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I. Summary

The St Lawrence Cement Facility is located near the neighborhood of Waterfront South
(WFS), Camden, New Jersey. The residents in the vicinity of the faclity have had concemns
about the impact of the fugtive particulate emissions from the matenal stored andor used at the
facility on the neighborhood as outdoor dust air pollution. To address their concem, this study
collected deposited particles and surface dust samples near the facility and the raw cement
material (RCM) from the pile of the dust outside of the facility, analyzed morphological
characteristics and elemental concentrations in the samples. and assessed the contribution of
particles emitted from the cement Tacility w the dus polletion in local communily. Specitically,
we

a) developed deposition samplers to collect outdoor dust;

by conducted two field sampling studies to collect deposited dust samples from 1012

locatens withun the radial distance of 800 m northeastern bound of the cement facility for
a duration of 21 and 21 days, respectively,
c) collected two surface dust samples from 15 locations in the areas surrounding the facility;
d) analyzed the elemental compositions (cement-enniched elements including Ca, Fe. Al and
Mg) of the deposited dust and surface dust samples;

¢) analyzed morphological charactenistics of the deposited dusts in subset of the samples

and the RCM acquired from the facility; and

f} estimated the contnbution of the cement facility to outdoor dust by 1) comparing the

elemental concentrations measured in the RCM with the deposited particle and surface
dust samples, and 2) conducting a source-recepior model (CMB v, 8.2, US EPA) using
the elemental composition data ebtained from this study.

The detailed study approach, results and discussion are presented below,

2. Methods

2.1 Site selection for deposited and surface dust collection

The raw cement matenal 15 stored outside of the cement plant without a cover, The pile of the
material is about 9 m high. The pile is known 1o be replenished with a cwcle of 3 days and
trequently transported 1o the production line by a wheel loader. Since the prevailing wind
directions are southwest or northwest in the Camden area, the fugitive emissions from the
cement material pile can be transported to the WFS neighborhood, which s located ~200 m
downwind {i.e. northeast) of the facility (Figure 1),

To determine the impact of fugitive emissions from the cement facility on the WFS, we
decided to collect deposition particle and surface dust samples in different locations in WFS.
Before dust sample collection, we made two trips to Camden for site selection. The ideal sites for
sampling would be locations that are easily accessed by field technicians, protected from
inclement weather, and secure. Based on the sile visits, the most appropriate sampling sites for
collecting re-suspended dusts emitted from the cement facility were located between the outer
fence of the cement facility to Jackson Street, South 8" Streer, and Morgan Streel. The area is
bounded by Route 676, Jackson Street, and Chelton Avenue, i.e. the main residential area of



sampler. The sampler is plastic with a funnel hood to protect the filier from rain during field
sampling, The sampler is painted dark green or hlack to minimize atlention. The sampler can
house up to four co-located quanz fiber filters 37 mm in diameter (Pall Life sciences, Ann Arbor,
MI). During sampling, the samplers were placed in open spaces to collect particles. Examples
are: Baleony, terrace, perch of resident’s house: or a tree, or fence'electrie pole. A photo of a
field deposition sampler placed at 4 resident’s home is shown in Figure 3.

The first deposition field sampling covered the period from July 3 to 26, 2007, Four samplers,
including the one at the control site, were lost cuning the 21-dav of sampling perod. The
samplers at these sites were relatively more visible and accessible than other locations. During
the second field sampling which was conducted from August 17 to September 17, 2007, the
samplers were placed ot less visihle locations. All samplers were recovered afler the 3 -day
sampling period,

2.3 Collection of the surface dust

Based on previous experiences for undisturbed attic dust study (Nacqua et al., 2003) and lead
carpet dust intervention study (Yu ef al., 2006), we decided 10 collect dust samples from flat
surfaces using a wipe sampling method. The moistened wipe sample, Cliniguard Dry
Washcloths, with size of 132175 em” (TENA, Waukegan, WT) were used in the study. Our
previous studies showed that the moistened wipe could callect sufficient mass of dust for
analvsis on any flat surface reliably (Nacqua et al., 2002 Yu et al,, 2006),

Surfaces selected for sampling were tops of air conditioners. outdoor ledges/sills, and
electrical boxes that are located close to the cement piles. These surfaces are better protecied
from the scavenging by the wind, but can be influenced by fugitive emissions. Also, they are flat
and can he casily sampled by the wipe sampler. A visual inspection of a selected designated
surface was completed prior to wipe sampling, Two wipe samples were collected from each 15
different sampling locations, and a total of 30 wipes were collected. The surface dust sampling
locations are presented in Figure 5. It is worth 10 note that the particles deposited on surfaces
with electrostatic force could be higher than those without electrical charges (Fews et al., 1999:;
Jeffers, 2006).

