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Executive Summary

On October 6. 2008, Paul J. Lioy, PhD, Zhi-Hua Fan, PhD. and Chang Ho Yu, PhD (Lioy et al )
submitied a document 1o the New Jersey Department of Environmental Protechon --Divisson of
Science and Research, tlled Sinal Repont Confntulian of Paricle Emissions from & Cement
Faciily to Ouidoor Dust sy the Sumaunding Commundy the “siudy” or the “report”]. The repar
provides a descripbon of work conducted to assess the potential impacts of parficulate
emissions from the Holcim (US), Inc. {Holkoim) facility (the “fackty’, formerdy St Lawrence
Cement) in Camden. New Jersey on the nearby Waterfront South (WFS) neighborhood,
ENVIRON Intermational Corparation (ENVIRON) was retfamed by Holoim 10 review the repor.
Ths mema is the summary of ENVIRON's analysis. As sel forth in detfail bergin, our review
reveals that the data collected in the study cannct be reliably used 1o evaluate the polental
contribution of fugitive particulatas from the facility to outdoor dust in the WFS neighborhood.

A5 described in the repord, the researchers compared samples of raw cement matersal (RCM)
from the facility to dust samples collected in WFS in an effont to estimate Holcim's potential
cantribubon to outdoor dus!s in the neighborhood

To assess the composition of dust in the area, two types of ambient samples were collacted:

+  Surface wipe samples, which are samples of dust that has deposited on various
surfaces {e.q., tops of air conditioners. outdoor ledges/sills) in the vicindy of the facility
and

s Faricle deposition samples, which are collected by placing collection devices at various
outdoor locations over an extended penod of ime (21 1o 31 days) and alowing particles
fo sellle onto the collecton devices.
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inan efiort lo assess the polential contribution of the facility 1o ouldoor dust, these dust
sampies and a sample of RCM were analyzed in the laboratory for a range of elements. As the
elements within RCM are ubiguitaus in ambient air from a number of natural and man-mads
sources. samples of dust were also collected at a background site, namely the Gloucester City
Fark. 1.4 miles upwind of the facilty. to serve as a peirt of comparison, The data penaratecd
from the study were subgect to various statistical tests and also used in an EPA model
(Chamical Mass Balance or CMB) to evaluate the potental contribution of the facility to outdoor
dust.

Sased on our expenence in dust collecton and analysis methods and general knowledge of the
composition of RCM and particulate matier in Camden, we have listed below key
lssues/concerns that we have identified regarding the stucy.

1. In order to make a companson of individual elements in RCM and the callected dust, it
is critical to accurately analyze the composition of the samples. RCM is comprised
predominantly of silicon, calcium, aluminum and magnesium oxides, with an average
silicon dioxide content of appraximately 35% The composdion analyus presanied in
the study mdicates RCM has less than 0.01% sikcon, This discrepancy calls into
queshon the analytical techniques used and the overall relance on the elementsl
analysis, which s the foundation of the entire study.

2. Inan attemgt to evaluate the facdty contribution 1o the dust callected in the depasition
samplers, the CMB model was used in the study.” To produce accurate results, the
madel requires a characterization of the vanous sources that contribute particulates to
ambsent air. This characierization was not conducted for sources other than RCM and
itis evident, as discussed above, that the elemental composition of RCM used in the
study is incorrect A discussion of issues associaled with the CMB mindeling is
provided in the detailed comments, afthough the results of the CMB modeling are
revealing encugh.  Conirary to expectations, the CMB model indicates that automative
emissions do not contribute o fine particulate dust in Camdan and Gloucester City 2
Since automotive sources are generally regarded as a significant contributor o fine
particulates in highly tratficked areas ke Camden, the CMB results are suspect and
cannot be relied upon

3. Ta the extent that a concam has been expressed about dust setthng in the WFS
neighbarhood, the collection and analysis of surface wipes 5 a reasonable first steg for
the evaluation of any problem, Wipe samples were coliected from 15 different locations
as part of the study. Various statstical tests were done evaluating the dust loading
(1@ . how much dust was found al various distances from the lacisy) and slemental
composition {1Le., how do indwvidaal elements and ratios of diferent elements compare
with the elemental composition of RCM) of the wipe samples. The results of these
lests may be found in different pants of the repon and indicated, “the dust mass
collecied by the surface wipe samples were nol associated with the distance 1o the
facility.” Similarly, for indwvidual elements such as calcum, which was found at
relativety high concentrations in RCM. no statistically significant decrease was

- L shoule be noted thal the study relies on Liny amounts of fine dust that infiltrated the partcle
oeposhion sampiers for the CMB medeling which was rat the original imtent and, as described below,
dodes nol represent ssling particles

* As will be giscussed below. this mode! output is 1he result of inapproorialely selecied model mnpul e
source chiwactenzations from a 16708 era siudy n Portland, OR.
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cbserved with increasing distance from the faciity. Thus, athough the study fails to
provide an overall conclusion based on the surface wipe analysis il 15 evident that a
taciiity impact is no1 discermible fom the samples collected

4, The remairung samples collecled during the sludy wene paricle deposibon samples,
which. as described abave, are collected by placing collection devices al vanous
outdoor locations over an extended period of time (21 %o 31 days) and allawang
partickes 1o collect on the sampling devices. The collecton device used in tha study
may be visualized as a circular plate thal collects alrborma dusi. The ungue attribuite of
this particular device was the inclusion of a hood of diameter aporoximately S0% larger
than the plate, placed less than 1 inch above the plale fo protect the deposiion plate
fiam rain. While potentially effective in presenting a barrier 1o talling rain, the hood
{which was an inverled funnel) would be equally effactrve in areventing dust from
sefthng onto the plate. From an analysis of the particle size distribution of the collected
matenal, it s evident that only the finest panicles entered the device. The sludy was
designed to collect large size particies (mane than 10 micromeaters in chameter) which
were estimated to settle to the ground near the facility. However, due to inadequac|es
in the collection device, coarse particles were excluded, 30 any conclusions drawn from
the CMB modeling are meaningless since the minor amaunts of dust actually collected
are Nl representative of the overall dust in the community, Approximately 99 percent
of the dust collected consisted of panicles less than 10 micrometers In diameter a size
range thal the researchers estimated would not settle near the facility. Data from this
unconventional sampling device cannol be used to provide any indication of sattling
dust in the neighborhood. and any dust collected cannot be considered representative
of airborne particulales

In conclusion, for the reasons described above, the data collected in the sludy cannot be
reliably used fo evaluate the contribution of fugitive pariiculates from the facility 1o outdoor dust
in the WFS nesghborhood. A more detailed discussion is providad below and divided inta four
sechons that discuss sample collection, laboratory analysis, data analysis. and CME modeling
A final section, titled “Materials Requesied for Further Review”. provides a list of addibonal data
needed to further evaluate a number of the study findings.

