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Abstract, The air-bome fungal and bacterial flora at Muna, Saudi Arabia during Al-Hajj season 1419 T1 were
screened. The screened areas included a food macket, King Khaled bridge. Jamarat bridge, Xing Fahad tunnel,
inuasim tunnel and the central aren. A total of thirty eight species of fungi and nineteen bacterial species
belonging v six genera were isclated. The commonest fungi wolated were Cladosporinm herbarum and
Peniciium citrinem whale the commonest bacterivimn  was Bacillies subtilis. In all the localities, the highest
number of fungal and bacterial colonies were obtained from air in the central area, followed by Jamarat bridge
amnd the food market. ‘The number of fungal and bacterial colenies was in general higher in densely populatcd
than in less populated areas.

Introduction

During the second half of the twentieth century, pollution problems have become more
ucule than ever before. Pollution and its control have ceased to be the concerns of only
sanitary engincers: they have become slogans for mass movements and the focal pic of
scientific, public and legislative debates. The current environmental predicament ol cur
planet has two recognizable components: conventional pollution, which now occurs on a
vastly increased scale; and novel pollution problems, largely unknown before World War
II. The human population explosion, combined with an international trend toward
urbanization, has increased the intensity of convenlional pollution to a high level. To
stave off unacceptable deterioration of the environment, industrialized societies are being
forced to pay heavily for the abatement of wastcs and pollutants. The scienilic
background of these conventional pollution problems is well understood and effective
contsel is largely a question of technology and finances. In contrast, many novel
pellution problems, caused by chemicals (o which the environment had not been exposed
previously, have caught both scicntists and lay pcople unprepared. The majority of the
novel pollution phenomena involve radicnuclides and organic chemicals culled
xenohiotics, chemicals synthesized by humans that have no closc natural counterparts.
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These xenubiotic chemicals include pesticides, plastics, and other synthetics, many of
which persist because transport mechanisms and catabolic pathways for them huve not
evolved {1]. All living organisms carry out chemical transformations (hat influence their
surrounding environment.

In general there are many types of pollutants which include oil, isotopes, minerals,
sewage, fertilizers and microbes. Humun activities arc responsible for introducing many
ol thesc materials into the ecosphere at problem levels, while overall the slate of health of
pilgrims has a direct effect on microbial air pollution [2].

The microbial flora of air has been surveyed in many countries all over the world.
[3-21]. Vartations in the total numbers as well as the individual trapped genera and
specics were noticed. Seasonal variations in the air bacterial and fungal flora arc also
cvident.

About two million pilgrims arrive in Makkah every year to perform Al-Hajj, Muna
areu which becomes very crowded increasing waste materials which provide a most
suitable environment for microbiat pollution,

The present survey was conducted to study the air-borne microbial flora at Muna,
Saudi Arabia during Al-Hajj season 1419 H. The investigation includes, isolation, Lotal
count and tdentification of both bacteria and fungi. In addition this study offcrs some
suggestions to reduce microbiul pollution during Al-Hajj.

Materials and Methods

Sumples were collected from a food market, King Khaled bridge, Jamarat bridge,
King Fahad tunnel, muvasim tunnel and the central area, with five air samples taken at
cach site (total 30 samples). The mcthod described by Al-Sarrani and Al-Turk [2] was
used for sampling air-borne spores of fungi and bucleria, Samples were then taken to 2
laboratory for fungal and bacterial cultivation. For the quantitative estimation of fungi
and bucteria the aliquots of a suspension in steritized water was used. The method is
based on a Vacuum Pressure Pump and a Flo-Meter to estimate the volume of air
samples. Each liter of air samples collected was treated with 100 ml of sodium chloride
solution {0.85% wiv in 250 ml Erlenmeyer flasks). Samples of the resulting suspension

were then spread on the surface of the Czapek-Dox agar and plate count agar medium for |
the wrowth and isolation of fungi and bacteria respectively. In each case the total count |

was then determined as colony-forming units (CFU) per liter of air. Incubation periods
were 10 days at 30°C for total I ungi and 3 days at 37°C for total bacteria,
Fungal genera and specics were identified according to Johnson and Curl [22],

Raper and Fennell 23], Gilman [24], Pitt {251, Rumirez [26], Nclson et al [27]. Bacterial
genera and species were identified sing Bergey's Manual of Systematic Bacteriology |28].
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Standard statistical procedures were applicd and a Minitab-for-Windows program
used in analysis of frequency and standard deviation.