2.4 Collecuon of the raw cement material from the cement facility
The large pile of raw cement material (RCM) placed outside of the cement plant was considered
to be the most important source of fugitive dust in the area, Thus, the bulk cement samples were
collected from three upper locations where we could approach (= 2 m high) of the cement pile.
Each sample was collected from the top layer of each sampling location with a wide-mouth
botle {(~ 150 g for each sample), and the three samples were combined as one sample 1o
minimize the variability in the bulk cement material. Only one compusite RCM sample was
collected because the particle characteristics of the RCM did not ex pect to vary significantly over
time. The RCM sample was stored in a temperaturc-controlled (441 °C) cold room gt EQOHS]
prior to analyvsis,

2.5 Sample analyses

Analvsis of efemental concentrations



After obtaining the weight of the dust mass. the deposited dust samples, surface dust samples
and the raw material obtained from the piles at the facility were analyzed for elements by a WG
Elemental Plasma Quad 3 (PO2) inductively coupled plasma mass spectrometry (ICPMS)
EOHSL

For clemental analvsis, the dust samples were digested by the microwave oven-assisted
digestion method with concentrated high purity nitric acid (EPA methods TO-3050g3 and 052,
Mhe RCM was sieved and the particles < 38 pm in diameter were used for analysis. The size
selection for RCM was based on the considerations of particles that would possibly transpont to
 the target areas (see Table 1), The sieved RCM particles below 38 um in diameter was weighed,
and were 0.06% (by weight) of the whole bulk RCM. Afier digestion, the extract was analyred
for element by ICPMS. The ICPMS analysis conditions were similar to EPA method 200.8,

Field and lab blanks were cencurrently analyzed with the samples. Sample concentrations
were field blank subtracted before data anal vEis,

Microscopic analvses

Five settled dust samples collected from the 2™ deposition sampling study and one sample of
the RCM were analyzed for morphelogy, size disinbution, and clemental composition by the
MVA Scientific Consultants (Duluth, GA). The five setiled dust deposition samples were
sclected from the locations nearest to the factlity (Location 1, 2. 3. 4 and 8} {see Figure 4). The
RCM was sieved and particles < 38 um were submitted for analysis. The particle size and
elemental composition were obtained using a JEOL Model JSM-6500F field emission scanning
electron microscope (SEM), operating in sutomated mode under the conteol of 4 Thermo Noran
System SIX x-ray analysis system. The morphological examination was conducted by polarized
light mscroscopy (PLM) analysis ustng an Olympus S7-40 sterenmicroscope at magnifications
from 7 fo 40X,

2.6 Data analyses

Descriptive Statistics

First, descriptive statistics was conducted to summarize the dust mass, loading, and elemental
concentrations for the samples collected, Sampling method precision was also examined by
calculating the difference in dust mass callected by 1) the four filters placed in one sampler and
2) %eDiff (percent difference) between the mass collected by two co-located deposition samplers.

Association of the mass and elemental concentrations with the distance to the facility

Spearman correlation analysis was conducted to examing the association between the
distance from each sampling site to the facility and the mass and clement concentration in the
dust collected at each site. The results were used 1o assess whether the dust mass would decrease
as the distance 1o the facility increased,

Enrfchkment factors for elements

To explore the possibility of & contribution to dust deposition and surface dust by a possible
source of raw cement material in the sempling ares, a ratio for elements in given environmenial
sample to reference soil or rock was caleulated fior all elements that were quantified. This ratio,



called the enrichment factor (EF), is an indicator for 4 source(s} contributing o a hackground
sample on the basis of elevated elemental concentrations {Adejumo et al.. 1994}, The
ennchment factors defined in equation {1.2) were calculated using titaniemn (T1) as a reference
clement. Titanium was chosen from a variety of elements analvzed in the study as a reference
element based on the following requirements: 1) generally higher concentrations in reference
rock or soil, 2) very low levels in pollution sources, 3} ease of determination by a number of
analvtical techniques, and 4) freedom from contamination during sampling.

(1.2}

where, EF is the calculated enrichment factor for a wiven element,
E, is an clemental concentration or loading in the examined sample,
T3, 15 a titansum concentration or loading in the examined sample,
E, 15 an elemental concentration in reference crustal rock, and
Ti, 15 @ reference titantum concentration in crustal rock (= 4,400 Ppm)

[n the above equation, the reference material concentration was obtained from Mason's crustal
rock composition values (Rahn, 1976). An EF > 5 indicates the presence of a source of the
element in question that 15 causing it o be enriched in the sample materal relative 1o the
background soil (Adejumo et al., 1994),

Ca/Fe concertration ratios

The ratios of two elements, calcium znd iron, were obtained to test the contribution of the
cement matenal to outdoor dust, Caleium is a marker for cement-related activities and iron is a
typiczl fingerprinting element for soil dust. Therefore, if the ratios are inverselv proportional to
proximity to the cement facility, the results indicate there are relative contributions of RCM to
outdoor dust.

Chemical Mass Balance (CMB) mode!

A source apportionment was completed o estimate the contribution of particles emitted from
the facility to the dust pollution in surrounding ares. The Chemnical Mass Balance (CMB) model
(EPA version 8.2) was used for analysis. This source-receptor model involved the solution of
Hinear equations that expresses each receptor chemical concentration as a linear sum of products
of source fingerprint sbundances and contributions (EPA. 2004}, The CMB model requires
detailed source profiles of each potential source locsted in the study area or profiles of similar
sources i order to estimate the contribution of each source to the pollutant concentrations at
cach receptor. However, this study messuped only the chemical compasition of the raw cement
material, one of the many potential sources for the outdoor dust in the study area. To utilize the
CMB model, we emplayed source profiles from a well charactenzed published dataset, Portland
Aeroso] Characterization Study (PACS). which investigated the source-receptor relanonship for
PM: 1. PMy;; trace elements, jonic species and carbon in Portland, Oregon (Watson, 1979}, The
PAUS source profiles included typical urban dust sources such as natural {e.g., marine zerosol
and urban dust) and anthropogenic sources (e.g, automobile exhausts, oil combustions, and
ndustrial emissions like paper mills and furnaces) in both fine-sized (< 2.5 pm) and coarse-sized
(< 10 pm) fractions, The concentrations of 19 elements, elemental and organic carbon, and
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sulfatesnitrates were quantified for all PACS sources. Also elementa) concentrations in average
reck and soil were added when building up the CMB source profile. The elementsl abundances
in reference rock (Mason 1966) and soal (Bowen 1966) were obtained from the report for
vhemical composition of the stmospheric zerosol study (Rahn. 1974).

