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April 26, 2013 
 
DRAFT 
 
Jim Sher, P.E., Project Manager 
MC-172 
Texas Commission on Environmental Quality 
P.O. Box 13087 
Austin, Texas 78711-3087 
 
Biól. Gerardo Tarín Torres, Jefe Del Depto. De Manejo Integral De Contaminantes   
SEMENART, Delegacion Chihuahua   
Calle Medicina #1118 Col. Magisterial, C.P. 31203 
Chihuahua, Chihuahua 
 
Subject: Preliminary Chemical Concentration Data Summary of Stack Demolition Sampling 

Results for Onsite and Offsite Air Monitoring Locations  
 
Dear Mr. Torres and Mr. Sher: 
 
On behalf of the Texas Custodial Trust (Trust), Malcolm Pirnie, Inc. (Malcolm Pirnie) performed 
dust monitoring activities at the Former ASARCO Smelter site in El Paso, Texas during the 
demolition of two stacks at 6:55 AM on April 13, 2013. During the demolition, on-site dust 
monitoring stations were operated to monitor particulate matter (PM) particulate matter up to 10 
microns in diameter (PM10) and particulate matter up to 2.5 microns in diameter (PM2.5). The 
preliminary dust results of PM2.5 and PM10 concentrations from onsite monitoring and offsite 
monitoring are available online at www.recastingthesmelter.com. Since this preliminary data was 
posted online we have sent filter samples to an accredited laboratory (Test America Inc.) in 
Knoxville, Tennessee for chemical analyses and mass concentrations of particulates. This letter 
presents preliminary findings of these analyses. 
 
In addition to the 16 onsite dust monitoring locations (using DustTrak II Model 8530 [11 
locations] and Model 8533 [5 locations] aerosol monitors), 3 onsite locations (South West, East 
Mountain, and Smeltertown West) were also monitored with ambient air particulate samplers 
(BGI Model PQ100) and filters (47mm mixed cellulose ester) to collect samples for chemical 
analyses and mass concentrations of particulates.  These monitors and filters were the same type 
and similar model previously used during a baseline air perimeter monitoring study conducted 
for Cell 4 landfill construction in November 2011 which was approved by the Texas 
Commission on Environmental Quality (TCEQ). A map of the monitoring locations with the 24-
hour average dust concentrations measured onsite consistent with the approved Demolition Plan 
can be seen in Attachment A, Figure 1.  
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The BGI PQ100 monitors were delivered onsite from the rental company on April 10. They were 
programmed to run from noon April 12 to noon April 13 and were set up to collect PM10. On 
April 11 before the monitors were set to deploy, it was determined that PM2.5 would need to be 
sampled as well. Since discrete sampling for both PM2.5 and PM10 could not be accomplished 
with the same monitor, and the PM2.5 inlet was delivered along with the PM10 inlet it was 
decided that PM2.5 would be sampled for these three samplers since the remaining 16 DustTrak 
monitors were able to collect PM10.  This is also supported by a number of fugitive dust studies 
have indicated that PM2.5/PM10 ratios can be used to compare fine fraction ratios derived from 
Federal Reference Method (FRM) samplers to those derived from the cyclone/impactor method. 
This ratio method has been used to develop US EPA AP-42 emission factors for fugitive dust 
sources. The study was conducted by the Midwest Research Institute and sponsored by the 
Western Regional Air Partnership (WRAP) and provided in Attachment E.  
 
Particulate mass concentrations and chemical analyses results for the 3 onsite locations are 
presented in Attachment B, Table 2. Data for the South West location are qualified due to an 
equipment malfunction where the instrument did not record sampling rate or run-time.  It is 
reasonably assumed that the sampler operated through demolition activities due to the quantity of 
PM accumulated in the filter. The calculations for the South West location use the same rate and 
duration of the East Mountain location which operated for 23 hours with a start time of 12 noon 
on April 12. As previously reported, the Smeltertown West monitor had an equipment failure. It 
only operated for 1 minute then shut down. Therefore, no data was collected from this monitor 
and the filter was not submitted to the analytical laboratory for analysis. 
 
