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Abstract: This study investigated the levels of hazardous air pollutants (HAP) and volatile organic compounds (VOCs) in
rooms in low-cost houses at different locations: Shomolu (R1), Mafoluku (R2) and Mushin (R3) in Lagos state. The
concentrations of most of the hazardous pollutants studied exceeded limits of Illinois Department of Public Health
(IDPH) for indoor air quality. Air quality index (AQI) in rooms studied was unhealthy for sensitive people in terms of CO,
unhealthy in terms of SO, and very unhealthy in terms of NO; while moderate air quality was obtained in terms of PMj, in
most rooms; indicating that air pollutants in these rooms are capable of causing various degrees of health hazards. Hazard
quotients estimated from VOCs in these rooms were all higher than unity except for toluene, ethylbenzne and benzene in
some rooms indicating that long exposure could lead to significant heath damage. All cancer risks of benzene,
formaldehyde and carbontetrachloride estimated exceeded 1X 10, suggesting that a life-long exposure may result into
serious heath defects. Factor analysis shows that cooking with kerosene, usage of gasoline generator and insecticide were
the major contributors to air pollution in these rooms. Occupants’ exposure to these pollutants could be why most of them
complained of wheezing, asthma attack, respiratory infections, eyes irritation, nausea and high hospital admission amongst
others. Therefore, there is need to urgently tackle poverty as all affected by these pollutants were poor who live in

substandard houses without kitchens.
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INTRODUCTION

Exposure to indoor air pollutants has been reported to
cause health defects, genetic structure alterations, weaken
asthma, headache, dry eyes,
congestion, nausea, and fatigue depending on the type of
pollutants, amount of the pollutants exposed to, duration
and frequency of exposure, and associated toxicity of the
specific pollutant (Moschandreas and Sofuoglu, 2004, Clark
et al., 2009, Padhi ez al.., 2009, Raaschou-Nielsen ez a/., 2010,
Sherman and Walker, 2010, Sukhsohale 7 a.., 2012). Indoor
is one of main exposure routes to hazardous pollutants

immune system, nasal

which can pose many hundreds of times greater exposure
than outdoor air pollution due to the substantially longer
time spent indoors where dispersal of pollutants may be
poor owing to lack of cross ventilation and biomass burning
(Aerias, 2005, IVHHN 2005, Ruiz ¢# al.., 2010). Studies have
shown that most chemical substances which people are
exposed to everyday constitute an additional risk factor in
the development of several pathologies (Bruno ez al., 2008,
Taneja ¢ al., 2008). Indoor air pollution occur from a result
of complex interactions between the structure, building
systems, indoor source strength, removal and deposition
rate within the structure, indoor mixing and chemical
reactions, furnishings, the outdoor environment, and the
practices and the behaviours of the inhabitants
(Moschandreas and Sofuglu, 2004, Taneja ef al., 2008).
Indoor air pollutants usually include nitrogen oxides (NOx),
sulphur dioxide (SO3), carbon oxides (CO and COp),
volatile organic compounds (VOCs), particulates and
radioactive radon (Mckone e/ al., 2009). CO has been
reported to impair the oxygen binding capacity of
hemoglobin which can lead to headaches, nausea, dizziness,
breathlessness, and fatigue, and with high exposures can
lead to coma and death IVHHN 2005, Curtis ez ai.., 2008,
Mejia ez al.., 2011). Indoor NO; exposute has been shown to
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enhance asthmatic reactions due to inhaled allergens and
can cause lung cancer. SOz has been reported to cause
broncho-constriction in healthy adults and adults with
asthma. Particulate matters (PM) have been associated with
increased respiratory symptoms and production of an
inflaimmatory response on exposure to human lungs (Mark
¢t al.., 2002, Binod ez al.., 2010, Mejia ez al.., 2011, Kohli ¢# al.,
2011). Volatile Organic Compounds (VOCs) are common
air pollutants, and exposure to VOCs can induce a wide
range of acute and chronic health effects, such as sensory
irritation, nervous system impairment, asthma and cancer.
Many VOCs are known to be toxic and considered to be
carcinogenic, mutagenic, or teratogenic (Khan and Ghoshal,
2000, Son, et al., 2003, Rager e al., 2011, Zhou ez al., 2011).
Benzene has been reported to induce DNA oxidation while
catbon tetrachloride has been shown to damage liver,
kidney, lung and intestine. Acute exposure to formaldehyde
has been shown to cause irritation of the eyes and upper
airways, and long-term exposure to lower levels has been
associated with an increased risk of developing respiratory
illnesses (Karthikeyan ez al, 2006, Edewor et al, 2007,
Maruo et al., 2010).

Poverty has emerged as a significant predictor of health
outcomes in Nigeria. Poor families live in poorly ventilated
rooms in slums and squatter settlements with worst
environmental conditions and they are vulnerable to
ecological disasters such as flooding. Despite that most of
the houses in Lagos are substandard, they are still not
affordable by poor and choicelessly they settle for rooms in
unbuildable terrain. (Olukayode, 2005, Lawanson, 2008,
Mergessen ez al., 2011). They majorly depend on kerosene
for cooking, candles, generators for light and above all, lack
access to basic infrastructural facilities like toilets which
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make their liquid waste disposal a nightmare (Clark e# al,
2009). Arising from these realities and the lack of
regulations and standards governing indoor air pollution
and outright violation of standard settings for room
construction, this study was carried to measure the
concentrations of hazardous air pollutants and volatile
organic compounds in rooms in low-cost houses of Lagos
state vis-a-vis possible health outcomes.

MATERIALS AND METHODS

Study Area: Lagos seems to be the most populated
state in Nigeria with a population estimate of 12 million
people and a population density of 20,000 petsons/sq km
(Mabogunje, 2002). The poverty level in Lagos is high and
her government estimated that 51% men and 54% women
residents in Lagos live below poverty line. Most of the
people who live in slums like Ajegunle, Makoko, Oshodi,
Shomolu and Mushin are usually low-income earners. Most
of the houses they have high occupancy ratio and lack
access to basic housing facilities like kitchen and toilet
(Lawanson, 2008).