Thus, the construction of CMB source profile was finalized with three sub-se's: 1) an
clemental composition for the RCM sample analyzed in this study, 2} clemental concentrations
in both reference rock and soil, and 3) six potential urban dust sources {marine aerosol. urban
dust, automobile exhausts, residual oil combustion. aluminum production, and ferromanganese
furnace). The contributions estimated from additional urban dust sources in the PACS study
indicated that other potential dust sources, besides RCM and reference rock end soil, exist in the
studied arca and, as a whole, contribule 1o the increase of outdoor dust in the surrounding
communities. However, each potential source can not be directly linked with the specific source,
and detailed source specific information would be needed beyond the levels estimared by CMB
model to characterize individual source contributions. Due to the high variability of elemental
cancentrations in surface dust samples (e.g., %Diff = 65 £ 17 % for 3 collocated duplicates),
only dust deposition samples (N = 28) were used in the CMB model, The source elimination
option was applied in running the CMB madel to climinate any negative source contribution
cstimate out of total nine source candidates. The contribution of RCM to outdoor dust was
abtained from the estimated RCM contribution dividing by the sum of afl source contrmibution
estimates. The percentage calculated indicates the cement source comtribution 1o each dust
deposition sample examined by the CMB,

In the CMB model application default values were used 10 st up model options, and the
performance of regression model was examined by investigating R*, y° and “aMass of the fitted
misdels. The R-square (R%} is the fraction of the variance in the measured concentrations thar is
explained by the variance in the calculated species concentrations. The reduced chi-square {y°} is
the weighted sum of squares of the differences between the calculated and measured fitting
species concentrations, and the percent mass (*Mass) is the percent ratio of the sum of the
model-calculated source contribution estimates 1o the measured mass concentration (EPA. 20047,
The CMB manual suggests that an R* = 0.8, ¥ < 4.0, and %Mass of 80 - 120 % provides an
acceplable fit of the regression model (EPA, 2004). The CMB results showed 93 %, 89 %, and
64 %5 of the fitted receptors were found to be within the acceplable range of R°, y°. and “cMass,
respectively.

3 Results and Discussion

3.1 Particle mass and spatial distnbution

The dust mass (mg) for the samples collected from the first and second deposition sampling
stuidies 15 summanzed in Tables 2 and 3, respectively. The mass ranged from (.54 10 2.26 mg for
a three-week sampling duration and 0.16 to 1.9% mg lor a sampling duration of 1 days. The
deposition sampling rate for the collected dust ranged from 2.39 1o 10.01 pgiom-day and
between 0,48 ~ 5,04 pgfem”-day under the first and second samplings, respectively,

The deposition dust samples located close to the cement facility had higher measured dust
mass for collected deposition samples. This inverse relationship between the dust mass collected



and proximity to the cement facility was tested by a Spearman correlation. The analysis showed
that the mass of dusi collected generally decreased with distances fom the cement piles {r, = -
(L7697, p = 0.006%), ndicating the impact of the dust emitted from the Cement Facility to
outdoor dust pollution.

Surface dust samples showed a larger variability in mass as well as loading (see Table 4).
The collected mass and caleulated loading for surface dust samples ranged from 1.71 10 227 mg
and from 8.5 to 379.4 pgiem’, respectively. No spatial distribution of the surface dust mass was
observed. This was probably because many factors can affect the retention of the dust on the flat
surfaces, such as the previous dust loading of the surface and scavenging of dust by rain and
wind,

3.2 Parmicle size distribution

The particle size analysis (Table 5) revealed that the deposited dust was composed of
miostly fine particles (< 2.5 pm), ranging from 78 to 88%. The fraction of coarse particles (2.5-10
pm) ranged from 11 1o 19%, The similar size distribution was observed for the sample sieved
from the RCM (with particle size of 38 pm and below in diameter). These results indicated that
cement dust contains significant numbers of inhalable particles, which can be of health concem.
RCM contained 7.1% particles > 5 um in diameter, relatively higher than the percentage of those
particles found in the deposivon samples (0.1, 3.7 and 4.3% for the 3 deposition samples
respectively). This could be caused by the dry deposition collection substrate not holding all
particles collected duning the sampling duration due to the possible loss of particles by bouncing
or blow-off by wind, Thisis especially the case for coarse particles, which can be scavenged by
strong winds blowing over the filters in the field. The actual mechanism is unknown, but it
should be noted that large paricles may be under-estimated by the dry deposition sampler.
However, we should also note that larger particles normally will not deposit deep in the lung,

