; . 27 (2&<2) )
CAMPUS 12:07 to 12:22 Enterobacter=10 2(<2)
Fungi=27
3 MOBEL 1101 12(5-8) E coli=I3 4(6)
TOWH i o5 13(2-5) S&S=6 11(3-3.5)
s 47(<2) pi=15s 6(<2)
. CHOWK i 6(8) Lszgg{f,’f 1(7)
YATEEM | woaeusiziog 3423 Briebobierira] 15(24)
KHANA : ' 151(<2) L 58(<2)
ccoli=92
o i) 11(6-14) ey 33(4-6)
CHOBURIJI e 15(2-6) B R 99(2-4)
2910 2: |20(<2) nterobvacter 217(<2)
= i=712%
& 29.10.01 9(7-14) Bepinla 13(5-10)
BADAMI ; S&S=40
Sy 11:45 10 12:00 49(2-7) Bk 48(2-4)
330(<2) ; 71(<2)
T/ E.coli=70
14.09.01 6(5-10) S&S=28 6(3-5)
papife G VT 15(2-4) Entévablicter=6 19(2-3)
Rt 62(<2) pi=11 58(<2)
Fungi=1 ;
8 14.09.01 1(12) i.g’s’.’;‘g ("
GULBERG 2:25103:10 14(2-8) Dh By 1(4)
39(<2) ; ui;;( 11(2&<2)
9. 51101 9(4) E.coli=52 1(16)
QANCHI 1:39 10 1:54 39(2) S&S=19 51)
72(<2) Enterobacter=10
10. p 17(7) E.coli=99 18(5-11)
(.ﬁg\\;/”( ] 1-6(;' :0‘?]],22 275(2-6) S&S=14 105(2-5)
A 319(<2) Enterobacter=8 262(<2)
a: Number of colony forming units. Values within ( ) indicate diameter of bacterial

colonies in mm.
S&S=Shigella & Salmonella; pi=unidentified
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1.10

Fig. 1: Microscopic appearance of suspended particulate  matter (SPM)
entrapped within the Whatman glass, microfiber filters exposed to different arcas in the
atmosphere of Lahore. Decimated number of each photomicrograph represents the study
area. Glycerine plus safranin (1:1) mounted slides. Bar indicates 100um.
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filter (1.3). The atmospheres of Quaid-e-Azam (Q.A.)Campus of the University of the
Punjab and Model Town areas which are progressively far from the heavy traffic and
industrial localities, are characterized by high and moderate amounts of fine with
relatively fewer large-sized SPM, respectively. These microscopic observations were
confirmed by lesser values of weight and concentration of SPM for these two study arecas
(Figs. 2A, 3A). Sample number 4 also revealed less number of larger SP entrapped within
the microfibrils (Fig. 1.4). For sample 5 many large, medium and small-sized SP were
observed (Fig. 1.5). For sample 6 (Badami Bagh) no fragment of the filter was observed,
however, many large and small size particles were observable which indicated that heavier
SP might have left the filter easily during the process of slide making (Fig. 1.6). The
particles were of varying shapes and sizes. Sample 7 showed moderate amount of
medium-sized SP (Fig. 1.7). For sample 8 less large-sized and many fine SP were
apparent (Fig. 1.8). This study area i.e., Gulberg is considered a high rank residential arca
having but scarce heavy traffic. Study area 9 was characterized with large-sized as well as
fine SP (Fig. 1.9). Slide for sample 10 had some very large but on the average
medium- sized SP (Fig. 1.10). Size (maximum spam) of the atmospheric particulate
matter collected from different study areas ranged from about 17 to 46 um (Fig. 2B).