In addition to the onsite sampling, La Secretaría de Medio Ambiente y Recursos Naturales 
(SEMARNAT), collected 24-hour high-volume dust samples with filters at 3 locations (see 
Attachment A, Figures 2 and 3). Preliminary data for these locations were previously presented 
and posted on the website. The offsite air monitoring was collected at two locations on April 10 
and three locations on April 13.  The samplers (Wedding models) were run from midnight to 
midnight. The filters (8 x 10 quartz) were provided to the Trust on Tuesday, April 16.  The filters 
were subsequently sent to Test America Inc.’s laboratory where they were analyzed for PM10 and 
chemical constituents. The analytical methodology implemented is summarized in Attachment B, 
Table 1.   
 
Based on the laboratory results for all samples (summarized in Attachment B, Table 2) non-
criteria and criteria pollutants concentrations were calculated on each of the filters given 
sampling air flow rates, particulate mass, and sampling time. The calculated concentrations were 
then compared to National Ambient Air Quality Standards (NAAQS) or Texas Commission on 
Environmental Quality (TCEQ) Effects Screening Levels (ESL) as requested by TCEQ (please 
refer to Attachment B, Table 3).  In addition to the NAAQS and ESLs, the Occupational Safety 
and Health Act (OSHA) Permissible Exposure Limits (PELs) and TCEQ Air Monitoring 
Comparison Values (AMCVs) were also included for comparison. TCEQ ESLs are not 
regulatory standards or ambient air quality standards but are levels used to evaluate the potential 
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for risk.  The ESLs are screening levels used to evaluate the potential for risk across the entire 
population, include sensitive populations such as children, elderly and pregnant woman, 
primarily associated with air permitting or long-term activities.  TCEQ ACMVs are similar to 
ESLs because they both are chemical-specific air concentrations set to protect human health and 
welfare.  However, AMCVs are used for air monitoring data and ESLs are used for air permitting 
since there are significant differences between the procedures used for performing health effect 
reviews for air permitting and the various forms of ambient air monitoring data. Concentrations 
at or near the ESLs or AMCVs do not indicate a risk, rather that the situation should be 
evaluated.  Additionally, the OSHA PELs are used for comparison because they are allowable 
exposures to a worker for an 8-hour shift with no respiratory protection. 
 
Dust concentrations calculated from the BGI and Wedding sampler data, as PM10, were highest 
on April 13th at the South West location at 43 µg/m3. The Anapra, ACS and Casa de Adobe 
locations had PM10 concentrations of 40 µg/m3, 32 µg/m3 and 33 µg/m3, respectively. The PM10 
concentration at the East Mountain location had the lowest value at 25 µg/m3. Concentrations of 
PM10 at all locations monitored were below 24-hour average NAAQS of 150 µg/m3 for the 
measured sampling period.   
 
The 24-hour average concentrations of metals at all onsite and offsite locations were below the 
TCEQ annual average ESLs and AMCVs, with the exception of ACS for April 13, at 0.23 µg/m3 
for  arsenic  and 0.21 mg/m3 for lead.  These data are discussed in more detail below showing 
they do not exceed annual screening levels.  All other sampling data were orders of magnitude 
below the ESLs and AMCVs.  
 
Arsenic: The calculated 24-hour concentration of arsenic was above the annual average 
concentration at one location (ACS).  Since the sampling period is over a 24-hour period and not 
an annual average, taking the pre-demolition condition along with the one-day event and 
averaging the results over a one week period indicate that the concentration of arsenic for the 
long-term average would be below the long-term ESLs and AMCVs.  Post-demolition samples 
have been collected by SERMANAT and once they are received by the Trust they will be 
submitted to the analytical laboratory for analysis.  These samples will be used to confirm the 
post-demolition sampling conditions have returned to the pre-demolition conditions.  The results 
of the post-demolition conditions will be posted once they become available.  
 
