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Abstract : The objective of this study was to develop and assess a method for estimating the rain scaven-
ging ratios (RSRs) of particle-bound PAHs and PCBs using measured scavenging ratio of particulate matters
(PM) and routinely available data of physico-chemical properties of PM. Paired atmospheric and rainwater
sampling was conducted for a total of 4 rain events. Assuming equilibrium partitioning in rainwater-gas-PM
system, an equation was derived for estimating the RSR of particle-bound chemicals as a function of RSR
of PM and three equilibrium partition constants (i.e. dimensionless Henry’s law constant, gas-particle parti-
tion coefficient, and water-particle partition coefficient). For all PAHs, the model significantly under-predic-
ted the RSR while the model prediction for PCBs agreed with observation mostly within a factor of 5. The
RSR model for the chemicals is of limited use as its accuracy critically depends on how close the observed
partitioning of the chemicals in the gas-PM-rainwater system is to that estimated under the equilibrium

assumption.
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INTRODUCTION

Rain scavenging has been identified as a
natural cleaning mechanism and an important
pathway for chemical exchange between the
atmosphere and eco-systems.'” Rain scavenging
is by nature highly interactive with a variety of
atmospheric chemistty components in a dynamic
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state." Therefore, empirical approaches adopting
the rain scavenging ratios (RSRs) or the
layer-average rain scavenging coefficient have
been the common practice in quantifying the
rain scavenging.z’l’s'g) RSR is the ratio of the
concentration of a compound in rain collected at
ground level to concentration of the same
compound in the atmosphere at some convenient
altitude, and the RSR and the scavenging coeffi-
cient are interchangeable. The wet deposition flux
of a compound can be obtained by multiplying
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the air concentration by the RSR of the
compound. The scavenging ratio is often used in
atmospheric modeling of semi-volatile organic
compounds (SOCs) including polycyclic aromatic
hydrocarbons (PAHs), polychiorinated biphenyls
(PCBs).>'”

The RSR of gaseous pollutants can be estimated
by equilibrium partitioning governed by Henry’s
law. However, the RSR of particles is more
complex and controlled by dynamic processes
involving particle and rain drop size distributions,
vertical distribution of PMconcentration along with
meteorological conditions and microphysics.”™*'"'?
In previous studies, experimental values of the
RSRs of particle-bound SOCs have been
reported.” ™'Y The RSR of the particle-bound
SOCs were often calculated on the basis of
average concentrations of unpaired samples (air
and rain) collected in the different rain
conditions or atmospheric concentrations.”*"”
Besides, the values were not directly measured
but derived from the measurements of overall
RSR. To reduce the uncertainty associated with
the RSR, simultancous measurements of both
atmospheric and rain phases in each rain event
is important made on an event-base and

simultaneously.z‘”)

However, since measuring
those at every rain event would be extremely
difficult,'"'” it seems very useful to develop
models to estimate the RSRs by using variables
that are more readily measurable or available.

The present study was undertaken to develop
and assess a model to estimate the RSRs of
particle-bound SOCs. This study focused on the
rain scavenging of particulate phase as it has
been identified as dominant mechanism for
removal of SOCs during rain events.*>”'*!
PAHs and PCBs were chosen to investigate the
influences of their physicochemical properties
and emission characteristics on the scavenging
ratio.

MATERIAL AND METHODS

Formulation of the RSRs of Particle-bound

Chemicals
The RSR for the particle-bound compound of

o . . . 6,11
i (Wp , dimensionless) is empirically defined as: )

@)

@ _ rain,p

P~
Cair,p (1)

0] 0] .
wherewhere Cramp and Carp are the particle-
associated concentrations (ng/m’) of i in
rainwater and atmosphere, respectively. In Eq.

() @ .
N, Cranp and Carp can further be described
as:

i — @)

Cr(agn, 7 TSl)rain x Crain,sp (2)
L) . @)

Ct(lir),p _TSI)air x Cair,sp (3)

@
where TSP, and Curs are the total suspended
particulates (ug/m’) and the concentration of
ibound to suspended particulates (ng/ug) in the

air, respectively, and TSP..» and Cr(;,)-n,sp are the
total suspended particulates (ﬂg/m3) and the
concentration of [ bound to suspended parti-
culates (ng/ug) in rainwater, respectively.

