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Good indoor air quality improves productivity at the workplace. On the other hand, poor indoor air
quality could lead to losses in productivity as a result of comfort problems, ill health, and sickness-
absenteeism. The purpose of the study was to assess indoor air quality in various rooms of university
buildings, covering the offices, lecture theatre, laboratory or workshops, and public restroom across eight
faculties in a conventional university. Investigations were conducted at twenty-nine indoor locations in
the main campus of the University of Lagos. Noise level, PM2.5, PM10, relative humidity and
temperature, CO, SO,, NOx, and the microbial quality (fungal and bacterial) were all determined. The
microbial quality was determined using the sedimentation method (open Petri dishes) containing different
culture media for sample collection. Noise level ranged from 61.60 to 84.10 dBA. The noise level is quite
high in almost all sampling points especially in the workshops, yet there was no significant difference
(P>0.05) across all the indoor sampling points and the WHO limit. SO, was mostly absent, however, the
highest value of 0.4 ppm was recorded, which was higher than the recommended limit of 0.1 ppm. PM2.5
ranged between 4.0-25.0 pg/m3 and PM10 were between 8.0-47.0 pg/m3. Though there was high
variation in PM2.5 and PM10 across all the indoor sampling points, there was no significant difference
(P>0.05). They were below the maximum limit of 150 pg/m?®. The total fungi load ranged from 10.4 to
963 CFU/m3. There was a generally higher number of fungi in the restroom than in all the other indoor
environments and they were significant in the Faculty of Social Sciences. Fungi isolates include
Aspergillus spp. (86.2%), unidentified mold (13.77%) and Sporothrix schenckii (0.03%). Total bacteria
load ranged from 96.3 to 689 CFU/m3. The lowest load of bacteria (9.63x101 CFU/m3) was recorded in
the Dean’s Office at the Faculty of Environmental Sciences. The restrooms have the higher bacterial load
(6.89x102 CFU/m3), which was higher than the recommended maximum limit of 500 CFU/m?.
Identification from the colonies showed that about 55% were gram positive and 45% were gram negative
cells. Morphological studies showed that cocci were also more predominant over the bacillary shape
bacteria (55% versus 45%).

Keywords: indoor air quality, fungi, bacteria, noise, carbon monoxide, oxides of nitrogen.

Introduction. Air pollution is the presence in the atmosphere of chemicals, particulate matter or
biological materials in such quantity and for such duration that can cause harm and discomfort to humans
and other living organisms (Njoku et al., 2016; Obanya et al., 2018). Common air pollutants in the
environment include: sulphur dioxide (SO,); oxides of nitrogen (NOX), carbon monoxide (CO); volatile
organic compounds (VOCSs); ozone (Os); suspended particulate matter (SPM) also called particulates; and
lead (Pb). Air pollutant can be in the form of solid particles, liquid droplets, or gases. In addition, they
may be natural or man-made (USEPA, 2006). In recent times, indoor air quality has caught the attention
of scientists and the general public because indoor levels of many pollutants are often higher than those
typically encountered outside (Jurado et al., 2014). Indoor air pollution (IAP) would cause significant
harmful health effects due to a long time period that people stay indoors (Klinmalee et al., 2008). Indoor
air pollution concentrations depend on a large number of factors such as indoor sources and the emission
rates, air exchange rate, the penetration of outdoor pollutants into the indoor environment, and the
pollutant sink or removal rate on indoor surfaces (Beak et al. 1997; Klinmalee et al., 2008).

Air quality of indoor environments is one of the main factors affecting health, wellbeing and
productivity of people (Hayleeyesus and Manaye, 2014). One of the problems of indoor air quality is
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affected by the presence of microorganisms whiclu@e bacteria, moulds and viruses (WHO, 2009a).
People’s exposure to indoor air pollution is defeed by the concentrations of pollutants in theoiord
environment and, most importantly, by the time wtlials spend in polluted environments. Since, more
than 90% of people spend majority of their timeoos by breathing on average 14 m? of air per day
(Brochu et al., 2006), therefore, good air qudbtef utmost importance. Poor indoor air quality gase
problems that can be subtle and do not always pe@asily recognizable impacts on the health and
welfare of populations (USEPA, 2006). Several ¢ffaan the respiratory system have been associated
with exposure to IAP including asthma developmeasthma exacerbation, respiratory infections, upper
respiratory tract symptoms, cough, wheeze and aegpr(WHO, 2009a; Hayleeyesus and Manaye,
2014). Therefore, indoor air quality is of speatahcern for students and workers, particularly ¢hos
sensitive to poor air quality as today’s Univeestcan be regarded as “mini cities” with largeiterial
coverage, diverse human activities, with differdagrees of effect on the environment (Alshuwaikhat
and Abubakar, 2008).

