PREDICTIONS OF GAS-PARTICLE PARTITIONING

COEFFICIENTS (K,) OF POLYCYCLIC AROMATIC
HYDROCARBONS AT VARIOUS OCCUPATIONAL
ENVIRONMENTS OF SONGKHLA PROVINCE, THAILAND

S Pongpiachan'?, K Thamanu?®, KF Ho*, SC Lee* and P Sompongchaiyakul®®

'Biogeochemical and Environmental Change Research Unit, Faculty of Environmental
Management, 2National Center of Excellence for Environmental and Hazardous Waste
Management-PSU Satellite Center, Prince of Songkla University, Hat Yai, Songkhla
Thailand; Synchrotron Light Research Institute, Ministry of Science and Technology,
Nakhon Ratchasima, Thailand; *Research Center for Environmental Technology and
Management, Department of Civil and Structural Engineering, Hong Kong Polytechnic
University, Hong Kong, China; °Department of Marine Science, Faculty of Science,
Chulalongkorn University, Bangkok; ®National Center of Excellence for Environmental
and Hazardous Waste Management, Bangkok, Thailand

Abstract. Ambient air samples were collected over periods of 24 hours and 3 hours
using a Graseby-Anderson high volume air sampler with PM,; TE-6001 at 15 sam-
pling sites, including an urban residential zone, rural area, industrial factories, waste
incinerator, traffic areas and agricultural burning areas in Songkhla Province, Thai-
land. An analysis of organic carbon and elemental carbon was conducted to estimate
the gas-particle partitioning of PAHs using a model proposed by Dachs-Eisenreich.
The estimated LogK, of PAHs emphasized the risk for lung cancer among outdoor
workers in waste incinerators, traffic intersections and bus terminals, suggesting the
role of the carbonaceous fraction over the gas-particle partitioning of PAHs. Analysis
of fo K p05ct/fomKoa ratios revealed a significant role of adsorption and absorption in
unusually high elemental carbon fractions (ie low OC/EC ratio) in fine particles col-
lected at waste incinerators and the abnormally high organic carbon fractions (ie high
OC/EC ratio) observed in those fine particles of an urban residential zone, respec-
tively. The dual mode of ab/adsorption tended to dominate the gas-particle partition-
ing of LMW PAHs collected at the traffic intersections and bus terminal.

INTRODUCTION Generally, two types of carbonaceous aero-
sol exist in the atmospheric environment,
namely organic carbon (OC) and elemental
carbon (EC). Many studies have shown
strong associations between the amount of

OC/EC and gas particle partitioning of poly-

Carbonaceous aerosol is a main con-
tributor to environmental and health prob-
lems (Na and Cocker, 2005; Hu et al, 2007).
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cyclic aromatic hydrocarbons (PAHs) (Dachs
and Eisenreich, 2000; Fernandez et al, 2002;
Vardar et al, 2004; Tasdemir and Esen, 2007).
PAHs are ubiquitous pollutants in the atmo-
spheric environment, generally containing
two to eight benzene rings and can be pro-
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duced by natural (volcanic eruptions, forest
fires) and anthropogenic (traffic emissions,
industrial activities, aluminium production,
domestic heating and tobacco smoking) pro-
cesses (Harvey, 1991; Menzie et al, 1992;
Mastral and Callén, 2000; Sanderson and
Farant, 2000; Korenaga et al, 2001; Ohura
et al, 2004; Repace, 2004).

