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Abstract

Simple mass balance method was developed to estimate the contribution of two major fugitive dust sources in

the Port of Incheon to a nearby residential area in this study. Using the relatively small number of TSP data as well

as the data on mass fraction of Fe and organic materials in the sampled dust. our simplified method demonstrated

its ability to estimate the contribution of each fugitive source to a specific location including the residential area

with relatively reasonable accuracy. It is clear from this study that this simple method can be applied to the

situation where two major fugitive dust sources are responsible for the high TSP concentration around the source

area and there are clear marker chemicals representing the characteristics ot the fugitive dust sources.
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1. BACKGROUND

As the second largest port in Korea, the Port of In-
cheon has served to import the raw materials necessary
for the development of Korean economy for almost half
centuries. The raw materials being imported include
grains, animal feed stuffs, cement, wood, scrap metal,
etc, which are relatively cheap and bulky. Handling of
these bulk cargos. however, has emitted fugitive dust
during the series of loading and unloading processes
for the bulk materials especially at strong wind current
conditions in the port area with average wind speed of
3.3 m/s and maximum wind speed of 16.8 m/s on an

annual average basis because of the powdery property
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of the bulk materials in most cases. Furthermore, some
of the bulk materials such as animal feed stuffs and
scrap metals have been handled in the open area sim-
ply because of the ease of handling at the sacrifice of
environment. For example, in case of handling animal
feed stuffs. strong wind currents emits dust from seve-
ral points in the storage cycle, such as material loading
onto the pile. and load-out from the pile. The move-
ment of the trucks and loading equipment in the storage
pile area is also a substantial source of dust. Storage
piles arc usually Jeft uncovered. partially because of the
need for frequent material transfer into or out of storage.

Therefore, there have been frequent complaints from
people in the nearby residential area due to the fugitive
dust emitting from the handling activities of bulk car-
gos in the Port of Incheon. In fact, animal feed stuffs

and scrap metals are considered to be two major sources
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of fugitive dust in the Port of Incheon in terms of both
handling amount and dust emission potential arising
from their powdery property. The question is how to
estimate the contribution or impact of these particle
emission sources to a certain residential area with rea-
sonable accuracy. This is a very important task to de-
termine the proper control measure in a sense that de-
pending on the contribution of each particle source,
control methods may be different.

This study focused on the development of simple
methodology to estimate the impact of two distinct
major dust emission sources such as animal feed stuffs
and scrap metals on the residential area nearby the port
of Incheon by using relatively small number of sam-
pling data, which had been taken for nearly 2 month
period during the fall of 1995. In fact, the bulk cargo
terminals in the Port of Incheon will be moved to the
new terminal to be constructed with modernized
facilities to handle these bulk cargos for the protection

of environment.

2. METHOD OF ANALYSIS

In general, to estimate the contributions of particu-
late emission sources to a certain receptor, the method
of chemical mass balance has commonly been used
(Seinfeld, 1986; Hopke, 1985; Cass and McRae, 1983,
Alpert and Hopke, 1981; Alpert and Hopke, 1980). If
the method of chemical mass balance is to be suc-
cessful, one must know the emission rate and compo-
sition of each and every particulate source. This is,
however, almost an impossible task especially when
the number of particle sources is large and there are no
specific marker chemicals indicating the sources of the
particles. However, as in the case of the Port of In-
cheon, when the contributions of two major particulate
emission sources are expected to be far greater than
those from other particulate sources and there exist
clear markers representing the characteristic of parti-
culate sources, one may simplify the method and cal-
culate the contribution of these two particulate emis-
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sion sources with reasonable accuracy without resor-
ting to such a rigorous receptor method as the method
of chemical mass balance. In other words, for the case
of scrap metals, marker would be Fe;O3, while for the
case of animal feed stuff marker would be organic
components, which may be starch and cellulose.