L__Sample Collection

According to the report, arbome dust was collected using a fabricated deposiion device
("airbome’” of “deposited” dust samples) from 12 locations in the vicinity of the facility during the
first field campaign (Round 1) between July 5 and 26, 2007, and from 10 locations during the
second field campaign (Round 2) between August 17 and September 17, 2007, In addition,
surface dust samples were collected using wipes ("surface” dust samgles) from 15 locations in
the wicindy of the facility during the summer of 2007. Most &f the aiborne dust and surface
dust samples were collected from locations in the WS residential neighborhood located
nartheast of the facikty. A one-time composite sample of the RCM pile was collecled on gn
unspeciied date during she summer of 2007, &1 of tha samples were weighed, digested by the
MICrowave oven-assisted digestion method, and analyzed for elements by ind uctively couplead
plasma mass spectiometry (ICPMS). Five airborne dust samples from Round 2 and the BCM
bulk sample wera also analyzed by MVA Scientsfic Consultanis for morphology by polarized
hight microscopy (PLM) analysis and for size distribution and slemental Composition by
scanning electron microscopy (SEM) and x-ray analysis, However, these results are nol
discussed in the report, and therefare cannot be evaluated. The following sectons discuss
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specific msuesiconcerns that have been identfied in connactian with the samphng devices,
locations, and methadaology used in the study

A. Sampling Device

Thete are a number of issues associated with the design of the sampling devices used m the
shudy, As such, the dusi coliected in these dewices s nol representative of actual dusts in the
WS neighborhood. Accordingly. the dala generated from these samples cannot be relizbly
used lo evaluate, or reach any conclusions, regarding potential dus! contributions from the

facility

Passive samplers, like 1he ones used in this study. are not considered accurate and are
recommended only as a scoping mathad 1o dentity deposifion “hotspot” areas for investigation
using another sampiing method (EPA 2001) Ambient air sampling methods are considered
mast accurate for dry deposition sampling {EPA 2001). Ambient air samplers measure
polutant concentrations i air. kom which deposition rales are calculated using deposition
velocities. In additon, particulates collected on air Sters can be sent o a laboratory for
compositional analysis.

If passive deposition samplars are used. the 2001 EPA Atmospheric Deposition Handbook
furthar recommends the collocation of dry and wet depostion samplers fo provide @ more
eomplele understanding of deposition at a partcular location. Actual deposition s made up of
both dry and wat deposiion, and, therefore, dry deposition sampling only provides a partial
picturg. Dry deposition sampling is prane 10 parlicle bounce-off and resuspension, which
further contributes fo the underestimation of actual deposshion. The subject study does not
axplain why wel deposibon was not measured or giscuss the imitations of the passive dry
deposition sampling methed. In addition, because of the naccuracies associated with passive
dry deposition samplng and the paticular sampling device used in the study, the associations
betwaen radial distance and dust leadings are called into queshon,

The dry depostion sampler used in the study s subject 1o design issues that may affect the
lotal mass, as well as the size distrbution, of particles collected on the filkers. The samplers
consisied of cellulose fillers placed on a petri dish and a funnel -- mounted two centimeters
above the dish -- to prevent rain infiltration (see Figure 1, below). The funrel on the sampler
used in the study has the effect of restricting deposition of pamicles onto the collection fifters.
Lower-velocity and larger particles from all sources would be undemepresenied on the
collection fillers, This sampler design does not appear 1o ba based on any generally accepted
sampling method.® The ASTM standard for dustiall collection and measurement (ASTM
D1739-88) recommends the use of an open-topped cylinder equipped with a widar-opening
windshield [see Figure 2, below) lo simultaneously collect wet and dry depasition. The cylinder
and windshield are then mounted on a pole such thal the top of the container is two meters
above ground. Wheraas the ASTM-recommended sampler design uses a cylnder and wind

! The sarmpler usad in the study Bppeais 1o be loosely based on a cevice descroed n a 2004 Franssens
et @l pubbcation on a lead-zinc refinery. Althaugh the study references the 2004 Frarssens ef al
pubkcalon &8 the DEsis for thesr sampler 0esgn, Franssens el & places celluloss filters on a palywnyl
cnlonide (FVC) plale wihout any tyoe of cover. Frarssens et @l acknowledge that their 2004 study may
be the first time that cell uicss fiders have been used as a dry deposdon collection substrale and they
inchude the caveat that "measurad deposition rates wil have to be considered as ower imds. due o
oossibilities of patticles bounaing ©  The shudy has not addrassed (his concern sbout their sampier
dessgn
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shigld 10 reduce particke scavenging by strong winds, the petri dish only has a 15-mm nm and
Mo wind shield.

The RCM and five aiborne dust samples were analyzed for paricle size distribution, which
further illustrates the effects of the sampling device design. Table 5 in tha repont prasants the
size distribution results for only three ‘deposited” dust samples. Appraxmately 99 percent of
the particles were less than 10 ym in diameter, Tres resull is more a reflection of the sampling
device than the nature of pariculates in ambent gir since larger particles would not reach the
collection filer (because of the funnel) or would bounce off, As discussed in Section 2 1 of the
report, the focus of the study was actually larger particles igreater than 10 ym) that were more
likely 1o deposit in the vicinity of the faciity, as indicaled in Table 1 of the repon. The size-
seieclive desgn of the sampler and the potential loss of collected coarse parlicles from
bouncing or wind scavenging resulted in the collection of particles that are not representative
of the overall dust deposits in the Waledrant South [WFS) nesghbomood  Elemantal
compostion of dusts often varies wih particle size. therelore missang or underrepresented
size ranges would change the elemental concentrations  Because the elermental
concentrations form the basis of the percent estimation ef RCM contributian o ouldaar dusts
the study's conclusions are based on data that do not reflect the actual dusis in the
neghborfiooad,