Three locations in the metropolitan city of Lagos state
were chosen: Shomolu, Mushin and Mafoluku. These
locations were chosen as typical rooms where an average
Lagosian lives are found. They have been investigated to be
peopled predominatly by urban poor (Lawanson, 2008).
Five rooms in each location were randomly sampled and
analyzed as representatives. These rooms are represented by
Rxy where (x) represents location and (y) represents room
respectively. Figures la and b show one of the houses
studied, figure 2 shows the sampling location and table 1
gives description of these locations.
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The general characteristics of the rooms in the three
locations include: all rooms studied are single rooms in the
house with multiple rooms facing one another; they are
generally non-spacious with high occupancy ratio of an
average of four per room except at Mafoluku where higher
occupancy ratio of average of 5 was recorded and growths
of algae were noticed on outside walls. Inhabitants are
majorly self-employed and spend an average of nine (9)
hours per day in their rooms. They virtually depend on
kerosene stoves for cooking which they do mostly twice a
day (morning and evening). Cooking is often done inside
the room or in front of their rooms because kitchen was
non- existing or overcrowded. They mostly depend on
gasoline generators for electricity which are usually used in
the evening for average of four hours per day and are placed
beside the window or in front of their rooms. Due to
vulnerability of these areas to flooding and lack of drainage
system, they use insecticide to ward off insects. Most of the
houses in these areas only have pit latrines. Mushin is the
most volatile location out of the three where thugs smoke
Indian without any hindrance. Only insignificant numbers
of occupants smoke in all locations.

Table 1: Description of locations

QH

Figure.l: A; side view and B; front view of one the houses

studied.
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GPS  Coordinates
Location Latitude Longitude o NO. of
N) E) ccupants
SHOMOLU
R1.1 06.323350 03224710 4
R1.2 06.323350 03.224710 5
R1.3 06.323806 03.224806 4
R1.4 06.323633 03.225100 3
R1.5 06.323324 03.224925 5
MAFOLUKU
R2.1 06.330947 03200580 5
R2.2 06.330970 03.200740 5
R2.3 06.330823 03.200321 4
R2.4 06.330534 03.200512 7
R25 06.331382 03.200962 4
MUSHIN
R3.1 06.315886 03204701 5
R3.2 06.315271 03.204053 5
R3.3 06.315112 03.204966 3
R3.4 06.312381 03.205136 6
R3.5 06.314909 03.202656 4
2
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Sampling: The study was carried out in some selected
rooms at the three locations between 7-8pm in the evening
and from Friday to Sunday between January and March,
2012. The samplings were done with the occupants’
permission and in the real life situations when all their daily
activities such as cooking and use of generator were being
carried out.

Hazardous Air Pollutants: Multi Gas Detector
MultiRAE IR, (Model No: PGM-54), China was used to
measure: carbon monoxide (CO), carbon dioxide (COy),
total volatile organic compounds (VOCs), sulphur dioxide
(SO2) and nitrogen dioxide (NOj). Handheld aerosol
monitor (Casella Microdust pro 880nm), USA was used to
measure PMjy and noise was measured with Extech
integrating sound level meter (Model No: 407780), China.
HoS was determined using BW Gas Alert micro 5PID
(USA). Temperature and relative humidity were measured
using Kestrel 4500NV  Weather Meter (USA). Each
instrument was allowed to equilibrate for at least 2minutes
before readings were taken. The procedure described by
Olajire ¢z al., (2011) was used for calibration to ascertain the
quality performance of all instruments. All gases, total
volatile organic compounds and noise were determined in-
situ four times per hour at 15minutes interval. The average
of the four determinations gave the concentrations of each
pollutant in the room. Air quality index using equation 1
was used to calculate the health implications of the criteria
pollutants as proposed by United State Environmental
Protection Agency (USEPA), 2000. Table 2 shows the air
quality index category

Thigh—low

I, = (Cp— BRow) + liow (1)

EPhigh— BF low
Where Iy is the index value for pollutant, P; Cy is the
truncated concentration of pollutant, P; BFjgy and BPyign
are the concentration breakpoints that is (and) €y with their

corresponding AQI values of Iyign andljmy respectively.

Table 2: Air quality index for criteria pollutants

AQI PMio NO: SO

AQI CATEGORY rating (ngm) (ppm) (ppm) CO(ppm)

Good (0-50) A 0-54 - 0.00- 0.0-4.4
0.034

Moderate (51-100) B 55-154 - 0.035- 4.5-9.4
144

Unhealthy for C 155-254 - 0.145- 9.5-12.4

sensitive group (101- 0.224

150)

Unbhealthy (151-200) D 255-354 - 0.225- 12.5-15.4
0.304

Very unhealthy (200- E 355-424  0.65- 0.305- 15.5-30.4

300 1.24 0.604

Hazardous F 425-504  1.25- 0.605- 30.5-40.4

1.64 0.804
USEPA, 2000

Volatile organic compounds

procedures:

and quality control

The method of Bae ¢ al, (2004) was used for VOC
determination with slight modification. Volatile organic
compounds were sampled into tube containing activated
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chatcoal with PALC sampler at the rate of 1L/min for
10min. The charcoal was chemically desorbed with 2ml
carbondisulphide (CS) and the content was analyzed using
Gas Chromatograph (Hewlett-Packard Model, 501, (USA)
GC) equipped with a Flame Ionization Detector. The
conditions of GC-FID are listed in table 2. Duplicate
samples were collected at all sampling times and blank
samples were and analyzed just as the samples. Internal
standards of VOC s mixture containing all investigated
constituents were prepared and calibration curves were
plotted. Correlation coefficients of the calibration curves
plotted show high significance and range between 0.9994
and 0.9998.

Cancer and non-carcinogenic hazard ratio:

VOCs are of high significance as they are directly
related to the health of human beings in day-to-day life.
The VOCs measured such as benzene, formaldehyde and
carbontetrachloride have been classified as carcinogens
(Srivastava et al., 2000, Zhang ez al., 2012). Others have been
identified to cause other health defects apart from cancer.
In order to evaluate the potential hazards of VOCs on the
health of occupants in these rooms through inhalation, this
study used unit risk data from Nation-scale Air Toxics
Assessment (NATA) which has recently emerged an
important tool for estimating exposure concentrations and
health risks associated with the inhalation of hazardous air
pollutants and as provided by USEPA, 1999 (Tam and
Neumann, 2004, Chakraborty, 2009, Chakraborty, 2012).
Cancer risk estimates in the NATA derived using inhalation
unit risk (UR) factors (table 4), is a measure of the
carcinogenic potency for each pollutant. Cancer risk is
calculated using equation 2.

Cancer risk = VOC (pg/m?®) X Unit risk (pg/m3)~*

Non-cancer health risks are derived on the basis of the
inhalation reference concentration (RfC) for each pollutant
or reference exposure level (REL) (table 4). To estimate
respiratory risk, a hazard quotient for each air pollutant
known to affect the respiratory system is calculated using
equation 3.

Hazard ratio = VOC (ug/m*)/ RfC.REL 3

Table 3: GC-FID conditions for VOC analysis
GC-FID conditions

Column CP-Sil 5CB, 25m x 012 um, ID 0.32um
Oven 35°C (2min) to 80°C @ 5°C/min
Carrier Ultra-pure hydrogen gas

Detector FID, 300°C

Injector temperature  300°C

Table 4: Reference concentrations, reference exposure levels
and unit risks of volatile organic compounds studied.