3.3 Elemental concentrationsloadings and spatial distsibution

The elemental concentrations (ng'mg) for both deposited dust samples and RCM are
presented in Tables 5 and 6 for 1" and 2™ deposition samplings, respectively, The clemental
loadings {(ng‘em”) for surface dust samples are provided in Table 7. We found that Al (0.6 ~
20%),Ca(29~72%), Fe(l.?7~52%) Mg(06-1.7 %e), and Zn (0.1 - 2.0 %) were the most
abundant clements in the dust deposition samples. Cu, Mn, Pb and Ti were the second abundant
clemental group in the deposited dusts, ranging mestly from 100 to 1,000 ngimg in
concentrations. The reported Cd, Cr, Si and V concentrations were primarily below 100 n gmg.
For surface dust samples, the loadings of cach element were similar to the concentration order
for the deposited dust samples. However, some wipes (for example Zn in both S00T and S020)
and Cd in 5020) had exceptionally higher levels compared to wipe samples collected at the other
locations. An urban dust characterization study in Oske, Norway found higher concentrations of
Zn and Cd in the street dust collected from under the metal ledges and balconies of old buildings
or around buildings undergoing renovations (Miguel et al., 1997). The elevated Cd and Zn
concentrations may be linked with the corrosive action of urban rainwater (with pH of below 4.0
in many cases) by urban atmosphere, especially for coastal cities. The wipe sample (S020) was
collected very close to the worn metal electric box mounted on a building wall, and another wipe
sample (SM07) was also collected on the top of painted electric box. Thus, the elevated metal
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loadings might be related with the metals deteriorated from the electric boxes by corrosive
actions under urban atmosphere; however calcium loadings in two w Ipes were not significantly
different from the loadings at other locations, suggesting the local source was limited 10 the
incrense of cadmium, iron and zine in wiped samples.

The contribution of the facility’s particle emissions to the dust deposition sample was
examined by comparing the elemental concentrations/loadings in the dust samples and surface
dust samples collected from each sampling locations to those derived from the RCM., Calcium
concentrations measured in dust deposition samples are the most representative element showing
the trend of exponentially decreasing with increasing of the distance 1o the facility, as shown in
the plot (Figure 6) of calcium concentrations in deposited dusts ve. the radial distances helow
800 m downwind from the tacility in Figure 6. An exponentially decreasing relationship was
established between calcium concentrations (*e) and the radial distances to the RCM (R =
0.7228, p = 0.0037), However, the calcium concentration (35) measured at the distance of 0
km was much higher than the rest points (Figure 6), which may bias the observed relationshap,
Iherefore, a regression analysis without the suspecting data was also conducted. and the results
remained statistically significant (R? = 0.3683; p = 0.0307), confirming that there is a statistical Iy
significant decrease in Ca concentration in the dust with increasing distance from St Lawrence.

The Spearman correlation showed that only calcium (r, = <LF727; p o= 0.0037) had a
statistically significant negative association between the concentration and the radial distance 10
the facility. This observation was consistent to the results reported 1o a previous atmospheric
deposition study (Adejumo et al. 1994), 1e. caloiom concentrations in deposited particles
decreased exponentially along with the distance to three cement factories in Nigeria. Thus, our
results showed that the presence of raw cement matenial piled inside the cement facility
cantnbuted 1o the increase of calcium concentration in autdoor dust in the neighborbood around
the facility,

However, the same relationship was not observed for the surface dust Joadings (p > 0.05 for
all elements). We suspected that the dust, which was re-suspended from the coment piles in the
facility and settled on the open flat surface, were casily scavenged by rain and wind, thus the
dust mass collected by the surface wipe samples were not associated with the distance 1o the
facility. Or, as will be discussed below, other sources contributed to the actual total dust lnading,

3.4 RCM contnbutions to outdoor dust enrichment factor analyses and CaFe ratios

Ihe enrichment factors (EF) for all elements analyzed in this study and Ca'Fe ratios are
provided in Table 9. The EF of calcium was greater than 5 for the samples examined, indicating
a significant cement dust source, i.e. fugitive particulate emissions from RCM pile inside the
facility nssociated with the sampling sites, Spearman correlation showed calcium's enrichment
factors for deposited dusts were decreasing with the radial distances from the facility; however,
the relationship was not significant (rs=-0.1273; p = 0L.6932). Similar results were also observed
for surfbce dusts (r, = -0.2351; P = (1981} Except for calcium, other elements did not show an
mverse relationship between enrichment factors and radial distance from the facility, The Ca/Fe
ratios were tested with the radial distances, too, A strong negative correlation was found for dus
deposition samples (r, = -0.9000: p = 0.0001; Spearman correlation), indicating the contribution
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of RCM to outdoor dust in the sampling area. However, the inverse relationship was not
significant for surface dust samples (r, = 03410 p = 0.1900). A previous study (Adcjumo et al.,
1994) reported significam contribution {approximately 21~30 %) of cement dust emitted from
the cement production factories to neighborhood dust loadings located within 5 ke in radial
distance from the facilities,

The enrichment factors for Pb (ranged from 101 1o 375 and from 68 to 2.860) and Zn
(between 135 ~ 733 and 22 - 11.935) in both deposited dust and surface dust samples,
respectively, were exceptionally higher than FFs for ROM (3.31 for Pb and 991 for Zn). Thesc
results suggested that there are local source(s) of Ph and Zn in these areas, Based on the local
source mformation by the site visit, we found a metal treating facility, distant approximately 0.6
km from the cement facility and providing services of abrasive blasting and painting processes,
and an iron workshop located ~0.15 km from the Gloucester City Park, the background site,
respectively, The radial distances from the nearest metal processing facility were obtamed and
the proximities were tested by a Spearman correlation for bath Ph and Zn enrichment factors.
The significant associations between EFs and radial distances were found for Ph (1, = -0.8061: P
= 0.0026) and Zn (r,=-0.7818: p = 0.0052} in deposited dust samples; however, the associations
were not significant for surface dusts (p > 0,05), This suggests the metal treating facility in
Camdden and an iron workshop in Gloucester Uity may attribute to the incrense of lead and zine
comcentrations in the ambient air locally; however, the proximity effect of these metal processing
fucilities was not conclusive for surfisce dusts, and other sources may be in the area meluding
street dust for the lead.