PAHs have received attention because
some of these compounds are considered to
be toxic, carcinogenic and/or mutagenic
(IARC, 1987,1997; WHO, 2000). Gas-particle
partitioning benefits both the prediction of
PAHSs in different environmental compart-
ments and the assessment of respiratory
health effects, since the risk of inhaling PAHs
depends in part on whether they exist in
vapor or particulate phase (Pankow, 2001).
Fernandez et al (2002) proposed the concept
of the gas-particle partitioning coefficient
(K) as a main mechanism behind the global
distribution of PAHs via long range trans-
port. Over the past few decades a compre-
hensive physicochemical investigation of
gas-particle partitioning has been conducted
in order to predict the K, of PAHs. By as-
suming the gas-particle partitioning of PAHs
was governed by both absorption and ad-
sorption processes, the K_ values can be es-
timated using the octanol/air partition
coefficient (K,,) and soot/air partition co-
efficient (Ky,) as found in Equation 1:

Soum Apc
Kp=—"Kos+ foc— —Ks
ocrlo12 10" a4 !
Equation 1
where p, (820 kg m? at 20°C), f,,f.o, auc

a.. are the density of the octanol, the frac-
tion of organic matter, the fraction of elemen-
tal carbon, the surface area of the activated
carbon and the surface area of elemental car-
bon, respectively. When the partitioning is
occupied by both adsorptive and absorptive
processes, K can be predicted using the
Dachs-Eisenreich model (Equation1).
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Although many researchers highlight
the role of adsorption onto black carbon (BC)
surfaces and absorption into the organic
layer as two major sorption mechanisms,
only a few middle MW PAH compounds
were investigated. Littleis known about the
gas-particle partitioning processes of low
and high MW PAH compounds as it can be
explained by the lack of experimental K,
values (Ribes et al, 2003). Both K, and K,
can be significantly influenced by tempera-
ture, which emphasizes the importance of
minimizing temperature fluctuations. Re-
cently, Odabasi et al (2006) determined
octanol-air partition coefficients (K,,) and
super-cooled liquid vapor pressure (P, ) for
13 PAHs, namely: acenaphthylene (Ac),
acenaphthene (Ace), fluorene (Fl), phenan-
threne (Ph), anthracene (An), fluoranthene
(Fluo), pyrene (Pyr), benzo[alanthracene
(Bla]A), chrysene (Chry), benzo[alpyrene
(B[a]P), indeno[1,2,3-cd]pyrene (Ind),
dibenz[a,h]anthracene (D[a,h]A) and
benzolg,h,ilperylene (B[g,h,i]P) as a function
of temperature using the gas chromato-
graphic retention time technique. The tem-
perature dependence of K , can be obtained

by:

B
log K =A+?

Equation 2

where A and B were calculated by Harner
and Bidleman (1998 a, b). In this study, K,
values for PAHs were estimated as a func-
tion of super-cooled liquid vapor pressure
(P,) and elemental carbon specific surface
area (a_;, m” g') as can be seen in Equation
3 as described by Odabasi et al (2006):

998
log K, =-0.85log P, +8.94 - log(T)
EC

Equation 3

where the a.. value of 62.7 m? g was re-
ported by Jonker and Koelmans (2002) and
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can be obtained using the intercept b, slope
m,_and temperature T as seen in Equation 4
(Odabeasi et al (2006):

log P, (Pa) =m, (T,K)™" +b,

Equation 4

In the present work, we report the gas-
particle partitioning coefficients (K;) of
PAHSs estimated using the Dachs-Eisenreich
model with the measured OC/EC values of
the fine particle-PM,; (aerodynamic diam-
eter <10 um) from 15 sources in Songkhla
Province, Thailand.

Rapid industrialization, urbanization,
economic and population growth, and in-
creasing use of motor vehicles all contribute
to air pollution in urban areas. Songkhla’s
air quality has steadily deteriorated over the
past ten years. This is commonly seen in
cities with economic growth. This study
estimated K, values of PAHs in PM,, from
different occupational atmospheric environ-
ments in Songkhla Province, Thailand. The
results obtained in this study allow assess-
ment of various emission sources on air qual-
ity and assist the policy maker in making
policy decisions and control strategies to
allow for occupational inhalation disease
reduction. Given the increasing number of
vehicles, industrial factories, para-rubber
tree manufacturing factories and trans-
boundary biomass burnings from neighbor
countries, more studies are required to un-
derstand the carcinogenic emission source
strengths and released chemical composi-
tions from various emission sources. In light
of the various sources of pollution in the at-
mosphere, the challenge for local authorities
is to find the most appropriate way of re-
ducing carcinogenic pollutants. Since PAHs
are continuously released into the atmo-
sphere, raising concerns over the safety of
urban residents and those who are living or
working adjacent to the emission sources, it
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is crucial to investigate occupational expo-
sure to PM, , carbonaceous aerosols and the
influence of OC/EC over the gas-particle
partitioning of PAHs released in different
working environments.