Results and Discussion

Monthly mean tcmperature and relative humidity was 287°C and 403 %
respectively, which is very fow compared with many years ago [29].

The Lutal count of bacteria and fungi collected from the different sites of Muna area
are given in (Fig 1). Bacterial total count ranged between 31 to 140 colony-forming units
(CTU) per liter of air. Similar results were reported eurlier from other places in Sandi
Arahia [2; 20; 30}. The highest count of bacteria population (140 CFU / liter iur} was
recurded in the central area of Muna followed by Jamarat bridge with (102 CFU / liter
air). The lowest bacterial population was observed in the King Fahad tunnel with 31 CFU
/ Ter air. King Fahad tunnel is located in the highest position of Muna area. This tunnel
is for cars and pedestrians are not allowced.

The central area of Muna is the main place where pilgrims live. This site is crowded
and rich in waste materials that accumulate with time; a most suitable environment for
microbial pollution. In addition the central area and Jamarat bridge suffer from leaching of
sewage water since they are located in the lowest position of the Muna area. As a resuit the
central area and Jamarat bridge recorded the highest bacterial counts.

According to [Detric, 5, p. 68] thal the total count of bacteria in an underground
tunnel ranged from 600 to 800 CFU { liter air; while the total count of bacteria in France
ranged between 200 - 500 CFU / liter air depending on the density of people. As a result
it uppenrs that hacterial total count is highly comrelated with people population.
Environmental factors such as a temperature and relative humidity have a direct effect on
the population and activities of microorganisms. Since the temperature and relative
humidity in the atmosphere of Muna area during the time of sampling were very low, so
the total count of bacteria was less than those reported from other countries.

Al-Sarrani und A)-Turk [2] reparted that the total count of air-borne bacteria in
Prophet’s Mosque in Madinah region, Saudi Arabia, ranged between 5-130 CFU / liter
air, while the recent study reported that the total count of bacteria in air samples collected
from some natural environments of Saudi Arabia ranged from 12- 150 CFU / liter uir
depending un the density of people [2; 20; 30].

Fungal total count ranged between 20 to 122 colony-forming units (CIFU} per liter
of air (Fig.). This result is similar to carlicr findings by other warkers in Saudi Arabia [2;
19; 20; 21; 31, 35, 36]. The highest count of fungal numbers {122 CFU / liter air) was
observed in the ceniral area of Muna followed by the food market with 100 CFU/
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liter air; while the King Fahad tunnel had the minimum fungal count with 20 CI'U / liter
of air. The total count of fungi in a survey of air-bumne mould flora at Riyadh and Jeddah,
Saudi Arabia ranged from 34 to 150 CFU/ liter air 19, 31, 35, 36].

In fact all of these [ungal and bacterial species were also isolated from different
places of Saudi Arabia by other workers [2; 19; 20; 21; 31, 32, 33, 34, 35, 36, 37. 38].
There are several environmental factors led to abundance of microbes in atmosphere,
such as rain precipitation, winds flaw, dust and suspended particles that caused by
movement of cars and pedestrian pilgrims. So the Higher Organisation of Al-Hujj is
requested to reduce the sandy roads by construction with asphalt and remove the waste of
building matcrials before Al-Hajj season. This will decline the microbial air pollution
and avoid the distribution of infectious discases.

