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1. Summary

A facility that processes steel production slag into material for cement manufacture is located
near the neighborhood of Waterfront South (WFS), Camden, New Jersey. The residents in the
vicinity of the facility have had concerns about the impact of the fugitive particulate emissions
from the material stored and/or used at the facility on the neighborhood as outdoor dust air
pollution. To address their concern, this study collected deposited particles and surface dust
samples near the facility and the raw 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 facility to the dust pollution in local
community. Specifically, we

a) developed deposition samplers to collect outdoor dust;

b) conducted two field sampling studies to collect deposited dust samples from 10-12
locations within the radial distance of approximately 700 m northeastern bound of the
facility for a duration of 21 and 31 days, respectively;

c) collected two surface dust samples from 15 locations in the areas surrounding the facility;

d) analyzed the elemental compositions (cement-enriched elements including Ca, Fe, Al and
Mg) of the deposited dust and surface dust samples;

e) analyzed morphological characteristics of the deposited dusts in subset of the samples
and the RCM acquired from the facility; and

f) estimated the contribution of the faciltiy facility to outdoor dust by 1) comparing the
elemental concentrations measured in the RCM with the deposited particle and surface
dust samples, 2) conducting a regression analysis of calcium concentration as a function
of distance from the piles and comparing the estimate of the concentration of attributable
calcium in the deposited dust to the concentration of calcium in the RCM material and 3)
conducting a source-receptor model (CMB v. 8.2, US EPA) using the elemental
composition data obtained 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 material is stored outside of the facility without a cover. The pile of the material is
about 9 m high. The pile is known to be supplied with new material by a wheel loader one or two
time per week. Since the prevailing wind directions are southwest or northwest in the Camden
area, the fugitive emissions from the raw material pile can be transported to the WFS
neighborhood, which is located ~200 m downwind (i.e. northeast) of the facility (Figure 1).

To determine the impact of fugitive emissions from the 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 site visits, the most appropriate sampling sites for collecting



re-suspended dusts emitted from the facility were located between the outer fence of the facility
to Jackson Street, South 8" Street, and Morgan Street. The area is bounded by Route 676,
Jackson Street, and Chelton Avenue, i.c. the main residential area of WFS that is located close to
the piles of the raw material. In addition, the dust contains a significant proportion of large size
particles (> 10 um in diameter). We estimated the traveling distance for the fugitive dust in the
size of 10 — 2,000 pm by wind using Equation (1) (Hinds, 1999).
L H =V,
Vis

Vi =3%107 *d? for 1<d <100 zm

where, L is the particle traveling distance (m),
Vs 1s a terminal settling velocity (m/sec),
H is a vertical height of the particle settling (m),
Vx is a horizontal wind speed (m/sec), and
d is an aerodynamic diameter (um)

(1)

Two levels of vertical height were used for estimate, one was 4.5 m (assuming that the
particle transported from the middle height of the pile to the deposition sampler which was
placed on the ground) and one was 9.0 m (assuming that the particle transported from the top of
the pile to the deposition sampler), respectively. The wind speed of 3.5 m/s (median value) from
June and September, 2006, which was reported by the Philadelphia International Airport
Weather Station, was used for estimation. The weather station is located 12 km west of the
facility and networked under the National Climate Data Center. The terminal settling velocity
(V1s) was calculated (for particles 10 < d < 100 um) or obtained (for particles 100 < d < 2,000
um) from a Table in the book of Aerosol Technology (2™ Edition, p56) assuming the
aerodynamic diameter with standard density (1.0 g/cm®) at standard condition (20 °C and 760
mmHg) with a laminar air flow (Reynold’s number <1.0). Particles smaller than 10 pm in
diameter are expected to travel farther than larger particles before settling on the ground. The
estimated travelling distance for those particles are not included in Table 1 because calculation of
traveling distance by Equation 1.1 can have a large error for that size fraction (Hinds, 1999).

As shown in Table 1, most coarse particles emitted from the facility will settle on the ground
in areas within 800 m distance away from the facility, i.e. the impact of the fugitive dust are
expected to be the highest in the WFS neighborhood. Thus, a total of 12 and 10 sites were
selected in WFS for the first and second field deposition samplings, respectively. A control site
was located at Gloucester City Park. The park is located 2.2 km Southwest of the facility, i.e.
upwind of the plant. The sampling sites used for the two deposition field sampling studies are
presented in Figures 4 and 5, respectively.

2.2 Collection of deposition dust

Based on a recent dry deposition study, which used a cellulose filter (8x10 inches) to
measure lead deposition rate in the atmosphere (Franssens et al., 2004), we developed a dry
deposition sampler that is suitable for the collection of particles in our study. The schematic
diagram of the sampler is illustrated in Figure 2. Since we planned to collect samples for
duration of 3-4 weeks, the rain and wind and security were considered when designing the



sampler. The sampler is plastic with a funnel hood to protect the filter from rain during field
sampling. The sampler is painted dark green or black to minimize attention. The sampler can
house up to four co-located quartz 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: balcony, terrace, porch of resident’s house; or a tree, or fence/electric pole. A photo of a
field deposition sampler placed at a resident’s home is shown in Figure 3.

The first deposition field sampling covered the period from July 5 to 26, 2007. Four samplers,
including the one at the control site, were lost during the 21-day of sampling period. 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 at less visible locations. All samplers were recovered after the 31-day
sampling period.

2.3 Collection of the surface dust

Based on previous experiences for undisturbed attic dust study (Ilacqua et al., 2003) and lead
carpet dust intervention study (Yu et al., 2006), we decided to collect dust samples from flat
surfaces using a wipe sampling method. The moistened wipe sample, Cliniguard Dry
Washcloths, with size of 13x17.5 cm® (TENA, Waukegan, WI) were used in the study. Our
previous studies showed that the moistened wipe could collect sufficient mass of dust for
analysis on any flat surface reliably (Ilacqua et al., 2003; 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 piles of raw material at the facility. These surfaces
are better protected from the scavenging by the wind, but can be influenced by fugitive
emissions. Also, they are flat and can be easily 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 to note that the particles
deposited on surfaces with electrostatic force could be higher than those without electrical
charges (Fews et al., 1999; Jefters, 20006).

2.4 Collection of the raw material from the facility

The large pile of raw material (RCM) placed outside of the facility was considered to be the
most important source of fugitive dust in the area. Thus, the bulk samples of raw material were
collected from three upper locations where we could approach (~ 6 m high) of the pile. Each
sample was collected from the top layer of each sampling location with a wide-mouth bottle (~
150 g for each sample), and the three samples were combined as one sample to minimize the
variability in the bulk material. Only one RCM sample was collected given our limited access to
the facility. The RCM sample was stored in a temperature-controlled (4+1 °C) cold room at
EOHSI prior to analysis.



2.5 Sample analyses
Analysis of elemental 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 VG
Elemental Plasma Quad 3 (PQ3) inductively coupled plasma mass spectrometry (ICPMS) at
EOHSI.

For elemental analysis, the dust samples were digested by the microwave oven-assisted
digestion method with concentrated high purity nitric acid (EPA methods TO-3050a and 3052).
The RCM was sieved and the particles <38 pum in diameter were used for analysis. The size
selection for RCM was based on the considerations of particles that would possibly transport to
the target areas (see Table 1). The sieved RCM particles below 38 pm in diameter were 0.06%
(by weight) of the whole bulk RCM. After digestion, the extract was analyzed for element by
ICPMS. The ICPMS analysis conditions were similar to EPA method 200.8.

Field and lab blanks were concurrently analyzed with the samples. Sample concentrations
were field blank subtracted before data analysis.

Microscopic analyses

Five settled dust samples collected from the ond deposition sampling study and one sample of
the RCM were analyzed for morphology, size distribution, and elemental composition by the
MVA Scientific Consultants (Duluth, GA). The five settled dust deposition samples were
selected from the locations nearest to the facility (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 automated mode under the control of a Thermo Noran
System SIX x-ray analysis system. The morphological examination was conducted by polarized
light microscopy (PLM) analysis using an Olympus SZ-40 stereomicroscope at magnifications
from 7 to 40X. The reports prepared by MVA can be found in Appendix II~IV.

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 collected by 1) the four filters placed in one sampler and
2) %Diff (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 examine the association between the
distance from each sampling site to the facility and the mass and element concentration in the
dust collected at each site. The results were used to assess whether the dust mass would decrease
as the distance to the facility increased.



Enrichment factors for elements
To explore the possibility of a contribution to dust deposition and surface dust by a possible
source of raw material in the sampling area, a ratio for elements in given environmental sample
to reference soil or rock was calculated for all elements that were quantified. This ratio, called
the enrichment factor (EF), is an indicator for a source contributing to a background sample on
the basis of elevated elemental concentrations (Adejumo et al., 1994). The enrichment factors
defined in equation (2) were calculated using titanium (Ti) as a reference element. Titanium was
chosen from a variety of elements analyzed 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 analytical techniques, and 4)
freedom from contamination during sampling.
EF = ES / TIS
EI’ /TII’

where, EF is the calculated enrichment factor for a given element,

E; is an elemental concentration or loading in the examined sample,

Tis is a titanium concentration or loading in the examined sample,

E. is an elemental concentration in reference crustal rock, and

Ti, is a reference titanium concentration in crustal rock (= 4,400 ppm)
In 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 is causing it to be enriched in the sample material relative to the
background soil (Adejumo et al., 1994).