MATERIALS AND METHODS

Sampling sites

The population of the Songkhla Prov-
ince is about 1.32 million people occupying
7,394 km?. Songkhla is located 950 km south
of Bangkok, situated on the eastern side of
the Malayan Peninsula, bordered by Nakhon
Si Thammarat and Phatthalung in the north;
Yala, Pattani, Kedah (Sai Buri) and Perlis,
Malaysia in the south; the Gulf of Thailand
to the east; Satun and Phatthalung Provinces
to the west (Fig 1). Hat Yai, a district of
Songkhla, is better known than the provin-
cial capital itself, as an economic and tour-
ist zone of Songkhla and has numerous in-
dustrial factories and stores located in this
area. Sampling site descriptions are given
in Table 1.

Sample collection

Ambient air samples were collected
over periods of 24 hours and 3 hours using
a Graseby-Anderson high volume air sam-
pler with PM,; TE-6001, operating at a flow
rate of 1.4 m® min!. Atotal of 51 air samples
were acquired using high volume yielding
sample volumes of approximately 2,016 m?
and 252 m® for each 24 hours and 3 hours
sample, respectively. Twenty-four hour sam-
pling was conducted for three consecutive
days at PSU, TI, CI, CPF, SL, RMF, BT, WI,
BF, PR and KHH stations. The air samples
collected at RSB, BB and PTB stations repre-
sent the periods of air quality that were the
most contaminated. The 3-hour samples
were collected three times per day in order
to avoid an overload of air particulate mat-
ter at the three stations.
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Fig 1-Map of sampling sites.

PM,, was collected on 47 mm Whatman
quartz microfiber filters (QM/A). The fil-
ters were pre-heated at 800°C for 12hours
prior to sampling. The exposed filters were
stored in a refrigerator at about 4°C until
chemical analysis to prevent evaporation of
volatile compounds. Field blank filters were
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also collected to assess any potential con-
tamination of carbonaceous components on
the filter before/during/after sampling. The
positive artifact due to both absorption and
adsorption of gaseous organic compounds
onto the filters was subtracted. However,
negative artifacts related to volatilization of
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particulate organic compounds on the filter
were not quantified in this study. All field
sampling and filter weighing were per-
formed in compliance with the US EPA’s
guidelines for Standard Operating Proce-
dures for sampling and handling of PM, .
filters. In addition, all filters were weighed
with a Mettler Toledo AB204-S analytical
balance before sending to the Department
of Civil and Structural Engineering, Re-
search Center for Environmental Technology
and Management, Hong Kong Polytechnic
University for carbonaceous aerosol analy-
sis.

Carbonaceous aerosol analysis

Carbon analysis was carried out at the
laboratory of the Department of Civil and
Structural Engineering, Research Center for
Environmental Technology and Manage-
ment, Hong Kong Polytechnic University,
China. The samples were analyzed for OC
and EC using a DRI Model 2001 Thermal/
Optical Carbon Analyzer with the IM-
PROVE thermal/optical reflectance (TOR)
protocol. The protocol calls for heating a
0.526 cm? punch aliquot of a sample quartz
filter stepwise to temperatures of 120°C
(OC1), 250°C (OC2), 450°C (OC3), and 550°C
(OC4) in a non-oxidizing helium atmo-
sphere, and 550°C (EC1), 700°C (EC2), and
800°C (EC3) in an oxidizing atmosphere of
2% oxygen in a balance of helium. When
oxygen was added, the original and
pyrolized black carbon burned and the re-
flectance increased. The amount of carbon
measured after oxygen was added until the
reflectance achieved its original value was
reported as the optically-detected pyrolized
carbon (OP).