B. Sampling Configuration and Location

Cur review of the sarmpling configuration and locations revesled inconsisiencies and potential
sources of contamination associated with the dust/data collected duri ng the study Based aon
the location comments provided in Tables 2 and 3 of the repoit, the dry deposition samplers
wera sited near buidings or trees, which present barriers to deposition. Addinonally, trees can
act as both deposition surfaces and sources of particy lates (e g. pollen). Eight of the 12
locations in Round 1 and seven of the 10 lecations in Round 2 appeared 1o have bean sited
near a building or a tree. Based on the sampler design {Figure 2), the photograph | Figure 3)
and comments in Tables 2 and 3 of the report. it appears that some of these samplers werg
hung from trees o porches, which would affect the total particle depasition as well as the size
distribution of particles depositing on the sampler. According to the ASTM D1739-98 dustfal|
landiard, the sampling site shauld ba “in an open area, free of slructures higher than 1 m
within a 20-m radius of the container stand.” In ASTM D1735.98 and ASTM D5111-99, which
provides guidelines for almospheric depostion montaring site selection, the recommendead
distance fo any objec! greater than the height of the sampling device is at least twice the
hesght of the object. so that no object is greater than 30 degrees from the horizontal. At
mirimum, the distance should be no more than the height of the obpect (see Figure 3, below)
Based on the infomation provided in the study, where samplers were located next to builkdings
and trees (or possibly under them), the majonty of the sampling locations did not meet these
guidelines. As a resull, the usefulness of making associations between dust loading ar
annchment lactors and radial distance is imited because interlerencs from these overhead
struectures at some locations would have likely obstructed particle deposition. Sampling
configuration and location undermine the study’s conclusions that the mass of deposited dust
and calcum concentrations in the depasited dust samples decrease with increasing radial
distance from the facility bacause the researchers cannot account for the affacis of
surmounding structures and trees. Other erors in the study analysis, discussed laler in this
memarandum, further urdermine the conclusons
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| Figure 3
EPA’'s Recommended and Minimum '
Acceptable Distance to Sa mpler

Source: EPA 2001

I

The inconsistency of the depesition sampler beight also intrecuces another variable which
inhibils the study's attempt 1o correlate the distance from the tacility to dust in the WCS
nesghborhood.  According to the ASTM D1739-88 dustiall standard. studies have found that
there is wide variability i the tofal concentration of panicles subject to settling at heights of
les than two meters, For this reason, the ASTM standard recammends a consistent
sampling height of two melers. This recommendation is followed in the Franssens el al.
publication on which the sampler design is based, but it does nat appear 1o have been
lollowed in thes study. A sampler placed two meters above ground and one placed closer 1o
ground level would be expected to collect different sizes and compositions of paricles. For
example, a sampler closer 10 ground level would likely collect more resuspended pavement or
yard dust. The samplers in the study were placed on balconies, porches. trees, vards, elc.,
and were likely al different heights above the ground surtace. The height vanation raises
questions about the study's associations between the errichment factors and radial distances

The sampler height vanation poses addiional concems, mcluding errors in the fraveling
distance calculations in Table 1 and the introduction af another vanable in sample collection.
The traveling distance calculaions assume that particles travel fram the top or middle of the
RCM pie (9.0 or 4.5 m) to the ground. Because many of the dust collectors were apparently
located well sbove ground level (balconies, ledges and slis, etc), the distances presented in
Table 1 in the repot may have little relevance to the design of the study,

In addition, accarding to ASTM D1739-68 as well as an EPA gudance document for PM
monitoring site selection, sampling locations should be placed at a distance from paved roads
and parking lots because of exhaust and road dust. Even for a sowrce-onenled middle-scale
(100-500 m) sampling locations such as the locations in this study. the samplers should be
iocated at laast 20 meters from a tree and 50 meters fram the nearest busy roadway (ASTM
DV739-98, Watson et al 2007). Based on the pholographs and location maps provided n the
sludy. it is not clear if the sampling locations were located a suMficient distance frarm roadways.
Additicnally, two locations in Round 1 wers located in a parking lot, and & is unknown if the
parking lot was aclive al the time, Samplers placed near roadways and parking lols would be
@xpected to have higher dust loadings and different particke size distribution and elemental
compositon profiles

Finaily, the conlrol stes were nol selected in such a way 10 allow lor consistert comparison to

neghbormood sampling locations, which included residences. open spaces. and parking lots
According to the study, the prevalling wind directions are o the sauthwest ar northwest in the
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Camden area. EPA guidelnes for afmos phenc depositan sampling recommend a
combmation of upwind and downwing sampiing locations (EPA 2001), The samplars used in
he study were placed northeast and downwing of the Tacility, excep! lor one lacation (No. 11)
In Round 1 and two locations in Round 2 (Mo 8 and 101 Urnfortunately. Round 1's upwnd
sampler (No 11) was losl, The two locahons used in Round 2 (a5 well as the lacation of the
missing No_ 11), were near trees. which would have affected partice deposition. as discussed
earier. Although the proximéty of the Delaware River west of the facility reduced the
availability of upwind locatians, the placement of sampless in upwind areas that are mone
similar to the WFS neighbermaod and in sautheas! locations downwind of the tacility would
nave improved spatial coverage. The difference in sampler sting in the control siles as
compared lo the WFS sites waakens the slugly conclusion that calcium cancentrations
decrease with increasing distance from lhe facility

C. Surface Wipe Samples

Based upon the information provided in the repon. it appears that the surface wipe sample
resulis do not indicate a facility impact in connection with dust in the WFS neighborhood
These surface wipe samples were the only samples of deposited material in the study that
reflect overall cumulative deposition, taking into consderation natural conditions, Although
the report acknowledges the lack of & facility impact, the analysis underiynng this conclusion
was nol well descrived (for example, Figure 4 below could be used to demonsirate the lack of
comelaton of calcium concentrations with distance fram the facility). Rather the study
researchers make a concerted effort o discount the results of the surface wipe samples.
although the paraliel deposited dust samphng dd not recernve the same level of crifical review
and scrutiny.