Nutrient agar plates exposed for half minute to different sampling areas,
indicated number of colonies ranging from 35-611. The Q.A. Campus, Model Town and
Gulberg areas can be visualized having relatively low atmospheric viable bacterial count.
These observations truly followed the microscopic pictures of SPM of these areas. On
the other hand Chowk Yateem Khana, Choburjii, Badami Bagh and Ravi Chowk depicted
a higher and highest number of bacterial colonies. respectively (Table 1). When the
mannitol salt agar plates were analyzed, it appeared that sampling areas number 5 and 10
i.e. Choburjii and Ravi Chowk showed 349 and 385 colonies. respectively. The remaining
areas did not show such high profiles of the bacteria in the air. Microbial picture of
growth on EMB agar remained in general less than the mannitol salt agar and nutrient agar
growths.  However, Q.A. Campus, Choburjii, Badami Bagh, Railway Station and Ravi
Chowk areas showed more than 100 number of coliform’s CFU (Table 1). For bacterial
growth on EMB agar it was possible to distinguish E. coli, Enterobacter. Salmonella and
Shigella based upon colonial characteristics according to Merck (1996/97). Atmospheres
of Gulberg and Model Town indicated least number of E. coil ie., 8 and 13 CFU,
respectively. When the data were presented in the form of graph and correlated with
weight of SPM sampled within 15 minutes by Hi Volume air sampler, it appeared that
number of CFU on different media, in general, followed the trend exhibited by the values
of SPM for different sampling areas (Fig. 2A), except for Thokar Niaz Baig. The high and
low profiles of different forms of viable bacteria in the atmosphere thus represented high
and low amounts of suspended particles in the air, respectively. Interesting correlation
was found when the same data were visualized with reference to the size distribution of
particulate matter (Fig. 2B). As can be seen from this figure the sampling areas
characterized by low-sized SPM contained, in general, higher number of viable bacteria
including coliforms and Staphylococcus aureus in the atmosphere. These results clearly
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indicated that it is not only the amount of SPM but size of the particles also affect the
microbial picture.

Enumeration of CFU of SPM / 16cm? of the filters showed highest number on
nutrient agar for sample 4. The Yateem Khana Chowk is highly populated and congested
area, characterized by heavy traffic. The number of CFU of SPM for the area turned out
to be 1x10'7. For the remaining sampling areas the lowest count was for sample number
10 (Fig. 3). When the dilutions were spreaded on EMB agar highest CFU count was for
sample 7, collected from city railway station. For sample 9 the growth was uncountable
even for the dilution 1%105. Other sampling areas showed different CFU values, shown in
Fig. 3. On mannitol salt agar the highest count was for samples collected irom Badami
Bagh, an arca with high traftic and congested population mainly comprising of passengers
coming from and going to other cities. For sample 1,3 and 9, S. aureus bacteria were not
observed even when the inoculum was taken from first preparation of the samples When
the CFU of the diluations were visualized with reference to the concentrations of SPM of
respective sampling area a trend opposite to the one observed for directly exposed agar
plates, was observed i.e., for higher amounts of SPM the bacterial profiles generally
appeared lower (Fig. 3.A). However, correlation of the viable bacterial counts with size
distributions of SPM more or less reflected the pattern observed for the CFU values of
directly exposed plates (Fig. 3B).

DISCUSSION

The present microbiological survey of atmosphere of the Lahore city
indicated that the heavy amount of suspended particulate matter (SPM) harbours different
viable bacteria including coliform and Staphylococcus aureus species. Appearance of
amount of growth on directly exposed nutrient, EMB and mannitol salt agar plates is
sufficient to warn the potentially dangerous microbial -nature of atmosphere of the city.
Apart from the presence of general microbial flora and S. «ureus in the air, presence of
viable coliform bacteria may be considered as an indication of improper management of
sewage water. For instance, the highest coliforms CFU/mg of SPM was found in sample
representing the Lahore Railway Station. The lowest E. coli counts for Gulberg and
Model Town areas is easily explained on the basis of high hygienic and sanitary
conditions of these two posh areas of the city. Many of the coliforms may not themselves
be pathogens, however, they indicate presence of pathogens which travel along the routes
of fecal/sewage contaminations. (Gaudy and Gaudy, 1980).