Chemical RfC, REL (ug/m?3  Unit risk (ug/m?3)"!
Benzene 30 7.8 X 10°¢
Carbontetrachloride 40 4.5X10°
Formaldehyde 3 1.3 x10%
Ethylbenzene 1000 -

Toluene 300

Xylene 100



http://www.ijbio.com/

Azeez L. et al.,

Statistical analysis:

Data are expressed as mean % standard deviation of 36
replicates. Data were subjected to factor analysis to evaluate
source and contribution of pollutants studied.

RESULTS AND DISCUSSION
Hazardous indoor air pollutants and their air quality

International Journal of Bioassays 1.1 (2012): 1-11

CO levels were between 6.78ppm at R1.3 and
15.07ppm at R1.5. CO levels were higher in all locations
except at R1.3, R2.2 and R3.2 than the limit of 9ppm for 8h
and less than 35ppm limit for 1h set by IDPH. Air quality
index in terms of CO shows moderate air quality in R1.3,
R2.2 and R3.2. Except at these three rooms, other rooms
give unhealthy quality of air for sensitive people in other

rooms. The main health effect of this could be headaches,
nausea, dizziness, breathlessness, fatigue, coma and death
because CO impairs the oxygen binding capacity of
hemoglobin ~ which at long exposure can cause
cardiovascular diseases (Maura and Bigagli, 2011). This
might be why some occupants in the rooms studied
complained of allergies, nausea, headaches and body
weaknesses. CO showed significant correlations (Table 10)
with SOz (0.92), PMyo (0.81) and ethylbenzene (0.91).

indices:

Table 5 presents the concentrations of indoor air
pollutants measured in fifteen rooms at three locations for
36 days. The results obtained were compared with Illinois
Department of Public Health IDPH, 2003) guidelines for
indoor air quality (table 5). The indices of health effects of
these hazardous air pollutants evaluated from equation 1
using air quality index (AQI) of USEPA, 2000 (Table 2) are
presented in table 6. Concentrations of CO; ranged between
738ppm at R1.1 to 1080ppm at R2.4. Concentrations of
CO; were generally higher in rooms at Mafoluku than
rooms at other locations. The levels of CO; were lower than
the maximum limit of 1000ppm set by IDPH except at R1.4
where it was higher than 1000ppm. CO; is used as an
indicator of ventilation rate. Presence of high levels of CO»
suggests lack of good ventilation. High Concentrations of
CO:2 measured in this study could be the why some
occupants complained of headache, chest pain and
nauseating as high concentrations of CO> have been shown
to be potential inhalation toxicant and asphyxiate (Aerias,
2005, AVHHN 2005). Significant correlations (table 10)
were obtained between CO and CO (0.78), SO, (0.73),
PMio (0.88), ethylbenzene (0.86) and formaldehyde (0.66)
suggesting that they could all be from the same sources.

NO:; levels ranged from 0.39ppm at R3.5 to 1.02ppm at
R1.4. Its levels were significantly higher in all locations
compared with 0.05ppm set by IDPH. In terms of NO»,
quality of air is very unhealthy for inhabitants in all
locations. Asthmatic attacks and allergies which were some
of the complaints of the occupants could have resulted
from exposure to NOg because exposure to NO2 has been
reported to enhance asthmatic reactions due to inhaled
allergens and to cause respiratory infections and lung
cancer. This could not be unconnected to housing
structutes due to poor ventilation, small apartment size, and
frequent use of kerosene stove. (Brauer ¢f al, 2002, Mark ez
al., 2002, Chauhan e al, 2003, Binod ez al., 2010). NO>
significantly correlates (table 10) with SO2 (0.70) and PMjo
0.74).

Table 5: Concentrations of air pollutants measured in study locations (n=306)

POLLUTANTS
LOCATION NO: SO H>S 3 NOISE Relative o
CO: (ppm) CO (ppm) (ppm) (ppm) (ppm) PMyo (ng/m3) (dBA) Humidity (%) Temp (°C)
R1.1 738.67% 61.99 10.17£1.47 051+ 0.05  0.22+0.01  0.12£ 0.03  94.17+£ 8.71 64.46£6.07  68.2214.31 29.73%+ 1.77
R1.2 861.931£40.13 11.72£0.24  0.34% 0.01 0.24+0.02  0.08% 0.09 107.21£3.07 61.92£0.76  66.45% 7.28 29.98+ 2.56
R1.3 782.15% 23.47 6.78% 0.02 0.47£ 0.06 0.12£0.01  0.11% 0.01 102.20%6.56 89.36+1.27  69.05%2.17 28.20% 3.10
R1.4 892.17+ 38.49 12531 1.56  1.02£0.04  0.31£0.07 nd 126.71£9.14 83.61£1.54  63.78+1.92 28.62% 2.65
RLS 90423+ 56.16  15.04£0.08 0.82£0.03 0294002 0.06+0.01 1452441259 91764243  67.02+4.11 28.47+ 2.87
+
R2.1 928.67% 96.80 11.17+ 1.47  0.65% 0.08 0.23% 0.06 883_ 172.83+14.36 78.78£4.16  64.01%£5.05 30.08% 1.71
R2.2 972.14% 54.27 8.92+ 0.12 0.92+0.02  0.21£0.03  0.09£ 0.01 185.24+11.67 77.91£6.21  68.69£4.07 28.85+ 1.22
R2.3 810.67% 37.82 10.47+ 0.24  0.58% 0.03 0.26£ 0.01  0.10% 0.03 170.01+10.02 82.24+1.85  66.09£0.14 30.57+ 2.47
R2.4 1080.57% 89.81 12.15£ 0.06  0.93£0.07 0.31£0.05 0.16+0.04  141.87+15.81 78.29£3.04  66.52£3.76 31.45% 1.68
R2.5 880.05+ 73.19 9.42+ 0.80 0.67% 0.01 0.28%£ 0.07  0.13% 0.01 179.15+18.90 81.55+6.18  69.23%1.18 29.77% 4.58
R3.1 872.02+ 51.92 10.33£ 1.21  0.55£0.15  0.27£0.04 0.13£0.08 140.01£15.99 76.51£6.41  65.84£5.73 28.95% 1.03
9+
R3.2 820.12+ 21.19 8.23+ 1.21 0.48+0.04  0.30%£ 0.01 88;_ 145.58+17.24 83.97£5.18  68.59£7.65 32.19% 4.82
R3.3 955.21% 60.11 11.42+ 0.06  0.83% 0.01 0.19£ 0.04 nd 165.17+10.07 75.33£6.22  67.07£3.37 29.93%1.87
R3.4 783.87+ 16.03 12.18%£ 247  0.76£0.05  0.23£0.03 0.11+£0.02  122.38%14.02 87.27£1.34  69.11£8.01 30.12% 5.47
R3.5 810.38+ 24.46 9.87£ 0.07 0.39£ 0.06 0.29£ 0.02  0.08% 0.01 154.561+9.38 79.04£3.49  68.99%1.31 29.54% 2.65
IDPH 10-8h
standard 1000 35-1h 0.05 0.5 0.01 150 60