@)
Substituting Eq. (2) and Eq. (3) with Cranp and
@) .
Carp in Eq. (1) gives:
)

0y _ gy (o) rain,sp
Wp = Wp X 0 A
i, 4)

where o™ is the RSR of PM (=TSP,ain/TSPan,
dimensionless). If partitioning equilibrium is ass-
umed for the gas-PM-rainwater system, Eq. (4)
can be written as

(i) 1
W[fi) :W;‘””)x%x —~
K,, HY (5)
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where KI(,’V), and K;(;g) are the equilibrium
partition coefficients (1’1‘13/ﬂg) for water-PM and
gas-PM, respectively, and H' is the dimension-
less Henry’s law constant.

In summary, we may use the Eq. (4) and Eq.
(5) for estimating the RSR of the particle-bound
compound i More Aaccurate prediction is
obtained by using Eq. (4). However, Eq. (4)

) (om) (D)
requires the measured values for w, Cairsp

>

and C,(Z,,,s,, while Eq. (5) could be used without
them. Therefore, Eq. (5) might have more utility
than Eq. (4) as a model although Eq. (5) has
also a drawback that it requires an equilibrium
condition for the system of gas-PM-rainwater.

Study Area and Sampling

Atmospheric and rainwater sampling was con-
ducted for 4 different rain events from
September 2002 to March 2003 in Seoul, Korea.
Each sample sets consisted of a pair of air and
rain samples. Those sample sets were obtained
on the roof of a 16 m height building in Seoul
National University located in a suburban
residential area of south Seoul.

Atmospheric samples were collected for 12 to
24 hours prior to the onset of each rain event
and analyzed for TSP, PAHs, and PCBs.
Particle-bound and gaseous contaminants were
collected by using high-volume air samplers
(Model-123V, Kimoto, Japan). Air was drawn
through a glass-fiber filter (GFF) (20.3x25.4 cm,
EPM 2000, Whatman, USA) and a polyurethane
foam (PUF) plug (8x10 cm, Sibata, Japan) at a
flow rate of 0.6 m’/min. Size-segregated PM
samples were collected by using an eight stage
Micro-Orifice Uniform Deposit Impactor (MOUDI
model 100 with rotator, MSP Corp. USA). Rain
sampling was conducted on an event basis and
analyzed for suspended particulate matters, PAHs
and PCBs in particulate and dissolved phases. A
sequential precipitation sampler was deployed
which is equipped with a 1 m’ stainless steel
collection funnel connected to four serially
linked amber glass bottles (4.33 L each). Before

sampling, the funnel was cleaned with distilled
and de-ionized water, hexane, and acetone. The
sampler was opened manually at the onset of
rain. The rainwater was collected in the bottles
in a sequential manner, i.e., when a bottleis full,
the rainwater collects into the next one.
Immediately following cessation of the rain, the
rainwater samples were returned to the labo-
ratory and vacuum filtered over pre-combusted
(at 450°C for 5 hours) GFF (nominal 0.7 um pore
size, Whatman, USA). On site measurements
were made for meteorological parameters
including ambient temperature, wind speed, and
rain intensity by using an automatic weather
station (Weather link 5.1, Davis Inst. USA). The
data were recorded at every 10 minutes.

Analysis

Prior to sampling, the impactor substrates and
GFF were weighed to 0.01 mg with analytical
balance (AP-250D, OHAUS, USA) and were
re-weighted to determine the mass of PM after
sampling. The impactor substrates were dried in
a desiccator after sampling to determine liquid-
content corrected TSP, The GFF to filter the
rainwater samples was dried for 5 hours at
100°C and placed in a desiccator prior to
weighing on the analytical balance.