Many studies have correlated amount of SPM with different diseases, health risks
and infections. For example, Romieu and Borja-Aburto (1997) proved that particles at
high concentration could cause mortality and have related an increase of 100mg/m?* in 24
hours of average diameter of 10 microns (PM10) ambient levels to a 13% increase in total
mortality. Avol ef al. (2001) concluded that particulate matter, (PM10) had a measurable
and potentially important effect on lung function, growth and performance. Similarly,
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Fig. 2: Colony forming units (CFU) on different agar media plates exposed to the air of
different study areas with reference to weight (A) and size (B) of SMP.
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Fig. 3: Colony forming units (CFU) of SPM deposited with 15 minutes / 16 cm? of the
Whatman glass microfiber filters in different study areas with reference to concentration
(A) and size (B) of SPM.
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Braga et al. (2001) have demonstrated that 10 microgram/m® increase in pairt: 'ate
matter, ranging from <410 to 100 microns in size in citie’s atmosphere was associated with
increase n deaths due to pneumonia. The comparable studies have not been -+ ducted in
the study area and the present report is first one to correlate the amount and size of the
SPM with certain kind of viable bacteria in the atimosphere. For directly exposed agai
plates CFU remained higher for higher amounts of SPM for different areas. [ versc
correlations of the concentrations of SPM with CFU values following immersion of SI'M.
in water and its subsequent inoculation, might have occurred due to the water-soluble
toxic substances of SPM. Study to assess microbicidal and toxicological nature of the
atmosphere’s SPM is in progress in our laboratory. The results suggest that soot and dust
particles must be managed in addition to managing the poor sewerage. Very high
coliform count for railway station area may be considered due, at least in part. to animal
crafts still in use in nearby area and human excreta problem. The practice of animal crafts
on the roads also results in dissipation of animal manure particles into the atmosphere
which may carry germs in addition to coliforms. In conclusion it is indicated that
atmosphere is not suitable for human health due to high SPM accompanied by bacterial
pollution. Further work is needed to analyze other microbes such as hemolytic bacteria
and also chemical nature of SPM in terms of organic, inorganic and biochemical
pollutants. Apart from the microbial nature the particles themselves need thorough
studies. In this regard high amount of diesel particulate emission due to heavy and
outdated traffic of the city is alarming. As diesel particulate emissions have been
associated with particulate loadings and health effects (Pepelko and Peerano 1983:
Wittoroff et al., 1994). Mauderly (1994) has documented epidemiological evidence from
inhaled engine emission. While Bhatia er al. (1998) have correlated diesel exhaust
exposure with lung cancer.

When bacterial profiles (CFU) of different sampling areas were observed in the
scenario of respective SPM size distribution, in general an inverse trend was observed for
directly exposed media plates as well inoculated with water diluents. This clearly
indicates that smaller particles in the atmosphere provide more surface areas for the
adsorption, attachment and distribution of microbes in the air. Thence for monitoring
atmospheric pollution apart from total load of SPM the size and physiochemical
characteristics of the particles must be taken into account, especially when the focus
includes aeromicrobiology. It looks pertinent here to indicate that SPM can be examined
directly for microorganisms by fluorescence microscopy and fluorescent antibody
techniques can be used to examine and enumerate specific microbes (Madigan er al.,
1997). Further work will include measurements of surface areas of the SPM and their
microscopic topography. This is first report addressing the size of SPM and microbes of
the atmosphere of Lahore city. However, many such studies have been conducted in other
parts of the world. For instance Burnett et al. (1997) have illustrated role of particulate
size and hospitalization for cardio respiratory diseases. Similarly Braga et al. (2001) have
assessed differences in lag structure pattern between matter<10/100 micron meter in
diameter and cause specific mortalities due to respiratory and cardiovascular problems.
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The sampling of the city air with the help of Hi volume facility, only for fifteen minutes,
indicated nature of SPM for different study locations ranging from about 71 to about 240
pm?* except for sample No,2 having the value of 3.16, with mean diameter range from
about 17 to 46 um. Reported air quality guideline values for PM10 of 70 pg/m® for 24
hours (Tiitanen et al., 1999) and 150 pg (Cicero-Fernandez, et al., 2001) seem much less
than the observed values. Thus the atmospheric particulate load of the city Lahore appears
more than the safe levels and the amount and size of SPM have bearings on the bacterial
profiles and their distribution patterns. Study of pathogenic bacteria and detailed analyses
of SPM are required.
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