*llinois department of public health (IDPH), 2003. CO2: Carbon dioxide, CO: Carbon monoxide, NO2: Nitrogen dioxide,
SO2: Sulphurdioxide, H2S: Hydrogen sulphide, PMiq: Particulate matters <10um.
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Table 6: Air quality indices of priority pollutants measured in
this study

POLLUTANTS
LOCATION AQI CO AQINO:; AQI SO AQI PMy
SHOMOLU
R1.1 C - D B
R1.2 C - D B
R1.3 B - B B
R1.4 D E E B
R1.5 D E D B
MAFOLUKU
R2.1 C E D C
R2.2 B E D C
R2.3 C - D C
R2.4 C E E B
R2.5 C E D C
MUSHIN
R3.1 C - D B
R3.2 B - D B
R3.3 C E C C
R3.4 C E D B
R3.5 C - D B

International Journal of Bioassays 1.1 (2012): 1-11

SO, concentrations were in the range 0.12ppm at R1.3
to 0.29ppm at R3.5. SO; concentrations in all locations fall
below the standard (0.5ppm) of IDPH. Air quality in terms
of SO ranges from being moderate to unhealthy for
sensitive people to unhealthy and very unhealthy for all
inhabitants. Unhealthy and very unhealthy qualities of air
caused by SO suggest that the occupants in the rooms
studied were exposed to high concentrations of the
pollutant which could predispose them to respiratory
infections, adverse health effects, broncho-constriction and
mortality from long-time exposure as previously reported
(Chauhan ez al., 2003). SO, showed significant correlations
(table 10) with PMjo (0.70) and ethylbenzene (0.72).

Table 7: Concentrations of volatile organic compounds measured in the study locations. (n=306)

VOLATILE ORGANIC COMPOUNDS (ugm-)

LOCATION BENZENE TOLUENE ]fglfllzg“E XYLENE* g%% cj*gggggﬁ;ré“' TVOC
R1.1 19.60+ 457  6.55% 0.13 12.05+ 0.02  136.26% 38.07 54.85+ 12.19  125.43% 7.32 602.41£57.98
R1.2 2610+ 1.84  10.01+ 043  17.59+0.03  109.15% 16.19 89.58+ 14.73  118.24% 23.55 708.25+ 34.61
R1.3 11.69+ 1.68 1247127  11.27£0.05  121.99% 27.11 59.97+ 8.60 161.74+ 14.87 654.191 61.81
R1.4 18.16+333 1076+ 059 15671017  128.65% 35.21 67.26+110.37 135.25% 16.02 816.50+ 72.33
R1.5 16.67+ 233 637+ 0.18 2148+ 0.04  161.27% 37.45 72,56+ 20.4 101.32+ 19.72 732.12£37.67
R2.1 27.80% 7.94  4.57+ 0.42 8.42+ 0.10 121.03% 20.08 93.47+13.50 114.52+ 7.67 795.40+36.32
R2.2 46261 8.84 11941232 1013+ 0.04  130.43% 32.07 83.13+21.28 127.17+ 14.57 806.39£81.11
R2.3 15.82+ 4.67 13431033 9.52% 0.12 133,70+ 41.40 86.75+ 11.60  108.67+13.57 756.14+ 85.45
R2.4 7.06% 0.87 9.15% 0.38 7.83% 0.07 139.87+ 21.33 76.48% 16.86  137.62% 10.06 823.72+ 70.78
R2.5 1217+ 214 1730246 16.03+1.08  127.70% 31.30 98.63+ 17.47  167.78% 25.67 716.16+ 97.29
R3.1 49.87£7.93  1.31£0.03 17.16+ 478 312,51+ 52.03 65.031 1219 146.22143.16 878.63% 37.23
R3.2 21.33£ 8.87 597+ 0.48 2124+ 279 22277+ 44.04 73.04+ 7.85 189.92+ 11.57 921.50+ 66.61
R3.3 37.66% 3.94  3.86% 0.56 13414092 270. 87+ 30.03 42,57+ 3.48 167.77+ 19.61 792.18+ 80.14
R3.4 31.65+ 257 874+ 1.73 9.07+ 1.16 119.25+ 22.16 59.01+ 10.62  152.08% 8.76 816.46+19.74
R3.5 43251 1.82 13.83£ 1.07 2534+ 152  213.22% 41.06 61.27+ 8.02 136.10% 20.95 834.28+ 62.97
HKIAQ* 16.1 1092 1447 1447 30 103

*Mixed isomer, * Honk Kong indoor air quality management group standards (HKIAQ, 1999)

Table 8: Estimated hazard quotients of volatile organic compounds studied.

VOLATILE ORGANIC COMPOUNDS

LOCATION BENZENE TOLUENE ETHYLBENZNE XYLENE* FORMALDEHYDE CARBONTETRACHLORIDE
R1.1 0.65 0.022 0.012 1.36 18.28 3.13
R1.2 0.87 0.033 0.018 1.09 29.86 2.96
R1.3 0.39 0.042 0.011 1.22 19.99 4.04
R1.4 0.61 0.036 0.016 1.29 22.42 3.38
R1.5 0.56 0.021 0.021 1.61 24.19 2.53
R2.1 0.93 0.015 0.008 1.21 31.16 2.86
R2.2 1.54 0.040 0.010 1.30 27.71 3.18
R2.3 0.53 0.045 0.010 1.33 28.92 272
R2.4 0.24 0.031 0.008 1.39 25.49 3.44
R2.5 0.41 0.058 0.016 1.27 32.88 4.19
R3.1 1.66 0.004 0.017 3.13 21.68 3.66
R3.2 0.71 0.020 0.021 2.23 24.35 4.78
R3.3 1.26 0.013 0.013 2.71 14.19 4.19
R3.4 1.06 0.030 0.009 1.19 19.67 3.80
R3.5 1.44 0.045 0.025 2.13 20.43 3.40

www.ijbio.com


http://www.ijbio.com/

Azeez L. ¢t al., International Journal of Bioassays 1.1 (2012): 1-11

Table 9: Cancer risks of benzene, formaldehyde and carbontetrachloride measured at three locations of study
VOLATILE ORGANIC COMPOUNDS