(2)

Ca/Fe concentration ratios

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

Chemical Mass Balance (CMB) model

A source apportionment was completed to estimate the contribution of particles emitted from
the facility to the dust pollution in surrounding area. The Chemical Mass Balance (CMB) model
(EPA version 8.2) was used for analysis. This source-receptor model involved the solution of
linear equations that expresses each receptor chemical concentration as a linear sum of products
of source fingerprint abundances and contributions (EPA, 2004). The CMB model requires
detailed source profiles of each potential source located in the study area or profiles of similar
sources in order to estimate the contribution of each source to the pollutant concentrations at
each receptor. However, this study measured only the chemical composition of the raw material,
one of the many potential sources for the outdoor dust in the study area. To utilize the CMB
model, we employed source profiles from a well characterized published dataset, Portland
Aerosol Characterization Study (PACS), which investigated the source-receptor relationship for
PM, s, PM) trace elements, ionic species and carbon in Portland, Oregon (Watson, 1979). The
PACS source profiles included typical urban dust sources such as natural (e.g., marine aerosol
and urban dust) and anthropogenic sources (e.g., automobile exhausts, oil combustions, and
industrial emissions like paper mills and furnaces) in both fine-sized (<2.5 pm) and coarse-sized



(<10 pum) fractions. The concentrations of 19 elements, elemental and organic carbon, and
sulfates/nitrates were quantified for all PACS sources. Also elemental concentrations in average
rock and soil were added when building up the CMB source profile. The elemental abundances
in reference rock (Mason 1966) and soil (Bowen 1966) were obtained from the report for
chemical composition of the atmospheric aerosol study (Rahn, 1976).

Thus, the construction of CMB source profile was finalized with three sub-sets: 1) an
elemental composition for the RCM sample analyzed in this study, 2) elemental 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 and soil, exist in the
studied area and, as a whole, contribute to 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 estimated by CMB
model to characterize individual source contributions. Due to the high variability of elemental
concentrations in surface dust samples (e.g., %Diff = 65 £ 37 % 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 model to eliminate any negative source contribution
estimate out of total nine source candidates. The contribution of RCM to outdoor dust was
obtained from the estimated RCM contribution dividing by the sum of all source contribution
estimates. The percentage calculated indicates the source contribution to each dust deposition
sample examined by the CMB.

In the CMB model application default values were used to set up model options, and the
performance of regression model was examined by investigating R?, ¥* and %Mass of the fitted
models. The R-square (R?) is the fraction of the variance in the measured concentrations that 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 to the measured mass concentration (EPA, 2004).
The CMB manual suggests that an R* > 0.8, x* < 4.0, and %Mass of 80 ~ 120 % provides an
acceptable fit of the regression model (EPA, 2004). The CMB results showed 93 %, 89 %, and
64 % of the fitted receptors were found to be within the acceptable range of R%, %, and %Mass,
respectively.



3 Results and Discussion

3.1 Particle mass and spatial distribution

The dust mass (mg) for the samples collected from the first and second deposition sampling
studies is summarized in Tables 2 and 3, respectively. The mass ranged from 0.54 to 2.26 mg for
a three-week sampling duration and 0.16 to 1.98 mg for a sampling duration of 31 days. The
deposition sampling rate for the collected dust ranged from 2.39 to 10.01 pg/cm’-day and
between 0.48 ~ 5.94 pg/cm?-day under the first and second samplings, respectively.

The deposition dust samples located close to the facility had higher dust mass. This inverse
relationship between the dust mass collected and the distance from the facility was tested by a
Spearman correlation. The analysis showed that the mass of dusts collected generally decreased
with distances from the raw material pile (r;=-0.7697; p = 0.0069), indicating the impact of the
dust emitted from the 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 calculated loading for surface dust samples ranged from 1.71 to 227 mg
and from 8.5 to 379.4 pg/cm?, 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 deposition on the surface and scavenging of dust by rain and
wind.

3.2 Particle size distribution

The particle size analysis (Table 5) revealed that the deposited dust was composed of
mostly fine particles (< 2.5 um), ranging from 78 to 88%. The fraction of coarse particles (2.5-10
pum) ranged from 11 to 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
raw material dust contains significant numbers of inhalable particles, which can be of health
concern. RCM contained 7.1% particles > 5 um in diameter, relatively higher than the
percentage of those particles found in the deposition 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 during the sampling duration due to the possible loss of
particles by bouncing or blow-off by wind. This is especially the case for coarse particles, which
can be scavenged by strong winds blowing over the filters in the field (Creighton et al., 1990).
The actual mechanism is unknown, but it should be noted that large particles 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 concentrations/loadings and spatial distribution

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 elemental
loadings (ng/cm?) for surface dust samples are provided in Table 7. We found that Al (0.6 ~
2.0 %), Ca (2.9 ~7.2 %), Fe (1.7~ 5.2 %), Mg (0.6 ~ 1.7 %), and Zn (0.1 ~ 2.0 %) were the most
abundant elements in the dust deposition samples. Cu, Mn, Pb and Ti were the second abundant



elemental group in the deposited dusts, ranging mostly from 100 to 1,000 ng/mg in
concentrations. The reported Cd, Cr, Si and V concentrations were primarily below 100 ng/mg.
For surface dust samples, the loadings of each element were similar to the concentration order
for the deposited dust samples. However, some wipes (for example Zn in both S007 and S020
and Cd in S020) had exceptionally higher levels compared to wipe samples collected at the other
locations. An urban dust characterization study in Oslo, 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 (S007) was also collected on the top of painted electric box. Thus, the elevated metal
loadings might be related with the metals deteriorated from the electric boxes by corrosive
actions under urban atmosphere; however calcium loadings in two wipes were not significantly
different from the loadings at other locations, suggesting the local source was limited to the
increase of cadmium, iron and zinc 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 a monotonic
decrease with increase in the distance to the facility. With the inclusion of the background
samples, (Gloucester City Park), there was a clear trend with R? = 0.5412 with a power function
fit to the data (Figure 6(a)). To examine the calcium concentration influenced by the emission
from the facility, the average %calcium concentration obtained from the background sites was
subtracted from the %calcium concentration obtained at each residential sampling site to correct
for background (i.e., non-facility) sources of calcium. The resulting background-corrected
%calcium concentrations were plotted against the distances from each sampling site to the RCM
pile located inside the facility. As shown in Figure 6(b), the trend of exponential decay in
%calcium concentration with increasing distance from the facility remained, although the
association was weaker (power function R? = 0.3057). The contributions (R) of the facility to the
outdoor calcium concentration in the vicinity were estimated using the relationship established in
Figure 6(b) and the calcium concentration of the RCM (i.e., 30.2%), as shown in equation (3).
The estimated results are provided in Table 9. The calcium concentrations estimated here will be
compared with the CMB estimates present in Section 3.5.

R- 0.4318x D
- 30.2
Where, R is the estimated calcium concentration (%)

D is the distance from each sampling site to the RCM pile located inside the facility
(km)

€)

The Spearman correlation showed that only calcium (r; = -0.7727; p = 0.0037) had a
statistically significant negative association between the concentration and the radial distance to
the facility. This observation was consistent to the results reported in a previous atmospheric
deposition study (Adejumo et al. 1994), i.e. calcium 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 material piled inside the facility contributed to the
increase of calcium concentration in outdoor dust in the neighborhood around the facility.

However, the same relationship was not observed for the surface dust loadings (p > 0.05 for
all elements). We suspected that the dust, which was re-suspended from the raw materials piles
in the facility and settled on the open flat surface, were easily scavenged by rain and wind
(Creighton et al., 1990), thus the dust mass collected by the surface wipe samples were not
associated with the distance to the facility. Or, as will be discussed below, other sources
contributed to the actual total dust loading.

3.4 RCM contributions to outdoor dust enrichment factors and Ca/Fe ratios

The enrichment factors (EF) for all elements analyzed in this study and Ca/Fe ratios are
provided in Table 10. The EF of calcium was greater than 5 for the samples examined, indicating
a significant contribution from the facility dust source, i.e. fugitive particulate emissions from
RCM pile inside the facility associated 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 (r; = -0.1273; p = 0.6932). Similar
results were also observed for surface dusts (r;=-0.3351; p = 0.1981). Except for calcium, other
elements did not show an inverse 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 dust deposition samples (r; = -0.9000; p < 0.0001; Spearman
correlation), indicating the contribution of RCM to outdoor dust in the sampling area. However,
the inverse relationship was not significant for surface dust samples (r;=-0.3410; p = 0.1900). A
previous study (Adejumo et al., 1994) reported significant contribution (approximately 21~30 %)
of cement dust emitted from the cement production factories to neighborhood dust loadings
located within 5 km in radial distance from the facilities.

The enrichment factors for Pb (ranged from 101 to 375 and from 68 to 2,860) and Zn
(between 135 ~ 733 and 22 ~ 13,935) in both deposited dust and surface dust samples,
respectively, were exceptionally higher than EFs for RCM (3.31 for Pb and 9.91 for Zn). These
results suggested that there are local source(s) of Pb and Zn in these areas. Based on the local
source information by the site visit, we found a metal treating facility, distant approximately 0.6
km from the study 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 obtained and
the proximities were tested by a Spearman correlation for both Pb and Zn enrichment factors.
The significant associations between EFs and radial distances were found for Pb (r;=-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
Camden and an iron workshop in Gloucester City may attribute to the increase of lead and zinc
concentrations in the ambient air locally; however, the proximity effect of these metal processing
facilities was not conclusive for surface dusts, and other sources may be in the area including
street dust for the lead.
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3.5 CMB-model estimated RCM contributions to outdoor dust

The CMB model was completed for all dust deposition samples, and the source contributions
(%) of RCM in the facility to outdoor deposited dusts are summarized in Table 11. The CMB
modeling results for the deposition sample of D0O01-B collected from the closest site to the
facility (within a radial distance < 0.2 km), are provided in Figure 7 as an example. The
contributions of the RCM to outdoor dust at 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 contributions of the facility’s dust to outdoor dust measured by deposition
dust samplers ranged from 4.9 to 18.2 % (9.8 £ 3.7 %) and 5.6 to 21.8 % (13.1 £ 4.9 %) for 1*
and 2™ deposition sampling studies, respectively. We observed that the RCM contributions to
outdoor dusts were lower as the radial distances are farther from the facility (see Table 11). For
example, the averaged RCM contributions were estimated to be 16.2 %, 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 facility,
respectively. The CMB estimates agreed relatively well with the simple regression estimates
which ranged from 2.4 to 8.1% (Table 9).

