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Abstract: Problem statement: Our studies revealed high trace metals concentr&iio PM saerosols
from Residential Buildings (RB-I) and enclosed ®arks (CP-I) indoor than in outdoor Residential
Buildings (RB-O) and Car Parks Outdoor (CP-O), @ating possible dust accumulation in confined
premises from six Kuwait Governorate areAfproach: Trace metals in Pb4 was high in the
sequence of Bed Room (BR) >kitchen (FR) >Living Ro@LR) due to improper ventilation and
space-resident ratidResults: Buildings Without Cars Parks (WCP) showed low f2Nrace metals
concentrations when compared to buildings with ®arks (CP). High Pl trace metals in
Governorate-IV were reflected by commercializatiBnalysis showed high Al and Fe concentrations
in all the categorized samples. The I/O ratio wasirr all the samples indicating the influence of
indoor attributes superseding the outdoor pollutsmurces.Conclusion/Recommendations. This
study characterizes the trace metals variatiorffarent areas, buildings with and without carksar
and building components besides the applicatigoreé¥entive measures to air pollution.
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INTRODUCTION nitrogen dioxide, radon and second-hand smoke.dndo
air quality problems are not limited to homes. &ttf
Air pollution is a major environmental health many public buildings have significant air pollutio
problem affecting both developed and developingsources (Klinmaleet al., 2009). Some of these buildings
countries. This global concern involves ambient airmay be inadequately ventilated. Finally, peopleegaity
quality in cities as well as indoor air quality inding  have less control over the indoor environment tthey
workplace and urban areas. Nearly three-fifthshaf t do outside their homes. As a result, there has been
total global exposure to particulate matter, onghagf increase in the incidence of reported health proble
most ubiquitous air pollutants, occurs in the raadas (USEPA, 2009b; Zhao and Wu, 2009).
of developing countries. This translates many onilli Recently, fine particles with an aerodynamic
deaths a year. Despite increasing knowledge aboutiameter less than or equal to PMum is being
harmful health effects of air pollution, preventizetion  considered important in view of the greater health
is often slow to follow (World Health Organization, hazards than with the particles with higher diamete
2006). Many people know that outdoor air pollutcan  sizes. Smaller particles are found capable of patieg
damage their health, but many do not know thatando more deeply into the respiratory tract near the gas
air pollution also can cause significant healtheef§. exchange region and translocation beyond othemsrga
Man exposed to air pollutants indicates that indootBalasubramanian and Lee, 2007). Further, the small
pollutants levels may be two to five times andparticles is found to have high surface area pér un
occasionally more than 100 times, higher than aatdo mass and contain more toxins based on the type of
pollutants levels (USEPA, 2009a). These levels ofthemical components that adsorbed on the particles
indoor air pollutants may be of particular concern(Balasubramanian and Lee, 2007; Tucker, 2000).& hes
because most people spend about 90% of their timparticles contain organic and inorganic constitsehat
indoors (USEPA, 2009b; Radtal., 2009). cause upper respiratory irritation, headachesguati
The sources of indoor air pollutants includeallergic reactions and Environmental lliness (EI),
biological contaminants (bacteria, molds, mildew,Building Related Illness (BRI) or Sick Building
house dust, mites and pollen), carbon monoxidel, lea Syndrome (SBS).
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The primary source of PM in public indoor MATERIALSAND METHODS
premises attributes to the type of business agtivit
population, the time spent by visitors/customelg t Sampling sites and strategies: Four areas each from
hygienic conditions maintained by the organizatma  six Kuwaiti Governorates (Fig. 1) were chosen foe t
the contribution of internal/external polluting age  study. The six Kuwait Governorate areas encompassed
offfrom a given product (Leet al., 2002). Besides (a) G-l (Jahra): Situated at the North of Kuwaithwi
these factors, secondary sources from gaseoussidential, industrial and desert areas and thHerma
pollutants through gas-to-particle conversion, re-power, desalination and water treatment plantsGab)
suspension of particles by human movement and frorfCapital/Kuwait City): The central Kuwait zone with
soil matter also contribute as a source of .M industrial and residential areas significant fos it
containing trace metals. The effect of PJdources also business centers, domestic wastewater outfallG<{d)
increases depending on the levels of infiltratioh o (Hawalli): Known for its business activities and
particles from the outdoor combustion sources agh residential areas (d) G-IV (Farwaniya): With degsel
smoke from automobiles and incineration of wastepopulated residential areas (e) G-V (Mubarek Al-
materials. Indoor air quality may vary due to theKabeer): With moderately populated residential and
infiltration from outdoor particles even in the abse of recreational activites and (f) G-VI (Ahmedi): the
any indoor sources (Corst al., 2008; Liweiet al., southern region of Kuwait with oil fields, allied
2008). Hence, it is essential to understand théndustries and scanty residential sites (Fig. 1).
relationship between the indoor and outdoor Based on the importance of these Governorate
concentrations and the origin of indoor partictass$port  areas, indoor samples were collected from (a) publi
(USEPA, 2009a; Huang al., 2007; Rashed, 2008). enclosed Car Parks (CP) and (b) Residential Bugklin