Table (1) shows the frequency of bacteria species isolated from different localities
in Muna. The frequency percentage means numbher of sites which exhibited microbial
species out of total places studied (six localities). A total number of nineteen bacterial
species belonging to six genera were isclated: Bacillus was the most common genus and
was tepresented by five species. The highest frequency was recorded in the case of
Bacillus subtilis with 10 %, so it was present in all places, this was followed by Bacillus
anthraeis, Bacillus  megeterium, Micrococcus leteus, Neisseria elongata, Nelsseria
subflava, Pseudomonas pseudomallei, Pseudomonas stutzeri, Shigella boydii,
Staphylococcus aureus and Staphylococcus capitis all with a frequency 83 %. The
species Bacillus alvei exhibited the minitnum frequency with 50 % (present in 3 places).
In the present study all bacteria species isolated were present in the food market and
Mugasim tunnel.

The population and frequency of fungi species isolated from different localities in
Muna are given in Table (2).Thirty eight species of air-borne fungi belonging to six
genera were isolated from the six localities.

The predominant fungal species were Cladosporium herbarum and Penicillium
citrinum ~ with frequency 100 %, followed by Alternaria humicola, Alternaria
phragmospore,  Aspergillus  fumigatus, Fusarium  solani, Fusarium coerulewm,
Penicillium lanosum, Penicillium chrysogenum and Penicillium islandicum  with
frequency 83 %, while the frequency of Curvidaria spp was 50 %. Al-Satrani and Al-
Turk [2] observed that Penicillium citrinum was the predominant fungi in the atmosphere
of the Prophet's Mosque in Madinah region, Saudi Arabia, while in a survey of air-horne
mould flora at Riyadh and Taif, Saudi Arabia Cladosporium herbarum predominated
[18; 2021, 36].

The frequency of Cladesporium herbarum and Penicillium citrinum was almost
similar to earlier findings by other workers in Saudi Arabia {19, 20, 31]. Cladesporium
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herbarum and Penicillium citrinum were the predominant fungi in all the localities
searched (Table 2).

Table 1. Bacterial isolates from different localities in Muna. (colony-forming units (CFU) per liter of

air)
Lacality
Bacteria species Fond King Jamarat King Muasim Central Froquency
market Khaled bridge Fahad tuomel  area T
bridge tumnel

Bacitlus Total count 26 12 15 3 tn 7
B. afvet Cheshire and Cheyne 5 - 3 1 - 50
B. unthracis Colhn 7 7 ] - I 2 83
8. circalans bordan 9 1 - - 3 3 66
B, megeterium de Bary 4 2 4 1 2 - 83
8. subtilis (Ehrenberg) Cohn 1 2 2 2 3 2 100
Micrococeus Total count g 34 1 5 17 8
M, letens {Schuceter) Cohn 4 14 - 3 5 8 83
M. roseus Flugpe 2 8 - 2 7 - 66
M. vurians Migula 2 12 1 - 5 - 66
Neisseriu Totat count 5 8 12 6 23 46
N. elonguta Bevre and Holren 3 - 3 ] 9 34 83
N subflava (Flugge) Trevisan 2 8 7 - 14 in 83
Freudomoenas Total count 30 4 25 9 6 23
P. cernpinesa (Schroeter} 11 - 7 2 2 66
Migula
. atcvdigenes Monias - 4 2 - 56
. prewdomalier {Whitmore) 3 3 G 3 2 83
Haynes
#. stutzeri (Lebunann and 10 ] 3 - 2 15 83
Neunann) Sijderius
Shigeila Totat count 17 15 23 | 4 -
5. bovelii Ewing 8 7 14 t 1 - 83
8. sonnei (Levine) Weldin 9 8 9 - 3 - 66
Stapfiylococcus Total count ] 3 26 7 4 S6
& wureus Rosenbach 3 - 17 3 2 24 83
8. cegpitis Kloos and Schieifer 4 3 9 - t 15 83
S._heminis Kloos and Sehlcifer 2 - - 4 ! 17 66

The present study also indicates that Aspergitlus niger, Aspergillus raperi and
Penicillium expansum exhibited the minimum trequency with 33 %. No isolates of
Curvularia or Alternaria were oblained in samples taken from King Fahad tunnel. In the
present findings, interestingly most fungi species were found in the [uod market of Muna,
The central area exhibited the maximum population of air-bornc fungi with 122 CFU /
liter of air.