Two sensitivity factors that affect the CMB model estimable code (estimable vs. inestimable)
are maximum source uncertainty (default = 20%) and maximum source projection (default of
95%) in CMB options window. We conducted the CMB modeling with the suggested default
values, and in most cases, the sources tested were significantly estimable by the CMB model,
except marine aerosols. Another significant factor for quantitative uncertainty in the model is the
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, calcium in RCM was
examined in detail to show the reliability of the source contribution estimates reported by the
CMB model. The RCM was consistently selected as a significant source contributor (> 50% in
Contribution by Species) and an influencing source (> 0.9 in MPIN Matrix) for all modeled dust
deposition samples.

Considering the good agreement between the CMB model and the regression estimates as
well as overall model performance diagnostics and additional model performance measures, the
CMB model result was robust and reliable to estimate the RCM contributions to outdoor dust
pollution in the neighborhood around the facility. The lack of emissions data for other sources in
the studied area will provide some level of uncertainty in the results since the source emissions
estimates used in the CMB modeling were from other areas. However, this technique has been
applied widely in source apportionment analyses completed by the US EPA and other
organizations (Chow et al., 1992; Watson et al., 1994; Schauer et al., 1996).

3.6 Contributions of the facility to outdoor dust estimated by ISCST3 model

The contributions from the stack and the entire site emissions of the facility (%) to total
outdoor dust were estimated to provide the upper bound of the facility’s contribution as well as
the contribution (i.e., lower bound) by a dominant single stack in the facility. The estimation was
based on 24-hour averaged TSP concentrations (ug/m’) and conducted by the NJDEP using a US
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EPA’s Gaussian atmospheric dispersion model of ISCST3 (Industrial Source Complex Short
Term) and size-dependent deposition velocities (mg/m’-day). The detailed calculation
procedures and results can be found in Appendix I in detail.

As discussed in section 3.5 (and Table 11) and also shown in Table 16 of Appendix I, the
contribution of the raw material pile at the facility to outdoor dust in WFS ranged from 5.6% to
21.2% based on the CMB model estimation, and were between 2.4% and 8.1% based on the Ca
concentrations of the deposition samples. In contrast, the estimated contributions from all site
emissions, including operations of the plant, transportation of RCM by trucks, and stack
emissions at the facility, using the ISCST3 model were 33.7%, 24.1%, and 18.3% for the
distances of 200 m, 500 m, and 800 m, respectively, higher than the CMB as well as Ca-
regression estimates. The higher contributions of the total site emissions estimated by the
ISCST3 were reasonable, because in a number of cases these were worst case scenario estimates
of emissions and the source strengths were of each stack and operations were considered
constant each day. The contributions of a single stack emission (i.e., EP3 in Table 12) predicted
by ISCST3 model were 3.6%, 4.0%, and 3.9% for the distances of 200 m, 500 m, and 800 m,
respectively, only a small fraction of the total emissions from the facility. These results are
reasonable because dust deposition is not expected to be significant in short distance given the
height of the stack.

12



4 Conclusions

We conducted a study to investigate the contribution of fugitive particulate emissions from a
facility in the neighborhood of WFS, Camden, NJ to outdoor dust from Jan 1, 2007 to June 30,
2008. One-month dust deposition samples and instantaneous area surface dusts were
concurrently collected within the radial distance of approximately 700 m from the facility as well
as outside the radial distance above 2.0 km upwind from the facility. The elemental
concentrations and morphological characteristics showed that the re-suspended dusts from the
raw material piles in the facility did have some impact on the residential areas surrounding the
cement facility.

The contribution from the raw material piles to outdoor dust ranged from 4.9 % to 22 %
calculated using the EPA approved source-receptor model (CMB v8.2). The results demonstrated
the impact of particulate emissions from the piles on outdoor dust pollution in WFS area. The
highest percent contributions were found to occur at locations between 0 and 0.4 km around the
facility piles. Other sources contributed 75 % or more of the total outdoor dust pollution in the
studied area, varying by locations.

For the site emissions including all sources in the facility, the contributions estimated using
the results of the ISCST3 modeling were above 20% for the locations close to the facility (<500
m) and below 20% for the locations as far as 800 m distant from the facility. This was in a range
similar to analyses reported that used the field data, but, as would be expected, the values were
somewhat higher because of the conservative and worst case assumptions used to complete the
ISCST3 modeling. Thus, the final conclusion is that the total plant contribution to outdoor dust is
on average of <20% and probably on the order of 10%
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Appendices

I. Estimation of deposition flux and contributions to outdoor dust around the facility in WFS.
II. MVA report for microscopical analysis of particles on filters: DO01-A, D0O05-A.

II1. MNA report for microscopical analysis of particles on filters: D003-B, D018-C, D017-D.

IV. MVA report for microscopical analysis of RCM <38um.
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Table 1. The traveling distance for different size particles that may be emitted from the raw
material pile at the median wind speed (3.5 m/s)" in the WFS neighborhood (Hinds, 1999).

Particle diameter Settling velocity Particle travelling distance (m) Particle travelling distance (m)
(pm) (cm/sec) for a settling height of 4.5 m" for a settling height of 9.0 m®

10 0.3 5,297 10,595

20 1.2 1,324 2,649

38 4.3 367 734

53 8.4 189 377

75 17 94 188

125 36 44 89

1000 386 4 8

2000 694 2 5

*The median wind speed during June and September, 2006 was obtained from the Philadelphia International Airport
Weather Station located 12 km west of the facility.

Assuming each sized aerodynamic particle traveled from the middle height of the raw material pile (4.5 m) to a
deposition sampler on the ground level.

‘Assuming each sized aerodynamic particle traveled from the top of the raw material pile (9 m) to a deposition
sampler which was placed on the ground level.
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Table 2. Summary of dust deposition samples collected for 3-week at Camden sampling sites (1*
deposition dust field sampling).

Collected dust (N=4) Co-located samplers
Location Sampler Average RSD Difference o Comments
o %Diff"
(mg) (%) (mg)
001 1.523 5.5
No. 1 002 1,560 50 0.037 2.4 Open space (fence)
003 1.600 9.4
No. 2 004 2160 79 0.560 30 Open space (tree)
b
No. 3 8821’ NA NA NA NA  Residence (front porch)
No. 4 007 1.422 4.5 NA NA Residence (front porch)
No. 5 010 0.912 9.5 NA NA Residence (front porch)
011 1.103 13 .
No. 6 012 1,093 1 0.010 0.9 Parking lot (tree)
013 1.558 7.1 .
No. 7 014 1295 6.6 0.263 19 Open space (road sign)
b
No. 8 8};) NA NA NA NA Residence (front porch)
017 0.692 18 .
No. 9 018 0.844 19 0.152 20 Parking lot (tree)
b
No. 10 8;31, NA NA NA NA Open space (sunshade)
b
No. 11 8;;, NA NA NA NA Control site (tree)
No. 12° 023 0.966 18 NA NA Residence (back yard)
Ave. %Diff 14
SD 12

"Relative mean difference (%Diff) reported as percentage between two co-located samplers at the same location
"The deposition samplers were not recovered in the field
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Table 3. Summary of dust deposition samples collected for 1-month at Camden sampling sites

(2nd deposition dust field sampling).

Collected dust (N=4)

Co-located samplers

Location Sampler Average RSD Difference o Comments
o %Diff"
(mg) (%) (mg)
001 1.730 14
No. 1 002 1477 18 0.253 16 Open space (tree)
003 1.439 7.0
No. 2 004 1,020 29 0.419 34 Open space (fence)
005 1.202 14
No. 3 006 1230 79 0.029 2.3 Open space (tree)
No. 4° 007 0.796 9.4 NA NA Residence (front porch)
008 1.586 8.0 .
No. 5 009 1614 37 0.028 1.7 Residence (back yard)
010 1.042 9.6
No. 6 011 1032 10 0.040 3.7 Church (tree)
012 0.990 4.2 .
No. 7 013 1154 17 0.164 15 Residence (back yard)
No. 8° 014 0.904 14 NA NA Residence (front porch)
015 0.427 45 .
No. 9 016 0.466 44 0.038 8.6 Control site (tree)
019 0.550 15 .
No. 10 020 0.560 93 0.010 1.8 Control site (tree)
Ave. %Diff 10
SD 10

"Relative mean difference (%Diff) reported as percentage between two co-located samplers at the same location
"The sampling location deployed with two deposition samplers (covered vs. un-covered) only reported the result
from the hooded type

20



Table 4. Summary of surface dust samples obtained at vicinities of the facility.

Collected . Collected .
. Loading . . Loading .
Sample weight (ng/em’) Location Sample weight (ng/em’) Location
(mg) i (mg)

001-003  2.17+0.58* NA  Field blank 021 31.54 70.7 Window sills
004-006  2.4540.65% NA Lab blank 022 30.57 68.6

007 80.99 38.7 . 023 29.49 52.0 .

008 1912 420 Electrical box 024 3537 418 Electrical box

009 15.81 8.5 025 21.03 38.4 . ..