Lead: The 24-hour concentrations of lead at all onsite and offsite locations are below the 
NAAQS 3-month rolling average on April 13, except at the ACS location which was 0.21 µg/m3. 
This value is slightly above the 3-month rolling average. However, averaging the concentrations 
between the  April 10 and April 13 data, the value is lower than the 3-month rolling average 
standard.  The post-demolition sampling will be analyzed at the analytical laboratory to confirm 
the post-demolition conditions; however, similar to the concentrations of arsenic and all other 
metals we anticipate the concentrations to return to pre-demolition conditions. 
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We understand the filters collected on Sunday, April 14th by SEMARNAT will be provided to 
the Trust as soon as they become available. The Trust will send these additional filters for 
analysis to Test America Inc. Laboratory for analysis. When the laboratory results are provided 
an addendum to this letter will be provided summarizing the results of the additional analysis. 
 
If you have any questions regarding this analysis and our conclusions please contact Scott Brown 
at 602-797-4536 or the Texas Custodial Trustee, Roberto Puga at 714-388-1802. 
 
Very truly yours, 
 
MALCOLM PIRNIE, INC. 
 
 
 
Scott Brown, Project Manager 
 
Project 6835001 
Attachments 
 
 
cc: Roberto Puga 

Candice Sifuentes 
 Dr. Carlos Rincon 
 
 
Attachment A: Figures 
Attachment B: Tables 
Attachment C: Chain of Custody and Laboratory Results 
Attachment D: Information provided by SEMARNAT  
Attachment E: Background Document for Revisions to Fine Fraction Ratios Used for AP-42  

Fugitive Dust Emission Factors 
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Note: Listed concentrations are 24-hour averages. Off site locations are high-volume sampling 
          locations. Onsite BGI PQ100 samplers were located at East Mountain, Smeltertown West 
          and South West.
          Wind Speed Source: NWS Daily Summary at time of stack demolition.
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          Wind Speed Source: NWS Daily Summary at time of stack demolition.
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Table 1

Air Monitoring 

Analytical Methodology

Chimney Demolition, April 13, 2013

Former ASARCO Smelter Site

El Paso, Texas

PM10 Wedding Sampler Method IO-2.1
NIOSH Method 0500 and 40 CFR Part 

50, Appendix B and J 

PM2.5 BGI PQ100

40 CFR 50, Appendix L --

Reference Method for the 

Determination of Fine Particulate 

Matter as PM2.5 in the Atmosphere

NIOSH Method 0500 and 40 CFR Part 

50, Appendix B and J 

Antimony (1) (1) SW-846 Method 6010B

Arsenic (1) (1) SW-846 Method 6010B

Barium (1) (1) SW-846 Method 6010B

Cadmium (1) (1) SW-846 Method 6010B

Chromium (1) (1) SW-846 Method 6010B

Cobalt (1) (1) SW-846 Method 6010B

Copper (1) (1) SW-846 Method 6010B

Iron (1) (1) SW-846 Method 6010B

Lead (1) (1) SW-846 Method 6010B

Mercury (1) (1) SW-846 Method 7470

Molybdenum (1) (1) SW-846 Method 6010B

Nickel (1) (1) SW-846 Method 6010B

Selenium (1) (1) SW-846 Method 6010B

Silica (1,2) (1,2)

For onsite filters measured as silicon 

using SW-846 Method 6010B. Offsite 

filters not measured due to matrix 

interferences with the filter media 

(quartz).
(2)

Zinc (1) (1) SW-846 Method 6010B

Notes:

Analyte Analytical Method
Sampling 

Equipment
Sampling Method

(2) 
Silica is represented as silicon here. Given the analytical method used by the lab and material of each filter, 

elemental silicon was only analyzed on the onsite filters. Silicon was not analyzed on the three offsite filters due to 

background interference between the filter material made from quartz and silicon.