r — —

Figure &: Calcium Concontration of Dust Wipe Samples
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Flaws were also identfied with the collection af the suface wipe samples that may have
resulted in inaccurate mass and elemental concentration measuraments, For example,
surface wipe dust samples were collected fom a fmetal drum bin. alectrical baxes ar ducts,
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air conditioners, and a vending machine, which typically have metal surfaces Metal particles
from these surfaces may have been inadvertently removed during the wipe sampling and
included during the sample analysis, The repor acknowledges that two samples were
cobecled near deteriorating metal surfaces which may have resulled in elevated metal
loadings for thase locatons, The aulhors of the study also indicate that some of the surtaces
ware elactrically charged (e.g. electrical boxes) and would be expected o attract more
particles

0. Bulk Raw Cement Material (RCM) Samples

The ane composie sample collected on-sile may not be representative of the range of typical
conditions on the RCM pile. As such, the alemental concentrations and &nnchment faciors
derfved from the RCM sample may naot accurately reflect fugdive emissions from the pile

The sludy researchers collecled ons compasite sample [comorised of three subsamples) from
the RCM pile located at the facility on one day. The study assumed thal there was no
variability in the particle size distnbution and chemical composition of the RCM pile aver time
However, recent precipitation. pile loading/unloading activities. and natural vanation in the
RCM composition could have resutted in different sze distribution and chemical compositian
of these materials over the course of the study. For example. moistening of the pile affer
rainfall can cause cementatious binding and potentially larger particle sizes. Changing pile
levels as a resull of the addibon and use of RCM may also aflect the size distribution. Also,
based on routine XRF testing of RCM delivered 1o the facility the chemical compasition of
RCM varies. RCM typically averages approxomately 26% silicon dioxide cortent, but can
range from epproximately 25% to 45%, The percentage of calcium oxide averages
approximately 40%. but can range from approximatety 25% 1o 40%. These variations could
have been caplured by collecting multiple samples at different time periods during the
deposition sample collestion period

The study assumes thal the composition of the RCM bulk sample reflacts the composition of
particulate emissions from the site. Particulate emissions from the site may anse from a
number of sources and may have a different particle size distribution and elemenial
composdon from the fillered bulk material sample

E. Other Regional Scurces

The study considered the RCM pile as the only passible dust source: ether possible regonal
and local scurces of dust were not investigated and sampled, including road dust, vehicle
axhaust, refinery emissions, and metal processing. The sludy found that the envichment
factors for lead and zinc were higher than the ennchment factors for RCM, and attributed
increased levels of lead and zinc in ambient air 1o a metal treating facility and an iron
warkshop in the neighborhood  However, there was no further attempt to quantify the dust
confribubons from these melal processing facikties or any other faciity in the area. This is one
of the most significant flaws in the study and one that would certainly have an adverse impact
an the vabdity of the study results. Enrichment factors, and associated Issues, are dscussed
further in the Data Analysis section below

F. Other Sampling Issues

Very litle information is provided in the repon about the blank sarmples for this study. Fiekd
and lab blanks for the surface wipe samples are listed in Table 4 of the repor (as averages
only). but no blanks are reported for the dust depasition samples listed in Tables 2 and 3. Any
blanks collected with the dust depastion sampdes should be reported in these tables. The taxt
indicates thal “Sample concentrations were fieid blank subtracted before data analyss.” I this
mMeans that the cancentrations in the field blanks wers sublracted from the concentrations in
the feld sampies reporied in the later fables (e g, Tabie Bi. the con ceniralions in the field
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blank should be reported. Information was aksa iacking on how non-detects were addressed
In this process if an element was not cetected in a field blank

Similarty, documentation that is typecally associaled with 3 field samgling event, inchuding
sampling protocols, fisld notes, chains-of-custady, elc - was na! availabla for review for the
varous samples collected. As aresull, it is not possible to evaluate if the study followed
proper handling procedures for retrieving samples

1. Analysis

The failure of the study's laboratory analysis to detect sticon 3t levels that accurately reflect
the composition of RCM Laverage silicon dioxde comlant of appromamately 35%) draws into
question the study's analylical techniques and the cvsrall relance on the elemantal analysis
RCM s comprised predominately of silicon, calcium, aluminum, and magnesium oxides
Histarical XRF data for RCM confirms this Camposibon, with approximate average values as
Tollows: 35% Si0., 40% Cad 10% AlLD, ang 8% MgQ. Silicon should have Deen a major
component detecied in the elemental analysis of RCM However, very low levels of silican
were detected in the elemental analyses. It was detected at only 0 0017% in the RCM
sample, and also at very low levels (<0.03%) n the airbome deposition samplkes. Meanwhile.
cElcium. aluminum, and magresium were detected at 3%, 19%, and 14 6%, respectively
According 1o the laboralory procedures outlined in the study, the dust samples were digested
by the microwave oven-assisted digeston methad with concentraled nitne acid (EPA methods
T-3050a and 3052), According to EPA methad TO-3052, samples with silicon dioxide (Si0;)
require concentrated nitne acid and hydrofluonc acid for proper digestion. Nitric acid alone will
not sufficiently digest sibcates, and can result in unreliable recoveries (EPA TO-1052 Sun et
al. 2001). The study does not indicate that hydrafluoric acid was usad in the digestion

method. The use of nitric acid only could explain the very low levels of sdicon detected. The
omiszion of hydrofluoric acid also raises questions aboul whether elements bound in silicate
slructures were dissolved and accurately measured

The report indicates that fve dust samples and cne RCM sample were analyzed by
microscopy, but Table 5 of the repont only includes three dust samples {two are missing). The
particle size distribution for each sample s reprasented by & percentage for each of six size
calegones listed under the heading “Diameter Range {um)". Most particles are not spherical
and it is unclear if the sizes are reported as an asrodynamic diameter or as physical
dimensions The profocol used to classify the particles by size should be explained, but is
lacking, in the report.

Background information on laboratory techniques and analysis has not vet been made
avalable for review. Forexample the Myva micrascopic analysis reports. which are histad as
appendwces, ara not included in the study report.

. _Data Analysis

In addition (0 the issues deniified with the sampling methodalogy and laboratory fechnmues
used in the study, the data analysis presented in the repor could not be fully undersiood o
evaluated because the methods were not explaned in adeguale detall. 1 is apparent from the
information provided, however that there are incansistencies in the tables and deficiencies in
same of the statistical analyses in the report. These ssues are discussed in detail in the
following sections.