010 56.35 302 Outdoor table 026 1557 284 Air conditioner

011 44.77 73.0 . 027 7.17 10.6

012 52.61 gs.g Collectingbox |50 57.63 248, Lelephone booth

013 15.38 47.3 029 7.45 243 .

014 18.80 jgg Desertedboat | 23.59 433 [Flectrical box

015 158.89 259.1 Metal drum 031 12.56 23.7 Window sills

016 65.31 106.5 bin 032 39.79 97.3

017 99.31 296.9  Outside air 033 22.13 12.7 Air conditioner

018 59.55 178.1  duct 034 3.61 14.4

019 20.57 47.1 Electrical box 035 227.44 2448 Vending

020 123.35 379.4 036 110.10 130.2 machine

*The number stands for average + standard deviation from each three samples
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Table 5. The result of particle size distribution (percent) for the RCM (RCM; sieved below 38-
um in diameter) and the deposited filters obtained from the facility.

Diameter
Range RCM D001-A D003-B D005-A
(um)
0.5-1.0 56.0 36.5 44 26.8
1.0-2.5 30.4 51.6 79.6 58.4
2.5-5.0 6.5 8.3 15.9 10.7
5.0-7.5 2.4 15 0.0 2.1
7.5-10.0 1.6 0.7 0.1 0.7
>10.0 3.1 15 0.0 1.4
Particle Number 950 1206 889 2000
Counted
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Table 6. The result of elemental analyses® for deposited dust on filters by 1st deposition sampling around the facility in Camden, New
Jersey.

Mass  Distance®

L. Sample Al Ca Cd Cr Cu Fe Mg Mn Pb Si Ti A% Zn
(mg) (km)
- RCM NA 0.00 18,991 301,988 DL 34 58 7,801 14,595 877 10 17 1,006 10 148
DO00IA  1.401 12,133 60,585 3.1 56 166 22,270 12,114 662 294 254 679 51 2,413
1 D00IB  1.538 0.23 10,635 51,287 30 58 284 22,003 10,553 564 308 216 609 40 1,456
D002A  1.560 13,697 56,875 5.8 84 192 26,635 11,809 653 355 159 874 52 2,562
DO003A 1.683 10,172 42,163 43 92 394 28,568 10,598 511 582 141 627 48 2,699
2 D004A  2.258 0.37 6,328 41,311 32 45 312 20,177 9,725 412 523 46 368 37 14,225
D004B  2.238 6,253 37,033 32 48 279 19964 8,671 355 458 124 323 39 20,080
4 D007A  1.441 0.36 8,854 35,961 32 74 260 26,232 9,049 422 420 132 545 33 1,820
5 DO010A  1.037 0.50 6,378 29,449 6.5 50 185 16,816 5,871 296 282 215 410 29 1,439
6 DO11A  0.971 0.66 7,675 37,672 15 94 329 34,480 8,198 444 501 199 471 41 3,265
DO012A  1.082 ’ 7,076 37,634 47 167 279 33,549 8,135 524 523 148 402 39 3,039
DOI3A  1.625 8,261 32,246 3.8 65 186 21,698 7,946 370 402 95 465 38 2,837
7 DO013B  1.648 0.65 9,538 37,573 58 70 344 26,893 9,305 478 600 88 502 49 8,011
DO014A  1.247 9,995 33,569 59 106 296 23,785 7,803 437 428 164 768 43 2,513
9 DO017A  0.543 055 20,158 56,685 8.8 290 450 51,565 16,482 856 926 297 1,059 98 12,847
DO018A  1.034 ’ 16,194 41,344 54 336 261 41,248 11,922 662 618 88 1,070 71 4,504
12 D023A  0.751 0.45 14,684 61,438 11 177 335 43,196 14,876 787 730 151 780 66 4,421

*Concentration unit is ng/mg
®Distance was estimated from the sampling site to the RCM pile located inside the facility.
‘DL means the concentration is below the method detection limit

23



Table 7. The result of elemental analyses® for deposited dust on filters by the 2nd deposition sampling around the facility in Camden,
New Jersey.

Mass Distance®

L. Sample Al Ca Cd Cr Cu Fe Mg Mn Pb Si Ti A% Zn
(mg) (km)
- RCM NA 0.00 18,991 301,988 DL° 34 58 7,801 14,595 877 10 17 1,006 10 148
1 D001-B  1.976 0.19 14,231 71,478 2.6 80 183 25,212 13,006 742 331 29 1,099 55 2444
D001-C  1.862 ' 13,652 72,234 2.0 77 155 24,092 13,222 734 307 26 1,030 52 2,211
) D003-C 1.512 0.29 10,918 51,138 2.8 97 172 24,034 10,918 589 347 26 877 53 2411
D003-D 1.482 ' 9,761 46,221 2.4 172 174 24,777 10,363 582 661 34 760 53 2,383
3 D006-C  1.137 0.27 11,351 61,266 DL° 80 220 24,996 11,796 624 336 28 824 55 2,517
4 D007-D  0.800 0.35 11,910 67,100 3.7 104 349 38,475 14,795 660 615 51 826 65 2,990
5 D008-B  1.519 0.38 11,814 45,126 6.9 112 327 29,939 11,098 681 620 46 663 63 3,576
6 DO11-B  1.151 0.61 12,598 45,770 11.0 710 251 51,364 14,189 813 550 47 497 65 5,797
7 D012-D  1.026 0.55 11,844 57,500 6.1 216 296 33,578 14213 684 565 52 572 73 4,328
8 D014-C  0.872 0.45 11,954 50,493 4.9 106 307 29,661 16,773 621 359 69 690 138 5,105
D016-C  0.608 2.38 7,284 33,202 5.7 124 186 20,249 8,404 392 330 26 427 40 2,118
D020-C  0.594 2.20 11,121 47,845 5.0 140 238 28,185 17,027 522 265 70 808 123 4,848

*Concentration unit is ng/mg

"Distance was estimated from the sampling site to the RCM pile located inside the facility

‘DL means the concentration is below the method detection limit

Location 9 and 10 are representing typical elemental concentrations in deposited particles in the vicinity area of Camden, New Jersey.
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Table 8. The result of elemental loadings” for surface dust wipes collected by the surface dust sampling around the cement facility in
Camden, NJ.

Mass Area Dist.

L. Sample > Al Ca Cd Cr Cu Fe Mg Mn Pb Sb Si \% Zn
(mg) (em) (km)

lllllllllllll 1 S007 80.99 2,000 024 3908 1,022 0.2 34 20 2,274 184 23 40 336 <0° 4.1 5,882
2 S009 15.81 1,867 0.24 361 361 0.3 1 3 561 94 7 5 0.5 1 1.1 26
3 SO011 44,77 613 027 1,304 2,688 0.1 26 11 4,198 1,484 29 31 DL® <0° 33 155

S012 52.61 613 ’ 570 1,220 0.1 22 8 3,010 1,802 32 23 1.3 7 4.7 87
S013 15.38 325 0.29 1,137 1,130 DL® 14 9 2,725 2,234 21 32 DL® 38 49 51
S014 18.80 948 ' <0° 203 0.4 2 2 586 124 6 6 1.6 <0° 0.8 10
S016 65.31 613 027 1,083 3,565 0.1 16 14 3,575 399 26 9 09 <0° 2.9 60
S017 99.31 334 031 2,499 23,251 0.5 22 32 12,275 2,602 113 80 DL® <0° 8.6 716
S020 123.4 325 032 7,708 10,067 656.8 78 224 96,808 2,611 271 1,142 15.9 3 83.6 10,299
S021 31.54 446 034 1,398 4255 0.3 23 26 10,452 872 71 53 0.7 <o0° 7.4 95
S023 29.49 567 0.32 <0° 579 4.4 4 12 2,824 333 19 317 13.1  <0° 4.6 86
S024 35.37 845 ' 1,005 1,840 1.4 9 16 4,477 419 26 149 93.4 <0° 5.0 110
S025 21.03 548 050 1,302 2,021 0.5 8 16 4,109 616 37 44 1.9 <0° 5.0 100
S028 57.63 232 043 5451 14,474 1.1 58 131 24,297 4,234 176 296 72  <0° 24.1 700
S030 23.59 539 043 1,386 2,547 0.3 23 24 5,731 806 45 44 24  <0° 6.4 258
S032 39.79 409 037 1,832 5596 0.1 15 20 7,086 1,451 38 104 DL’ <0° 8.7 489

___________________________ S033 22.13 1,747 2.01 236 344 0.0 4 3 605 121 6 6 DL® <(° 2.2 37
S036 110.1 845 2.01 2,828 2,230 0.1 29 42 7,063 837 51 45 8.7 <0° 15.1 30

“Loading unit is ng/cm’

DL means the concentration is below the method detection limit
<0 means negative value after blank subtraction

Location 14 and 15 are at background site, Gloucester City Park
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Table 9. The original calcium concentrations, the background-subtracted calcium
concentrations, and the estimated contribution to the calcium concentration from the
cement facility emission to the surrounding residential areas based on the second
deposition sampling results.

. Background- .
Location Distance (km) Original %Ca Subtracted %Ca Est11pat§d
concentration . Contribution
concentration
Cement Pile 0.00 30.2 NA NA
1 0.19 7.19 3.13 8.09%
2 0.29 4.87 0.82 5.20%
3 0.27 6.13 2.07 5.61%
4 0.35 6.71 2.66 4.28%
5 0.38 451 0.46 3.92%
6 0.61 4.58 0.52 2.39%
7 0.55 5.75 1.70 2.67%
8 0.45 5.05 1.00 3.29%
9 2.38 3.32 NA NA
10 2.20 4.78 NA NA
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Table 10. Enrichment factors and Ca/Fe ratios for the deposited dust, surface dust, and RCM samples.