Model description

Two different mechanisms have been
employed to describe the gas-particle parti-
tion of PAHs, namely physical adsorption
onto the aerosol surface and chemical
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absorption into the aerosol organic layer
(Dachs and Eisenreich, 2000). Both mecha-
nisms lead to a linear relationship between
log K and log P, ® (Junge-Pankow Sorption
Model), where P, ?is the compound’s sub-
cooled liquid vapor pressure and K is the
gas particle partitioning coefficient (Pankow,
1994a, b). When the partitioning is domi-
nated by adsorption, K  can be expressed by:

(©-0,)/RT
¢, _ NyappTe ™

K]’ = <]
c 18P 16 P,

Equation 5

where C and C; are the particle and gas
phase concentrations (in ng m), respec-
tively. N is the number of adsorption sites
(per cm?), a,, is the surface area of TSP
(in m? g), T is the temperature (in K), R is
the universal gas constant (8.3 x 10 kJ K'!
mol?), and Q, and Q, are the enthalpies of
desorption and volatilization (in k] mol™), re-
spectively, and P, ° is the compound’s sub-
cooled liquid vapor pressure (Torr). Experi-
mentally, P,°can be determined by using dif-
ferent methods. Many of the parameters (eg,
N, a;sp, Q, and Q) are unknown for atmo-
spheric aerosols. Thus, it is difficult to
achieve a precise K prediction based on
Equation 5. The gas-particle partitioning of
PAHs (Kp) can be determined using Equa-
tion 6 as a function of P, involving both
adsorptive and absorptive partitioning
mechanisms.

logK, =m, logP°+b,

Equation 6

In Equation 6 m_and b_are empirical
constants, regardless of the partitioning
mechanism. At equilibrium, the slope for
either adsorption or absorption should be
close to -1 given the assumptions that, for
adsorption, the differences between the en-
thalpies of desorption and volatilization and
the number of available adsorption sites
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must remain constant over a compound class
as must the activity coefficients for absorp-
tion (Vardar et al, 2004). However, the slopes
and intercepts yielded from several field
measurements worldwide are diverse, and
while some are near the theoretical values,
significant deviations have been reported
(Simcik et al, 1998; Sitaras et al, 2004; Vardar
etal, 2004). Several processes have been used
to explain these deviations such as disequi-
librium and/or sampling artifacts, which
might lead to steeper or shallower gradients
than -1.

During the past few years, an intense
research effort has been made to develop the
modeling framework for the sorption pro-
cesses in order to predict the gas/particle
partitioning of PAHs. Fenizio et al (1997)
proposed a method to predict K values for
a wide range PAHs using only the octanol/
air partition coefficient (K, ,) assuming that
absorption is the main sorption process:

_ SourMWoerY ocr
p
Pocr MW oY ou 107

04

Equation 7

where p_, (0.824 kg L at 20°C) is the den-
sity of octanol and y are the activity coeffi-
cients of the PAHs in organic matter (OM)
and octanol (oct), respectively. Assuming
that absorption is the dominant sorption pro-
cess and MW /MW, =y /voy =1, Equa-
tion 7 can then be simplified to:

LogK, = LogK,, + Logf,,— 11.91

Equation 8

Equation 8 was developed from the
Pankow model where both K and P, ® were
used as descriptors for absorptive partition-
ing. The absorptive model may also be ex-
pressed as:

1382

_ Sou T60RT
MW, P’