Nancy Wittenberg, Assistant Commissioner May 26 2008

A, Sample/Filter Selection

The report does not explain the procedure used 1o select the samples and filters used in the
dala analyses, and some of ‘he infermation needead 1o assess (he representaliveness af (hess
samples and fifers is nol provided. Four flters were placed in each arborne dust sampler,
but the report (Tables 2 and 3) does not provide the mass measuraments for the individual
fillers. The later tables {6 and 7] report mass measurements and other data cofected from 28
individual filters, but it is not clear how these fillers Wwere sebecled. || appears that 16 of 52
filters collected in Round 1 were analyzed and that 12 of 72 filtlers colected in Bound 2 wena
analyzed I they were reporled, the mass measuraments from all 124 fillers could be usad io
assess the degree 1o which the 28 fiters selected for additional analysis are representative of
the complete set of filers. In adgition, these mass measurements might be used to test Tor
syslemaltic differences in collectan efficiency betwaen samaolers in the different SaIMiple
locations, '

B. Independence of Collocated Samples

The process used lo mvestigate the relationships between collocated samples should be
described in greater detail. At a minimum, the number of independent samples used in sach
analysis shouid be provided. The tables in the report indicate that some of the filters selacted
for the elemental anatysis were from the sama sampler (&.g.. CO01A and DOO1B) and othars
wera from coliocated samplers (g DOD1A, DDOTB, and CO024). The 16 Fiters reporied in
Table 6 (Round 1) were collected in 13 samglers at only 8 locations. and the 12 fiters
reparied in Table 7 {Round 2) were collected in 10 samplers at 10 locations  Filters from the
same of collocated samplers shouid not be treated as ndependent abservations. It Is unclear
if the results from all of the filters from each location were averaged before analyzing the
relationships with distance. or if same of the results were excluded from the analysis.

This concern alse apphes 1o the surface wipe samples. Table B in the repan indicales that
there are three pairs of collocated samgles m the 18 surface wipe samples selected for
elemental analysis. Table 4 of the repont Suggests that the collocated wipe samples were
collected from the same surface or type of surface {although the sampled area differs greatly
al some locations but not at cthers), Wipe samples coliected from the same or similar
surfaces at one location should not be traated as ndependent observations. A similar
concem as thal mentioned above about whether the samples were averaged or whether same
samples were excluded exists her. It s also unclear from the report if the wipe samples at
each location were collected on diferent dates.

The report does not specify wheh geposited dust samples were used in same of the analyses,
50 I 15 not clear wheiher data from the fwo sampling rounds have been combined  The
deposited dust samples were not collected at the same locations in Rounds 1 and 2. Using
data from both rounds fogether would provide a larger sample size (desirabie for statistcal
analysis), but there may be systematic differences between the rounds. These potential
differences should be evaluated befare using the data from the two rounds together in the
same analysis, The absence of controlbackground samoles for Round 1 complicates this
evaluation,

C. Calculation and Reporting of Enrichment Factors and CalFe Ratios

There are several inconsistencies n the report in connection with the study's calculation and
reporting of enrichment taclors and caleumdinon (Ca'Fel ratios. First, the list of elements
reporied in Table 9 of the report differs from tha lists fepored in Tables 6-8_ and 1he list n
Table & is shighily ditferent fram the list in Tables & and 7. It appears that concentrabon data
are avalable for st least 27 elements all fogethar, bul the same Blements are nol repcned in
€ach table. Tdanium is missing from Table & even though the enrichment factors are based
on Ti concentrations
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In addition. the concentrations of the elerments in tha reference matenal used to calculate the
enrichmen lactor values in tha report should be provided in one of the lables. Tha refergnce
matenal used to calculate the enschment factor values is identified as “Mason's crustal rock
composibon values (Rahn, 1976).° There are other references for calculating enrichment
tactors from dust samples and it is not clear why the researchers chose Mason's reference
rock nstead of, for example, Bowen's reference soll for their calculation

D. Ralationship Between Dust Mass and Distance

As a general comment applicabile to all the distance analyses conductad in the report, o
conduct a statistical evaluabon using the distance parameler. sa mples need to be collectad at
aifferent racial distances from the sile on a single ransect. Since transect lesting was not
conducted, conclusions cannal be drawn from statistical anatysis using the distance
parameter. The report indicates that there is an inverse ralgtionship between the mass of dust
collecied and distance from the fazilty  The Spearman rank corelation coefficient value
presented o the repon {-0.7697 | appears to have been calculated using the averaga values
for each of tha 10 deposited dust samphng locations used in Round 2. Two of these 10
locations are identiied in Table 3 as “cantrol site (treel” and are refered o as background
Incations elsewhers in tha repor. These two locations ara apparently upwind of tha RCM pila
and should not be used o determing whether the mass of dust collected decreases with
ncreasing dislance downwind of the RCM ple. The p-value reported at the lop of page 8
{0.0068) suggests that the rank relationship between dust mass and distance is fughly
significant. This p-value appears to have been calculated using a method (Ihe Fishar R o 7
transfomation) that is not accurate for Spearman rank correlation lests invoheing small
numbers of samples. The correct p-value for a rark comelation of -0, 7857 based on 10
observations 's between 0.02 and 0.05. Excluding the values fram the fwo background
locations changes the value of the Spearman coefficient from -0.7697 10 -0.5476 and results
n a p-value greater than 0.05. Thus, the statement that there is an inverse relationship
between the mass of dust colected and distance from the faciity s only supporied by the rank
correlztion analysis if the two upwind background locations are induded

As another example of inconsistency and poor documentation. the repart states that the
minimum mass collected in the surface wipe samples was 1.71 mg. This value does nol
appear in Table 4 it may be associated with one of the field or lab blanks, The lext indicates
that no spatial patitern was observed in the mass values for the wipe samples. but it is not
clear how this cenclusion was reached  Thus. in order to evaluate these conclus ions, itis
necessary 1o know whal patterns were considered and how they were evaluated, Sirmnilarly, it
must be known if the relative elevations of the various wipe sampling locations were different
anough to contribute fo the differences in mass and loading. Without this information. these
conclusions cannot be properdy evaluated.