Deposited Dust

Surface Dust

Element RCM Sampling Sites (< 0.66 km) Background (> 2.0 km) Sampling Sites (< 0.5 km) Background (> 2.0 km)

Mean Mean Range Mean Range Mean Range Mean Range
Al 1.02 0.86 0.67-1.37 0.84 0.75-0.94 1.62 0.43-7.97 1.21 0.69-1.72
Ba 5.10 7.24 4.27-10.5 5.56 4.63 -6.48 28.0 1.43-143 4.02 348 -4.57
Ca 36.4 9.23 7.07-12.2 8.02 7.18 - 8.86 5.76 095-21.2 1.18 0.09 -2.26
Co 0.17 2.71 1.00-6.32 2.73 2.57-2.89 4.76 2.35-253 2.37 1.83-2.91
Cr 1.47 12.3 321-62.9 7.19 6.74 —7.63 13.5 4.29 -56.6 11.6 8.82-143
Cu 4.63 26.5 12.0-41.4 29.6 23.6-35.5 27.3 4.79-62.0 26.2 14.7-37.6
Fe 0.68 3.86 2.02-9.09 343 3.07-3.78 8.30 1.66 —29.5 4.94 2.88—-7.00
Ga 4.43 4.22 2.28-1743 4.62 3.86 -5.38 29.1 2.08 — 145 4.96 3.82-6.09
Li 3.35 3.77 2.45-6.05 3.94 3.80-4.08 5.15 1.16 - 16.0 3.98 242 -5.53
Mg 3.06 3.64 2.49-6.01 4.78 444-5.11 2.96 1.46 —6.45 1.68 1.37-1.98
Mn 4.04 4.20 3.11-7.57 3.58 2.99-4.17 2.97 0.67-4.34 2.09 1.51-2.67
Ni 0.34 7.48 328 -18.8 6.93 6.35-7.52 6.33 1.27-17.8 6.09 4.60 - 7.59
Pb 3.31 224 101 - 375 144 111-176 538 67.8 — 2,860 143 114-173
Rb 0.15 0.90 0.57-1.37 1.42 1.39-1.46 1.03 0.28-2.21 1.38 0.80-1.95

Si 0.00 0.00 NA 0.00 NA 0.00 NA 0.00 NA
Sr 6.87 2.80 2.10-3.70 2.30 1.83-2.77 1.68 0.27-3.79 0.87 0.84-0.90
Ti 1.00 1.00 NA 1.00 NA 1.00 NA 1.00 NA

\Y% 0.34 2.66 1.63-4.29 5.74 4.97-6.51 3.37 1.10-9.43 4.70 3.85-5.54
_______________________ Zn 925 287 135 - 733 421 377 - 465 1145 221-13935 914 56.7-126
Ca/Fe 38.7 2.00 0.89-3.00 1.70 1.70-1.70 0.58 0.10-1.89 0.44 0.32-0.57
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Table 11. The percent estimation of RCM contribution to outdoor dusts by using an EPA CMB model based on elemental
concentration compositions of RCM and other potential dust sources.

Sampling Sampling site (< 0.4 km) Sampling Site (0.4-0.66 km) Background Site (> 2.0 km)
N Mean Range N Mean Range N Mean Range
™ 7 12.2 % 8.8-18.2 % 9 7.9 % 4.9-11.8% NA NA NA
2n 7 16.2 % 12.4-21.8% 3 8.5 % 5.6-10.9 % 2 8.9 % 8.89-8.94 %
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Figure 1. The aerial photo for 1* deposition sampling sites (each location is nu

29

mbered
1~12 in the picture) to collect dusts in the neighborhood of WFS, Camden, New Jersey
(obtained from Google Earth).
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Figure 2. The drawing of deposition sample for the study.
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1 |

sampler deployed in the field with (left) and without a cover

(right).
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Figure 4. The aerial photo for 2" deposition sampling sites (each location is numbered
1~10 in the picture) to collect dusts in the neighborhood of WFS, Camden, New Jersey

(obtained from Google Earth).
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Figure 5. The aerial photo for surface sampling sites (each location is numbered 1~13 in
the picture and background locations 14/15 are not displayed) to collect dusts in the
neighborhood of WFS, Camden, New Jersey (obtained from Google Earth).
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Figure 6. The scatter-plot of the %Ca concentrations obtained from the deposited filters

(a) and the %Ca concentrations subtracted by the background level (b) vs. the distances
(km) from each sampling site to the RCM pile located at the cement facility.
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Figure 7. The screenshot of a CMB running for a dust deposition sample (D001-B).
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(a) Estimated Source Contributions to Outdoor
D}ljgot/in a Residential Site, Camden, NJ
. 0

0.2%

20.5%

O Cement
9.4% | Soil
45.9% O Marine Aerosol

O Residual Oil Combustion
W Ferromanganese Furnace
E Urban Dust

20.1%

(b) Estimated Source Contributions to Outdoor
Dust in the Background site, Gloucester City, NJ

0.0% 8.9%

7.3%
O Cement
| Soil
56.3% O Marine Aerosol
. 0
27.6% O Residual Oil Combustion
B Ferromanganese Furnace

Figure 8. The pie-chart for estimation of source contributions to outdoor dust in a
residential area near the cement facility (a) and in Gloucester City Park distant over 2 km
upwind of the cement facility (b).

36



APPENDIX I.

Estimation of Deposition Flux and Contributions to Outdoor
Dust around the Cement Facility in WFS

Please note: all calculations and estimates based upon the modeling
results are subject to errors, and probably overestimations because: 1.
The emission estimates are considered constant from day to day, and 2.
Some sources are considered as worst case scenarios

1. ISCST3 modeled 24-hour TSP concentrations (ug/m®) at the radial distances with
individual sources at the cement facility.

To estimate the contributions of the site and stack emissions to outdoor dust surrounding

the cement facility, sources for ALL and EP3 highlighted in Table 12 were selected

representing the overall site emissions and individual stack emissions, respectively, in

this estimation.

Table 12. 24-hour TSP modeling concentrations (ng/m’) conducted by NJDEP at
downwind distances of 200, 500, and 800 m, from the cement facility with each source

emissions.

SOURCE DESCRIPTION 200m 500m 800m
ALL 56.17 26.95 16.7
SJPCCONI1 South Jersey Port Corporation Pier 1A 3.65 3.58 1.91
SJPCCON2 South Jersey Port Corporation Crane Conveyor 2.72 0.83 0.55
EP2 PT15 - Roller mill recirculation dust filter 32 1.02 0.53
EP3 PT11 - Roller mill vent stack 6.08 4.5 3.59
EP10 PT19 - Ground GBFS transport bucket elevator 1.06 0.59 0.33
EP11 Product dust filter #2 0.67 0.46 0.32
EP12 Product dust filter #3 0.64 0.44 0.31
EP14 Bulk loader dust filter #1 2.32 0.71 0.42
EP15 Bulk loader dust filter #2 1.42 0.64 0.42
EP16 PT26 - Transport to bulk loader dust filter 1.24 1.13 0.42
EP17 PT27 - Bulk loader dust filter #3 1.31 0.75 0.46
EP18 PT28 - Bulk loader dust filter #4 2.03 0.75 0.44
EP19 Bulk loader dust filter #1 1.36 0.33 0.21
EP20 PT20 - Product dust filter 1.13 0.6 0.38
EP21 PT30 - Product distribution dust filter (Barge) 4.99 291 1.92
GENERATOR  PT22 - Stack generator 0.82 0.41 0.22
RADIAL S Radial stacker 3.8 1.92 0.75
FEEDCONV Feed Conveyor 1 0.1 0.06
CONV2 Conveyor 2 0.58 0.11 0.05
CONV3 Conveyor 3 0.21 0.08 0.04
CONV4 Conveyor 4 0.01 0.0075 0.0036
CONV5 Conveyor 5 0.04 0.01 0.006
PRODTRUK Product trucks 26.5 7.69 4.09
EASTPILE East pile 5.16 0.57 0.27
UPILE Horseshoe-shaped pile 1.77 0.7 0.47
NEW All new sources since 2000 15.04 7.47 5.38
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2. Deposition flux estimated from field sampling data collected by EOHSI
From two field sampling campaigns in WFS, deposition flux was directly calculated at
each sampling location and provided in Table 13. The deposition flux ranged from 24 to

83 mg/m’-day within the radial distances between 190 and 660 m.

Table 13. Deposition flux calculated through field sampling measurements.

1* Sampling (3 weeks)

2" Sampling (1 month)

Location Distance Mass Depositi?n Flux Location Distance Mass Depositizon flux
(km) (mg) (mg/m’-day) (km) (mg)  (mg/m’-day)

1 0.23 1.542 68 1 0.19 1.604 48
2 0.37 1.880 83 2 0.29 1.230 37
4 0.36 1.422 63 3 0.27 1.216 37
5 0.50 0912 40 4 0.35 0.796 24
6 0.66 1.098 49 5 0.38 1.600 48
7 0.65 1.427 63 6 0.61 1.062 32
9 0.55 0.768 34 7 0.55 1.072 32
12 0.45 0.966 43 8 0.45 0.904 27

9° 2.38 0.447 13

10° 2.20 0.555 17

*The locations are background sites located upwind from the cement facility in Gloucester City Park.

3. Mass % calculated each particle range in deposition filters

Based on particle number counts for three deposition filters, we calculated the averaged
number and mass percentages in each diameter range (Table 14). The deposition velocity
calculated in the following section depends on the particle size; therefore, a mid point
was obtained from each particle range and used for further calculations of deposition

velocities.