K

P

Equation 9

where f,, is the fraction of OM and y are
the activity coefficients of PAHs in OM. The
chief advantage of using K, is that K,
can be measured directly, whereas P,®and
other parameters in the prediction models
are often unknown or experimentally inac-
cessible. The K, absorption model (Equa-
tion 8) can predict gas-particle partitioning
of PAHs from knowledge of only K, and
the organic fraction of the particle, if the par-
titioning is dominated by absorption into or-
ganic matter present in the particle. In con-
trast to OM partitioning, several research-
ers have studied the prominent role of
elemental carbon (EC) adsorption in the at-
mosphere. Dachs and Eisenreich (2000) re-
ported the evidence for adsorption to EC is
dominating the gas-particle partitioning in
the New Jersey atmosphere. Assuming that
ECis a surrogate for the soot phase, the over-
all gas-particle partitioning coefficient that
accounts for both the organic matter and the
soot phases is given by Equation 1. The
major advantage of this model is a combi-
nation of two gas-particle partitioning
mechanisms into a single model, thus one
can assume better predictions than using the
individual absorption or adsorption model.
However, several concerns remain over un-
certainties of the octanol/air partition coef-
ficient (K, ,) and the soot/air partition coef-
ficient (K,) coupled with the method used
for OC/EC analysis. Therefore, data interpre-
tation should be made with great caution
due to the parameter and analytical uncer-
tainties described above.

RESULTS

Table 1 reveals the ambient temperature
and air pressure readings at the 15 sites were
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similar during the study period regardless
of the different emission source characteris-
tics. The relative standard deviation (RSD)
of the ambient temperatures and air pres-
sures measured were 6.4 and 0.07%, respec-
tively. The lack of spatial variation in ambi-
ent temperature and the high air pressure at
the sampling sites could be due to the equa-
torial climate where there is no winter and
mostly good weather. The RSD of the rela-
tive humidity had a peak value of 11.8%.
Since air masses formed over oceans gener-
ally contain more moisture than continental
ones, it seems reasonable to ascribe the high
RSD for relative humidity to this.

Different patterns were observed for
organic carbon (OC) and elemental carbon
(EC) concentrations in PM, , (Table 2). Since
the RSD of OC was 149%, there was a spa-
tial variation for OC, with the highest con-
centration at the RSB (64.992 + 51.974 ug
m™) and the lowest level at the SL2 (0.757 +
0.397 ug m?) during the study period. The
high levels of OC aerosol observed in the
RSB (64.992 = 51.974 ug m), PTB (38.578 =
35.154 ug m*®) and RMF1 (10.852 = 17.158
ug m?) reflect directly on the primary emis-
sion sources of biomass burning. The aver-
age concentration of OC observed at SL2
(0.757 = 0.397 ug m?) was lower than oth-
ers, due to its distance from the urban dis-
trict of Hat Yai and “the dilution effect” trig-
gered by clean maritime air from the Gulf
of Thailand (Fig 1). There was a significant
temporal difference in EC levels, with the
maximum value at WI (19.023 + 31.442
ug m~) and a minimum value at SL2 (0.221
+0.401 ug m?). Since EC is mainly emitted
from combustion sources and is not gener-
ated by secondary chemical reactions in the
atmosphere, it is not surprising the highest
and lowest levels of EC were observed at
WI and SL2, respectively. It is worth men-
tioning the incinerator at WI was specially
designed for burning infected waste, such
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as surgical instruments, wound cotton, bed
sheets and biological materials collected
from hospitals located in Songkhla Prov-
ince. Hence, the incineration temperature
was kept between 700 and 1,200°C to en-
sure adequate destruction of pathogenic
heat-resistant organisms. With this process
the majority of OC will be destroyed, leav-
ing only EC in the exhausted aerosols. Itis
interesting to see the EC concentration and
fraction (f,.) of WI were higher than the
traffic emission sources (ie, PR, TT and BT)
by 3.0 to 4.5 times, raising concerns of ur-
ban air pollution caused by uncontrolled
burning of municipal waste.