Four sample sets were analyzed for a total of
14 PAHs and 6 PCBs. The PAHs and PCBs
selected in this study included naphthalene (NA),
biphenyl (BiP), acenapthylene (ACL), acenapthene
(ACT), fluorene (FLN), phenanthrene (PHE),
anthracene (ANT), fluoranthene (FLT), pyrene
(PYR), benzo[a]anthrancene (B[a]A), chrysene
(CHR), benzofa]pyrene (B[a]P), perylene (PER),
benzo[ghi|perylene (B[ghi]P), PCB44, PCB70,
PCB99, PCBI101, PCBI138, and PCB153. The
sample preparation for instrumental analyses of
PAHs and PCBs in air and rainwater was
conducted by following Illinois State Water
Surveyl(’) and Integrated Atmospheric Deposition
Network.'” Briefly, a total of eight internal
standards (Naphthalene-d8, Acenaphthene-d10, Phe-
nanthrene-d10, Chrysene-d12, Perylene-d12, PCB14,
PCB65, and PCB166) were added to all the
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samples before extraction. Air samples (PUFs
and GFFs) and PM (GFFs) in rainwater were
extracted overnight with acetone and hexane
mixture (50:50, v/v) by using accelerated solvent
extraction apparatus (ASE - 200, DIONEX,
USA). The chemicals in dissolved phase were
transferred to PUF by passing the rainwater
filtrate at a flow rate of 0.13 L/min through a
glass tube (id = 84 mm) loaded with two
serially placed PUFs." The PUFs were Soxhiet
extracted for 24 h with acetone and hexane
mixture (50:50, v/v). The rainwater extracts were
dehydrated by using anhydrous sodium sulfate
prior to concentration. All extracts were con-
centrated and transferred into hexane by using a
rotary evaporator to 1 mL and were further
evaporated to 0.2 or 0.3 mL under a gentle
stream of ultra-pure nitrogen. After the volume
reduction, the concentrates were cleaned up on a
column loaded with 4 g of 4% hydrated silica
gel. The low molecular weight PAHs and PCBs
were eluted with 60 mL of hexane. The
remaining PAHs on the column were eluted
with 25 mL of dichloromethane and hexane
mixture (50:50, v/v). The hexane fraction con-
taining low molecular weight PAHs and PCBs
was cleaned up with multi-layer silica gel
column followed by activated carbon column.
The multi-layer column was packed from the
bottom with 44% sulfuric acid silica gel 6 g,
silica gel 0.5 g, 33% KOH silica gel 1 g, silica
gel 0.5 g and 10% silver nitrate silica gel 1 g,
and was eluted with 100 mL of n-hexane.
Activated carbon (0.5 g) column was eluted with
25 mL of 25% dichloromethane in n-hexane
followed by 50 mL toluene.

After the clean up, the concentrates were
analyzed by using an HP-6890 GC with an
HP-5973 mass selective detector for PAHs and
an HP-5890 GC with 63 Ni electron capture
detector for PCBs. A DB-5 glass capillary
column (with 025 mm id., 025 um film
thickness, and 60 m length, J&W Scientific,
USA) was wused. The quantification was
conducted following the USEPA Method 8270C
(USEPA)."”

Quality Control

Additional analyses were performed for the
mid-point calibration verification standard during
a 12-hour analytical shift. Gas chromatograph
was recalibrated if the response for any analyte
varied from the average initial calibration res-
ponse by more than 15% in additional determi-
nations. Accuracy and precision were estimated
from the analysis of blank, matrix spike, and
matrix spike duplicate samples.

The recoveries of PAHs and PCBs ranged
from 70% to 115% for PAHs except naph-
thalene. Naphthalene was not analyzed as its
recovery (49.4%) was out of quality control
limit. The precisions of PAHs and PCBs were
within 10% and 15%, respectively. However, the
results of BiP, ACL, and ACT were not
presented because significant breakthrough was
observed to occur during the gas phase sampling
with PUF in an independent study that has been
conducted under the conditions of the same
sampling procedure, site, and period.zo)

RESULTS AND DISCUSSION

RSRs of PM, PAHs, and PCBs

As shown in Figure 1, the values of TSP,
total particulate PAHs, and total dissolved PAHs
in rainwater significantly varied with time during
a rain event. This observation indicated that the
atmospheric conditions deviate more with time
in a rain event from those for a period pre-
ceding the rain event. Therefore, the rainwater
sampled only in the first bottle was used for all
the analyses. The results are summarized in
Table 1. The atmosphefic and meteorological
conditions were typical of the mid-region in

Korean peninsular. The values of Wp(p'n) ranged
from 6.0x10" to 3.27x10°, which was similar to
the reported values in previous studies.”'" The
RSRs for gaseous and particle-bound chemicals
are listed in Table 2. The values of the RSR
ranged from 0.5x10° to 9.03x10° for PAHs and
from 0.6x10° to 1.61x10° for PCBs, which were
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Table 1. Meteorological conditions and the measured RSR of PM for the 4 sampling events