Since air is an important vehicle for the dissertioma of infectious agents and allergic
components, developing potential undesirable effect human beings, the control of the microbial
charge has become an important key to define thizoemental quality of ambient media surrounding
human populations that are largely exposed to indooduring their daily activities (Soto et alQ(D).
The air quality inside buildings is affected by mdactors. In an effort to conserve energy, modern
building design has favoured tighter structureshwiwer rates of ventilation (Ezzati and Kammen,
2001). By contrast, in some areas of the world oalfural ventilation is used; in other areas meidain
ventilation is common. Factors that can have a thegaffect on health and comfort in buildings rang
from chemical and biological pollutants to occupp@tceptions of specific stresses such as temperatu
humidity, artificial light, noise and vibration. Apollution is believed to kill more people worldia than
AIDS, malaria, breast cancer, or tuberculosis (WR@)9Db).

The increase in commercial activities in our Unsigr environment as well as the functioning of
machinery in several business units, and an unifiagéte amount of emissions are now of concern
especially from the burning of fossil fuels, poarilding designs and poor ventilations. Also, recent
developments in construction materials have reduttehe use of more synthetics and composites;iwhi
can affect air quality. Radical changes in techgplbave led to innovations, such as air conditisner
computers and photocopiers that provide greatéci@fities and time savings, but can also affect the
quality of indoor air (Franklin, 2007). These pdtally adverse effects are further complicated hwy flact
that people are spending more time than ever isddidnus, indoor air quality (IAQ) is an important
criterion that must be taken into account when damdworkplaces are designed to provide a safe
environment. Good IAQ is an interaction of effidiemntilation and the lowest achievable amounts of
chemical, inorganic or organic and microbial compuasl which shouldn't evoke symptoms in the
occupants. This study provides information on tbherent indoor air parameters and quality (relative
humidity, temperature, VOCs, CO, §NQ,, H,S) and the concentration of microorganisms, and als
describes the bacterial and fungal loads for dfferindoor environments of the University of Lagos
(offices, lecture theatres, laboratories and pulglstrooms).

Materials and methods. Study AreaThe study was conducted in various rooms of uniters
buildings of the University of Lagos, Akoka, Lagdse University of Lagos is a comprehensive public
institution, established in 1962 and located inwlestern part of Lagos, Nigeria (Fig. 1). It is afehe
major University campuses in Nigeria with an estada561 hectares of land area hosting 12 faculties,
330 staff housing units, 15 students’ hostels anckml administrative and academic buildings. & ha
52,779 students’ enrollment and 4688 members &f @deniran et al., 2017). Only about 25% of the
student population and 10% of staff are residentgampus. The University campus has an estimated
87,000 of day population. Major activities on camaue focused on teaching, research and community
services. The academic, administrative, resideatidl commercial spaces are provided for carryirtg ou
these functions. Most of the area has permanemttstes which are often purposely built for specifi
activity. The twelve faculties are: Arts, Sociali&wes, Business Administration, Law, Sciences,
Environmental Sciences, Engineering, Clinical Soémy Basic Medical Sciences, Dental Sciences,
Pharmacy and Education. However, eight facultiessduated in the main campus, Akoka.

Sampling Designs and Data Collectiofwenty-nine points were sampled, and they incluakd
faculties within the university’s main campus. WWitkeach Faculty, the Dean’s Office, one laboratry
workshop, one lecture theatre and one restroom wergitored. All equipment and meters were all
properly pre-calibrated before each usage for tyuasisurance.
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CW-HAT 200 meter was used for measuring the pdetieumatter (PM2.5 and PM10), relative
humidity and temperature level. Noise levels athgagint were measured with a pre-calibrated digital
readout noise meter (A CEM DT-805 noise level njet€he sensor of the noise meter was directed
towards the source of noise and the average readirey a period of one hour were taken to be tiweno
level at each point. CO measurement was obtairredgh the use of CO meter (CNY 670) at each of the
selected sampling locations. B{HH,S, SQ and NQ were determined using multi-gas monitor (310
multi gas meter) for one hour exposure time. Emrimental monitoring for each sample location was
carried out between the hours of 8 a.m. and 5 Plrase air quality indicators were measured in ceafi
indoor environments.