The total carbonaceous aerosol (TCA)
was estimated by the sum of organic mat-
ter and elemental carbon. The organic mat-
ter can be calculated by multiplying the
amount of OC by 1.6 (Turpin and Lim,
2001). PM,, at PSU1 and PSU2 consisted of
18.7% and 17.6% of the TCA, respectively.
The percentage contributions of TCA ob-
served at the traffic sites were: 31.6% (TI),
33.0% (BT) and 38.4% (PR). Since all the
sampling stations were close to the Gulf of
Thailand within a distance of 22 km, it
seems reasonable to conclude the atmo-
spheric dilution caused by clean maritime
air contributed to the low percentages of
TCA in the urban residential zone of Hat
Yai. Itis a crucial to note that Hat Yai has a
lower population (only 157,000) compared
to Hong Kong (7 million), Guangzhou (8.5
million), Shenzhen (8.6 million) and Zhuhai
(1.5million). This can explain the relatively
low TCA observed in Hat Yai. Climate zone
classification explains the relatively lower
TCA of Hat Yai atmosphere. Unlike con-
ventional temperate zone cities, Hat Yai has
a tropical climate with a higher tempera-
ture and greater solar radiation. Under this
condition, ultraviolet photolysis is greater,
thus decomposing the TCA into a lower
level.
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DISCUSSION

To assess the health risks associated
with the occupational exposure to PMw/ or-
ganic and elemental carbon of outdoor
workers, the incremental lifetime particulate
matter exposure (ILPE) model was em-
ployed and defined as:

ILPE = CxIRxtx EF x ED

Equation 5

where ILPE = incremental lifetime particu-
late matter exposure (g); C = PM,,, OC and
EC concentrations (ug m?); IR = Inhalation
rate (m?® h'); t = Daily exposure time span (6
hours d”!, for two shifts); EF = Exposure fre-
quency (250 d year™?, upper-bound value);
and ED = Exposure duration (25 years ?,
upper-bound value) (Adapted from the Hu-
man Health Evaluation Manual, US EPA,
1991).

According to the methods for deriva-
tion of inhalation dosimetry (US EPA, 1994),
the inhalation rates of male and female out-
door workers were estimated as 0.89 and
0.49 m® h'!, respectively. The ILPE model was
adapted from the probabilistic incremental
lifetime cancer risk (ILCR) model, which was
used to assess traffic policemen’s exposure
to PAHs at work in China (Hu et al, 2007).
The estimated ILPE levels in outdoor work-
ers are summarized in Table 3. The predicted
ILPE of the carbonaceous species were con-
sistently highest at RSB with average values
of 2.682 = 3.068 and 1.477 + 1.689 g for TC
accumulated in male and female workers,
respectively, over a duration of 25 years. The
data set was categorized into seven groups
according to its source characteristics (Group
1: PSU1, PSU2, urban residential zone;
Group 2: SL1, SL2, KHH, rural background;
Group 3: T1, BT, PR, traffic emissions; Group
4: CPF, RMF1, RMF2, industrial activities;
Group 5: RSB, BB, PTB, biomass burnings;
Group 6: CI, WI, incinerator emissions; and
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Group 7: BE, charcoal burnings).

Using the results from Table 3, the indi-
vidual percentage contributions of ILPE for
each group to PM,,, TC, OC and EC were
plotted and displayed in Fig 2. The main
compositions of PM,,were Groups 5, 1, 6, 3,
7,4 and 2, comprising 33.1, 32.1, 12.1, 7.56,
6.47, 6.19 and 2.46%, respectively. In com-
parison, a different distribution pattern of
OC was observed, but the most abundant
element was still Group 5, followed by
Groups 6,4, 3,1,7 and 2, constituting of 56.2,
15.5,7.81,7.77,6.35,4.66 and 1.74%, respec-
tively. The characteristics of ILPE__ ob-
served in Group 5 for both PM,, and OC
suggest the strong influence of biomass
burning as an emission source of fine par-
ticulate matter and organic carbon in the at-
mosphere. This pattern of behavior sup-
ported the idea large scale forest fires emit-
ted considerable amounts of fine aerosols
and carbonaceous material into the atmo-
sphere (Okuda et al, 2002).