3.5 CMB-model estimated RCM contributions to outdoar dust

The CMB model was completed for all dust deposition samples, and the source contributions
(e} of RCM in the cement facility to outdoor deposited dusts are summarized in Table 9, The
CMB modeling results for the deposition sample of D001-B collected from the closest site to the
cement facility (within a radial distance < 0.2 km), ure provided in Figure 7 as an example. The
contributions of the RCM to eutdoor dust a1 Site 1 (see Figure 4) and the control site. Gloucester
City Park, which represented the closest and the farthest location to the facility, were estimated
and are shown in Figure 8-a and Figure 8-b, respectively.

The estimated contsibutions of the cement dust to outdoor dust measured by deposition dust
samplers ranged from 4.9 10 18.2% (9.8 + 3.7 %) and 5.6 10 21.8 % (13.1 £ 4.9 %) for 1" and 2™
deposition sampling studies, respectively, We ohserved that the RCM contributions to outdoor
dusts were lower s the radial distances are further from the cement facility (see Table 9). For
example, the averaged at RCM contributions were estimated to be 16.2 %4, 8.5 %, and 8.9 % for
dusts within the radial distance of 0-0.4 km, 0.4-0.66 km. and above 2.0 km from the cement
Tacility, respectively.

Two sensitivity factors that affect the CMB model estimable code {estimable vs, mnestimable)
dre maximum source uncertainty {default 20%) and maximum source projection {default of
95%) in CMB options window, We conducted the CMB madelmg with the suggested default
values, and in most cases, the sources tested were significantly estimable by the CMB model.
eXcept marine acrosols. Another significant factor for quantitative uncertainty in the model is the
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precision of the ambient and source profile data. We assumed an uncertainty approximately 10°%
for the mean of each element and put this value in input ambient and source data, if the
uncertainty could not otherwise be estimated. For the study objectives, caleium in RCM was
examined in detail to show the reliability of the source contribution estimates reporied by the
CMB model. The RCM was consistently selected as a significant source contnbutor (> S0% in
Contribution by Species) and an influencing source (= (0.9 in MPIN Matrix) for all modeled dust
deposition samples, Considering the overall model performance diagnostics and additiona
mode]l performance measures in the above, the CMB model resull was rebust and reliable 1o
estimate the RCM contributions to outdoor dust pollution in the neighborhood arcund the cement
facility. The lack of emissions data for other sources in the studied area, will provide some level
of uncertainty in the resulls since the source CISSKMS eslimates used in the CMB modelmg
were from other areas. However. this technique has been applied widel ¥ In source apporionment
analvses completed by the US FPA and other organizations (Chow et al., 1992; Watson et al.,
1994 Schauer ¢t al_ | 996,

4 Conclusions

We conducted a study 1o investigate the contribution of fugitive particulate emissions from
the 51, Lawrence Cement Facility to outdoor dust from Jan 1, 2007 10 June 30, 200%. One-month
dust deposition samples and instantaneous areq surface dusts were concurrently collected within
the radial distance of 800 m from the facility as well as outside the radial distance above 2.0 km
upwind from the facility, The elemental concentrations and mosphological characteristics
showed that the re-suspended dusts from the raw cement piles in the cement facility did have
some impact the residential arcas surrounding the cement facility. The cement factlity’s
contribution 1o outdoor dust was estimated 10 ranges from 4.9 % to 22 % when calculated by an
EPA approved source-receptor model (CMB vE.2). We did conclude that the spatial impact of
pariculate emissions from the Cement Facility to eutdoor dust occurred during the study;
however, the contribution is limited to Camden residents living tmmediately around the facility,
and the analyses determined that other sources contributed at least 75 % of 1otal outdoor dust.
The highest pereent contributions were found o occur at locations with 0-0.4 km of the tacility
piles. A cover over the piles would be a reasonable and well tested way (o control these fugitive
emissions. Daily monitoring of the pile could be used to demonstrate the effectiveness of such an
approach to the reduction in current fugitive releases.
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Table 1. The travelin £ distance for different gjze paricles thar may be emitted from the cement
pile at the median wind speed (3.5 mis) in the WFS nelghbarhood {Hinﬁi_‘ﬁlg_j_
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||I.ﬂmn:n-u.ng each sized aerodynamic particle traveled !:mm tie middle height of the cEment pile (4.5 m) 10 4

‘Aumir.g each sized aerodynami: punizle raveled from (he top ol the coment pike (2 m) 10 a deposition sampher
which was placed on the grousd level,
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Table 2. Summary of dust deposition samples collected for 1-week at Camden sampling sites (17

dﬂitim dust field sampling)