Date Temp. Wind Speed Rain Intensity TSP W;p"’) Sampling
(°C) (m/sec) (mm/hr) (mg/m”) (x10%) duration
09/15-16/2002 15.70£0.09 0 0.05 72.71 1.40 13:00-01:00
10/13/2002 16.60+0.99 1.7+£0.14 27.6 89.92 0.61 07:00-07:08
10/24/2002 8.93£0.32 0.67+0.55 1.0 40.95 32.69 17:30-20:30
02/21/2003 3.35+0.82 0.65+0.61 0.88 36.42 4.73 15:50-20:00
03/06-07/2003 0.94+0.31 0.47+£0.37 1.07 55.38 4.54 07:50-10:56

The error range denotes one standard deviation. TSP: total suspended particulates in air.

—%— Rain intensity (mm/hr) within the range of the previously reported
o ~—5— TSP (ug/m’) values F791420

—&— Total particulate PAHs (ng/mj) 4 3 ) . . R

—5— Total dissolved PAHs (ng/m’) As shown in Figure 2, the particulate phase

%
2

appeared to play a greater role than gas phase
in the cross-media transport (= rain intensity x
scavenging ratio X concentration in air) of PAHs
and PCBs from air to the ground during the rain

1075 ¢

events, assuring that scavenging PM was a
substantial contributor to the transfer of PAHs
and PCBs by the rain scavenging at the present

study site. Similar results were reported in a
4,5,7,13-15)
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Figure 2. The ratio of the flux by rain scavenging of particulate phase to that of gaseous phasefor (a)
PAHs and (b) PCBs. The error bars represent the maximum and the minimum values.
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Table 2. Measured RSRs for gaseous and particle-bound PAHs and PCBs (x 109

Date 09/15-16/2002 10/13/2002 10/24/2002 03/06/2003 Geometric Mean
sca—;’;rilfmg A ngl) W;pm) Wg(l) WIEPM) Wg(l) Wp(pm) Wg(l) Wp(pm) Wg(l) W;Pm)
PAHs
FLN 0.17 3.44 0.09 0.68 0.11 6.37 0.04 0.27 - 0.09 1.42
PHE 0.13 1.43 0.2 6.94 0.87 5.89 0.14 0.16 0.24 1.75
ANT NA 2.54 0.02 22.39 0.17 9.84 0.04 0.13 0.05 2.92
FLT 0.17 0.79 0.43 5.85 2.58 7.21 0.62 0.27 0.58 1.72
PYR 0.18 1.9 0.29 5.44 1.87 5.88 0.57 0.26 0.49 1.99
B[a]A NA 0.26 5.57 434 18.21 3.49 445 0.24 7.67 0.98
CHR NA 0.16 1.21 3.89 31.03 43 19.62 0.32 9.03 0.96
B[a]P NA NA 3.26 3.91 NA 4.12 NA 0.24 3.26 1.57
PER NA NA 3.56 11.59 NA 429 NA 0.25 3.56 2.32
B[ghi]P NA 0.19 6.92 2.39 NA 3.7 NA 0.35 6.92 0.88
PCBs -

PCB 44 0.25 2.31 NS NS 0.15 0.29 0.25 NA 0.21 0.82
PCB 70 0.54 2.7 NS NS 0.26 0.71 0.61 NA 0.44 1.39
PCB 99 NA NA NS NS 0.03 0.94 0.15 0.58 0.06 0.74
PCB 101 0.38 5.02 NS NS 0.23 1.17 0.25 0.64 0.28 1.55
PCB 138 2.03 NA NS NS 0.38 NA 0.83 1.18 0.86 1.18
PCB 153 0.82 3.13 NS NS 0.12 NA NA 0.83 0.31 1.61

W(:)

NA: pot available, NS: not sampled, "s : gas scavenging ratio for chemical species of / and

6] . . . . . .
W, particle scavenging ratio for chemical species of i

of K;l‘z were estimated from the equation
(K$=0.41fovKow) developed by Karickhoff*”

where Jo is organic carbon fraction and Koo is
octanol-water partition constant. From Murray
and Andren,m a value of 0.2 was assumed for

Joo in this study. The values of Ko.were taken
from Yalkowsky and Valvani”" and Yalko-
wsky et al,*? respectively, except for those of

PCB99 and PCB1387% The values of Kpe for
the PAHs were estimated by using the equation
originally developed by Junge’” and later
critically reviewed by Pankow™ : @ = ce/(PLSU)