Guinea Fauatonal
Biezau [Guinea

S, %
Swaciland
@ 1 800-Countrias com *Lesotho

Fig. 1. Map of Africa showing Nigeria and the locabn of the University of Lagos
(Adeniran et al., 2017)

The sedimentation technique, using open Petri djstentaining different culture media, was used
(Augustowska and Dutkiewicz, 2006). Three platesaifth medium were distributed at different parts of
each examined room. The samplings were done bettheechours of 8 a.m. and 5 p.m. The sampling
height was approximated to the human breathing gbne above the floor) and at the centre of themoo
The plates containing the culture media (blood agat sabouraud dextrose agar) were exposed and
allowed to stay for 15 minutes, after which thetgdawere covered and transferred to the microbjolog
laboratory for incubation. The blood agar platesenacubated at 37°C for 24 hours while the salwrau
dextrose agar plates were incubated for 3 day84.2The total numbers of colony forming units {cfu
were enumerated. The identification of the isolawess done according to standard procedures
(Cheesebrough, 1991; Rajash and Rattan, 2008).

Statistical analysisThe data were subjected to analysis of varianceQ¥N) and the mean values
were defined, using Duncan multiple range tespai€raphPad with significant p value set at <0T0&®
data were presented as tables and charts usingdditiExcel.

Results and discussionThe mean temperature and relative humidity acrbesvarious indoor
environments in the University is shown in FigurdfBe Dean’s Office in the Faculty of Social Sciesic
had the lowest temperature of 20.00+0.00°C whitelétture theatre of the Faculty of Engineering had
the highest temperature of 31.00+£0.00°C. Out ottadl four sampling points in each Faculty, only the
temperature of the Dean’s Office was below the Wa#&hdard of 22.5-25.5°C while all others exceeded
it. The lecture theater in the Faculty of Sciened the highest relative humidity value (96.00+0.01%
while the Dean'’s Office in the Faculty of Law hdx towest humidity value (49.00+0.01%). Most of the
sampling points exceeded the WHO Ilimit of <70% fodoor relative humidity. The very low
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temperature recorded in virtually all the offic&eéns’ Offices) can be attributed to the constaet af
air-conditioning systems in those rooms. The rdasudiso similar to the study carried out by Juratial.
(2014) in which air-conditioned rooms had lower pemature and relative humidity in comparison with
naturally ventilated rooms. There was no signiftadifference at (P>0.05) in relative humidity frdire
different sampling points irrespective of the fdiag.
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Fig. 2. Temperature (°C) and relative humidity (%)in the sampling locations(DO — Dean’s Office;
LT — Lecture theatre; L/W — Laboratory/Workshop; RIRestroom)

The result of the noise level in the sampled Ursitgrrooms is shown in Figure 3. It ranged from
61.60+0.05 to 84.10+0.01 dBA. The noise level igajhigh in almost all sampling points especiafly i
the workshops, yet there was no significant difieee(P>0.05) across all the indoor sampling pants
WHO limit. The overall mean of the noise level sleomthat the lecture theatre had the highest noise
level, and this can be attributed to the fact thatclasses are quite large and are used by &saidents,
especially the first year students, whose popuiaifousually the largest in the school. Also, publi
address system is mostly used to ensure the ledtuneard. The Dean’s Office had the least measeno
level of 70.64 dBA. The result is in line with augdy carried out by Rasool et al., 2016, in whicé th
indoor noise level in the institution ranged betwéé&.37 dBA and 75.37 dBA during the noon time.
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Fig. 3. Mean noise level (dBA) recorded indoors dhe University of Lagos

The laboratory in the Faculty of Education had tiighest level of PM2.5 (25.0£0.50 pg/md),
although the value ranged between 4.0+0.01-25.0+&/'m3 (Table 1). The Faculty Of Education
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recorded the highest overall mean of 15.75 pg/nife highest value recorded for PM10 was
47+0.01 pg/m3 in the laboratory at the Faculty ofu&tion while the range was between 8.0+0.05—
47.0+£0.01 pg/me. Despite the high variation in PSMand PM10 across all the indoor sampling points,
there were no significant differences (P>0.05). filghest overall mean PM10 level of 32.5 pg/m3 was
recorded in the laboratory at the Faculty of EdiocatAll the recorded values were below the WHOItim
of 150 pg/m3. Cao et al. (2005) and Klinmalee ef28i09) reported PM2.5 levels in rural homes and
classrooms, averaged at 2§'/m3, respectively, which were also in the samgeasf our study. The level
recorded by Molnar et al. (2007) in high schookstaoms in Stockholm, Swedeny@&m?) is lower than
the level found in our study. The results also dbaorroborate that of the findings of Liu et &004)
which clearly showed wide variability within indoB®M10 and PM2.5 concentrations which are higher in
restaurants, dormitories, and classrooms, rathem th supermarkets, computer rooms, offices, and
libraries (PM10 and PM2.5 ranging, respectivelpnir373.8ug/m3 and 136.ug/m3 and 5.6ug/m3 in
libraries).