Table 14. The particle size distribution (percent by count) for deposition filters and the
corresponding mass percentages for each particle diameter.

Diameter Particle Averaged Averaged
Range Diameter® D001-A D003-B D-005A
Number % Mass %
(um) (um)
0.5-1.0 0.75 36.5 4.4 26.8 22.6 04
1.0-2.5 1.75 51.6 79.6 584 63.2 13.3
2.5-5.0 3.75 8.3 15.9 10.7 11.6 24.0
5.0-7.5 6.25 1.5 0.0 2.1 1.2 11.5
7.5-10.0 8.75 0.7 0.1 0.7 0.5 13.1
>10.0 10.0 1.5 0.0 1.4 1.0 37.8

*The particle diameter was obtained as a middle point of two values and used as the uniform particle
diameter in each range for further calculations.
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4. Deposition flux estimated from TSP concentrations predicted by ISCST3 model
The dry deposition flux (F) is directly proportional to the airborne concentrations (C) and
a size-dependent deposition velocity (V) at some reference height (Z;) above the surface
(Lim et al., 2006).

F=C.V, 4)

The size-dependent deposition velocity (Vg4) can be calculated with a gravitational
settling velocity (V,) in the atmosphere.

1
V, = +V 5
d A A R )

where, 1, is the resistance due to turbulent transport through the overlying atmosphere to
the molecular sub-layer, and
1p 1S the resistance of the molecular scale diffusive transport at the boundary.

The aerodynamic resistance (r,) can be obtained by

0.74
r,=
CyV, ©)
k
Ci=|—7———
[m(zr /ZO)}

where, v; is the velocity at height Z, (= 14.076 km/hr, averaged by main wind direction
between 190 and 260 degrees from the normalized wind frequency data for the
period of 1991 ~ 1995 at the Philadelphia Int’l Airport),
Cq4 1s a drag force coefficient,
k is the Von Karman constant (0.41),
Z, is the reference height (= 2.1336 m, the weather data has been monitored at 7 ft
above sea level in Philadelphia Int’l Airport), and
Z, is the aerodynamic surface roughness height (assumed 1 m here).

The resistance (1) can be obtained by

2'SC2/3
> k-C, 2y,
5c=pf‘D (7)
a “p
kg - T
P 67-d,-u

where, Sc is the Schmidt number representing the transportation of particles by Brownian
diffusion,
u is the dynamic viscosity of dry air at 293 K (1.81x10” N-sec/m?),
pa 1s the density of dry air at 293 K and 1 atm (1.2 kg/m3),
D, is the Brownian diffusion coefficient as a function of particle diameter d,,
kg is the Boltzman’s constant (1.38% 10 N-m/K), and
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T is the absolute temperature (assumed 293 K here).

The gravitational settling velocity (V) can be obtained by

2
v, - (Py—pa)-9-d,"-C ®
18u
where, p, is the density of particles (assumed 1,800 kg/m?),
g is the gravitation acceleration (9.8 m/sec?), and
C. is the Cunningham slip correction factor ranging from 1.21075~1.015 in the
calculation. The factor was directly obtained from a Table (Hinds, 1999) or

interpolated between two closest values, if not in the Table.

Using the above equations, deposition fluxes (mg/m*-day) were back-calculated from the
model-predicted TSP concentrations at radial distances from the facility with 200 m, 500
m, and 800 m. Two cases of deposition fluxes, representing 24-hour TSP concentrations
by the overall site emissions and the individual stack emission of EP3, were provided in
Table 15. The deposition flux within the radial distance of 100 m was not included in the
estimation, because the deposition of dusts within that range may be affected by air
movements such as eddies and turbulences, and cannot be reliably estimated by the
model. The deposition flux at each particle size should be corrected by corresponding
mass percentages in Table 14. The correction was conducted by multiplying the
deposition flux with corresponding particle mass percentage and the corrected deposition
fluxes were provided in Table 15. The deposition fluxes for site emissions and stack
emissions were estimated ranging from 4.46 ~ 15.01 mg/m*-day and 0.96 ~ 1.62 mg/m*-
day, respectively, at the distances between 200 and 800 m.

Table 15. The deposition fluxes calculated from equation 1 and the deposition fluxes
corrected by particle mass percentage for each size range.

Particle Deposition Flux (mg/m*-day) Corrected Deposition Flux* (mg/m’-day)

Diameter
(um) 200 m 500 m 800 m 200 m 500 m 800 m
0.75 0.2 (0.0) 0.1 (0.0) 0.1 (0.0) 0.00 (0.00)  0.00(0.00)  0.00 (0.00)
1.75 0.9 (0.1) 0.4 (0.1) 0.3 (0.1) 0.12(0.01)  0.06 (0.01)  0.03(0.01)
3.75 3.9 (0.4) 1.9 (0.3) 1.2(0.2)  0.93(0.10)  0.45(0.07)  0.28 (0.06)
6.75 10.5 (1.1) 5.0 (0.8) 3.1(0.7)  121(0.13)  0.58(0.10)  0.36 (0.08)
8.75 20.5(2.2) 9.8 (1.6) 6.1(1.3) 2.68(0.29) 1.29(0.21)  0.80(0.17)
10.0 26729  128(2.1)  79(1.7) 10.08 (1.09)  4.84(0.81)  3.00 (0.64)
Total 15.01 (1.62)  7.20(1.20)  4.46 (0.96)

Note: Value in parenthesis indicates the deposition fluxes calculated by TSP concentration for the single
stack emission of EP3.
*The deposition fluxes were corrected by the mass percentage for each particle range.
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5. Contribution of overall site and individual stack emissions to outdoor dust
downwind the cement facility in WFS

The site and stack emissions contribution to the outdoor dust downwind the cement

facility in WFS was estimated by equation (9), and the results are presented in Table 16.

Since no background data available in the first field study (samples were lost during

sampling period), estimation was conducted only for the results collected from the second

sampling conducted in the study.

Site/Stack Emissions Contribution (%) = EE))C x100 9)

where, D, is a deposition flux calculated from the ISCST3 model for the radial distances
of 200, 500 and 800 m, and
Dy, is a deposition flux obtained from a regression equation (see Figure 9) based
on field measurements in WES at the radial distances of 200, 500, and 800 m.

The estimated contributions of the entire site emissions to outdoor settled dust using the
ISCST3 model were 33.7%, 24.1%, and 18.3% for sampling distances of 200 m, 500 m,
and 800 m, respectively. The contributions by a single stack emission in the facility were
only a small fraction of the total emissions of the facility, ranging from 3.6% to 4.9% for
the same sampling locations. These results are reasonable since dust deposition is not
expected to be significant in short distances given the height of the stack.

The results estimated by the ISCST3 model were compared to the CMB modeling results
and those estimated by the Ca concentrations. As shown in Table 16, the estimated
contribution of cement pile at the cement facility to outdoor dust in WFS ranged from
5.6% to 21.2% based on the CMB model and from 2.4% and 8.1% based on the
regression analysis using the Ca concentrations of the deposition samples. The
contributions from all site emissions predicted by ISCST3 model, including operations of
the plant, transportation of RCM by trucks, and stack emissions at the facility, were
higher than the CMB results as well as Ca-regression estimates. The higher contributions
estimated for the total site emissions by the ISCST3 were reasonable, because in a
number of cases these were worst case scenario estimates of emissions and the source
strengths were of each stack and operations were considered constant each day.
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Scatter Plot for Deposition Fluxes Measured in WFS
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Figure 9. The scatter plot and its regression equation for deposition fluxes measured
along the cement pile at the facility in WFS from measurements made by EOHSI.
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Table 16. The contribution of cement pile (left) estimated by CMB and the site/stack
emissions (right) estimates by ISCST3 model to the total outdoor dust around the cement

facility in WFS.
. Deposition Flux . Distance
L. Dl(itif)“e (mg/m’-day) g:ﬁgflggs 02 05 08
km km km
1 0.19 48 21.2% Calculated
2 0.29 37 13.9% Deposition Flux ~ 15.0 720 446
3 0.27 37 17.0% D) (1.62) (1.20) (0.96)
4 035 24 12.4% (mg/m’-day)
5 0.38 48 14.0% Measured
6 0.61 32 9.0% Deposition Flux
- 0.55 1 5.6% (D,) 445 29.9 243
8 0.45 27 10.9% (mg/m*-day)”
Site/Stack
C 0,
9 2.38 13 8.9% Emissions 33.7 24.1 18.3
10° 220 17 8.9% Cong;b)ljtlon (3.6) 4.0) (39
0

Note: Value in parenthesis indicates the deposition fluxes calculated by TSP concentration for the single

stack emission of EP3.

*The contribution to outdoor dust was estimated by CMB model from the cement pile at the facility in

WEFS.

®The deposition flux (D,,) was obtained from a regression equation (Y=22.076X"

0.4361

) at each distance.

“The locations are background sites located upwind from the cement facility in Gloucester City Park.
“The contribution to outdoor dust was estimated from the site/stack emissions in the cement facility.
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Revised Report of Results: MVABI48

Microscopical Analysis of Particles on Filters
Emissions Study

INTRODUCTION

This revised report includes the resulis of scanning eleciron microscopy (SEM) parbicle
esemental analysis and polarized light microscopy (PLM) analysis of two soil samples
delivered on quartz fiber filters to MVA Scientific Consuftants on 30 November 2007. Upon
recept the samples were assigned the following identfeation numbers:

MVA ID ECQHSI ID
S1699 Do01-A
51700 D005-A

MVYA was asked io provide mformabon about the composition and morphology of the
samples. The work was done as part of the EOHS| project: "Contribution of Particle
Emissions from a Cement Facility to Qutdoor Dust in Surrounding Community.”