+c0) = Kie (TSP) / [1+K2 (TSP)] where @ is

the particulate fraction; £, s sub-cooled liquid
vapor pressure (Pa) of chemical species i
estimated by Paasivirta er al” that is corrected
to ambient temperature; © is the total surface
area of airborne PM (m*/m’) and was calculated

as a function of a specific surface area for

urban particles taking a constant value of
2.1m2/g from Sheffield and Pankow,’” and TSP
(ﬂg/m3); ¢ is empirical constant set to 0.173 m-

)
Pa as in Junge.”” The values of K, for PCBs
were estimated by the semi-empirical equation

(logK;;) =-0.715log P} - 5141y proposed by

Harner and Biddleman.’” The values of H'®
were taken from and temperature corrected
according to Paasivirta et al.®  Additional
attempt was made to assess Eq. (5) by using
soot-air partition coefficients™ and other values
of H' for PAHs. However, the assessment
results are not presented as no substantial
difference resulted in the prediction bias of Eq. (5).

In Figure 3, the RSR of particulate PAHs and
PCBs predicted by Eq. (5) are compared with
the measured values (ie. the result of Eq. (4)).
Overall, poor prediction was pronounced for
PAHs while for PCBs the predictions showed
closer agreement with the measured values. The
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Figure 3. The particulate phase scavenging ratios
predicted by Equation (5) as compared
to the measured for (a) PAHs and (b)
PCBs. The error bars represent the
maximum and the minimum values.

largest disparity exceeded six orders of mag-
nitude for perylene.

The present RSR model (ie. Eq. (5)) is
intrinsically prone to poorer prediction for PAHs
than for PCBs by a few reasons. Most
importantly, the use of equilibrium assumption
could be in error as equilibrium might not be
established between gas and PM or gas and
rainwater in the field conditions. Alternatively,
even when equilibrium can be assumed, incor-
rect estimates for the equilibrium coefficients
might have been used as they are difficult to

() i
Kpg, and H®,

values of large difference were often reported
for the same chemicals.'*?'*>® Furthermore, the
equilibrium values vary with the site-specific
conditions. In Figure 4(a) through 4(c), the
ratios of the estimated equilibrium partition
coefficient to those of the observed are
compared for PAHs and PCBs. As shown in

. . 3 )
determine precisely.’” For pr,

Figure 4(a), the observed values and the

. ® s
estimated ones for Kp agreed within a factor

of 10 for PCBs while for PAHs, particularly
CHR, PER, and B[ghi]P, the disagreement was
notably greater. It is not evident whether such
disparity indicated that equilibrium state was not
achieved at the site, or more accurate or
site-specific estimation of the equilibrium coeffi-

cients is needed. However, significant deviation

of K;g for the PAHs may be attributable to

non-equilibrium conditions as often reported in
previous studies.’”
PAHs associated with PM of combustion origin
is likely bound within the particle matrix and
not exchangeable with the contacting gas
38,39)
phase.
more complicated by the introduction of fresh

Particularly, a fraction of

Non-equilibrium conditions became

coarse particles of soil origin in the studies
independently conducted at the present study

4D Under this circumstance, use of the

site.
equilibrium assumption might be inappropriate.
Contrarily, PCBs enter into the air as gas and
are more likely to be in or near equilibrium
with particulate phases,36) which is consistent
with the observation made in this study. As

shown in Figure 4(b) and 4(c), the observed

o “ I
K. and H'® were smaller than the equilibrium

values except for ngz of PAHs. For the dis-
agreement between the observed and equilibrium
values involving aqueous phase, additional
reasons should be taken into account. In the
present study, filtration of rainwater was con-
ducted with GFF of 0.7um pore. Consequently, a
portion of particle bound PAHs could pass
through the GFF and be counted as dissolved,
which would lead to underestimation of K;I‘i
and H'“. Such results were previously reported

for PAHs and PCBs."*® Besides, the observed

values of K;"l could further vary with the dura-
tion of contact between the scavenged PM and
rainwater. The contact time might be insufficient
for equilibrium assumption as most of the
samples were filtered within 24 hours in the
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4. The ratios of the estimated equilibrium values to the observed for (a) Koy, (b) Kpw, (¢) H' and

(d) (Kpw/Kpe H') of PAHs and PCBs. The error bars represent the maximum and the minimum
values.