Table 1
Indoor particulate matter (PM 2.5 and PM 10) for the various sampling points (ug/m3)
Faculties DO LT LW RR
PM2s PM 10 PM2s PMi | PMas | PMy | PM3s | PMyo
Sciences 50001 1101001 801001 16.040.15+100 18.0+0.01 8.0+0.01| 16.0:0.01
Arts 6.0:001 | 1101001 40001 80+0.02 7.0+0.09.0:0.05 6.0+0.01| 11.0+0.01
Engineering 80+0.01| 1601002 9.0+001 14.0+0.00+001| 15.0+0.01 8.0+0.01| 15.0+0.05
Law 701001 | 140+001 6.0+0.01 11.0+0/01 - - 5@+ 10.0+0.05
Business 4.0+001 901002 501001 120001 - - 4.0+0.010+305
Administration
Education 16.0+0.01] 36.0:0.01 12.0+050 26.0+0.(H0+.50 47.0+0.01] 10.0+0.01f 21.0+0.01
Envt Sciences 6.0:001 130+001 7.0+001 13.0#082+0.01| 15.0+0.056.0+0.01| 14.0+0.01
Social Sciences 50:001 10040001 40+001 9000 - - 6.0:0.01] 14.0:0.01

(DO — Dean’s office, LT — Lecture Theatre, L/W bh&atory/Workshop, RR — Restroom)

Most of the values recorded for sulphur dioxide {S&ere 0 ppm, however, the highest value of
0.4 ppm (Table 2) was recorded in the laboratoryhat Faculty of Education which is above the
recommended limit of 0.1 ppm (WHO, 2010). Commomrses of sulphur dioxide in offices or
classrooms can include tobacco smoke or automekitaust from car parks close to the office building
Sulphur dioxide affects human health when it isabred in. It irritates the nose, throat and airways
causing coughing, wheezing, or a tight feeling atbuhe chest. It is usually more severe in the
individuals suffering from asthma or similar comafits (Njoku et al., 2016). The long-term exposure t
even low levels of sulphur dioxide can cause lumgcfion to deteriorate, aggravate the existing thear
disease and increase complications for people agitihima.

Table 2
Sulphur dioxide (SO,) level recorded in University rooms (ppm)

Faculties Dean’s Officg Lecture Theatre Lab/Workshg Restroom
Sciences 0.00 0.00 0.00 0.00
Arts 0.00 0.00 0.00 0.00
Engineering 0.00 0.00 0.00 0.00
Law 0.10 0.00 - 0.00
Business Administration 0.00 0.00 - 0.00
Education 0.10 0.00 0.40 0.00
Envt Sciences 0.00 0.00 0.00 0.00
Social Sciences 0.00 0.00 - 0.00

The absence of carbon monoxide (CO), hydrogen wdp{thS) and nitrogen oxide (N{pwas

recorded in all the sampling locations. The onlywarbon monoxide can be introduced into the indoor
environment is through the infiltration of carbomoxide from the outdoor environment. This indisate
that there was no infiltration of combustion gasnirthe car park into the office or classroom space.
Similar results were observed by Ismail et al. 1@0and Tse and Oguoma, (2014). The presence @f NO
will form photochemical oxidants, which may irrigathe eyes and respiratory tracts and impair human
health.
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The average levels of fungal load air observechéndifferent indoor environments are shown in
Table 3. The number of fungi in the indoor air edriwidely in the whole research period. The total
number of fungi ranged from 10.4 to 963 CFU/m3. Tdwest concentration (1.04x101 CFU/m3) was
recorded in the lecture theatre in the Faculty d&Avhile the restroom in the Faculty of Sociale®cies
had the highest concentration. There was gendrajlyer number of fungi in the restroom than intiad
other indoor environments and they were significenthe Faculty of Social Sciences. There is no
uniform international standard available on theelsvand acceptable maximum bioaerosols loads
(Jyotshna and Helmut, 2011). The work conducted MYHO expert group on the assessment of health
risks of biological agents in indoor environments Iset the guidelines of bioaerosols counts at 500
CFU/m3, if higher than this, the environment is sidered as contaminatedspergillus spp.was
observed to be the highest identified fungi (86.2%&sent indoors in various sampling points (Figje
Mold (unidentified) was recorded to be 13.77% of total sampling points in the University while
Sporothrix schenckiéccounted for 0.03% of the total fungal load. Heerethis result may be dependent
on the time of exposure of the media plates to itlumor air. Aspergillus spp.was also the most
predominant fungi in a study carried out by Agbagma Onyemaechi (2014) in a general hospital and
health centre in Rivers State. Fungal exposurereamlt in skin and breathing irritations and caerev
cause dangerous infection and toxicity (Fung anddan, 2003). Lou et al. (2012) also isolated
Penicillium, Cladosporium, Alternariaand Aspergillus in the indoor air samples from university
campuses and concluded that airborne fungi mayecausumber of allergic, inflammatory, and toxic
reactions in students. Airborne microbiota may pE@us hazards to human health.