In conclusion, abundance of fungal and bacterial flora of Muna was less than
recorded at other siudies possibly attributed to levels of temperature and relative
bumidity during time of sampling. The highest number of fungal and bacterial colonies
were obtained from air in the central area, a place with higher density of pecple and
waste materials, followed by Jamarat bridge and the food market. King Fahad tunnel
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exhibited the minimum population of air-borne fungi and bacteria. The number of fungal
or bacteriul colonies was in general higher in densely populated ihan in less populated
arcas. The commonest [ungi isolated were Cladosporium herbarum  and Penicillium
citrintm while the commonest bacteria was Baciilus subtilis.

Table 2. Fungal isolates from different |

in Muna. (colony-forming units (CHU) per liter of air)

Locality
Fungi species Food King Jamarat King Muasim Central Frequency
market Khaled bridge Fahad tunmel  area %o
bridge tunnel

Alternarie Total connt 20 7 24 - 4 10
A. alternata (Fe.) Keissler 7 - Y - - 2 50
A, chirmydospora Mouchacca 2 - 1 - - 4 50
A. humiceta Oudem 4 2 5 ! 3 83
A. phragmospora van Bmden 3 5 4 - 1 ] 83
A, renuiscime {Fr.) Wilishire 4 - 5 - 2 - 50
Asperpillus Total count 25 13 10 5 i1 23
A. apice Mehrotra & Rasn 3 4 1 1 - - 66
A candidus Link ex Pries 1 1 - 3 - [} 66
A efavaties Desm. 5 - 4 - 1 - 50
A. flevus Link ex Fries [ 2 - 1 2 - 66
A, fumiyaris Fres. 1 1 2 - 5 2 83
A nidulaens (Eidam) Winter - 2 - 1 3 50
A. riger van Teighem 3 - - - 1 - EE]
A achraceous Withelm 1 1 - - - 1 306
A, nrveea {(Ahlburg) Cohn - 1 L - 1 7 66
A. raperi Stotk & Meyer 4 2 - - - 13
A rerreus Thom 1 1 - - - 2 50
Cladasporivm Total count 14 5 6 1 5 8
© eludnsporioides (Fres yde Vries 8 - 2 - 2 3 66
C. herforum (Pers.: Fr.) Link [ 5 4 3 5 100
Curvatariuc Total count 9 4 2 - 7 -
C. intermedia Doedijin 7 4 i - 50
C tubercutota Jain 2 - 1 - 7 - 50
Fuserium Total count 13 i g 5 11 27
F. sofand (Mart.) Sacc. 4 12 - 2 2 £3
F. oxysporam Schlecht. - 1 ] - 7 15 66
F. coerufeam (Lih) Sacc. 6 3 2 I - 4 83
F. viticiwn Lank 3 - 1 2 - ] 66
Penicififum Total count 9 23 31 @ 17 56
P tanosum Westl. 3 3 9 - 4 11 83
P. nototum Westl. - 5 - 2 8 3 66
P. citrinem Thom 2 6 5 1 1 @ 100
. nigricans (Bain.) Thom 9 - 7 1 - 10 1)
P expansum Link - - 8 - 4 33
P frequentans Westh. 3 7 i - - 7 66
F. chrysugenuri Thom 4 ] - ! 2 3 83
P. islgndicam Sopp - 1 1 4 ] 9 83

The recommendations:

1- Medical care of the pilgrims before and during Al-Hajj season.
2- Some restrictions for water vses to avoid leaching of sewage waiter.



8 Abdullah M.K. Al-Falih

3- All foods provided to pilgrims must be coverad.

4- Inform the pilgrims to get rid of all waste materials in a proper places.

5- Daily collection of all wastesina spevial containers to be taken very far of Makkah
city.

6- There should be a law organizing pilgtims accommadation to be in a suitable tents and
preventing them to live everywhere such as under bridges, strects etc .

Acknowledgement. 1 would like to thank the King Fahad Institute for Al Hajj Rescarches
at the University of Umm Al-Qura and Dr, Osama Al-Bar for providing materials and
EYUIPTMCHL.
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