(1) 
Metals were sampled as PM10 and PM2.5 using the same equipment and sampling methodology as listed for PM10 

and PM2.5.
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Table 2

Air Monitoring Results

Calculated Concentrations

Chimney Demolition, April 13, 2013

Former ASARCO Smelter Site

El Paso, Texas

Filter ID

Monitor 

Location 

Description

Particulate 

wt (μg)

Sampling 

Flow Rate 

(ft
3
/min)

Sampling 

Flow Rate 

(l/min)

Sampling Time 

(min)

Sampling 

Volume (m
3
)

Q1511531
(a) ANAPRA 

(April 10)
26900 34.62 981 1440 1412

Q1511532
(a) ACS (April 10) 26300 34.66 982 1440 1414

Q1511541
(a) ANAPRA 

(April 13)
56600 34.79 986 1440 1419

Q1511542
(a) ACS (April 13) 45600 34.62 981 1440 1412

Q1511540
(a)

CASA DE 

ADOBE (April 

13)

46700 35.22 998 1440 1437

MP-17 East Mountain 290 0.59 16.7 1380 23

MP-19 South West
(b) 500 0.59 16.7 1380 23

CASA DE 

ADOBE (as PM10)

South West 

(as PM2.5)

East 

Mountain 

(as PM2.5)

CASA DE 

ADOBE 

(as PM10)

South West 

(as PM10) 
(2,3)

East 

Mountain (as 

PM10)
(2,3)

Date 10-Apr 13-Apr 10-Apr 13-Apr 13-Apr 13-Apr 13-Apr 10-Apr 13-Apr 10-Apr 13-Apr 13-Apr 13-Apr 13-Apr

PM 26900 56600 26300 45600 46700 500 290 19 40 19 32 33 43 25

Antimony ND 0.99 2.8 13 14 0.15 ND ND 0.0007 0.0020 0.009 0.009 0.013 ND

Arsenic ND 1.5 ND 319 2.3 0.18 ND ND 0.0011 ND 0.23 0.0016 0.016 ND

Barium 13 27 8.8 15 12 ND ND 0.009 0.019 0.006 0.011 0.009 ND ND

Cadmium ND 0.72 ND 7 1.2 0.036 ND ND 0.00051 ND 0.0050 0.0008 0.003 ND

Chromium 4.6 6 4.6 5.8 5.5 B,J 0.36 B,J 0.29 B,J 0.0033 0.0042 0.0033 0.0041 0.0038 0.031 0.025

Cobalt ND 0.48 ND 0.43 0.51 ND ND ND 0.00034 ND 0.00030 0.00035 ND ND

Copper 41.7 43 15.8 237 149 B 0.37 B 0.17 B 0.030 0.030 0.011 0.17 0.10 0.032 0.015

Iron 530 1240 550 793 1170 3.9 ND 0.38 0.9 0.39 0.56 0.8 0.337 ND

Lead 2.5 17 4.9 293 41 B 0.49 B 0.16 B 0.0018 0.012 0.0035 0.21 0.029 0.042 0.014

Mercury ND ND ND 3.5 0.31 0.032 ND ND ND ND 0.0025 0.00022 0.003 ND

Molybdenum ND ND ND 4 1.8 0.086 ND ND ND ND 0.0028 0.0013 0.007 ND

Nickel 1.1 1.7 1.3 2.2 1.9 B,J 0.094 B,J 0.22 B,J 0.0008 0.0012 0.0009 0.0016 0.0013 0.008 0.019

Selenium ND ND ND 21 1.5 ND ND ND ND ND 0.015 0.0010 ND ND

Silica*, crystalline (quartz & cristobalite)
(4) -- -- -- -- -- ND ND -- -- -- -- -- ND ND

Zinc 9.8 82 18 146 117 ND ND 0.007 0.06 0.012 0.10 0.08 ND ND

Notes:

"ND" = Not detected at the reporting limit

B = Estimated result. Result is less than reporting limit.

J = Method blank contamination. The associated method blank contains the target analyte at a reportable level.

ACS (as PM10)

* The reporting limit for silicon is 25 μg using NIOSH method 6010B. Lab reported as Silicon but Silica:Silicon (SiO2:Si) ratio is 2:1 by mass. Therefore the reporting limit of silica would be 50 μg. Since silicon was not detected at 25 μg we can assume that silica 

would not be present or would be less than the reporting limit of 50 μg and therefore 'ND'.