Table 3
The average fungal load across all the sampled indorooms (CFU/m3)
Faculties Dean’s Office|  Lecture Theatne Laborattgrkshop Restroom

Sciences 2.22x10 1.41x10 2.96x10 2.00x16
Arts 1.48x16 1.04x10 7.40x10 3.70x16
Engineering 1.51x10 1.41x10 5.19x10 1.78x10
Law 1.33x16 2.73x106 NS 2.0x16
Business 8.80x10 2.00x106 NS 1.41x16
Administration

Education 1.33x10 8.89x10 1.41x16 2.00x16
Envt Sciences 8.80x10 3.00x10 1.40x16 1.63x16
Social Sciences 1.03x10 1.11x10 NS 9.63x16

SPORO, 0.03% MOLD,

Fig. 3. Distribution of fungal species identifiedm various sampling points in the University
(ASP =Aspergillus spp SPORO=Sporothrix schenckiMOLD= Unspecified mould)

The average levels of indoor bacterial loads apevshin Table 4. The number of bacteria in the
indoor air varied widely in the whole research pdriThe total number of bacteria ranged from 96.3 t
689 CFU/m3. The lowest load of bacteria (%68 CFU/m?) was recorded in the Dean’s Office at the
Faculty of Environmental Sciences. The restroorthatFaculty of Law had the highest bacterial load
(6.89%x10? CFU/m3), which was higher than the recommendedimam concentration of 500 CFU/m3
for the total fungi count (WHO, 2010; OSHA, 201The identification of bacteria from the colonies
showed that about 55% of the isolates from the §ampoints were gram positive and 45% stained as
gram negative cells. On the other hand, morphotdgstudies showed that cocci were also more
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predominant over the bacillary shape bacteria (53&%¥sus 45%) (Figure 4). Bacilli can be found in
almost every environment. They contain spores e¢hable them to survive for a long period of time in
the environment. The bacterial species isolatadisstudy are similar to those isolated by Strgjakka-
Sekulsa et al. (2007) and Vlad et al. (2013). Micganisms are well adapted to aerial transmission
through nasopharyngeal secretions and saliva diogscan easily survive dehydration; therefore, they
can be easily transmitted from one host to anofBevoks et al., 1998). Although bacteria are pdrt o
normal skin and nasal passages flora, some spemiesause a large range of illnesses from minar ski
infections (furuncles, pimples, impedigo, abscesgeéife-threatening diseases (pneumonia, meriggit
sepsis) (Kluytmans et al., 1997). Airborne micr@migms affect human health, especially generating
respiratory allergies, and infectious lung disegBeacchia et al., 2006).

Table 4
Average bacterial load across all the sampled indooooms (CFU/m3)
Faculties Dean’s office]  Lecture Theatre Lab/Worksho Restroom

Sciences 3.11x10° 44410 1.26x10 3.7x10
Arts 1.41x10° 4.88<10° 5.33x10 4.44%10
Engineering 1.04x10° 3.04x10° 4.44x10 6.51x16
Law 2.07x10° 2.22%10° - 6.89x10
Business 1.85¢10° 2.80x10° - 4.60x16
Administration

Education 4.07%10° 4.18x10 1.93x16 4.96x10
Envt Sciences 9.63<10" 4.67x10 2.96x106 4.89x10
Social Sciences 1.48<10° 4.10x16 - 1.04x16

B GPD ™ GNB/GPD GNB

0%

Fig. 4. Distribution of bacteria species identifiedn various university rooms
(GNB= Gram Negative Bacilli; GPD= Gram Positive Digocii)