Theoretically, the TSP (total suspended particulate)
concentration at a certain sampling location very near
to the Port of Incheon may be considered to be sum of
the dust emitted from scrap metal handling, animal
feed stuff handling, and other particulate sources
nearby industrial facilities and traffic. Therefore, in
case that these two major particulate sources are not in
operation or their contributions to a certain location are
assumed to be negligible, one may argue that the TSP
concentration at a certain location may be the contribu-
tions of particulate sources other than scrap metal and
animal feed stuff. We will refer to the TSP concentra-
tion of this case as background concentration in a local
sense for our convenience in this study. In other words,
we considered only three particulate sources roughly in
this study. Based upon this reasoning, one may define,
for example, the relative contribution of the dust from
scrap metal handling to a specific sampling location
can be defined as follows:

Ci=a 0
T TSP
TSP;=P,+P>+P;3 2)

where

Cyj=the relative contribution of the fugitive dust emitt-
ed from scrap metal handling to the j-th sampling
location

P, =the contribution in TSP coming from fugitive dust
emitted from scrap metal handling to the j~th sam-
pling location

P, =the contribution in TSP coming from fugitive dust
emitted from animal feed stuff handling to the j-th
sampling location

P;=the contribution in TSP coming from other parti-
culate sources to the j—th sampling location



TSP;=the concentration in TSP at the j-th sampling

location

Similarly, for the relative contribution of the dust
from animal feed stuff handling, one can write

P

3
TSP, )

2=

Since mass concentration of Fe in TSP collected at
J—th sampling location is considered to be the sum of
the Fe concentration in the dust coming from scrap me-
tal handling and that in the background aerosols at the
j—th sampling location, one may write the following

simple mass balance on Fe.
P; - X, =TSP; - Y, —Fey 4)

where
X =the mass fraction of Fe in P,
Y =the mass fraction of Fe in TSP,

Fey, = the background concentration of Fe
Rearranging Equation (4), one can get

P Y, Fes,

_—— 5
X, TSP - X, ®

X can be measured by chemical analysis of the dust
collected by using high volume sampler at middle of
the scrap metal handling location in the Port of In-
cheon, where the dust is expected to mostly come from
the scrap metal handling. Here it was assumed that the
chemical composition of dust does not vary with par-
ticle size. Since large particles tend to settle faster than
small particles, this assumption is essential. Y, can
also be measured by chemical analysis of the dust coll-
ected by using high volume sampler at the j—th sam-
pling location. Therefore, one may calculate the rela-
tive contribution of the dust from the scrap metal hand-
ling facility to the j-th sampling location approxima-
tely using Equation (5). Once relative contribution is
obtained, contribution can be calculated by multiplying
relative contribution by TSP;.

Similarly, one may calculate the relative contribution

of the dust emitted from animal feed stuff handling to a
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certain location. In the case of the dust emitted from
animal feed stuff, marker is organic materials. Using
same reasoning as used in the case of Fe, mass balance
on organic materials leads to

Pg . X: =TSPJ . Yg—Orgh (6)

where

X2 =the mass fraction of organic materials in P,
Y:=the mass fraction of organic materials in TSP,
Orgy =the background concentration of organic mate-

rials
Rearranging Equation (6), one can get

Co = P Y2 Orgy (7
T TSP, T X, TSP - X,

The relative contribution data gives an information
on the relative contribution of each particulate source
to the specific location, while contribution data provide
us with the absolute magnitude of contribution of the
dust concentration from the each particulate source to
the specific location. In this study, both definitions
were used to explain the degree of dust pollution near
the port more clearly.

3. MEASUREMENT

3.1 Measurement of particulate concentrations

To estimate the degree of the air pollution by fugi-
tive dust near the Port Incheon, the TSP Concenirations
were measured. The reason that we chose TSP instead
of PMy; is that in the case of fugitive dust, the particles
larger than 10 pm in aerodynamic diameter occupies
larger mass fraction in the particle size distribution
than the particles less than 10 um in aerodynamic dia-
meter, so called PM)y. The recent study carried out in
our laboratory also confirmed that PM,y concentration
could not represent the degree of air pollution by fugi-
tive dust (Chun, 1999). In fact, the effective cutpoint of
standard high volume sampler has been known to be
30 um aerodynamic diameter. Therefore, in this study,

this means that we implicitly considered the particles
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less than 30 um aerodynamic diameter only to estimate
the degree of air pollution by dust, assuming that the
particles that are 30 to 100 um in aerodynamic diame-
ter are likely to settle within a few hundred feet from

the fugitive dust sources and do not affect the particle

concentration in the residential area much (U.S. EPA,
1985).
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g. 1. Particle size distribution of soy bean shell dust.