LOCATION BENZENE FORMALDEHYDE CARBONTETRACHLORIDE
R1.1 1.53x104 7.13x104 5.64x1073
R1.2 2.04x104 1.16x1073 5.32x10°
R1.3 9.11x10°5 7.80x10+ 7.28x1073
R1.4 1.41x104 8.74x10+4 6.09x10°
R1.5 1.30x104 9.43x10+ 4.56x1073
R2.1 2.17x104 1.22x1073 5.15x10°
R2.2 3.61x10+ 1.08x1073 5.72x1073
R2.3 1.23x104 1.13x1073 4.89x1073
R2.4 5.51x10° 9.94x104 6.19x1073
R2.5 9.49x10° 1.28x1073 7.55x10°3
R3.1 3.89x1073 8.45x10+4 6.58x1073
R3.2 1.66x104 9.50x104 8.55x1073
R3.3 2.94x104 5.53x10+ 7.55x1073
R3.4 2.47x104 7.67x104 6.84x107
R3.5 3.37x104 7.97x104 6.12x10°3
Table 10: Correlation matrix of the pollutants
CO; CO NO: SO H>S PMyp BEN TOL ETHYL XYLEN FORM CCL TVOC
CO> 1
CcO 0.78 1
NO2 0.59 0.56 1
SO 0.73 0.92 0.70 1
H2S -0.83 -0.61 -0.84 -0.78 1
PMio 0.88 0.81 0.74 0.70 070 1
BEN 0.21 0.40 -0.30  0.44 -0.10  -0.13 1
TOL -0.03 -0.61 -0.12 -046 -0.15 -0.27 -0.26 1
ETHYL 0.86 0.91 0.36 0.72 -0.49  0.85 0.34 -0.44 1
XYLEN  0.24 0.57 0.55 0.41 -0.13  0.66 -0.38 -0.72 048 1
FORM 0.66 0.47 -0.19  0.36 -0.30  0.30 0.70 0.08 0.67 -0.32 1
CCls -0.50 -0.89 -0.18 -0.72 0.21 -0.55 -0.56 0.82 -0.84 -0.54 -0.48 1
TVOC 0.09 0.59 0.15 0.10 -0.98 0.73 0.72 0.65 0.56 0.97 0.43 -0.19 1

Significant correlations are in bold format. CO2: Carbondioxide, CO: Carbonmonoxide, NO2: Nitrogendioxide, SOa:
Sulphurdioxide, H.S: Hydrogensuplhide, PMiq: Particulate matters <10um, BEN: Benzene, TOL: Toluene, ETHYL:
Ethylbenzene, XYLEN: Xylene, FORM: Formaldehyde, CCly: Carbontetrachloride, TVOC: total volatile organic compounds

Table 11: Factor analysis of pollutants measured

POLLUTANT COMPONENT COMMUNALITY
F1 F2 F3

CO2 0.95 0.17 0.16 955
CO 0.68 0.71 0.23 .999
NO2 0.75 0.24 -0.47 .859
SO, 0.73 0.53 0.22 .855
HoS -0.95 0.03 0.04 .905
PMio 0.82 0.46 -0.22 938
Benzene 0.08 0.17 0.96 954
Toluene 0.16 -0.98 -0.08 985
Ethylbenzene 0.69 0.58 0.28 .8606
Xylene 0.17 0.83 -0.53 991
Formaldehyde 0.48 -0.03 0.78 .844
CCl4 -0.29 0.85 -0.43 994
TVOC 0.99 -0.10 0.01 984
% Variance 51.49 23.98 17.64

Cumulative% 51.49 75.62 93.10

Extraction method: principal component analysis; Rotation method: Varimax with Kaiser normalization, and significant
values are in bold; and only factors with eigenvalue=Ishown. CO2: Carbondioxide, CO: Carbonmonoxide, NO2:
Nitrogendioxide, SOz:  Sulphurdioxide, H»S: Hydrogensuplhide, PM;jo: Particulate matters <10um, CCls
Carbontetrachloride,

TVOC: total volatile organic compounds H»S levels
range from not detected (nd) at R1.4 and R3.3 to 0.16ppm
at R2.4. The levels of HoS where detected were majorly
above the limit of 0.01ppm set by IDPH. Exposure to H»S
has been reported to cause loss of consciousness,
neurobehavioural defects and death (Inserra e al., 2004).

PM;o was highest with 185.24pg/m? at R2.2 and lowest
with 94.17ug/m? at R1.1. Majotity of rooms in location two
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(R2) have values higher than 150 ug/m’ set by IDPH.
Except at location two (R2) and a room at location three
which gave unhealthy air quality for sensitive people, others
are moderate for PMjp. Some of the health complaints
might be due to PMjp exposure as it has been associated
with increased respiratory symptoms and production of an
inflaimmatory response on exposure to human lungs (Kohli
et al., 2011). PMy correlates significantly with ethylbenzene
(0.85) and TVOC (0.73).
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Noise levels range from 64.46dB at R1.1 to 89.36dB at
R1.3. Noise levels in some of these rooms were high and
could account for some aggressive behaviour under slight
provocation. Noise has been investigated to cause
psychological stress, deafness, aggressive behavior and loss
of attentiveness (Hygge and Knez, 2001, Osuntogun and
Okoku, 2007).

Temperature range was between the highest 32.19°C at
R3.2 and the lowest 28.20°C at R2.3. Relative humidity was
highest at R3.4 with 69.11% and lowest at R1.4 with
63.78%. Temperature values in many of the rooms studied
were above the room temperature of 27°C. Relative
humidity at all locations was higher than 60% limit of
IDPH. High temperature and relative humidity measured in
this study could cause discomfort, dehydration and enhance
the growth of molds, fungi and bacteria which could
adversely  affect occupants’ health (Davis, 2001,
Stryjakowska-Sekulska ez al., 2007).

Volatile organic compounds (VOC):

Table 7 presents the concentrations of benzene,
toluene,  ethylbenzene, xylene  (mixed isomers),
formaldehyde, carbontetrachloride and total volatile organic
compounds (TVOC) in the sampled rooms. Data obtained
in this study were compared with Hong Kong indoor air
quality management group standards (HKIAQ, 1999).

Concentrations of benzene ranged from 19.60ugm at
R1.1 to 49.87pgm> at R3.1. These values were higher than
16.1ugm limit of benzene set by HKIAQ, (1999) (Lee ez
al., 2002). Benzene is a known carcinogen which can cause
central nervous damage, leukemia, rapid heart rate,
dizziness, unconsciousness and death (ATSDR 2007a,
Zhang et al, 2009, Leusch e al, 2010). Benzene
significantly correlates with formaldehyde (0.70) and
significantly contributes to TVOC (0.72).