Analyses were performed at MVA Scientfic Consultants during the perod 12 December
throwgh 30 January 2008,

METHODS

The partizulate on the filter samples was prepared by lifting the particles off the surface
of the filiers using glycerol. The glycerc’ was diluted in deionized water and filtered onto
0.4um diameter pore size polycarbonate membrane filters. The analyses wers
performed using a JECL Model JEM-2500F field emizsion scanning electron
microscope operating in automated mode vnder the control of 2 Thermo Noran System
SIX x-ray analysis system. Elemental composition were coflected usng xray analysis
for 21 elements: Ma, Mg, Al 5i. P, 5, CL K. Ca. Ti. V, Cr, Mn, Fe, Ni, Cu, Zn, Zr, Cd, Ba
and Pb. Data were obtained for 3 minimum of 1000 particles. The data are tabu'ated in
o ways: by number of pariicles that contain an e'ement in significant amounts and by
elament groupngs that show predominate elemental associations in the particles.

To aid with the interpretation of the data, addtienal ana'ysis by polarized light
microscopy was also performed on each sample. The methodology used in this
analysss is similar to what was previcusly used for 3 sample analyzed by MVA in
February™arch 2007 (see report issued 01 March 2007). The samples were examined
under an Ofympus SZ-40 stereomicroscope st magnifications from 7 o 40X, Particles
from the samp's were mounted in 1.55 Rl Carg®e liguid for analysis by polarized light
microscopy using an Olympus BH-2 polarized light microscope with a magnification
range from 100 to 10003

Bisldapot 20408 fe_CD0TOR Page 2od T
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Table 1. Occurrence of Particles by Element®

ClientID  DOD1-A DO0S-4
MVA ID 51820 S1700
.# % £ v

Ma (] 0.0 o 0.0
Mg 1 0.1 E 0.8
al 1 0.5 10 0.8
Si 823 BTRE 1058 797
P a 0.0 0 0.0
5 2 0.2 4 0.3
c Y 0.0 o 0.0
K [ 0.0 (] 0.0
Ca 24 2.4 74 5.8
T & 0.4 8 0.7
v o 0.0 o 0.0
Cr 0 0.0 i} 0.0
Mn o 0.0 1 0.1
Fe B4 f.d 148 112
M o 0.0 (] 0.0
Cu 1 0.1 o 0.0
Zn ] 0.3 2 0.2
Zr 1 0.1 2 0.2
Cd 0 0.0 o 0.0
Ba 0 0.0 o 0.0
Fb & 0.8 8 0.7

"Presence of an element was based on over
40 weight % of the partic’s based on the 21 elements
determined by x-ray analysis.

Bisldapot 20408 fe_CD0TOR Page 4 of 7
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Table 2. Groupings of Elements in Particles

Client 1DV Do01-& DOo5-A
MWVA 1D S1685 51700
Type # % ] £
Al-rich 3 D2 i 0.3
Si-rich f2a 433 a7e a0
S-rich 1 D.1 1 0.1
Ca-rich 7 0.8 30 1T
Ti-rich 4 D3 7 04
Mn-rich 0 0.0 1 0.1
Fe-rich 50 1 111 8.2
Cu-rich 1 0.1 1] 0.0
Zn-rich 3 D2 2 0.1
Zr-rich 1 0.1 1 01
Pb-rich ] 0.0 2 0.1
CasFe 2 D2 1 0.1
Ca-rich Sifcate 232 1.8 48 2.7
KAISI &0 33 76 43
Mgal 23 1.2 B1 14
SialFe 1094 18.1 334 21
Mixed Silicate 257 21.3 225 i2.8
CasMg 16 13 a8 22
Mixed F= 14 12 458 2.8
UnclassHfied a8 3.2 56 R

Blddinso I 08 jwe_O0T0E
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Figure 1. Particles in Sample 516898, ransmitted light.
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Figure 2. Rubber particles in Sample 51880, refliected light.
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Figure 3. Particles in Sample 31700, transmitied light.
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Figure 4. Chrysotile bundle in Sample 21700, ransmitted cross-polarized light
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Tahle 1. Particle Size Distributions in Terms of Mumber of Particles

in Size Ranges
| 51688 | S1699 51700 51700
| DO01-A | DOM-A | DOOS-A | DOOS-A
Diameter | |
({um) | Mumber Percent | Number = Percent
0510 [ 440, 365%[| 53| 268%
1.0-25 622 51.6% 1167 o8.4%
2550 00| B3| 0 4] 10.7%
5075 18 1,50, 42 21%
7.5-10.0 8] 07% 14| 0.7%|
=10.0 18 1.5% | 27| 1A%
Total | ' .
Particles | 1208] | 2000 |
EAALE-Buppl-sizedata I T 08
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APPENDIX I1l. MVA report for D-003B, D-018C and D-017D.

Report of Results: MVASI4E

Microscoplcal Analysle of Particias on Fliters
Emizaiong Study - D003-B, D018-C, DM T-D

Praparad for:
ECHSI

170 Frelinghuyzsn Road
Placataway, HJ 08354

Respectfully Submitted by:

James R. Millette, Ph.D.
Executive Director

MVA Scientific Consultants
3300 Breckinridge Boulevard
Suite 400

Duluth, GA 30036

2% February 2008

M.\

v, bt | LT

Blddipso ] X008

51



Report of Results: MVAES4E

Microscopical Analysis of Particles on Filters
Emissions Study - D003-B, DO018-C, DOM7-D

INTRODUCTION

This report includes the resulis of scanning elsctron micrescopy (SEM) partcle elemental
analysis and polarized light microscopy (FLM) analysis of three samples delwered on
quartz fiber filters to MVA Scienfific Consulfants on 21 December 2007. Upon receipt the
samples were assigned the following identification numbers:

MVYA ID ECHSI ID
51857 D003-B
51858 oo1a-c
51858 oco7-o

MWA was asked fo provide informaton about the particle size, compositon and
morghology of the samp'es. The work was done as part of the EQHSI project
"Contribution of Particle Emissions from a Cement Facility to Outdoor Dust in
Swrrounding Community.”

Analyses were performed at MVA Scientfic Consultants during the perod 28 January
through 22 February 2008.

METHODS

The particulate on the filter samples was prepared by lifting the particles off the surfacs
of the filiers using glycercl. The glycerc! was diluted in deionized water and filkered onte
0.4um diameter pore size polycarbonate membrane filters. The analyses wers
performed using a JEOL Modsel JSM-8500F field emission scanning electron
microscope operating in automated mode under the control of 2 Thermo Noran System
51X x-ray analysis system. Elemental compositions were coliected using x-ray analysis
for 21 elements: Ma, Mg, Al, 5i. P, Cl, K, Ca, Ti, V, Cr, Mn, Fe_ Ni. Co, Cu, Zn, Zr, Cd,
Ba, and Pb. The data are tabulated i thres ways: by pariicle size, by number of
particles that confain an element in significant amouwnts and by element groupings that
show predominate elemental associations in the particles.

To aid with the interpretation of the data, addtienal ana'ysis by polarized light
microscopy was also performed on each sample. The methodelogy used in this
analyss is similar to what was previcusly used for 3 sample analyzed by MVA In
February/March 2007 (see report issued 01 March 2007). Distiled. filtered water was
used to wash the partcles from the glass fiber fiters. The particles wers examined
under an Oympus SZ-40 sterecomicroscope a3t magnifications from 7 o 40X, Particles
from the samp’e were mounted in 1.55 RI Carg™e liguid for analysis by polarized light

Bldinsn N 008
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microscopy using an Olympus BH-2 polarized light microscope with a magnification
range from 100 to 1000X.

RESULTS

Particle size data and elemental data determined by SEM-EDS for all three samp'es are
shown in Tables 1. 2, and 3. Representative images of the particles in the samples are
shown in Figures 1, 2, and 3. The PLM particle type analysis is given below. The
percent estimates are given in terms of % volume of a particle typs.

Sample 51857 (D003-8). The mean particle diameter as determined by SEM is 1.6 sm.
The maximum s 10.8 wm and the minirmum is 0.8 wm. PLM analys's shows that the
sample is composed of major components: soil minerals including quartz, carbonate
and mica (30-40%), plant fragments (10-20%), and rubber particles (10-20%); minor
compeonents: funga’ matenal (5-10%), soot (5-10%:). cotton fioers (1-5% ), and rust/metal
flakes [1-3%); and trace (less than 13%) components: pollen grains. synthetic fibers,
g'ass fbers (excluding the glass fibers from the filter), construction debris, and nsect
parts. Mo cement cinker particles wers detected. Calcium-containng paricles and
calcium-silicate particles, both consistent with cement products as well as some types of
s0il minerals, were minor compenents (less than 10%) of the particulate population.

Sample 51856 (D018-C). The mean particle diameter as determined by SEM is 1.8 pm.
The maximum s 31.4 uwrm and the minirmum is 0.5 wm. PLM analys's shows that the
sample is composed of major components: soil minerals including quartz, carbonate
and mica (30-40%) and rubber particles (10-20%); minor components: fungal materia
{5-10%), soot (5-10%), plant fragments (5-10%), cotton fibers (5-10%), and rustmeta
flakes [1-3%); and trace (less than T3] components: pollen grains, synthetic fibers,
constructon debris, and starch. Mo cement clinker particles were detected. Calcum-
containing particles and calcium-silicate particles, both consistent with cement products
as well as some types of soil minerals, were minor components (less than 10%) of the
particulate population.