Conclusions. Indoor air pollution assessment is very importastit has been linked to public
health problems. The levels of carbon monoxidepgén dioxide, hydrogen sulphide, volatile organic
compounds and particulate matter (PM2.5 and PMEB0gwll below the standard limits. Sulphur dioxide
also exceeded in some sampling points and this attaibuted to the possible infiltration of mobile
vehicle exhaust to the indoor environment. The tnafure and relative humidity recorded in the wasio
sampling points at the University were above the QViinit of 24°C and 60%, respectively. The high
relative humidity may be responsible for the preseof mould, especialbispergillus spp which was
found in the all sampling points. Studies have ghtatAspergillus sppare the indicators of moisture
in buildings that can also pose a health threghéoccupant. It is recommended that a more intense
environmental monitoring of the indoor air in thailkrsity should be carried to provide comprehemsiv
information on IAQ and the ways to improve the iodair quality and ensure safe work environment
(Indoor Air Quality Plan and Procedures) shouldb#ined.
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OIIIHKA AKOCTI HOBITPS Y HPUMIIIEHHI I MIKPOBIOJIOTTYHOI UACTOTH
Y KAMIIYCI YHIBEPCUTETY JIAT'OCA, HIT'EPIA

Xopomia SKIiCTh TOBITPA Y MPUMILIEHH] MiJBUILY€E MPOAYKTHBHICTH HA POOOYOMY Micwi. 3 iHIIOTO
0OKy, ToraHa sIKiCTb IMOBITPS ¥ HpI/IMiIHeHH}IX MOXKE TIPH3BECTH IO BTpPaTH HpOI[yKTI/IBHOCTi BHACITITOK
JUCKOMDOPTY, MOTIPUICHHS CTaHy 3I0pOB’s Ta HEBHXOMYy Ha pobOTy y 3B's3Ky 3 XBOpoOow. Meroro
JIOCII/DKCHHST OYJI0 OL[HUTH SIKICT TOBITPS Y NPUMILICHHAX Yy p13HI/IX VHIBEPCUTETCHKHX OYIIBIISX,
30KkpeMa odicax, JEKIIHHUX ayauTopisx, jJabopaTopisix abo MaHCTEpHAX, a TaKOX y TPOMAaJChKUX
TyaJleTax Ha BOCHMHU (hakysbTeTaX y 3BUYANHOMY yHiBepCHTET. JIOCHI/DKCHHS IPOBOMIINCS y ABAJLSATH
JICB’SITH NPUMINICHHSX B LCHTpalbHOMY Kamimyci YHiBepcutery Jlaroca. BusHadeHO piBeHb IIymy,
PMZ2.5,PM10, BignocHy BoJjoricts 1 Temmnepatypy, CO, SQ, NOX ta M1Kp0610n0r1qHy 9UCTOTY (rpHOKH
Ta 6a1<Tep11) Mikpo06iooriuHy YUCTOTY BU3HAUYCHO 32 TOMOMOTOI0 CEAMMEHTAIIIHHOTO METOLy (BiAKPHTI
yamku [leTpi) 3 pi3sHUMH KyJIbTYpalbHIUMHU CEPEIOBUIIAMH LI BinOOpy mpo0. PiBeHb mIymMy KOTMBaBCS
Bix 61,6010 84,10nFA. PiBeHb 1iyMy TOCHTh BUCOKHH Maike Y BCIX MICISIX BiZOOpy IMpod, 0COOIHMBO B
MalCTepHsX, ofHaK He Oyno cyrreBoi pizauni (P>0,05)y Bcix Toukax Bigbopy mpol y MPUMILICHHSIX Y
nopiBHsHHI 3 HOpMamu BOO3. SQ, OyB mepeBakHO BiACYTHiH, omHak Oyio 3adhikcoOBaHO HAMBHIIEC
snadyenns 0,4 on/mitH, sike Oyno Buine, HiXk pekomenaoBana Mexa 0,1 ox/min. Pisens PM2.5konuBascs
y miamazoni Bix 4,0 o 25,0 mxr/m3, a PM10 6yB y mexax 8,0—-47,0mkr/m3. He3Bakaroun Ha BHCOKI
konuBanHg PM2.51 PM10y Bcix Toukax Big0oopy mpol y HpI/IMiH_ICHHHX He Oyno 3adikcoBaHO 3HAYHOT
pizauni (P>0,05).1Tokaznuku Oymu HIKUE MakcuMaibHOi Mexi 150 mkr/m3. 3aranbHa KOHICHTPALIist
IPHOKIB CTAHOBHIIA Bijl 10,410 963KYO/Mm>. 3aranom y Tyaseri Gyiio Ginbiie rpuOKiB, HiK y BCIX HIIEX
npuminieHHsX. Haifbbiry KOHUCHTPALIIO BUSBICHO Ha (aKyIbTETi COLIaNbHUX HayK. ['pHOKOBI 13011TH
BKJIFOYAOTh Asperglllus spp(86,2%), HeiICHTH(IKOBAHY LBLIb (13,77%)i Sporothrlx schenckiio, 03%).
3aranpHa KOHIICHTpaIlist OakTepiii konuBanacs Bin 96,3 mo 689 KYO/IM®. Haiinmxay KOHueHTpauuo
Gakrepiit (9,63x101 KYO/m3) Oyno sadikcoBaHo y nekaHaTi Ha (akyibTeTi exonorii. Y Tyamerax
CIIOCTEPITa€eThbcsl BUILA KOHueHTpaum Oakrepiit (6, 89><102KYO/M3) sIKa TIEPEBUIIYE PEKOMEHA0BaHY
MakcumanbHy Mexy 9500 KYO/M®. Inentudikanis y KONOHIsX mokasama, mo 61u3bko 55% Gymm
rpaMno3uTUBHUMH 1 45% Oy/Iu rpaMHETaTUBHUMH KITiTHHaMUA. MopghoJIoriuHi TOCTIIKEHHS TOKa3alH,
II0 KOKH TaKOXX MepeBakalli Ha/l Maandkonoaionnmu oakrepisimu (55%i 45%BinnosinHo).