E.  Relationships Between Elemental Composition and Distance

The report suggests that the calcium concantration is a surragate for the contribution of the
facility's emissians to the deposited dust samgles. An exponential relationship between
calcium concentration and distance is ilusirated in Figure & of the report and descnbed in the
lext Howewver, the distances indicated in the figure do not generally match the distances
shown in the tables, and whan the distances are apprommalely agual, tha calcium
concentrations are gererally not. The authors may have used data from baty sampling
rounds and may have aversged data coliected al dfferent locations to construct the figure ang
fit the curves. The relationship betwsen the nine data paints shawn in the figure and the data
in tha fabies should be explained o detail. Sampling frem different rounds cannol be
combined un'ess e palentizl for systematic differences is evaluated The repor should also
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provide sufficient information on the curve-fitting procedurs %o allow an interesied reader 10 re-
construct and evaluate the models used in the repon and to consider atermnatve models.

I'he repon conciudes that only calcium had a statistically sigrificant negative association
between concentration and distance 1o the facilty. The details of the evaluation for the other
elements are not prowded. The Speaman rank correlation coefficient and p-value reported
hera for ihe calcium-distance relationship suggest that this evaluation was based an 11 paired
values but i is not clear whech sample abservations were used in this anakysis or whether the
observations were used withoul averaging tha values from the collocaled samplers, As noted
above. inclusion of samples collected at upwind background locations in analyses of the
relationships between distance and particle characieristics may be inappropriate. Althouigh
may be a concidence. the p-value reported for this reistionship (0 0037) is identical fo @ yaiue
shown in the preceding paragraph; one of these may be a typo. Also, as expldined above, p-
values for Spearman rank comelations derved using the Fisher B o 7 transformation are not
accurate for tests involving small numbers of samgles

There appear lo be erorsfinconsistences in reparbng the elemental compostion of the dusts,
For example. levels of cadmium in some of the samples are discussed in the text. bul Table 9
does not include enrichment factors for thie element, The slements ane grouped by {heir
prevalence and the repor! mdicates that the concenirations of silicon were “pimanky below
100 ng‘mg" in the deposited dus! samples, However, Table & shows that the silicon
concentration was greater than 100 ngimg in 12 of the 16 Round 1 samples. The possibility of
systemalic difterences in mass, particle size distribution, and composition between the twa
sampling rounds {inclucing the apparent difference in sibcon concenrations) should be
investigated and discussed m the repord. If significant differences between the two sampling
rounds are ientified, the data sets from the two rounds should not be combined without
addressing these differences.

The fables thal report the elemental concentrations and enrchment factors should be
expanded 1o include 2l of the elements covered in the data set, and the reference
concentrations used in the ennchment factor calculations should be provided  The repert
should also note that the sum of the elemental concentrations reported for the dust sa mples
typically accounts for anly a small fraction of the total mass of the sample. 5o the suggestian
thzt aluminum. calcium, iron, magnesium, and zinc are the "mast abundan diements” in the
deposied dust samples may not be correct. Thae elemental concentration data provided in the
tables could be used 1o investigate the possibility of systermatic differences between the
sampling rounds, common types of sampler locatons (e.9., rees vs_ front parches), and olher
factors that may contribute fo the variation in dust composition. The anfy relationship of this
type that is addressed in any detal in the report is between the calcium conceéntration and
distance from the RCM pile

The report states that ‘the corrosive action of urban rainwater {with pH of below 4 0 in many
cases|” may ba responsible for the elevated levels of cadmium and zinc observed in iwo Wi
samples, but notes that the calcium loadings in these samples “wera not significantly different
from the loadings at other locations®. If this statement of significance is based on statistical
tests, the lests should be explained. The reference to increases in iron a5 well as n
cadmium and zinc) al the end of the paragraph should be gxplained or delaled.

F. RCM Contributions to Outdoor Dust

The repor states that, “We observed that the RCM confributions to ouldoor dusts were lower
a@s the radial distances are further from the cement facility (see Table &) ° This stalerment
shouid refer to Tabie 13, not Table 9. The siatistical significance of this observation should be
tested and reponed, preferably using averages for the collocated samplers, without combining
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ihe data from the two sampling rounds, and using only the estimates that were produced with
acceplable goodness-of-fit statistics, Without this analysis, the imporiance of the reporied
obsarvation cannol be determined, Table 10 summarses estimates of the RCM contribution
‘o cutdoor dusts derived by applying the CMBE model to each of 28 dust samgles, sven though
he repon stales that no more than 64 parcent of the 28 samples provided acceptable
goodness-of- it statistics. At a minimum, the report should idenidy the samples for which the
fit was acceptable and compile the statistics shown in Table 10 for those samples alane

The Spearman rank correlation coafficient provsded for the deposited dust sampies in the last
paragraph on page 9 appears 10 be inconsistent with the data in some of the tables. Atiemnpts
1o reproduce the ennchment facior values in Table 9 using data from the other tables suggest
that the ennchment factor for calcium may actually tend to increase with distance from the
RCM pile, The repart stales, "Excepl %or calcium, other elements did not show an inverse
refationship betweaen enrichment factors and radial distance from the facility.” If the
relationships for calcium are not statistically significant, it would be betler fo state that none of
the elements showad a meaningtul inverse relationship. The repor should say whether a
significant ipositve) relationship was cbserved for any of the other slements

Some of the values reporled in Table 9 are nol consistent with the earer lables, The repart
indicates that ennchment factors for all of the alements analyzed in this study are provided in
Table 9. but values for cadmium and antimony (which appear in other tables) do net appear in
Table 8 The range of values reported for the CafFe ratios in the deposited dust samples
reporied in the column headed 'Sampling Stes (<0 668 km)' ndicates that the statistics in this
column are derived from the 10 Round 2 samples without averaging the measurements from
the collocated filters, As noted above, data obtained from filters from the same o collocated
samplers should not be treated as independent cbservations in statistical calculations. An
explanation as to why the Round 1 data wene excluded from Table 9 shauld be provided in the
report. Some af the values reponted in Table 9 are clearly incansistent with values in the other
tables For example, Table § indicates that the Ca/Fe ratio is 1.70 for both of the backgreund
deposited dust samples. but the cancentrations in Table 7 indicate that the Ca‘Fe ratio for
sample DO16-C i aclually less than 164, Tha envichment factor value for calcium also
appears 1o be icorrect for one of the background samples; the comect average and range
should probably be B.30 and 718 fo 9.43 (not 8.02 and 7.18 1o 8.85 as shown in Table 9)
Cther values in Table & may also be eroneous or inconsistent with the earlier tables. The
enfichment factor values cannol be checked esasily because the concentrations in the
reference material are not provided in the repadt,