Fig. 1 shows the size distribution of the dust of soy
bean shell taken from the fraction passed through US
sieve No. 230, which was measured by Aerosizer (TSI,
Inc.). Here, Fig. 1 represents the relative mass fractions
of the particles as a function of aerodynamic diameter.
As shown in Fig. 1, one can see that the mass fraction
of the particles less than 30 um in aerodynamic diame-
ter occupies fairly large fraction in the case of soy bean
shell. TSP concentrations were measured by using high
volume sampler (Wedding Co.). After sampling the
dust for approximately 24 hour, the filter was taken,
dried in the desiccator until threshold at the relative
humidity 50%, and weighed. By dividing the measured
dust weight by the cumulative air flow during sampling

period, particle mass concentration was calculated.

3.2 Sampling locations

Seven sampling locations were chosen based on the
distance from the Port Incheon and wind direction, as
shown in Fig. 2. Animal feed stuffs are handled mostly
near pier |, which is the location A, in Fig. 2 and scrap
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Fig. 2. Schematic diagram of sampling locations.
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Table 1. Information on the sampling locations and measured TSP concentrations.
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Approximate Approximate
, . - e distance from the  distance from the
Sl?)?‘f::::]g Sur::r;])(liuzii[:me Weather condition (ui’zz") :mi.l‘ﬂul chl zmilpal chd
s stuff handling stuff handling
arca (m) ared (m)

Az 26 hours, 9.18. 1995 sunny and clear 289 540 862
Al 25 hours. Y.18. 1995 sunny and clear 670 0 810
As 21 hours. 9.19, 1995 sunny and clear 208 1178 413
Ay 22 hours, 9.20, 1995 sunny and clear 153 885 398
A 22 hours. 9.20, 1995 sunny and clear 152 1028 383
A7 22 hours, 920, 1993 sunny and clear 205 930 578
Ay 22 hours. 9.21, 1995 sunny and clear 404 660 465
Az 26 hours, 1005, 1995 partly cloudy. strong wind 335 540 862
A 24 hours, 10.05. 1995 partly cloudy, strong wind 161 660 465
A 24 hours, 10.11. 1995 sunny and clear 382 660) 465

metals are handled in pier 8. Among seven sampling
locations, A, and A are located inside the Port Incheon.
The approximate distance from the two major fugitive
dust sources to the sampling locations is listed in Table
l.

3.3 Heavy metal concentrations

Six heavy metal components, Fe, Cu, Cd, Cr, Zn,
and Pb, were analyzed for the sampled dust to in-
vestigate the effect of scrap metal handling on the
heavy metal concentrations in the air near the Port of
Incheon area. First, a part of the filter was taken and
put into the extracting acid. After extracting heavy
metal components from the sampled dust by using
ultrasonicator, solid fraction was separated from the
solution using a centrifuge. The heavy metal concen-
trations in the extracted solution were measured by
ICP (Inductively Coupled Plasma. SEIKO ICP7000)

and converted to the mass concentration in pg/m?.

3.4 Organic material concentrations

To measure the mass fraction of organic materials in
the dust, the following simple and cheap procedure was
employed. First. a part of filter was taken and put into
the muffle furnace. After burning the filter at 500°C
for 20 minutes, the filter was weighed and the reduced
mass was calculated, which gives the data on the orga-

nic material mass fraction in the sampled dust. In this

study, it was assumed that all the organic materials
including the ones in the animal feed stuffs as well as
those from the other sources, for example, the products
of incomplete combustion of fuels were completely

burned out in the muffle furnace.