Collected dust (N=4) Co-located samgplers
Locaticn  Sumpler Average RSD  Diffmemce —_— Commen:s
—  img) %) ) . .
001 150 53 . . i
iﬁl:__l R I 360 50 N 03" | Lipen space (femce) -
Q03 1400 w4 .
Me 2 004 2 160 19 0,560 1] Lpeen space (iree)
—_—— A 8 .
No. 3 o NA NA Na NA  Residence ifrant posck)
oo d (Rl 1422 35 [REN NA Residence {fromt porch)
Ne. § ol 09|z $.3 NA KA Residence ifrom ponch)
L 01l N T T . .
A {
| Mo & a1 o9 0010 2.9 Parking lot itree) o
. LK 155K 7.1 - .
Moo 7 014 1205 6.6 _[I.;E_'I 1% Open space (1oad signj
13
No. 8 f'}:g., NA NA NA NA  Residence {from porch)
Tk 11,642 1§ ! }
! 0,152 2
MNa 9 018 0544 ‘g I | _Pi.ﬂnn!; ot itresi
]
Mo 10 g;gt. NA Na MNA A Open space | sunshade)
o * ' ) . o
M 11 o MA M MNaA XA Control sie {tree)
Noo 12 021 0964 14 NA NA Residence iback vand)
' S Ave. S Dnff 14 o

A0 ]

“Relative mean difference (Talif) seporied & percenlage betweon wo o loemied samplers at the same kcation
“Ihe deposition samplers wers not recovered in the ficld




Table 3. Summary of dyg deposition samples collected fir l-month at Camden sampling sites
(2" deposition dust field s sumpling)
Collected dust (=43

Co-locaied simplers

Locaticn Snmpler __.i.TEEr__ _-Rgﬁ "-Difrﬂfﬂ-:"‘_‘_.Eﬁ‘.—_ Comeenis
—_— __._-‘!FT.EL___"_"_*______L"'I?______ o
N | 331! ;.:;E f: 0,253 16 Open space (1ee)
LI I - S T e
No.3 f:i': o E;JE_ o _?1';_" T 2 Thun_xp:::.-::l_ -
Nod o1 omes PP Residence (front porct)
N s éﬂg __:'_;i'f —_f_g- T T Residence (back vind)
No. 6 [“:IIT Fﬁ? - T_:?_- oo Y Charch (xee)
No. 7 ﬁ: j 'f':":f ?E_- 9,164 15 Resdence (buck yard)
" No. g e 0 904 I A NA  Residence (from porch)
No.s E: ; - EEE— o ::_- .'ﬁ;;; - 6 Conteol site ftree)
No. 14 _E;'»f;' g;;"'_]_ E;_-_ YT 15 Comrol site {trec) o
- I Ave. Talhif w B
T T

“Relative mesn difference i".ﬁIhﬁ".l-Emrtﬂd a5 p:r:cnu;t-bnum e - located samplers at the same location
“Ihe sz2mpling locanan deploved with tue deposition samplery (covered vy, an-covered) only reponed the resull
frem the hooded | pe

s



Table 4. Summary of surface dust samples obtained at vicinities of S1. Lawrence Cement
Facilitv

Collected Collected '
Sample weight ."".'?'"F Location sample  weight Lm.d'n? Location
fmgi fugcar) ) (ugem’])
001003 2.1720.5%° NA  Fieldblank | 2] 15 T o sl
OC4-006  2.45+0 65° _NA labblank | 22 30.57 64 6 o
i R G0 3m7 . . 1k e 5 52.0
B8 qog2 azg Fleemaalbor o0 1817 4)q Elecwicalbox
03 1551 LE 0ls 2103 L .
ol 56,15 gy Ouidsoriable | o) 15.57 29,4 Al conditionss
anl 2477 o : 027 117 1006
01 52,61 gsy  Collesmngbos |t $763  24n.) Telphone bootk
013 1514 471 1 02% 745 M3
014 18,50 19,5 Desened bomt 03 7359 43,4  Eiectical box
n1% 158,59 2551 Metal drum i 12 48 337 ,
01 5531 1055 bin Je32 399 gny Windowsils
o7 59,11 069 Oumade air 033 213 T
018 59,55 1750 duet 03 36l jag Airconditone
e 2087 7. . G3% 22744 2448 Vending
120 125.35 304 Elevmaalbox |0 11010 1302 _machine

“The number stands for average = sandard devistion from each three samgles
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Table 8. The resule of particle zize d

istribution {percent) for the RCM [RCM: sieved below 3%-
pm in diameter) and the deposited filters obtained from the S1. Lawrence Cement Facility
[mamerer
Rarge RO 0L A L0021 IMI05- 4
(pm} R !
0510 56,0 D 268
10-2.5 04 516 gL R 4
15.5,0 68 K3 153 10,7
5015 24 15 0.0 21
15100 ' 0.7 0.1 0.7
. . N 1.5 S 4
Pacticle Number . ; s
Cosnted L] 1 26 BEs 200

e —



Table 6, The result of elemental analyses*
Facility in Camden, New Jersey
. |ﬂﬁ._||:=_._ﬂﬂu.!.llll.|l..'|1l1
o Seawle (e Dl - M G o
: RONM ha it 1) 1599 ) S
Dotia ) 40 12133 60 585 11
1 DOOIE | 5w 0,23 10635 51287 34
- Dd2A psen . 13,697 55875 5
DO03A s RENEE T 163 43
: L R T .37 REIR 4130 3.2
- Dnogn 23y . - A2 drem 3p
4 DMNOTA ) g 0.36 RE5M  1596] 3z
k) Dolas o3y {150 6.378 20440 6.5
& DA 0o 068 7675 v 1%
— _Donza _doex TOT6 47634 47
DO13A 7525 B3 32246 14
T D038 §opqx UL A 317473 S
-~ _ DilaA a4 9995 33568 Y]
9 DOITA ~ g543 058 20158  Se68S  yg
-~ _Doiga REOT . 194 41344 34
_2 pema g4 045 14,684 61 435 11
ﬁ...:nﬂ.ﬂ.i::ﬂﬂ.___lﬁﬂnl S T T T == -
"Distance MEans & radind distance from F_E.nn._.ﬂ:_,__.nnﬂ_..im_:? i Hoe Fasility
‘DL ineans e concenimnion 1= below the method detecticn |