Concentrations of toluene ranged from 1.31pugm™ at
R3.1 to 13.83ugm™ at R3.5. The values measured were all
below the limit of 1092ugm set by HKIAQ, (1999) (Lee ez
al., 2002). The lower values do not exonerate toluene from
causing hazards because is known to affect brain, kidney
and nervous (ATSDR 2000, Leusch and Bartkow, 2010).
Toluene  showed  significant  correlations  with
carbontetrachloride (0.82) and averagely contributed to
TVOC (0.65). Ethylbenzene was lowest at R2.1 with
8.42ugm> and highest at R3.5 with 25.34ugm=. These
concentrations were lower than 1447ugm= limit of
HKIAQ, (1999) (Lee et al, 2002). Ethylbenzene has been
investigated to cause enlargement of liver, kidney and
irreversible damage to ears (Tam and Neumann, 2004,
ATSDR 2007b, Leusch and Bartkow, 2010). Ethylbenzene
averagely correlates with formaldehyde (0.67).

Xylene concentrations varied from 109.15ugm= at
R1.2 to 312.51pgm= at R3.1. They were all lower than
1447pgm limit set by HKIAQ, (1999) (Lee e al., 2002).
Xylenes have been reported to affect nervous system and
cause lack of muscle coordination, confusion, dizziness,
irritation of eyes and respiratory tracts (ATSDR 2007c,

www.ijbio.com

International Journal of Bioassays 1.1 (2012): 1-11

Leusch and Bartkow, 2010). Xylene had highest significant
conttibution to TVOC (0.97).

42.57ugm at R3.3 and 98.63pgm=> at R2.5 were the
lowest and highest concentrations of formaldehyde
measured respectively in this study. Concentrations
measured were all higher than 30ugm™ limit by HKIAQ,
(1999) (Lee et al, 2002). Formaldehyde is a suspected
carcinogen which affects the nervous system and brain
(Zhang et al., 2012). Acute exposure to formaldehyde has
been shown to cause irritation of the eyes and upper
airways, bronchitis, chest pain, wheezing, coughing and
long-term exposure to lower levels has been associated with
an increased risk of developing respiratory illnesses (Maruo
et al., 2010). Carbontetrachloride concentrations range from
101.32ugm= at R1.5 to 189.92ugm> at R3.2. Except at
R1.5, other concentrations of carbontetrachloride were
higher than 103ugm- limit of HKIAQ, (1999) (Lee e al,
2002). Carbontetrachloride has been reported to damage
liver, kidney, lung and intestine (Karthikeyan, e# a/, 2000,
Edewor ¢# al., 2007).

TVOC had lowest concentration at R1.1 with 602.41
pgm3 and highest at R3.2 with 921.50pgm-3 It is used as an
indicator to predict the health effects of VOC; therefore,
high value of TVOC suggests there could be health defects
from exposure to VOC (Moschandreas and Sofuoglu,
2004)

Cancer and non-carcinogenic hazard ratio:

Hazard quotients and estimated cancer risks of volatile
organic compounds measured in this study are shown in
tables 8 and 9 respectively. Hazard quotient (HQ) >1,
indicates that long term exposure to these compounds may
result in adverse effects on the occupants (Huang e# al,
2011, Zhang et al, 2012). All HQ of xylene, formaldehyde,
carbontetrachloride and benzene at R2.2, R3.1, R3.3, R3.4
and R3.5 were higher than unity. Formaldehyde in R2.5 has
the highest HQ suggesting that the occupants’ exposure to
these might result in adverse health effects.

All estimated cancer risks from this study exceeded
1x10°¢ indicating life-time risks of cancer. Cancer risk was
highest with carbontetrachloride at R3.2 and lowest with
benzene at R2.4. Some of the VOC measured have been
found to exceed the limit as obtained in this study (Huang
et al., 2011, Zhang et al., 2012).

Factor analysis:

To examine the possible sources and contributions of
pollutants measured, factor analysis wusing principal
component analysis (PCA) was conducted and the results
are presented in table 11. Three factors were extracted by
PCA and they accounted for 93.10% of total variance
(eigenvalue = 1). F1 with variance 51.49% correlated with
CO,, CO, NO3, PMj, ethylbenzene and TVOC, was
identified as a factor representing smokes from cooking
using kerosene and gas, cigarette and generator. (Hoddinott
and Lee, 2000, Curtis ¢z al., 2006, Padhi and Padhy, 2008,
Padhi ¢# al., 2009). F2 with variance 23.98% correlated with
CO, xylene and CCly, was identified as a factor representing
insecticide usage, smokes and evaporation from gasoline
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powered-generator (Hoddinott and Lee, 2000, Padhi ez 4/,
2009, Logue ef al, 2011, Zhou et al, 2011). F3, with
variance 17.64% correlated with benzene and formaldehyde
was identified as a factor representing paints, varnishes and
solvents use (Hoddinott and Lee, 2000, Raaschou-Nielsen,
2011, Zhou et al, 2011). The possible sources of these
pollutants indicate that cooking inside their one-room
apartment, use of generator beside the window and
insecticide to ward off mosquitoes greatly contributed to
the high concentrations of hazardous air pollutants and
volatile organic compounds measured in these rooms.

CONCLUSION

Our study shows that the levels of hazardous air
pollutants measured are capable of causing discomfort to
the occupants of the studied rooms. Volatile organic
compounds as revealed by cancer risks and hazard
quotients are capable of inducing cancer from prolong
exposure to indoor air in these rooms. Cooking with
kerosene, usage of gasoline generator and insecticide are
some of the possible sources of these pollutants. Generally,
control measures should be taken to address the menace of
indoor air pollution, especially at places where poor people
live.

REFERENCES
1. Air Quality Science IAQ Resource Center
(Aerias): 2005: Carbon Dioxide: A Common
Indoor Air Pollutant. www.Aerias.com

2. Ajay Taneja, Renuka Saini, and Amit Masih: 2008:
Indoor Air Quality of Houses Located in the
Urban Environment of Agra, India: Annals of the
New York Academy of Sciences: 1140: 228-245

3. ATSDR: 2007a: Toxicological profile for benzene:
US Department of Health and Human Services,
Agency for Toxic Substances and Disease
Registry, USA.

4. ATSDR: 2000: Toxicological profile for toluene:
US Department of Health and Human Services,
Agency for Toxic Substances and Disease
Registry, USA.

5. ATSDR: 2007b: Draft toxicological profile for
cthylbenzene: US Department of Health and
Human Services, Agency for Toxic Substances
and Disease Registry, USA.

6. ATSDR: 2007c: Toxicological profile for xylene:
US Department of Health and Human Services,

Agency for Toxic Substances and Disease
Registry, USA.

7. Bijaya Kumar Padhi and Pratap Kumar Padhy:

2008: Domestic Fuels, Indoor Air Pollution, and
Children’s Health: The Case of Rural India:

www.ijbio.com

10.