Occasionally, besides the measurements observd@®B-l) and their indoor components namely, Living
during the Gulf War in Kuwait, the ambient air gtyal Room (LR), Bed Room (BR) and kitchen (FR) to
of PM,s was found to exceed 15.Oug'3m the determine the levels and effects of trace metals
permissible limits to that of the national ambieit  Pollution in Particulate Matter (PM). Simultaneously,
quality standards (World Health Organization, 2006;PMzs samples outside each Car Park (CP-O) and

USEPA, 2009a). This attributes to the recentResidential Building (RB-O) representing outdoor
industrialization, congested traffic, increase inSa@mple as well as Without Car Parks (WCP) were

population and high indoor sedentary occupationf:O”eCted' Thus, indoor and outdoor samples were

Recent construction activities visualizing with analyzed not only to evaluate the levels of indand

modernization and space management have led to tﬁ)eutdoo.r poliution but _also to  determine the
inbuilt car parks in many residential and publiaggs apportionment an_d relative hazards deduced from
in most of the Kuwait Governorates. The arrangemen%ndoor_OUtdoor ratio (/0) for a given area.
of multiple stacks and rows automobile parking in
successive floors with inadequate ventilation and
spacing contribute to the smoke retention from such g_"\_-.-z- :
automobiles emission. R
The database from this study will help to identify
hotspots of health threatening air pollution levatyd
high population risks. It will also help keep trackthe
major sources of pollution and their effect on publ
health. Economic costs to society and individuals o
health impairment due to air pollution as well aste
effective intervention strategies could be deduteth
the outcome of this investigation Thus, based an th

PERSIAN GULF

Gl: JAHRA

above, studies were conducted to determine andlater G 11: KUWAIT CITY

the trace metals concentrations (a) in Particulédgter S R

(PM,5) collected from the components of residential  cv: rarwaniva

buildings, (b) in car parks (enclosed or in thdisence DARNIDEN 3

near the residential buildings) and also (c) rafid/O SAUDLARABIA e
apportionment of Pl to deduce the potential hazards

of air pollution to humans. Fig. 1: Sampling sites of Kuwait
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Sampling of Particulate Matter (PM,s): PM,s RESULTS
samples were collected from enclosed and outdoor ca
parks and adjoining residential buildings duringe th
years, November 2007-September 2009 using a sthnd
protocol of two days period/week/every month. Thes

premises were selected suspecting the dust disper ese premises (CP-O and RB-O), outdoor (Fig. 2).

from_ the populated PUb”(.: enclqsgd car parks near 0Comparatively, high trace metals were observed in
inbuilt adjacent residential buildings that coneern PM,: in Residential Buildings (RB) than Car Parks

indoor air quality. A test space was randomly SelC  cpy’jirespective of indoor and outdoor PMamples
within each building with a target population of<1 (rig" 2) Governorate wise, indoor and outdoor dasp
people at any given time to run the air samplerz-Ha reyealed high trace metals concentrations in G-IV
dust (EPAM 5000) air monitoring system was used tdollowed by G-llI> G-II> G-I > G-V >G-VI (Fig. 2).
collect the air through a PM impactor. This |Metals wise analyses showed high concentrationeof F
instrument uses both nephalometry and the grawmetrfollowed by Al>Zn>Ni>Cu> Cd>Pb> V irrespective of
principle in measuring PB4 in indoor or outdoor indoor and outdoor samples (Fig. 3). However, both
premises. Nephalometry involves the near-forwaghitli enclosed car parks and residential buildings showed
scattering of infrared radiation to immediately andhigh Fe and Al concentrations than their countdrpar
continuously measure the concentration in m§ of  samples taken outdoor (Fig. 3). Except with a
airborne dust particles. Simultaneously, the airmarginal difference between LR and BR in G-Il
particulate is impacted through a 47 @ mm membranéamples, the components in residential buildings
filter of Federal Reference Method (EPA-FRM) style. showed high trace metals in BMn the sequence of
The particles collected on the filter is weigheddan BR>FR>LR in all the other Governorates (Fig. 4).
analyzed for gravimetry analysis. Among the Governorate wise trace m_etals_ concentrations in LR,
particulate sizes, the present study chose fiMe to BR and FR were found high in G-IV and followed
its detrimental effect to human respiratory systaan ~ Similar sequence to that of the observationsign E.
encountered with larger PM. Moreover, no publishec
evidences on trace metals in PMh relation between s000
enclosed car parks and residential buildings were % [
recorded in Kuwait and hence the present study. = so00