for deposited dust on filters by |st

Cr
I
S

K

54
L
45
48

e

.._.__.___I

el
tdeposition sampling around St, Lawrence Cem

in
Cu Fe Mg Mn P s v i
H T s TE I A TR F Ay a1 T
186 2230 12014 66 394 254 670 3] ﬂ...ﬂ_
B4 20 1055 564 308 216 609 40 |
192 26635 11808 653 355 1 x4 52 0
5 J8sa8 jos0m SISR2 T4 621 4y 2
ETE T ST a 343 46 e 37 ha.m_mc.
2T 1596 BA71 355 458 124 _ w2 ._.u,_
260 26232 9049 422 430 |12 M3 313 14 .m__;_-
. —_— — . - —_ — B I ..-
85 16816 s¥T1 296 M2 218 40 29 “., )
30 AT 4 o8  aud W1 199 471 4] 3 0M
e N LR PR O S PR R 283
186 21608 7946 370 403 95 465 3x ol
A3 26803 05 478 ep0  mx s 0 250
26 NTES 7m03 437 42 164 Ted 43 ST
450 51565 16.4R2 HSe o 97 1059 ey 1 o504
261 41248 11922 662 618 8% 10m 71 A
138 ALI96  4MTE TRT O TI0 151 0 e e




Table 7. The result of clemental unalyses” for deposited dust on fillers by 2nd deposition sampling wround St. Lawrence Coment
Facility in Camiden, New Jersey

| —— — | — | — ——

L Sample m.._,_._u.n____. b,_”__”..__.__ﬂ,...r Al Ca o o Cy Fe Mg M Pb S T vV gm

RUM Ay .00 L NI T T i T T N N T e T T
o buolw o aer o ML TAS 26w 3 122 13006 M2 31 39 1090 55 444

DINC 1.RA? ) 13,52 72234 20 TS a2 1322 M w7 1030 53 2o
»  buosc sz O  SL138 28 97 M oM [9IB s89 347 26 877 s3 2400
T DOO-D 1482 - 9761 46221 24 72 174 MM 0363 382 660 M w0 853 2w
P_DO0eL LI 027 Tas1 61266 D" 80 200 24906 1,796 624 336 2% 824 55 2517
4 DD 0800 035 L3I0 67000 37 14 349 anams 14793 es0 RIS 51 K2 6% 2000
S DOOLB 1819 03Ik 1814 45126 _ 69 1T 327 299% Tiow 681 620 46 k63 A 3876
6 IM1l-B - 1L15) 0.6 | 12598 45770 110 70 29 _S1a 14,080 813 550 4T 497 65 85,797
T DOIZD 102 0ss ILA4a__ STS0 61 M6 296 335TR 14213 g 565 52 572 73 a3
R D0I4C  nx72 045 119 sa 49 qon 300 20661 16773 A2 89 e 600 (38 5108
U D0l-C 060R 23 TABE 202 ST 1M IR 30M9 g4 392 390 6 417 a0 2,118

DONC 050 220 11,021 47845 50 40 1w RS 17027 522 365 0 mOk 123 484w

*Concenteation umi is ng/mg

"Distance means a rachal distance from the comter of cenent piles in the Facility

DI mieais the concentration is below the msethond detetion i

“Lucation % and 10 are represemiing rypical elemental concentration: n doposated particles in the vicimily area ull Canwden, New Jersey,



Table K. The result of elemental loadings® for surface dust wipes collected by the surface dust sampling around 51, Lawrence Cemnent
Facility in Camden, NJ
L HESS Acca [hisi,

Al a Cd i'r u ie M Mn Fh b Si v Fill

L SR ) fend) k) |
ST R0S9 280 024 390K 102 02 W 0 1274 M 23 @ 906 -0 A TR
2 5009 13K1 LEeT 024 381 361 03 13 sl . S - B E 1.1 26
T MIT B . 1M 26RE 00 26 11 4098 1484 2% 3 DUt W 33 iss
S012 SIA1 61} T STO 12200 00 22§ 300 1802 32 23 |3 T 47w
d 5013 15.3% 35 L,y L7 100 DY 4 9 L7255 22M 21 1Pt | 4w 51
s 14 LT T 203 04 2 3 SR 124 6 6 16 «F 08 1o
S S016 6841 613 027 1083 3865 00 e 14 1575 399 28 9 0 =0t 28w
6 S01T w3 134 031 2499 2375 08 33 S 12275 a0z 113 w0 DI «f w6 716
T S020 1A 315 032 TT0R 10087 656 M 224 9608 2611 2TI 1142 159 3 wie  102%
% 8021 3154 b 01098 4185 03 02 2 0452 g2 Tl 53 07 <0 74 us
g 5013 949 6T 4y O S a4 4 12 2824 M 19 3T 30 «n 46 e
S04 3837 mes 1005 1A40 14 @ 16 4477 419 6 148 934 < 50 1
10 5025 2003 S48 050 1302 2021 05 R__16 400w 616 37 a4 198 «0f  s0 o
L S02R 3763 202 043 541 14474 L1 3§ 03 24297 42M 1T e T2 ar 241 00
123030 2350 539 041 1386 2547 03 23 24 5731 W06 43 44 24 <f 8 4 W
_13 8002 3979 w037 KR 8806 O L 15 20 70R6 1451 3 14 DIY < &7 40
T s013 2013 1,747 201 13 44 On 4 T a5 121 s 6 LY =0 22
T S04 O w48 200 183 33 ol 29 42 Toed 7§ 45 &7 =0 15 0