4. RESULTS AND DISCUSSION

4.1 Measured TSP concentrations

The measured TSP concentration data were listed in
Table 1 and shown in Fig. 3 according to the distance
from the sampling location A, respectively. As shown
in Fig. 3, TSP concentrations inside the Port of In-

cheon were higher than those outside the port. More
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Fig. 3. TSP concentration vs. distance from the sampling
location A;.
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importantly, it is clear that as the distance from sam-
pling location A, increases, the TSP concentration
decreases first but beyond the certain distance remains
almost constant, having almost the same values as
measured from the other areas in city of Incheon in
1990. This implies that fugitive dust from the port
clearly affect the TSP concentration nearby residential
area such that the extent of impact decreases with in-
creasing distance, showing the typical qualitative trend
of the fugitive dust.

The TSP concentration at sampling location A, was
found to be 670 ng/m?, which is much higher than the
air quality standard of 300 ug/m? on a daily average
basis back in 1995 in Korea. The reason for high TSP
concentration at sampling location A is that animal
feed stuff handling mainly took place at A| or near A,.
This result clearly indicates that fugitive dust problem
is severe in this area, even though A, area is a work
place. The TSP concentrations measured twice at sam-
pling location A3, another sampling location inside the
port, were 289 and 335 pug/m3, respectively, which were
also considerably high compared to TSP data at other
areas in Incheon.

The TSP concentrations outside the port were found
to be relatively low compared to those inside the port
except for the case of sampling location A;, which is
the nearest sampling location to the port. The TSP
concentrations at sampling location A were measured
three times repeatedly to account for the other effects
such as weather condition or maybe the amount of
handling activities of scrap metal and animal feed
stuff. The measured TSP concentrations were 404,
161, and 382 ug/m3, showing the large magnitude of
scattering in data. This may be explained in connection
with the direction of the prevailing wind and wind
speed as well as the amount of handling activities. Na-
mely, one set of TSP data was taken at sampling point
A; and As using two high volume samplers at the same
date, as listed in Table 1. Therefore, this data may imply
that prevailing wind at the time of sampling blew from
A| to Aj rather than A, to A>. We actually observed the
strong wind blew strongly to the direction of A to Az

7| B4R A 174 AE4%

approximately at the time of sampling. It is also be-
lieved that under this condition, some or all of the
activities in bulk cargo handling including animal feed
stuff handling as well as scrap metal handling were
temporarily stopped or reduced to comply with the re-
gulation on fugitive dust. This explanation will be
further clarified by using the measured data of Fe and
organic material concentration in TSP later.

4.2 Contributions of the scrap metal handling

The measured heavy metal concentrations at the
sampling locations were summarized in Table 2. Also
included in Table 2 are the concentrations of Fe and Pb
in the ambient air sampled from other areas at least 3
km far away from the port. These data obtained at four
different sampling locations that are expressed as By,
B>, Bs and B, in Table 2 were the results of the sepa-
rate study taken by Inha University. It is noted from
Table 2 that heavy metal concentrations including Pb
and Zn are noticeably higher near the port area than
other areas in Incheon. This trend may be due to the
fact that the dust emitted from scrap metal handling is
the silt composed of oxidized metal components and
paint debris of old ships, or possibly due to the parti-
cles emitted from the tail pipe of many heavy duty

Table 2. Heavy metal concentrations measured at the
sampling locations. (unit: pug/m3)

Sampling Fe Pb Cu Cd Cr Zn
focation
Al 474 105 030 00 004 1.4
Ax(ly) 999 263 077 00 004 537
Ar(2w) 2349 254 041 00 004 319
ArGa) 2491 640 144 018 006 1481
Ax(l) 1021 162 042 00 002 199
A3 (Zog) 799 174 027 00 003 171
As 370 217 065 002 002 434
As 1032 273 086 00 046 487
As 1203 181 062 00 022 3.0
A 811 200 058 00 002 43

B 130 054

*B, 192 081

*B4 150 066

By 293 177

*B,. B and Bj: approximately 10km far away from the port of Incheon.
*By: approximately 3 km far away from the port of Incheon.
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Fig. 4. Heavy metal concentration vs. distance from the
scrap metal handling area (Lines in the figure re-
present least squares filting of the data for each
heavy metal).

vehicles being operated for transportation near the port
area (Kim er al.. 1997). Fig. 4 shows that as the dis-
tance from the scrap metal handling area increases, the
concentrations of Fe, Pb, and Zn decrease. In parti-
cular, the degree of decrease in Fe concentration with
the increase in distance is larger than that of Ph and Zn
on the whole. This implies that the best marker che-
mical for the fugitive dust from scrap metal handling
would be Fe, as mentioned in the development of the
simple method in this study.