30.00
20.00 |

Analysis of Particulate Matter (PM,s): Samples e
(41,472 numbers, Table 1) were individually weighed oo -
and predigested in 3 mL of concentrated Nitric acid “ o & o = 5

(Ultra Pure-Merck Inc., US) in a sterile polystyeen WCP1  mWRB  ®CPO  WRBO

centrifuge tubes (50 mL capacity) overnight. Thegrav =~ . . . )

diluted to 50 mL with deionized distilled water and Fig- 2: Premises wise trace metals in £Ntom indoor
digested in an automatic microwave digester (Spectr and outdoor Kuwait Governorates G1-G6:
Prep CEM Inc., US). The digested solution was arealy Kuwait Governorates, CP: Car Parks, RB:
for trace metals concentration using ICP-MS. Residential Buildings, I Indoor, O: Outdoor

Observations showed high trace metals in,PM
ampled from enclosed Car Parks (CP-lI) and indoor
esidential Building (RB-I) components Such as hdyi
R), kitchen (FR) and Bed Room (BR) than outside

g

Trace metals

139.13

Table 1: Particulate samples (R§by gravimetry method

140.00

Description Sampling details/Nos. & 12000 7 S
Sampling period days/ week 1 ? 100.00
Sampling period/month 4 g el
Total sampling days/month 4 g jg::z
Total sampling days/2 years 96 s
No. of governorates in Kuwait 6 B 2
Areas from each governorate 4 Al v Fe Ni cu Zn cd Pb
Premises sampled/area 18 (indoer3lrooms/bldgx 5bldg
+1 CP-1 +1 CP-O +1 RB outdoor) =CP1  ®RBI CP-0  ®RB-O
Total No. of indoor samples 966 x 4 x15 = 34560 . . .
Total No. of outdoor sanelples SEx4x3 = 6912 Fig. 3: Metals wise Pl from indoor and outdoor
Total No. of indoor 41,472 Kuwait Governorates NCP: Car Parks, RB:
+ outdoor samples Residential Buildings, I: Indoor, O: Outdoor
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Fig. 4: Component wise PM trace metals in
residential buildings, off Kuwait Governorates
G1-G6: Kuwait Governorates; LR: Living
Room, BR: Bed Room, FR: Kitchen

Trace metals in pg g™

Fig. 5: Metals wise Pl trace metals in residential
buildings, off Kuwait Governorates LR: Living
Room, BR: Bed Room, FR: Kitchen

Table 2: ANOVA on premises (car-parks and residertuildings),
Governorates and metals wise outdoor and indoor2BM-
aerosols levels in Kuwait

Variation DF MS F

(a) Premises wise analysis

p-value F crit Significance

Between group 3 664.83 6.10 0.006 3.28 *
Within group 23

(b) Governorate wise analysis

Between group 5 32546 298 0.04 290 *
Within group 23

(c) Metalswise analysis

Between group 7 3290.72 10.09 0.001 248 *

Within group 31
*: Significant; **: Not significant

Trace metals in pg g™!