11.

12.

13.

14.

15.

International Journal of Bioassays 1.1 (2012): 1-11

Annals of the New York Academy of Sciences:
1140: 209-217

Bijaya Kumar Padhi, Rupak Ghosh and Pratap
Kumar Padhy: 2009: Household Energy, Indoor
Air Pollution and Health: a Case Study in Rural
Areas of West Bengal, India: Proceedings of
International ~ Conference on Energy and
Environment: 107-110.

Binod Neupane, Michael Jerrett, Richard T.
Burnett, Thomas Marrie, Altaf Arain, and Mark
Loeb: 2010: Long-Term Exposure to Ambient Air
Pollution and Risk of Hospitalization with
Community-acquired Pneumonia in Older Adults:
American Journal of Respiratory and Critical Care
Medicine: 181, 47-53

Busoon Son, Patrick Breysse, Wonho Yang: 2003:
Volatile organic compounds concentrations in
residential indoor and outdoor and its personal
exposure in Korea: Environment International:
29: 79— 85

Bruno P., Caselli M., de Gennaro G., Iacobellis S.,
Tutino M.: 2008: Monitoring of volatile organic
compounds in non-residentialindoor
environments: Indoor Air: 18: 250-256

Chauhan A ], Hazel M Inskip, Catherine H
Linaker, Sandra Smith, Jacqueline Schreiber,
Sebastian L. Johnston,Stephen T Holgate: 2003:
Personal exposure to nitrogen dioxide (NO») and

the severity of virus-induced asthma in children:
Lancet: 361: 1939-1944

Demetrios J. Moschandreas and Sait C. Sofuoglu:
2004: The Indoor Environmental Index and Its
Relationship with Symptoms of Office Building
Occupants: Journal of the Air & Waste
Management Association: 54: 1140-1145.

Edewor T.I, Olajire A. A and Olaniyan L.E.B:
2007: Effects of oral administration of ethanolic
leaf extract of _Acanthospermum hispidum DC on
carbon tetrachloride induced acute liver injury in

rats: Research journal of medical sciences: 1(1),
39-41.

Environmental Protection Department: 1999:
Guidance Notes for the Management of Indoor
Air Quality in Offices and Public Place: Indoor
Air Quality Management Group. Hong Kong
indoor air quality management group standards


http://www.ijbio.com/

Azeez L. et al.,

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

20.

Faisal I. Khan, Aloke Kr. Ghoshal: 2000: Removal
of Volatile Organic Compounds from polluted air:
Journal of Loss Prevention in the Process
Industries: 13: 527-545

Frederic Leusch and Michael Bartkow: 2010: A
short primer on benzene, toluene, ethylbenzene
and xylenes: Griffith University — Smart Water
Research Centre: 1-8

Hoddinott K.B., Lee A.P.: 2000: The use of
environmental risk assessment methodologies for
an indoor air quality investigation: Chemosphere:
41:77-84

Hyunjoo Bae, Wonho Yang, Moonho Chung:
2004: Indoor and outdoor concentrations of RSP,
NO: and selected volatile organic compounds at
32 shoe stalls located near busy roadways in Seoul,
Korea: Science of the Total Environment: 323:
99-105.

Illinois Department of Public Health: 2003:
Indoor Environmental Quality Investigation:
www.idph/guidelinefor indoor air quality.

International Volcano Health Hazard News
(IVHHN): 2005: Gas and Aerosol Guidelines:

Carbon Dioxide:
http://seis/bris.ac.uk/glcih /ivhnn /guidelines /gas
/CO,.html: Discussion of known CO» poisoning
events associated with vulcanology.

Jaime F. Mejia, Samantha Low Choy, Kerrie
Mengersen, Lidia Morawska: 2011: Methodology
for assessing exposure and impacts of air
pollutants in school children: Data collection,
analysis and health effects: A literature review:
Atmospheric Environment: 45: 813-823

Jayajit  Chakraborty: 2009: Automobiles, Air
Toxics, and Adverse Health Risks: Environmental
Inequities in Tampa Bay, Florida: Annals of the

Association of American Geographers: 99 (4):
674-697

Jayajit Chakraborty: 2012: Cancer risk from
exposure to hazardous air pollutants: spatial and
social inequities in Tampa Bay, Florida:
International Journal of Environmental Health
Research: 22 (2): 165-183

Julia E. Rager, Kim Lichtveld, Seth Ebersviller,
Lisa Smeester, Ilona Jaspers, Kenneth G. Sexton,
and Rebecca C. Fry: 2011: A Toxicogenomic

www.ijbio.com

27.

28.

29.

30.

31.

32.

33.

34.

International Journal of Bioassays 1.1 (2012): 1-11

Comparison of Primary and Photochemically
Altered Air Pollutant Mixtures: Environmental
Health Perspectives: 119 (11): 1583-1589.

Jian Zhou, Yan You, Zhipeng Bai, Yandi Hu,
Jiefeng Zhang, Nan Zhang: 2011: Health risk
assessment of personal inhalation exposure to

volatile organic compounds in Tianjin, China:
Science of the Total Environment: 409: 452-459

Karthikeyan S., Gobianand K., Pradeep K., Victor
Raj Mohan C. and Balasubramanian M.P.: 2006:
Biochemical changes in serum, lung, heart and
spleen tissues of mice exposed to sub-acute toxic
inhalation of mosquito repellent mat vapour:
Journal of Environmental Biology: 27(2) 355 —
358.

Kohli Shrey, Ahuja Suchit, Dogra Deepika,
Krishnan Shruti, Rani Vibha: 2011: Air pollutants:
The key stages in the pathway towards the
development  of  cardiovascular  disorders:

Environmental toxicology and pharmacology:
31:1-9.

Lawanson Taibat Olaitan: 2008: Poverty and
environmental conditions in the Lagos megacity:
implication for environmental health: journal of
the Nigerian institute of town planners:21 (1): 53-
70

Luke Curtis, William Rea, Patricia Smith-Willis,
Ervin Fenyves, Yaqin Pan: 2006: Adverse health
effects of outdoor air pollutants: Environment
International: 32: 815-830

Mabogunje A.: 2002: Re-constructing the Nigerian
City: The New Policy on Urban Development and
Housing: Paper presented at a National
Conference on the City in Nigeria, Ile Ife.