present study.
Because the individual disparities of the three
partition equilibrium constants may be combined

(1)
K., y 1
into K;,; H® to determine the overall

prediction bias

of Eq. (5), not only the

magnitude but the direction of the disparity (i.e.,
underestimation or overestimation) are important,
Therefore, use of Eq. (5) is subject to large
variability in prediction bias (up to a few orders
of magnitude) that is significantly greater than

individual error of the equilibrium coefficient.
The marked difference between PAHs and PCBs
shown in Figure 4(d) is obviously a result of

o ‘i
the fact that for PCBs both Ko and H'® were
over-predicted by about two orders of magnitude
to eventually cancel out in the relationship of

KD/ HO while for

)
PAHs, K, was

under-predicted and H'” was over-predicted to
magnify the bias.

Uncertainty of a model depends on that of the
model parameters used in the model equation

ENVIRONMENTAL ENGINEERING RESEARCH/VOL. 11, NO. 1, 2006



Estimation of Rain Scavenging ratio for Particle bound Polycyclic Aromatic Hydrocarbons and Polychlorinated Biphenyls 41

and the value of model parameters can vary in
orders of magnitude depending on each value
selected from literatures for estimating those
parameters. Thus, in order to assess the
uncertainty range of the RSR of particle-bound
PAHs and PCBs calculated by using Eq. (5), the

. . ) G
model parameters with ranges(i.e., pr, Kpg

and H'”) were examined with respect to each
probable minimum, maximum and mean value at
25 °C. The model parameters were calculated by

adopting the literature values of Kov, P, " and

H'®* Figure 5 shows the uncertainty range of
RSRs for the selected PAHs and PCBs
calculated from Eq. (5) when using the model
parameters with ranges. The predicted RSRs at
25 °C in this study (black-filled square points in
Figure 5) were comparable with the mean
predictions at 25 °C based on the literatures
(empty- circled points in Figure 5). This result
presents that the predicted scavenging ratios in
the current study are in an acceptable range.

1etl0
1e+8
let6 4
letd - f
le+2 A
3 let
le2
led -
le-6 A
1e8 - O Literature Mean
B This study
le-10

e Yc,\’,‘“‘ ELE S A
Figure 5. Uncertainty ranges of calculated scaven-

. . o)

ging ratio (Wp ) at 25 °C of selected
PCBs and PAHs. The error bars represent
the maximum and the minimum values of

® .
calculated 5" at 25 °C using model
parameters cited from literatures.

CONCLUSION

A model for RSR of particle-bound PAHs
and PCBs was derived from the RSR of PM and
the equilibrium assumption describing the parti-

tioning of the chemicals among gas, PM, and
rainwater, The model’s predicting power criti-
cally depends on how close the observed
partitioning of the chemicals in the gas-PM-
rainwater system is to that estimated under the
equilibrium assumption. Therefore, the use of the
RSR model (Eq. (5)) may be limited for
occasions where the chemicals are in or near
equilibrium partitioning equilibrium conditions
and accurate estimates of equilibrium partition
constants are available. Nevertheless, the RSR
model may be useful in offering a first app-
roximation when no measured data are available.
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NOMENCLATURE
PM : particulate matter
RSR : rain scavenging ratio
c : empirical constant set to 0.173 m-Pa
() . ,
Cairp . particle-associated concentrations of i

in atmosphere (ng/m3)

&) R . . .
rain,p . particle-associated concentrations of i

in rainwater and atmosphere (ng/m’)

) _ )
Cars : concentration of i bound to suspended
particulates in the air (ng/ug)

@) . ,
Cransp @ concentration of i bound to suspended

particulates in rainwater (ng/ug)

Joe : organic carbon fraction
H : dimensionless Henry’s law constant
K, : octanol-water partition constant
Ko T . -
pg . equilibrium partition coefficients for

gas-PM (m’/ug)

0) )
Ko : equilibrium partition coefficients for
water-PM (m’*/1g)
P : sub-cooled liquid vapor pressure (Pa)
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ISP

TSP
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of chemical species i

air : total suspended particulates in the air
(ug/m’)

rain  total suspended particulates in rain-
water (,ug/ms)

(pm)
W, . RSR of PM (dimensionless)
0]
v, : RSR for the particle-bound compound
of i (dimensionless)
O . total surface area of airborne PM
(m*/m’)
0] : fraction of the compound associated
with PM
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