Moreover, the results imply uncon-
trolled agricultural burning may play an
important role in enhancing inhalation dis-
ease of the lungs in outdoor workers, such
as farmers and/or residents who live adja-
cent to the rice fields. The major composi-
tions of EC are Groups 6, 3,5,4, 1,7 and 2,
containing 39, 20.1, 12.3, 11.2, 7.94, 7.06 and
2.42%, respectively. The lowest percentage
contribution ratio for Group 2 (ie rural back-
ground) supports the assumption the major
source of EC is anthropogenic. Conversely,
the highest EC content observed in Group 6
(ie corpse and waste incinerators) can be in-
fluenced by the “extremely high tempera-
ture” effect inside the ignition chamber as
discussed previously. Whilst the second larg-
est EC proportion which was detected in
Group 3 (ie traffic sources) can be explained
by imperfect combustions produced by die-
sel and petrol engines. Biomass burnings
(ie Group 5) display negligible amounts of
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EC emphasizing the adverse significance of
forest fires on health. Incomplete combus-
tion of heavy oil used in boilers of a fish pro-
cessing factory (ie Group 4) also played an
important role on EC concentrations in Hat
Yai.

To obtain a quantitative understanding
of the cancer risk, the gas-particle partition-
ing coefficients (K,) of PAHs associated
with different occupational environments
were calculated according to Equation 1. As
seen in Tables 4A and 4B, the highest K, for
all PAHs were in WI (-5.14 ~ 0.22), followed
by PR (-5.40 ~ 0.02) and TI (-5.61 ~ -0.14).
For the distribution of individual Log K-
pany anaveraged Log K-, was the high-
est (-0.61 = 1.11), followed by Log KP_B[g,h,i]P
(-0.63 = 1.13) and Log K- , (-0.75 = 1.24),
respectively. Because B[a]P is classified in
Group II (ie probably carcinogenic to hu-
mans estimated on the basis of the feeding
study of Neal and Rigdon (1967) using CFW
strain mice), it is of great importance to con-
duct the sensitivity test relative to the high-
est Log K;-5.,p of WI (Table 4B). The concept
of normalization is introduced based on con-
sideration of the Log Ky-p 1p=0her sites’
Log Ky-g.pwy Tatio as illustrated in Fig 3.
The average ratios of the Log Ky 107 iher sites”
Log KI,-B[a]P—WI for WI, PR and TI were 1.00,
0.77 and 0.64, respectively. These results
strongly suggest regular exposure to PAHs
in WI, PR and TI may be another leading
cause of lung cancer, raising concerns re-
garding long term exposure in waste incin-
erator workers and policeman to fine par-
ticulate PAHs in Songkhla Province.

Recent work by Ribes et al (2003) dem-
onstrated the ratio of o K ,0,-/foKoa can
be used as an indicator to determine the
dominant gas-particle partitioning. This ra-
tio will allow clarification of the prevalent
mechanisms for gas-particle partitioning of

PAHs. Dachs and Eisenreich (2000) sug-

Vol 40 No. 6 November 2009

gested the mechanisms governing gas-par-
ticle partitioning of PAHs can be divided into
three scenarios or cases according to the ra-
tio of . K¢ 05/ fomK

oA

SC" "SAYOCT 'OM
C I fECKSAaUCT > 5
ase L f()A/IKUA
K .
Case II: 5> 7‘&“ siocr >0.2
f()M K()A
Case III: SocKsdocr <02

f oM K 04

Case I occurs when gas-particle parti-
tioning is dominated by adsorption onto the
soot phase, Case III represents absorption
into organic matter. Case II occurs when
both absorption into the organic layer and
adsorption onto the soot carbon are the ma-
jor sorptive mechanisms.