Kuro4oBi cjioBa: sKicTh TOBITPS B NMPUMIIIEHHI, TPUOKH, OakTepii, IIyM, MOHOOKCH] BYTJIEITIO,
OKCHJTU a30Ty

References

1 Adeniran, A.E., Nubi, A.T., and Adelopo, A.O. (2017Solid waste generation and
characterization in the University of Lagos forustainable waste management. Waste Management, 67:
3-10

2 Agbagwa, O. and Onyemaechi, S.A. (2014). Microlgaal quality of indoor air of a general
hospital and a health centre in Rivers State, Nigémnternational Journal of Current Microbiologgda
Applied Sciences, 3(12): 424-431.

3 Alshuwaikhat, H.M., and Abubakar, I., 2008. An igtated approach to achieving campus
sustainability: assessment of the current campuisammental management practices. Journal of Cleane
Production 16, 1777-1785

4 Augustowska, M. and Dutkiewicz, J. (2006). Variabilof airborne microflora in a hospital
ward within a period of one year. Annuals of Agtiaual and Environmental Medicine, 13: 99-106

5 Brochu, P., Ducré-Robitaille, J.F., and Brodeur(2D06). Physiological daily inhalation rates
for free-living individuals aged 1 month to 96 ygansing data from doubly labeled water measuresnent
a proposal for air quality criteria, standard ckdtions and health risk assessment. Human Ecol Risk
Assess., 12: 675-701.

6 Brooks, G.F., Butel, J.S. and Morse, S.A. (199&welz, Melnick, Adelberg’s Medical
Microbiology. 21st ed. Stamford, CT: Appleton arahige. Pp. 832.

7 Cao, J.J., Lee, S.C., Chow, J.C., Cheng, Y., H&,,Kcung, K., et al. (2005). Indoor/outdoor
relationships for PM2.5 and associated carbonagealligants at residential homes in Hong Kong—case
study. Indoor Air, 15: 197-204.

101



ISSN 2415-318%xkosoriyna 6e3mnexa Ta 30aJaHCOBaHE PECYPCOKOPUCTYBAHHS

8 Cheesbrough M. (1991). Medical laboratory manualtfopical countries. 2nd ed. Cambridge,
UK: University Press Cambridge, Pp. 508-511.

9 Ezzati, M. and Kammen. D.M. (2001). Quantifying tefHfects of exposure to indoor air
pollution from biomass combustion on acute respisatinfections in developing countries.
Environmental Health Perspectives, 109(5): 481-488.

10 Fracchia, L., Pietronave, S., Rinaldi, M. and Mwotti, M. (2006). The assessment of airborne
bacterial contamination in three composting plaetgaled site-related biological hazard and sedsona
variations. Journal of Applied Microbiology, 100384.

11 Franklin, P.J. (2007). Indoor Air Quality and Respory Health of Children. Pediatric
Respiratory Reviews, 8(4): 281-2866.

12 Fung, F. and Hughson, W.G. (2003). Health effedtsndoor fungal bioaerosol exposure.
Applied Occupational and Environmental Hygiene,7)8635-544

13 Hayleeyesus, S.F., and Manaye, A.M. (2014). Mialdgical Quality of Indoor Air in
University Libraries. Asian Pacific Journal of Trogl Biomedicine, 4(1): S312-S317.

14 Ismail, S.H., Deros, M.B. and Leman, A.M. (201@)ddor air quality issues for non-industrial
workplace. International Journal of Research andd®es in Applied Sciences, 5 (3): 235-244.