Both the relative contribution and the contribution of
the dust from scrap metal handling to the each sam-
pling location were calculated by using Equation (5)
and listed in Table 3. Here. Fe mass fraction X, was
taken as the value of 0.21, which was obtained from
previous study (Cho, 1994). The sampling location
where the dust sample was obtained in the previous
study was at the middle of scrap metal handling area,
and thus it was assumed that the dust emitted from the
scrap metal handling had the characteristics of Fe mass
fraction of 0.21 throughout this study. The reason for
not having TSP data at the scrap metal handling area in
this study was that we were not allowed to sample the
dust at the scrap metal handling area at that time. As a
background concentration of Fe near the port, Fe con-
centration at sampling location By about 3.0 km far
away from the port, was chosen, since B, is the closest

sampling location among the sampling locations to
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Fig. 5. Belative contribution of scrap metal dust vs. dis-
tance from the scrap metal handling area.

Table 3. Relative contributions of scrap metaf dust to the
sampling locations.

Sampling TSP Fe e/ TSP Relative
location  {(g/mY (up/m?) (ey  contribution (SF)
Ay 670 +.74 0.70 1.22
Al 404 9.99 247 8.27
A2} 161 2349 14.59 60 .82
A>3 382 2492 6.52 2742
Actly) 289 10.21 3.53 1200
A 20} 335 7.99 2.39 7.20
A 153 370 242
Asx 208 10.32 396
As 152 1203 792

As 208

3.95

measure background concentrations, which may clo-
sely represent the characteristics of the background
meta} concentration near the port area. Fig. 5 shows
that the relative contribution of the dust from scrap me-
tal handling to given locations decreases with the in-
crease in distance to scrap metal handling area. It is
also noted that the relative contribution of the dust from
scrap metal handling is the highest at the sampling
location A~ with the value of about 60%, whereas the
measured TSP concentration is only 161 yg/m? ar As,

This will be explained more clearly later.

4. 3 Contribution of the animal feed stuff
handling

As for the contribution of the dust from the animal
feed stuff handling, the mass fractions of organic ma-

terials in sampled dust are listed in Table 4. As shown

1 KOSAE Vol. 17. No. E4¢2001)
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in Table 4, the mass fraction of organic materials in the
dust sampled at A, area, which is about 0.70, is the
highest among the sampling locations. Since sampling
location A, is the main handling area of animal feed
stuff in the port, it is conceivable to have high organic
material mass fraction in the sampled dust at A; com-
pared to that in the sampled dust outside the port. Fur-
thermore. remaining 30% in mass in the sampled dust
at sampling location A, which corresponds to approxi-
mately 201 ug/m? in TSP, may be the contributions of
both background TSP concentration near the port area
and small unknown fugitive dust sources near the sam-
pling location A, inside the port other than animal feed
stuff handling and scrap metal handling. Nonetheless,
it was assumed that the fugitive dust emitted from the
animal feed stuff handling area had the organic mate-
rial mass fraction of 0.70.

Also included in Table 4 are the relative contribution
of the dust from animal feed stuff handling to each sam-
pling location. which was calculated by using Equation
(7) assuming that organic mass fraction of the dust
from animal feed stuff handling area was approxima-
tely 0.70.