Maggie L. Clarka, Jennifer L. Peela, James B.
Burchb, Tracy L. Nelsona, Matthew M.
Robinsona, Stuart Conwayc, Annette M.
Bachanda and Stephen ]. Reynoldsa: Impact of
improved cookstoves on indoor air pollution and
adverse health effects among Honduran women:

International Journal of Environmental Health
Research: 19 (5): 357-368

Mark W. Frampton, Joseph Boscia, Norbert J.
Roberts, Jr., Mitra Azadniv Alfonso Torres,
Christopher Cox, Paul E. Morrow, Joan Nichols,
David Chalupa, Lauren M. Frasier, F. Raymond
Gibb, Donna M. Speers, Ying Tsai, and Mark J.
Utell: 2002: Nitrogen dioxide exposure: effects on


http://www.ijbio.com/
http://www.idph/guideline
http://seis/bris.ac.uk/glcjh/ivhnn/guidelines/gas/CO2.html
http://seis/bris.ac.uk/glcjh/ivhnn/guidelines/gas/CO2.html

Azeez L. et al.,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

airway and blood cells: Am ] Physiol Lung Cell
Mol Physiol: 282:1.155-L.165

Maura Lodovici and Elisabetta Bigagli: 2011:
Oxidative Stress and Air Pollution Exposure:
Journal of Toxicology: 1-9

Maruo Y. Y., Yamada T., Nakamural J., [zumi K,
Uchiyama M.: 2010: Formaldehyde measurements
in residential indoor air using a developed sensor

element in the Kanto area of Japan: Indoor Air:
20: 486-493

Max H. Sherman and lain S. Walker: 2010:
Impacts of Mixing on Acceptable Indoor Air
Quality in Homes: HVAC&R Research: 16(3):
315-329

Mengersen K., Morawska L., Wang H., Murphy
N., Tayphasavanh F., Darasavong K., Holmes N.
S.: 2011: Association between indoor air pollution
measurements and respiratory health in women
and children in LLao PDR: Indoor Air: 21: 25-35

Michael Brauer, Sarah Henderson, Tracy
Kirkham, Kit Shan Lee, Kira Rich, Kay Teschke:
2002: Review of the Health Risks Associated With
Nitrogen Dioxide and Sulfur Dioxide in Indoor
Air: University of British Columbia School of
Occupational and Environmental Hygiene: 1-72

Neelam D Sukhsohale, Uday W Narlawar, Mrunal
S Phatak, Suresh N Ughade: 2012: Does domestic
cooking environment influence risk of respiratory
mortbidities in rural Indian women?: International

Journal of Collaborative Research on Internal
Medicine and Public Health: 4(1): 34-44.

Olajirte A.A, Azeez L., Oluyemi E.A.: 2011:
Exposure to hazardous air pollutants along Oba

Akran road, Lagos — Nigeria: Chemosphere: 84:
1044-1051.

Olukayode Taiwo: 2005: The case of Lagos: Air
quality improvement project: Lagos Metropolitan
Area Transport Authority (LAMATA): 1-22.

Osuntogun  B.A  and Koku C.A: 2007:
Environmental — impacts of urban  road
transportation in South-Western states of Nigeria:
Journal of Applied Sciences: 7(16): 2356-2360.

Pablo A. Ruiz, Claudia Toro, Jorge Ca’ceres,
Gianni Lo” pez, and Pedro Opyola, Petros
Koutrakis: 2010: Effect of Gas and Kerosene
Space Heaters on Indoor Air Quality: A Study in

www.ijbio.com

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

International Journal of Bioassays 1.1 (2012): 1-11

Homes of Santiago, Chile: Journal of Air and
Waste Association: 60: 98-108

Pamela . Davis: 2001: Molds, Toxic Molds, and
Indoor Air Quality: California Research Bureau
Note: 8 (1): 1-17.

Raaschou-Nielsen O, Hermansen M. N., Loland
L., Buchvald F, Pipper C. B., Sorensen M., Loft S.,
Bisgaard H.: 2010: Long-term exposure to indoor

air pollution and wheezing symptoms in infants:
Indoor Air: 20: 159-167

Shun Cheng Lee, Wai-Ming Li, Chio-Hang Ao:
2002: Investigation of indoor air quality at
residential homes in Hong Kong case study:
Atmospheric Environment: 36: 225-237

Strivastava P.K., Pandit G.G., Sharma S., Mohan
Rao A.M.: 2000: Volatile organic compounds in
indoor environments in Mumbai, India: Science of
the Total Environment: 255: 161-168

Staffan Hygge and Igor Knez: 2001: Effects of
Noise, Heat and Indoor Lighting on Cognitive
Performance and Self-Reported Affect: Journal of
Environmental Psychology: 21: 291-299.

Steven G. Inserra, Betty L. Phifer, W. Kent Anger,
Michael Lewin, Roberta Hilsdon, and Mary C.
White: 2004: Neurobehavioral evaluation for a
community with chronic exposure to hydrogen
sulfide gas: Environmental Research: 95: 53-61.

Stryjakowska-Sekulska M., Piotraszewska-Pajak
A., Szyszka A., Nowicki M., Filipiak M.: 2007:
Microbiological Quality of Indoor Air in
University Rooms: Polish J. of Environ. Stud.: 16
(4): 623-632

Tam B.N., Neumann C.M.: 2004: A human health
assessment of hazardous air pollutants in
Portland, OR: Journal of Environmental
Management: 73: 131-145

Thomas E. Mckone, Barry Ryan P. and Halu K.
Zkaynak:  2009: Exposure information in
environmental health research: Current
opportunities and future directions for particulate
matter, ozone, and toxic air pollutants: Journal of
Exposure Science and Environmental

Epidemiology: 19: 30-44
USEPA Office of Air and Radiation: 2000:

Implementation Principles for the clean air
Amendement of 1990.

10


http://www.ijbio.com/

Azeez L. et al.,

55.

56.

Wang B, Lee S C, Ho K F: 2007: Characteristics
of carbonyls: Concentrations and source strengths
for indoor and outdoor residential

microenvironments in  China:  Atmospheric
Environment: 41(13): 2851-2861.

Yu Huang, Steven Sai Hang Ho, Kin Fai Ho,
Shun Cheng Leea, Jian Zhen Yu, Peter K.K.
Louie: 2011: Characteristics and health impacts of
VOCs and carbonyls associated with residential

cooking activities in Hong Kong: Journal of
Hazardous Materials: 186: 344-351.

International Journal of Bioassays 1.1 (2012): 1-11

57. Yujie Zhang, Yujing Mu, Junfeng Liu, Abdelwahid

Mellouki: 2012: Levels, sources and health risks of
carbonyls and BTEX in the ambient air of Beijing,
China: Journal of Environmental Sciences: 24(1):
124-130.

CITE THIS ARTICLE AS:

Azeez L., Atanda O., Adeoye M.D. ¢t al, Levels of
hazardous air pollutants and volatile organic
compounds in low-income houses in Lagos, Nigeria.
International Journal of Bioassays 1.1 (2012): 1-11.

Source of support: Nil
Conflict of interest: None Declared

www.ijbio.com

11


http://www.ijbio.com/