“Luading unit is ng/cm-
"L means the concentration is lebow the asethosd deteclion limie
=) means negative valoe after hlank subsraction

Mucation 14 and 15 are at backgroun sie, Gloucester City 1ok
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Table 9. Ennichment factors and Ca/Fe ratios for ihe deposited dust, surface dust, and RUM sumples
ROCM ! Uieposited Thust - _ Surface Dust
Llement Sumpling Sites (< 0,66 km) Background (= 2.0 km) Sampling Sites (< 0.5 km) Hacl -

_ Mean . Mean Range Mean Range Mean Hange Meun Kanpe
Al 102 .56 W&T = 137 .54 075054 1&d 4y TUT 1.2 R LR Y
Ha 510 T34 427 = 10.5 556 463 - bHa¥ g A1} L4% 143 4.0 AR - 45T
Ca 64 D23 07 -122 A TR~ REs 5.7h 085=-21.2 1.18 D09 = 126
Cn iy ey | 100 &2 173 25T=2589 4.7n 235253 237 1.33-219]
Cr 147 123 121 629 1.19 6.74 - ThY 13.5 & 2% = S .G BED 143
Cu 463 265 1200 414 2 h 236- 155 T3 4T =620 26.2 147 174
Fe 68 LEG 202 90 343 3U7-31TR 830 I 6y = 29,5 4,04 ER T.OD
(ia 441 422 11 14) 442 J¥6-598 29.] 21 = 145 496 1R2 s09
Li 335 1I7 A5 -m0% 394 A0 - 408 515 Lia - 160 3.9 242 = 5.5%
Mg 14 164 249 = 00| 4.7H 444 511 J G4 1A/ - &4 168 157 =198
Mn 404 13 Ln-15 i 58 209 417 297 067 -4 2.0 1.51 - 207
Mi 034 TAR Ll 18% LR 6,35~ 7.52 .33 1.27= 178 L 4.60 - 7.59
b A3 224 101 - 375 144 - 17 538 7.8 - 2 R00 143 [14-173
Rb 015 (1.0 .37 =137 1.42 1.3 146 103 028 - 2.2 1.3K 0.EU - |95

11 LLECT] HRLH HA Q.00 M (1.1 Ma QL0 MNA
=r 6. 87 2B L0 = 3.7 L300 I.BY 277 .68 0217 =339 0.87 1,83 = 0,50

ri .00 106 NA 1.0 MM 1.0 MA 1.00 MA
W 034 Lbh 1.63 = 429 74 497 6,51 137 10 =24 470 §.8% - 5.54
__n 92 2T 13578 421 3T des 145 221-13935 914 6.7 126
 CaFe 387 2.00 089 300 ED .70~ 1.70 0.58 010189 744 0.32-0.57

o



Table 10. The percent estimativn of RCM contdbution to outdoor dusts by using an EPA CMB model based on clemental

cuncentration compositions of RCM and other potential dust sources

Sampling site [« _f..._.._.ﬂ!u Sampling Sibe (0 4-0), 66 k)

Hackground Site (-~ 2.0 k)

L3 - : S
smpling . M . Mean Fangn N Menn Range . N Mcan Range
™ 7 12.2% SA-1RI% Y 791, 49-118% NA NA NA
| 16.2 % 124-218% 1 8.5 % 5.6-100 % 2 1.9 % B EY- B4 %
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rigure 1. The aerial photo for 17 deposition campling sites (each location is numbered

-121n the premre) W collect dusts from St. Lawrence Cement Facility, in Camden, New
lerzev (ebtained from Google Earth)
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Figure 2. The drawing of deposition sample for the study
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Figure 3. A deposition sampler deploved in the field with (lert) and withouwr a cover
(right)



Figure 4. The serial |'r||| to for 2 deposition sampling si1es [each location 15 numbered

I~-10in the picture} to collect dusts from 5t Lawrence Cement Facility, in Camden, New

Jersev (obtained from Google Earth)



Figure 5. The aeral phote for surface sampling sites {each location is numbered |
the picture and background locanons 14715 are not displaved) t

Lawrence Cemen! Facility, in Camden, Mew Jersey (obtained from Google Eartl

15 in

v Codlect dusts from 51



Calcium Concentrations Measured along with a
Radial Distance from RCM Piled in the Facility
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| Radial Distance from the Facility (km)
|

Figure 6. The Ca concentrations (percent) obtained from the depesited filiers and RCM
along with a radial distance (km) from the location of RCM piled inside of the cement
facilitv.
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igure 7. The screenshot of a CMB running for a dust deposition sample (D001 -H)
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| (a) Estimated Source Contributions to Outdoor
D‘;.IED'E__I'I'I a Residential Site, Camde n, NJ
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4 4% | W o
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(b) Estimated Source Contributions to Outdoor
| Dust in the Background site, Gloucester City, NJ
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Figure 8. The pie-charl for estimation of

source contributions to outdoor dust in a

residential arca near the cement facility (a) and in Gloucester City Park distant over 2 km

upwind of the cement tacility (b)
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