Here, as a background concentration of organic ma-
terials in the dust, the value of 43 ug/m* was chosen,
which was obtained from the sampling location As.
Table 4 shows that organic material mass concentra-
tion of 43 ug/m? is the smallest among those obtained
from other sampling locations. Although A7 is not the
farthest sampling location away from the animal feed
stuff handling area, it is likely that the contribution of
the fugitive dust from the animal feed stuff handling or
some other organic dust emission sources may be
minimal by the following reason. In fact, pier 7 in the
port also deals with some organic bulk materials such
as flour for flour mill companies nearby, as shown in
Fig. 3, which may affect the organic material mass
concentration nearby areas by some fugitive dust in the
processes, even though relatively modernized convey-
ing systems are used for flour loading and unloading in
pier 7 and nearby flour mill companies. This may be

the reason why the organic material contributions to

o
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Table 4. Relative contributions of animal feed stuff dust
to the sampling locations.

Sumpling TSP OfgaQ|c Orgun‘l'c i Relfltlv;
location (ue/m®) material material  contribution
oE (ug/m?) (%) (%)
Ay 670 468 69.85 90.80
Ax (1w 404 181 4491 4902
A2 (20) 161 94 58.39 4535
A (3w) 382 215 56.28 64.46
Ax(ly) 289 123 42.56 39.63
Ax(2u) 335 98 29.25 23.50
A, 153 51 33.33 7.49
As 208 74 35.58 21.34
Aq 152 72 47.37 27.32
Ay 205 43 - 0
[
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Fig. 6. Relative contribution of animal feed stuff dust vs.
distance from the animal feed stuff handiing area.

sampling locations As and A¢ are higher than those to
sampling location A-, despite their being the two far-
thest sampling locations to A;.

Fig. 6 shows that relative contributions of the fugi-
tive dust from animal feed stuff handling decreases
clearly with the increase in the distance form the ani-

mal feed stuff handling area by and large.

4.4 Analysis on the calculated contributions
and TSP concentrations

The TSP concentrations coming from each particu-
late source were calculated and listed in Table 5, which
gives the more clear information on the contributions
of each particulate source on the specific area. It is
found from Table 5 that the fugitive dust from animal
feed stuff handling is largely responsible for the high



Table 5. Contributions of particulate sources to the sam-
pling locations.

Sampling . P EZ P
locutionn [SE, (Serap .(Amma.l' {Background)
metal) feed stutt)
Al 670 R.17 608.36 53.47
ALy 404 3341 198.04 172.50
A2 (2,9) 161 97.92 73.00 0
A>3y 382 104.74 246.24 310
As(Ly) 289 34.68 114.53 139.78
As(2u) 335 2412 78.73 232.16
Al 153 3.69 11.45 137 .85
As 208 35.21 44.39 128.40
A 152 43.35 41.53 67.12
180.32

A; 208 24.68 0

TSP concentrations near the port area. Nonetheless, in
view of the high heavy metal concentrations in the dust
from scrap metal concentration and their hazard to
human health, the environmental impact of scrap metal
dust on the port area could be larger than that of animal
feed stuff dust, despite its smaller contribution in TSP
concentration near the port. Among the sampling loca-
tions, A turned out to be the most polluted area where
the contributions of both animal feed stuff dust and
scrap metal dust are high as shown in Table 5. This
result is conceivable in view that A, is closely located
to both scrap metal handling area and animal feed stuff
handling area and thus there should be more possibili-
ties for the fugitive dust to settle in this area than other
ared.

It is noted in Table 5 that the sum of contribution in
TSP of the dust from animal feed stuff handling and
that from scrap metal handling exceeded the TSP mea-
sured second time at A> by about 10 ug/m3, which cor-
responds to about 6% in TSP at A.. This discrepancy
in mass balance may be explained as follows: (1) The
mass fraction of Fe in the dust from the scrap metal
handling may vary depending on the weather condition
as well as the extent of oxidation of the scrap metal
being handled. (2) The mass fraction of organic ma-
terials in the dust from animal feed stuff handling may
also vary depending on the weather condition and the
kind of animal feed stuffs. Since the sampling of dust

was not carried out simultaneously for eight different

Contribution of fugitive dust 153

sampling locations including scrap metal handling
area. the above possibilities may exist, leading to the
violation in mass balance by using a constant value in
mass fraction of Fe, 0.21, in Equation (4) and that of
organic materials in the dust, 0.70, in Equation (6), res-
pectively, throughout this study. For example, 10%
error in mass fraction of Fe in the dust from scrap metal
handling leads to about 10% error in the contribution
of the dust from scrap metal handling area to the speci-
fic locations in view of Equation (4). As a result, it is
expected that in some case the violation in mass ba-
lance may occur inevitably.