V. __CMB Modeling Analysis

The study used the United States Environmental Protection Agency’s (USEPA) Chemical
Mass Balance (CMB) moded to determine Holcim's contribution 1o deposded dusts in the WES
neighborhood of Camden. CTMB s a receptor madel that apportions receptor concentratians
it chemically dishinct scurce types based upon source profiles provided by the user, The
researchers developed receptor profiles for inputints CMB using the chermical speciation data
obtained fram the deposited dus! samples collecled by the researchers in 2007, Source
profiles were developed from the RCM callecied from the Holcim facility as well as from other
published data sources, including the Portland Aerosal Charactenzation Study (PACS). There
are several ssues with the researchers’ application of the CMB model as wel as their
selaction of source profile and receptor data. These issuas are dscussed In further detail
Delow,
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A. Applicability of Portland Aerosol Characterization Study Data

According 10 the repor. the researchers used data from the PACS 1o derive chemical profiles
for the majority of the source calegories considerad for the CMB model The PACS dataset
includes chemical speciation data for six source categanies thal were determined to contribute
‘o urban aerasols in Fortland in the (ate 1970s; (1) marine aerosol; (2) urban dust; (3}
automobile exhaust from vehicles uzing leaded gasoling; (4) residual mil combustion (e q.,
haavy fuel als); (5} aluminum production; and {B) lerromanganese furnaces

Sance the PACS datase! was compiled to represent major emusson sources in Pordland in the
late 15705, there are several issues associated with the application of this dataset o
ceposted dust samples collected in Camden in 2007 Primarily, the six PACS source
calegones may nol ba represaniative of the types of emission sources that conirioute 1o
dustfall in Carmden. For example. the Camden area has a number of indusirial sources
ncluding waste incinerators. refineries, and metal treatmert faciliies. These industries may
be a significant source of dust and may not be adequately characterized by the PACS, If sa,
the FACS data would not be sufficient ta allow CKE to accurately appadion the deposied
dust concentralions inlo scurce categorias,

Additionally, geclogical differences batwean Portland and Camden may cantnbute to
dscrepancies in the chemical profiles of source categonies such as urban dust, Regqional
dfferences in fuel and other industrial raw materials may also affect the chemical profiles of
source calegories such as residual oil combustion. aluminum production, and ferromanganese
turnaces In addition lo these regional tactors, the time penod in which the PACS data was
collected s problematic. Since tetra-ethy| lead was historically used as an anti-knock agent n
gasoline, lead is the primary chermcal marker of 1970s ers automotive exhaust, Conversely,
smce leaded gasoling & no longer sald in the LS, lead is not 2n appropriate chemical marker
of preseni-day automotive exhaust. The CMB formatted PACS dataset only included the
chemical markers of leadad auto exhaust (Watson 1976). Thus. there are significant
concems with the study s application of the PACS aulomative data 1o dustisll samples
collected in Camden in 2007 As discussed in the next section, this problem with the
automolive source prafle may have prevented CMB from recognizing automobile emissions
as a contributor to particulate matter i Camden,

The above-stated issues could have a substantial impact on the source contnbutions
predicled by the CME medel. In the absence of represeniative source categories and
chemical profiles, the model will attempl te apporion dust across the input source calegories,
regardiess of whether those calegeries accurately reflect dust sources in Camden  This type
of force fitting would sign-ficantly impact modal results.

B. Discrepancies between Model Prediction and Known Data

There are several discrepancies batween the repor's estimated source caninbutions (Figure 8
in the repor) and known data. As discussed above, the CMB resulis suggest that the
depasition samples collecied «n Camden and Gloucester City do net show any cantribution
from autornotive emissions. Since aulomaotwe sources are generally regarded as a significant
contributor to fine particulales, sspecially in feghly trafficked areas ke Camden. these resulls
are highly susped  Again, this discrepancy s likely due to problems with the chemical priofile
of the automotive source categary. as descrbad above,

C. Completeness of Chemical Speciation Data for Input into CMB

Aczcording to the repori, the RCM and deposdion samples collected during the ouldoor dust
stucly in Camden were analyzed only for metallic slements and net for ions (e g., nitrale
sulfate. ammonium, eic ) or carbon. The Protocal for Applying and Yaligating the CMB Model
for PM; « and VOO (CME Protoccl) states thal receptor data mus! include al leas! those
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chemical species in the source profiles that allow unique source categones to be idensfied
(¥vatson 2004). [n arder to accomplish this, the CME Protacol states that “slements, ions, and
carbon are the minimal needs for PM apporticnment (Watson £004})." Thus, it appears that
the deposibon and RCM sample data falis shon of the minimum data reguirermnents for use in a
CMB model. Further, since carbon, nitrate, sulfate, and ammanium are magor chemical
components of PM; , and PM,. in urban areas (Watson 2004}, information on thesa chemical
Species is necessary 1o accurately determine contributions from various smission souice
categories. FM;: specation deta collected from an ambient air monitorng staticn in Camden
indicates that ammonium, nitrale, sullate, elemental carbon, and organt carbon constitute
nearly BI% of local PM; , by mass (NJDEP 20051.° The absence of guantitative miformation
on the carbon and lon content of the RCM and deposition samples may have prevenled CMB
from accurately differentiating between unigue source categories and may lead lo
mappropriate contribution estimates, since the data on collected dust is incom plete

D.  lssues Associated with the Application of CMB to Quantify Impacts from a Single
Facility
In developing source profiles for inpul nto the CMB model, emission sources with similar
chemical characteristics are typically grouped into representative source categones {ia,
marnne aerosols. automotive amissions, etc ). Thus, the study's use of CMB o identity
potental impacts from a single facility s not onfy unusual but likely problematic. CMB may not
be able to distinguish Holcim's contribution from other similar scurces that wauld typically be
grouped into a single source category. Since the study did not include a detailed mvaniory of
emission sources in the Camden area, it is quite possible that similar sources axisl and have
not been adequalely characlerized. Thus, the ‘cement” source could aclually rapresent a
number of scurces, in additon 1o Holcim, that emit material that is chemically similar 1o the
RLM. This would cause the sfudy researchers 1o attribute all cement-like emissions to
Haleim thus, aver-predicting the facilty s potential contribution to dust i the Camden area.
This may be evidenced by the fact that the CMB model estimates that the study’s background
dust samples were comprised of up Io 8% cement (1L.e . RCM-like matenal). Since the
background deposition samplers were located approximately two kilometers upwing of the
Holcim facility, il is uniikely that Holcim contributed o dust at these locatons Therelore, the
cament signature at these background locations was likely caused by ather emission sources
with chemical profles similar ta that of the RCM material,