Sample 51850 (D017-0). The mean particle diamester as determined by SEM 5 2.2 um.
The maximum s 32.3 uwrm and the minirmum is 0.5 wm. PLM analys's shows that the
sample is composed of major components: soil minerals including quartz, carbonate,
feldspar and mica (40-60%) and soot (10-15%]); minor compenents: fungal material (3-
10%). plant fragments (5-10%), cotton fibers (3-10%), rust/metal fakes (1-5%) ana
rubber particles (5-10%); and trace {less than 1) components: pollen grains, paint,
and msect parts. Mo cement clinker particles were detected. Calcium-containing
partizles and calcium-silicate paricles, bath consistent with cement products as well as
some types of soil minerals, were minor components (less than 10%) of the particulate
population.
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DISCUSSION

The elementsl data in Table 2 shows that the samples are generally similar to one
another in terms of chemical composition.

Tablz 3 shows that all three samples contain a significant quantity of sTcon-rich
particles. Howsver, it should be noted that the quarz fiber filters used 1o collect the
sample did release some guarnz fibers (Si-fbers) into the particulate prepared for
analysis. Although considerable effort was made to remove the data generated by the
Si-fiber particles from the dataset. some may have been included with the data shown in
Tables 2 and 3.
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Table 1. Particle Size Distributions in Terms of Mumber of Particles in Size Ranges

51857 51857 51858 518538 518359 518359
Diameter
() Number Percent Humber Percent Number Percent
0.5-1.0 30 4.4% 227 23.9% 219
1.0-2.5 708 78.8 607 64.0°% 4348
2.5-5.0 141 142 14 2% 134
5.0-75 o 18 1.7% 21
7.5-10.0 1 4 0.4% 18
=100 1] 3 0.3% 28
Total
Particles 2EQ 988 Bo2
Table 2. Occurrence of Particles by Element®
51857 51857 51858 51854 51859 51859
Element Number Percent Number Percent Number Percent
WEl o 0.0% 0 0.0% i 0.0%
Mg 1] 0 0.0% [i] 0.0%
Al 3 0 0.0% 5 D.6%
Si S00 580 53.1% 538 50.8%
P o 0 0.0% 0 0.0%
Cl 1] ] 0.0% i 0.0%
K o 0 0.0% 1 D0.1%
Ca 25 i} 0.9% 33 3.7%
Ti 14 2 0.2% 7
W 1] ] 0.0% [i]
Cr 2 0 0.0% a
Mn 1 ¥ 0 0.0% o
Fe 32 38% T2 7.2% 1
Co 1] [1 0 0.0% [i]
Mi o 0 0.0% a
Cu o 0 0.0% a
Zn 3 ] 0.0% a
Zr 2 ] 0.0% [i]
Cd o 0 0.0% a
Ea 1 ] 0.0% a
Pb 1 0 0.0% 0

"Presence of an element was based on over 40 weight % of the particle based on the
21 elements determined by x-ray analys's. The sums of the percents do not total 100%
because some particles contain a mixture of elements where no element is over 40%.
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Table 3. Groupings of Elements in Particles

51857 51857 [51658 [51858 [81859 [51859
Particle Type & % i % L T
|A-rich 0 Do 2 0.3% 1 0%
Si-rich 233 | 48 231 23.1%| 348 | aB4%
5-Rich 0 0. 4 3 0.3%
\Ca-rich 0 0. 21 20 2.2%
Ti-rich 2 0. 11 4 0.4%)
Mn-rich 0 0. 1 i 0.0%)
Fe-rich 7z g i W] 46 517
Cu-rich 0 0.0 3 0.2% O 0.0%
[En-rich 0 0.0 i 0.2% O 0.0%)
Er-rich 0 0.0 P 0.2% 1 0.1%
Fi-rich [ 0.0 i 0.0%| O 0.0%]
Ca+Fs 0 I 0 1 0.1%
Ca-richSilicate B 7.3% 4 0. 31 3.4%)
FAISI 13 15%| 78 7 75 8.3%
oA 0 0.0 0. 1 0.1%
SitlFe ] 1.2%] 81 21% O 0.0%]
MixedSilicate 276 | 310%| 454 | 45w 3o0 | 35 &
Ca+Mg 0 0.0 5 0.5% & 0.6%)
IMixedFe 0 0.0% 47 47%| 1B 2.0%
Unclassified 2 0.2%| 81 5.1%) 30 3.3%
Total EER] FEE B0z
M<)\
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Figure 2. Rubber particles on fiter Sample S1858, refiected light
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Figure 3. Particies on filer Samp's 51858, reflected light
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APPENDIX IV. MVA report for RCM <38um.

Report of Results: MVAE34H

Microscopical Analysis of Particles
Emissions Study — RCM1<38um

Frepared for:

EOHS!
170 Frelinghuysen Road
Piscataway. NJ 08334

Respectfully Submitted by:

James R. Millette, Ph.D.
Executive Director

MVA Scientifiec Consultants
3300 Breckinridge Boulevard
Suite 400

Duluth, GA 30036

11 March 2008
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Report of Results: MVAES4E

Microscopical Analysis of Particles
Emissigns Study — RCM1=38um

INTRODUCTION

This report includes the resulis of scanning elsctron micrescopy (SEM) particle sizing.
elemental ana'ysis and polarized light microscopy (PLM) analysis of one sample defwered
as a powder to MVA Scientific Consulfants on D8 March 2008. The sample was identified
as a raw cement material sample collected from a cement facility in Camden, Mew Jersey.
Upon receipt the sample was assigned the folowing identfication number:

MVA ID ECQHSIID
TOEDT RCM<38um

MYA was asked {o provide informaton about the paricle size, compositon and
morphology of the samp’s. The work was done as part of the ECHEI project:
"Contribution of Particle Emissions from a Cement Facility to Ouidoor Dust in
Swrrounding Community.”

Analyses were performed at MVA Scientfic Consultants during the percd 086 March
through O7 March 2008.

METHODS

The particulate was prepared by suspending 3 porton in isoprepane! and placing a 10
micro-lfer drop on a polycarbonate membrane filer that was on @ sample stub. The
analyses were performed using a JEOL Mede! JSM-8300F fizld emission scanning
elzciron microscope (SEN) operating in sutomated mode under the control of a Therme
Moran System S1X x-ray analysis system. Elemental compositions were collected using
=-ray ana'ysis for 22 elements: Ma, Mg. &1, 5. P, 5, G, K. Ca, Ti, V. Cr, Mn, Fe_Ni. Cu,
Zn, Zr. Cd, 5n, Ba. and Pb. The data arz fabulated in three ways: by parbicle size, by
number of particles that contain an element in significant amounts and by element
groupings that show predominant elemental assocations in the parbicles.

To aid with the interpretation of the data, addidional analysis by polarized light
microscopy was also performed on each sample. The methodology used in this
analyss is similar to what was previcusly used for 3 sample analyzed by MVA in
February™arch 2007 (see report issued 01 March 2007). The particles were examined
under an Oiympus SZ-40 sterecmicroscope 3t magnifications from 7 o 40X, Particles
from the sample were mounted in 1.550 RI Cargille liquid for analysis by polanzed light
microscopy usig an Olympus BH-2 polarized light microscope with a magnification
range from 100 to 1000X.
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RESULTS

Particle size data and elemental data determined by SEM-EDS for the sample are
shown in Tables 1. 2, and 2. Representative 'mages of the pariicles in the samp'e are
shown in Figures 1. 2, and 3. The PLM particle type analysis is given below. The
percent estimates are given in terms of 3% volume of a particle type.

Sample TOS07 (RCM=38um]. The mean particle diameter as determined by SEM is
1.8 prn with a range of 0.5 to 302 wm. PLM analysis shows that the sample is
compeosed of major components: calcium carbonate (B0-B59%) and isotropic particles
with conchaoidal fracture (153 ) minor components: rustimetal flakes (1-3%); and trace
{less than 1%) compenents: rubber and coal’coke particles. Mo cement clinker particles
were detected. Calzium-containing particles and sficon-containing particles dominate
the paricle types in Sample TOS0T.
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Table 1. Particle Size Distributions in Terms of Mumber of Particles in Size Ranges

T0507 T0507

Diameter

[wm} Humber Percent
0.5-1.0 532 58.0%
1.0-26 289 30.4%
2.5-50 a2 A.5%
5.0-7.5 23 24%
7.5-10.0 15 1.6%
>10.0 2B 3.1%
Tota

Panicles 950

Table 2. Occurrence of Particles by Element®

TO507 TO507
Element Number Percent

Na ] 0.0°%
Mg ] EJiE
A 1 0%
5 526 55 A%
P ] 0.0%
5 ] 0.0
Cl D 0.0
K 0 0.0%
Ca 214 22 5%
Ti ] EE
v 0 FINER
Cr D 0.0%
Mn ] 0.0%
Fe ] 1.0%
N 0 00
Cu 1 0%
Zn ] E
Zr 0 0.0%
Cd 0 FITER
Sn 1 0.1%
Ea 3 0.3%
Fb ] EJiE

"Presence of an element was baszed on over 40 weight % of the particle based on the
22 elements determined by x-ray analys's. The sums of the percents do not total 100%
because some particles contain a mixiure of elements where no element is over 40%.
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Table 3. Groupings of Elements in Particles

TOS07 [TO507
Particle Type #
I -rich a
5 -rich ili]
I5-Rich a
[Ca-rich 201
[Ti-rich a
Mn-rich a
Fe-rich 10
[Cu-rich a
[En-rich 0
[Er-rich a
Pio-rich a
[Ca+Fe 0
[Ca-richSilicate i}
FAIS 0
PAgAl 0
I3 AIFe 1
MizedSilicabs 532
Ca+hg 0
MixedFe 2
Unclassifed il
[Total 950
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HidinsnE 108

Figure 3. lsotropic pariicles in Sample TO537.
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