As mentioned earlier, the second TSP data of sam-
pling locations Az and A» were taken at the same day,
which was October 5, 1995. In fact, A is the nearest
sampling location to the scrap metal handling area,
while A is the farthest sampling location. However,
the distances from the animal feed stuff handling area
to A and Aj; are about same as shown in Table 1. Table
5 shows that for both cases, contributions of animal feed
stuffs are about same, whereas contributions of scrap
metal handling are quite different from each other. It is
remarkable that the contribution of 97.9 pg/m? from
scrap metal handling to sampling location A» corre-
sponds to about 61% relative contribution to the mea-
sured TSP concentration of 161 ug/m? at A>, which is
relatively low TSP concentration in this study. The
TSP concentration at Az is 335 ug/m’ about twice as
high as that at A, but the contribution of scrap metal
handling is only 24.1 ug/m*, which is about one fourth
of the contribution to A at the same day. This clearly
supports the two possibilities, which was mentioned
earlier: (1) The prevailing wind at the day blew from
scrap metal handling area to A:. which was clearly
observed by us. Therefore, it is likely that relatively
polluted background particle concentration near the
port was diluted with the strong westerly wind from
seaside, where TSP concentration is very low. (2) At
strong wind current condition of the day. all the hand-
ling activities for bulk cargos might be temporary stop-
ped or reduced except for scrap metal handling.

As for the TSP concentration measured at sampling

J. KOSAE Vol. 17. No. E4(2001)
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location As, as shown in Table 5, the contribution of
other particulate sources including background particle
concentration near the port was found to be about
232.2 ug/m3, which is too high to be considered as
background particle concentration of the day near the
port in view of the TSP concentration measured at
sampling location A;, which is located at the upstream
side of As in terms of wind direction. Therefore, it im-
plies that there may be other fugitive dust sources
somewhere between A; and A, which may be the
fallen dust during transportation on the paved road.
This can only be addressed by the identifying the
particle source and its marker chemical, which should
be time consuming and costly.

In summary, it is clear that the simple method used
in this study can give us an relatively accurate informa-
tion on the extent of dust pollution near the port and
contributions of two major particle sources to residen-

tial area.

5. CONCLUSIONS

Simple mass balance method was used to estimate
the contributions of two major fugitive dust sources to
a certain area in this study. Using the relatively small
number of TSP data as well as the data on mass frac-
tion of Fe and organic material in the sampled dust in
this study as well as from the previous study, our sim-
plified method successtully demonstrated the ability to
estimate the degree of the contribution of each fugitive
dust source to a specific location including residential
area near the Port of Incheon with relatively reasonable
accuracy. It is clear that this simple method can be
applied in the situation where two major fugitive dust
sources are responsible for the high TSP concentration
around the source area and there are clear marker che-
micals representing the characteristics of the dust
source.

From the analysis of contribution data, it was found
that sampling location Az was the most polluted area
by the fugitive dust, suggesting the need of the control

o
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strategy and technologies for the fugitive dust from the
port of Incheon. Further detailed analysis using more
marker chemicals from other fugitive dust sources
inside and outside the port will be able to give us more
clear information on the contribution of fugitive dust
sources to the specific area near the port. Nonetheless,
it is concluded that this method clearly shows the
applicability in estimating the contribution of each
particulate source to the specific area near the port of
Incheon with relatively small number of data and mini-
mum efforts. The fact that the data were not obtained
simultaneously in this study due to the limitation in the
number of equipments and personnel may be the major
shortcoming of this study. For this reason, it is advis-
able that further systematic study shouid be carried out
with the data collected at all sampling sites simultaneo-

usly, if possible.
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