G1 G2 G3 G4 G5 G6

= WCPRB-I ®RB- WCPRB-O ®RB-O

Fig. 6: Samples with and without car parks near
residential buildings W: without, CP: Car parks,
RB: residential buildings, I: Indoor, O: Outdoor

s ]
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Fig. 7: Indoor and outdoor pollution ratio (I/O)ttviand
without car parks

Table 3: ANOVA on the components of residentialldings (LR,
BR, FR), governorates and metals wise outdoor addar
PM- 2.5 aerosols levels in Kuwait

Variation DF MS F p-value Fcrit Significance

(a) Residential building wise analysis

Between group 2 49478 22.64 0.001 410 *
Within group 17

(b) Governorate wise analysis

Between group 5 1595.40 73.0 0.001 332 *
Within group 17

(c) Metalswise analysis

Between group 7 8601.80 35.19 0.007 2.76 *

Within group 23

LR: Living Room; BR: Bed Room; FR: Kitchen; *: Sifjcant; **:
Not significant

Table 4: ANOVA with and without car parks in outdand indoor
PM-2.5 aerosols on the premises and governorates wi
levels in Kuwait

Variation DF MS F p-value F crit Significance

Metals wise analyses showed high Fe and AlResdential building wiseanalyss

concentrations in BR followed by FR and LR (Fig. 5)

RB without enclosed Car Parks (WCP) or not cite
near the vicinity of the RB showed low trace metalsBetween group 5

concentrations than with enclosed Car Parks (G
outside the Car Parks (CP-O) found near the vicioit

the RB (Fig. 6). ANOVA tests revealed significant

Between group 3 930.82 11.81 0.0003 3.28 *
Within group 23

overnoratewise analysis

46499 590 0.003 290 *

Within group 23

LR: Living Room; BR: Bed Room; FR: Kitchen; *: Sifjcant; **:
Not significant

difference in the case of premises, metals an&overnorate wise analysis revealed high 1/O ratiGi
Governorate wise analysis between enclosed CaisParky (2.22) and G-VI (1.76) followed by the other
(CP-l), outside the Car Parks (CP-O), Without CarGovernorates (Fig. 7). G-Il had the least meanrt®

Parks
and Indoor (RB-l and RB-O) respectively (Tablé)2

(WCP) and Residential Buildings Outdoor(1.28). However, I/O ratio in all the samples betwe

Governorates and metals wise was more than 1 Tkig.
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Table 5: ANOVA on I/O ratio with and without carnga in Kuwait Rashed, 2008). Trace metals in Pjh samples from
Variation DF MS F  pvalue Ferit Significance the other Governorates differed in their sequente o
\?v?mﬁegﬁgdguplll 0714 1107 0020 660 * trace metals concentrations to justify that f2Maried
LR: Living Room; BR: Bed Room; FR: Kitchen; *: Sificant; **: dlﬁerently tO_ pOI.IUtamS dlspe_rsal of a glven p“?’es
Not significant under investigation. Metals wise analysis revedligth

concentrations of Fe and Al irrespective of the [glaih
Significant results on the Governorate wise I/Oorat Governorate areas (Fig. 3). High concentrationef

were also obtained by ANOVA tests (Table 5). and Al could be a result of their excessive usagihe
release of these metals from day-to-day byproduct
DISCUSSION usage in the indoor condition (Corst al., 2008).

Enclosed car parks showed more Fe and Al than with
High trace metals concentrations of PMvere Samples taken outside the car parks (Fig. 3). fiogunit
observed in samples collected from Residential differences were observed between CP and RB,
Buildings (RB) irrespective of the six Governorates Governorates and metals wise analyses for bothomdo
(Fig. 2). This could be attributed to (a) the dust2nd outdoor samples (Table 2-4). Results showed a
accumulated in various rooms either from the outdooSUbSt"’mt'al_qua_ntlty of dust accur_nulahon_m h(.)l(m)
or internally developed from the various productst.h""t was laid with carpets than W't.h polyvinyl onyl_or
. . tiled floored houses (Fig. 4). This supports thdiera
(carpets, stationery, unused utensils or due tdosel ) . .
cleaning process) used or liberated such as smute astudy (Corsiet al., 2008). Besides, dust accumulated in

‘ b) f . td i ot clothes and utilities, overcrowded with peopleimited
umes, (b) frequent use of doors or exit systentfigy space attributes for such high trace metals inBRe

resident inmates that may gain outdoor pollutantyen r,ce metals in BR was followed by FR that could be
despite some being controlled by the air conditigni  atyiputed to smokes, fumes from cooking procest an
system and (c) poor maintenance of Alc system tha{ pported the earlier observations (Livekial., 2008).
lead to invisible Particulate Matter (P§flow.  Among the metals, Fe and Al showed high
This supports the earlier studies (USEPA, 2009bgoncentrations in the sequence of BR>FR>LR (Fig. 5)
Klinmalee et al., 2009). Besides residential buildings, Comparative observations showed low trace metals
high trace metals concentrations was also observed concentrations in Residential Buildings and CarkBar
enclosed car parks (CPI) which can be attributed t@f both Indoor and Outdoor samples (RB-I, RB-O, CP-
dust accumulation in the parking area, particled, CP-O) respectively than with RB without enclosed
movement through the smoke emission from cars an@ar Parks (WCP) or car parked far away (>3 m) from
inadequate spacing area. residential buildings (Fig. 6).