In this study, the ratios of f, K,/

fomKoa ranged from 21.73 to 0.31 with an
average of 3.89 = 4.71 for Ac, from 0.37 to
5.63 with an average of 1.00 = 1.02 for B[a]P,
from 1.05 to 15.95 with an average of 2.82 =
3.47 for D[a,h]A and from 0.31 to 4.72 with
an average of 0.83 = 1.02 for Ind, respectively.
Based on the ratios for f K, ,6,/fopmKoas it
seems reasonable to assume the major gas-
particle partitioning of medium and high
MW PAHs governing the atmosphere of ur-
ban residential zones, rural areas, industrial
areas and biomass burning zones is absorp-
tion into the organic layer (Figs 4-6). Some
studies reported that adsorption and desorp-
tion of semi-volatile organic compounds
(SVOCs) to combustion aerosols may take
hours to reach equilibrium and possibly due
to the occurrence of a liquid-like organic film
coating elemental carbon. Thus the mass
transfer rate of SVOCs is limited by diffu-
sion from the liquid-like organic phase into
elemental carbon (Strommen and Kamens,
1999). Nevertheless, most PAHs in WI cor-

respond to a f, K, d5.1/fo\ Ko, ratio higher
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Fig 2— Averaged percentage contributions of Group 1: PSU1,PSU2, urban residential zone; Group 2:
SL1, SL2, KHH, rural background; Group 3: TI, BT, PR, traffic emissions; Group 4: CPF, RMF1,
RMF2, industrial activities; Group 5: RSB, BB, PTB, biomass burnings; Group 6: CI, W1, incinera-
tor emissions; Group 7: BE, charcoal burnings in PM10, TC, OC and EC.

than 5 (Case I) and thus one can conclude
that adsorption entirely dominated gas-par-
ticle partitioning of PAHs in a waste incin-
erator (Figs 4-6). Absorption into organic
matter accounted for less than 10% of the to-
tal PAHs in Chesapeake Bay particulate phase
(Dachsetal, 2000). Interestingly, both absorp-
tion into the organic layer and adsorption on
the soot phase played a major role in gas-par-
ticle partitioning of low MW PAHs observed
at heavy traffic area (ie TI, BT, PR) and in a
rubber manufacturing zone (RMF1, RME2).

Despite the various efforts described
above to explain the dominant gas-particle
partitioning, it is difficult to provide a com-
pletely clear picture of the relative impor-
tance of OC and EC in the gas-particle par-
titioning of the PAHs of interest here. For

Vol 40 No. 6 November 2009

instance, the confounding effects of another
sorptive compartment, such as mineral sur-
faces, may exist. The uncertainties in OC and
EC determinations and measurement arti-
facts rule out the role for adsorption onto
particle surfaces. Finally, the assistance of
some correlation between the absorptive
properties of the OC with the amount of EC
and/or some correlation between the ad-
sorptive properties of the EC with the
amount of OC causes errors in model evalu-
ation. Therefore, multiple methods and as-
pects are crucial to explain three contrast-
ing descriptions (ie absorption, adsorption
and ab/ad-sorption) of the gas-particle parti-
tioning of PAHs.

In summary, This study found a sub-
stantial risk for lung cancer in workers in
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waste incinerator plants, traffic intersections
and bus terminals. The characteristics of
ILPE , observed with the biomass burning
group in both PM,, and OC supported the
idea large scale forest fires may be respon-
sible for the large amounts of fine carbon-
aceous aerosols injected into the atmosphere
and thus raising concerns of significant de-
terioration of air quality during the EL Nino

period. The analysis of fi K,05c1/fomKoa
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Fig 6-The ratios of fo K focr/fom
Ind, D[a,h]A and B[g,h,i]P.

Koa of BlalP,

ratios indicates the overwhelming mecha-
nisms of adsorption in gas-particle partition-
ing for all PAHs in the waste incinerator, and
absorption tends to dominate the gas-particle
partitioning of medium and high MW PAHs
in urban residential zones, rural areas and
other emission sources. Interestingly, the
dual mode of ab/adsorption plays a major
role in gas-particle partitioning of low MW
PAHs in traffic emission sources.
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