15 Jurado, S.R., Bankoff, A.D and Sanchez A. (201#Jobr air quality in Brazilian Universities.
International Journal of Environmental ResearchRmiolic Health, 11:7081-7093.

16 Jyotshna, M., and Helmut, B. (2011). Bioaerosoldnidoor Environment - A Review with
Special Reference to Residential and Occupatiooehtions. The Open Envir. & Biol. Mon. J., 4: 83-96

17 Klinmalee, A., Srimongkol, K., and Kim Oanh, N.T2009). Indoor air pollution levels in
public buildings in Thailand and exposure assessra@viron Monit Assess, 156: 581-594.

18 Kluytmans, J., Van-Belkum, A. and Verbrugh, H. (IR9Nasal carriage of Staphylococcus
aureus: epidemiology, underlying mechanisms, arsbcated risks. Clinical Microbiology Review,
10(3): 505-520.

19 Liu, Y., Chen, R., Shen, X., and Mao, X. (2004) nértime indoor air levels of PM10, PM2.5
and PML1 at public places and their contribution§$®. Environ. Int, 30: 189-197.

20 Lou, X., Fang, Z. and Gong, C. (2012). Assessméentiburable airborne fungi in a university
campus in Hangzhou, southeast China. African Jbofridicrobiology Resource, 6(6): 1197-1205.

21 Molnar, P., Ballander, T., Sallsten, G., & Boman(2D07). Indoor and outdoor concentrations
of PM2.5 trace elements at homes, preschools, ahdok in Stockholm, Sweden. Journal of
Environmental Monitoring, 9: 348-357.

22 Njoku, K.L., Rumide, T.J., Akinola, M.O., Adesuy\, A., and Jolaoso, A.O. (2016). Ambient
Air Quality Monitoring in Metropolitan City of Lagg Nigeria. Journal of Applied Science and
Environmental Management, 20(1): 178-185.

23 Obanya, H.E., Amaeze, N.H., Togunde, O., and @jiiol A.A. (2018). Air Pollution
Monitoring Around Residential and Transportationct®e Locations in Lagos Mainland. Journal of
Health and Pollution, 8(19). https://doi.org/10.668.56-9614-8.19.180903.

24 Occupational Safety and Health Act (OSHA), (201&yloor Air Quality in Commercial and
Institutional Buildings. U.S. Department of Labor.

25 Rajash B, Rattan LI. Essential of medical microbgyl. 4th ed. New Delhi: Jayppe Brothers
Medical Publishers; 2008, p. 415-439.

26 Rasool, N., Rampal, R.K and manhas, P. (2016). $sssent of noise level status in
institutional areas of Samba Town. Internationalrdal of Applied Research, 2(7): 887-889.

27 Soto, T., Murcia, RMG., Franco, A., Vicente-Soldr, Cansado, J., and Gacto, M. (2009).
Indoor airborne microbial load in a Spanish uniitgr@Jniversity of Murcia, Spain). Anales de Bioiag
31: 109-115.

28 Stryjakowska-Sekulsa, M., Piotraszewska-PajakSayszka, A., Nowicki, M. and Filipiak, M.
(2007). Microbiological quality of indoor air in iwersity rooms. Polish Journal of Environmental
Studies, 16(4): 623-632.

29 Tse, A.C. and Oguama, A.C. (2014). Air quality & of the University of Port Harcourt,
rivers state. Scientia Africana, 13: 120-137.

30 United States Environmental Protection Agency USEP®06). Air Pollutants. Accessed on
20th April, 2018. Retrieved from http://www.epa.gebtpages/airpollutants

102



HaykoBo-texniynuii )xypran Ne 1 (19) 2019

31 Vlad, D.C., Popescu, R., Filimon, M.N., Gurban, Qufelca, A., Nica, D.V. and Dumitrascu,
V. (2013). Assessment of microbiological indoordaility in public buildings: A case study (Timisaa
Romania). African Journal of Microbiology Researgt{19): 1957-1963.

32 WHO (2010). The WHO European Centre for Environmand Health, Bonn Office. WHO
guidelines for indoor air quality: Selected polhts ISBN 978 92 890 0213 4.

33 World Health Organization - WHO (2009a). Guidelirfes indoor air quality: dampness and
mould. Copenhagen, Denmark: World Health Orgarorat2009.

34 World Health Organization (2009b). Global Healthsksi: Mortality and burden of disease
attributable to selected major risks, World He&tiganization, Geneva.

Haoiiwna oo peoaxyii 16 mpasns 2019p.

103



	ISSN 2415–3184 Екологічна безпека та збалансоване ресурсокористування
	UDC 502/504
	94