In the present study, it is interesting to not the I/O ratio >1 from the six Kuwaiti Governorates
outdoor samples from CP-O and RB-O showedsamples indicated that the indoor and outdoor fiotiu
comparatively less trace metals concentration i M in all these samples were mainly from the dust
This may be attributed to the free movement ancewid accumulation. 1/O ratio also revealed that theuiafice
dispersal of particulates in a given area (Rasp6@8).  of pollution from the outdoor was comparatively low
The above reasons clearly indicates that high dépos despite their additions through the doors or entry
and accumulation of trace metals concentrations isystems of a given premises (Fig. 7). High I/Ooréti
PM, s takes place in indoor samples as a result of lows-IV (>1) indicated the influence of high human
wind action and poor ventilation than the obseorai  activities and its population than the other Gowveates
in outdoor samples (Zhao and Wu, 2009). GovernoratéFig. 7). I/O ratio was low in RB that had neitlegiclosed
wise analysis revealed G-IV with high trace metalsCar Parks (WCP) nor cars parked >3m from the RB
concentrations from both indoor and outdoor samplesuggesting the low distribution of Rlyand its respective
than the other Governorates samples (Fig. 2). Thignetals concentrations as a result of adequate air
attributes to the high human activities, increasectirculation in nature (Klinmaleet al., 2009; Zhao and
population as a result of the availability of pebli Wu, 2009; Balasubramanian and Lee, 2007; é&teal.,
utilities, industrialization and establishment of 2002). Despite the above, the I/O ratio was fouhdr>
commercial and recreational centers in thisSWCP suggesting a significant difference in the ;RM
Governorate. The influence of high pollution in sifie and its metals due to I/O influx in the RB (Tab)eshd
regions for a given country due to industrializatir ~ as a result of high PM in Kuwait's ambient air than
urbanization was not uncommon over the recent yearthe permissible limits (15 pg ™ (World Health
(Tucker, 2000; Leeet al., 2002; Huanget al., 2007;  Organization 2006; USEPA, 2009a).
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CONCLUSION Klinmalee, A., K. Srimongkol and N.T.K. Oanh, 2009.
Indoor air pollution levels in public buildings in
The time-bound records maintained for the main  Thailand and exposure assessment. Environ.
indoor sources that affected the indoor air quéltigh Monit. Assess., 156: 581-594. DOI:
I/O ratio in indoor samples) included the dust from 10.1007/s10661-008-0507-z
various sources (stationeries, household productd.ee, S.C., H. Guo, W.M. Li and L.Y. Chan, 2002 et

groceries and packing materials in indoor residénti comparison of air pollutant concentrations in
components and to a lesser extent, kitchen and:¢oba different indoor environments in Hong Kong.
smokes, cleaning and general human activities, asch Atmos. Environ., 36: 1929-1940.

movement within the indoor environment. Further,Liwei, T., Z. Guogiang, Z. Quan, M.J. Moschandreas
metals wise 1/O ratios suggest that certain chemica and H. Junhonget al., 2008. The impact of

constituents of indoor particles, were largelyueficed kitchen  activites on indoor  pollutant

through migration of outdoor particles (I/O >lor)~1 concentrations. Indoor Built Environ., 17: 377-383.

Hence, this study not only determined the intensity DOI: 10.1177/1420326X08094626.

trace metals levels, the potential indoor and cutédor ~ Rada, E.C., M. Ragazzi, D. Antolini, E. Mallocidan

quality affecting the different premises and restdeof M. Venturi, 2009. Indoor air measurement of PM-

Kuwait, but augment to identify, ascertain and depe 10 in different conditions. Prog. Environ. Sci.

appropriate mitigation system to various ailments i Technol., 2: 571-557

humans caused by reparable particulates. Rashed, M.N., 2008. Total and extractable heavyiset

in indoor, outdoor and street dust from Aswan
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