Addincnally, in arder fo chaacierize vanability within a gwen source category, statistcal
analyses are typically conducted on & number of data points within the category. Since only a
single RCM sample was collected in the siudy, the researchers assurned a default uncerainty
of 10%. Further evaluation 5 needed 1o determine if ths 10% adeguately represents
variabdity within the cemant scurce category in the Camden ares

E. Potential Collinearity of Source Categories

In arder for the CME model to accurately differentiate between source categones, the source
profiles for each category must be sufficiently different from one another. Similar ar collinear
source profiles could infroduce a high degree of uncertainty (Watson 2004). Tha report does
not discuss polental colinearity of the source profies used as input data for the CME model
It may be necessary to obtain addiional information to confirm that the source profies used
for categenes such as urban dust, geclogical components, and RCM are in fact independant
of ona another.

* The percent compositior of local PM, , by mass was calculated from average annual corcentrasons ol
the Camden Laboralory manitonng station i 2008
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. Other Models . .
?Hn c'id"éan::dal 42:-: of several ar qualty models that may be used to estimate potential
impacts from known emission sources. Receplor models, such as C!l.l’aIE, UNMIX, atfu:l_the
Dasitwa Matrix Faciorzation (PMF) madel, use the chermical and physical charactensiics of
particles measured al emissions SOUTCES and receptors ‘o quantify source -::nnmhx_;tlme. 1]
receplor concentrations. CME apportions receplor concentrations 10 chemically distincl
source types depanding upon scurce profie dala irput by the user. while UNMIX and PMF
internally generate source profies from ambient data. Altematively, dispersion modals, such
as AERMOD, use pollutant emission rates and meteorclogical transport to estimate source
contributions to receptor concentrations (Watson 2004, USEPA 2008) The report doas nol
include a discussion of the criteria used 1o select CMB vs. other receptor or dispersion

models. Addiional information an 1his topic may be necessary 1o fully evaluate the
researchers’ SOUTCE apporionment analysis.

H. Maodel Performance Measures and Valdation

Th;_-e EM'!B model uses several paramalars fo measure model performance. including R-square
[R¥), chi-square (x°]. and percent mass (%Mass) ® The CMB Protocsl suggests that R? be
greater thal_ﬁ D_ﬂ. " be less than 4.0, and %Mass be between B0% and 120% (Walson 2004)
The report indicates that these goodness-of-fit staliskcs were within the acceptable range lnr'
ne more than &4 percent of the 28 samples. This suggests that the CMB modeling provided
reliable results for 2t most 18 of the 28 samples. The goodness-of-fit statistics for all 28

samples should be provided so the samples with acceplable v
alues can be ide
ethers can be excluded from the later analysas niifled and the

;{a:ﬂy' the CMB Frotocol recommends conducting a formal validation of model results using
&f data analyses and souice assessment metheds  For example. the CME Protocol
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sugpesls that "both a dispersion modal and a receplor model be used in a collaborative
manner 1o perlomm an apportionment (Watson 20041 The report does not describe the yse
of vakdation procedures to confirm the CME model resuits. If such analyses have been
conducted a detailed descnption should be prowided

V. Conclusion

N ils atlempt Lo assess the contribution of the Holcirm facilty 1o outdoor dust. the study
cantaing several laws that render the stugy incomplete and the conclusions essentinlly
unrelable. lssues were identified with each step of the evaluation, from the sampla collection,
lo the laboratory analysis, to the data analysis. to the modeling effort. Inadequacies in any
ona of thesa sleps could adversely affect the study owRcome, but the fact that aach
subsequent step of the analysis builds on lawed infarmation makes the study unusabla for the
evaluation of a facility impact on auldoor dust in the WFS neighborhood.

ﬁz;ﬁ%&l«»&

Ranit J. Machado, PE
Principal
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Vi, r R her

Materials Pertaining to Data Collection

L I T T T Y

Quality assurance plan
SOP for all sampling sctivities idry deposition. surface wipe. raw CEMEnt)
Previous studies using the dry depasition sampler and companson to ather depaosition
samplers that conform to ASTM standards

Sample log sheets and field books

Meteorslogical data for sampling period

Phetographs of raw cement pile collection Incation

Photographs of surface wipe locations with sample bocation na
Photographs of locations of depositian samplers with sample location no
Height of daposition sampler fram the around

Criteria for selecting sampling locations

Placement of collocated samplers

Materials Pertaining to Laboratory analysis

® & ® & @&

S0P for laboratory procedures
= \Weighing proceduwes
o Elemental analysis
*  Microwave digestion - EPA methods TO-3050a and 3052
®  Inductvely coupled plasma mass s pectrometry (KCPMS)
Microscapic analyses by MVA
Laboratory reports
Locations and results of feld blanks
Results of lab blanks and lab spikes
Detection limits
Appendices
1. MVA Repart for Microscopical analysis of pamcles on fiters: DODT -A, DDO5-4
2 MVA Report for Microscapical analysis of particies on finers: DO03-B, DO1B.C.
DO7iD
3. MVA Repart for Microscopical analysis of RCM <38pm

Material Pertaining to Data Analysis

-

Farticle size distribution for DO18-C and DO17-D (missing from Table 5}

Elemental loading results for all surface wipe samples (should be two per location )
Measurad wenght for all duss depasition, surface dust samples {not just averages)
Cust deposition sample results (2™ field campaign) for uncovered sampler at locations
Mo 4and B8

¥Which sample lecations {Location 1, 2 2,4, and 8) correspond to which sample
number (D001-4, DO05-A, DOD3-B, D-018-C C017-D)

Deposition dust samples usad in Spearman carrelation (why N > number of locations)

Materials Pertaining to CMB Modeling

CMB mputs and modeling fies
Model performance measures, mcluding (R®), chi-square (x’), and parcen! mass
(%eMass). for deposition sample
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