(b)
 Data for the South West location are qualified due to equipment malfunction.  The high volume air sampler did not record sampling rate or rum time.  

It is reasonably assumed that the sampler operated through demolition activities due to the quantity of PM accumulated in the filter. The calculations for 

the South West location use the same rate and duration of the East Mountain location.

(a) 
Flow rates for the off site monitors were provided by SEMARNAT. Please see Attachment D for details.

Mass (µg) Laboratory Results Calculated Concentration (µg/m
3
)

(1)

ANAPRA (as PM10) ACS (as PM10)
ANAPRA (as 

PM10)
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Table 2

Air Monitoring Results

Calculated Concentrations

Chimney Demolition, April 13, 2013

Former ASARCO Smelter Site

El Paso, Texas

(1)
 Concentrations are calculated based on laboratory results mass and sampling volume (μg ÷ m

3
)

(3)
 The South West and East Mountain calculated concentrations are based on a site-specific PM2.5/PM10 ratio = 0.5026

(4)
 "--" indicates analyte not tested. Silica is represented as silicon here. Given the analytical method used by the lab (please see Table 1) and material of each filter, elemental silicon was only analyzed on the onsite filters. Silicon was not analyzed on the three 

offsite filters due to matrix interferences from the filter media (quartz) silica or silicon concentrations.

* The reporting limit for silicon is 25 μg using NIOSH method 6010B. Lab reported as Silicon but Silica:Silicon (SiO2:Si) ratio is 2:1 by mass. Therefore the reporting limit of silica would be 50 μg. Since silicon was not detected at 25 μg we can assume that silica 

would not be present or would be less than the reporting limit of 50 μg and therefore 'ND'.

(2)
  Data for the South West location are qualified due to equipment malfunction.  The high volume air sampler did not record sampling rate or rum time.  It is reasonably assumed that the sampler operated through demolition activities due to the quantity of PM 

accumulated in the filter. The calculations for the South West location use the same rate and duration of the East Mountain location.
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Table 3

Air Monitoring Results

Comparison with Regulatory Standards and Screening Levels

Chimney Demolition, April 13, 2013

Former ASARCO Smelter Site

El Paso, Texas

CASA DE 

ADOBE (as 

PM10)

South West 

(as PM10) 
(a)

East 

Mountain 

(as PM10)

Date 10-Apr 13-Apr 10-Apr 13-Apr 13-Apr 13-Apr 13-Apr

PM10 19 40 19 32 33 43 25 -- -- 150 5,000

Antimony ND 0.0007 0.0020 0.009 0.009 0.0130 ND 5 0.5 5 0.5 -- 500

Arsenic ND 0.0011 ND 0.23 0.0016 0.0155 ND 3 0.067 9.9 0.067 -- 10

Barium 0.009 0.019 0.006 0.011 0.009 ND ND 5 0.5 5 0.5 -- 500
 (e)

Cadmium ND 0.00051 ND 0.0050 0.0008 0.0031 ND 0.1 0.01 0.1 0.01 -- 5

Chromium 0.0033 0.0042 0.0033 0.0041 0.0038 0.031 0.025 3.6 0.041 0.1 0.01 -- 1,000

Cobalt ND 0.00034 ND 0.00030 0.00035 ND ND 0.2 0.02 0.2 0.02 -- 100

Copper 0.030 0.030 0.011 0.17 0.10 0.032 0.0147 10 1 10 1 -- 1,000

Iron 0.38 0.9 0.39 0.56 0.8 0.34 ND 50 5 -- -- -- --

Lead 0.0018 0.012 0.0035 0.21 0.029 0.042 0.0138 -- -- -- -- 0.15 50

Mercury ND ND ND 0.0025 0.00022 0.0028 ND 0.25 0.025 -- -- -- 100
 (f)

Molybdenum ND ND ND 0.0028 0.0013 0.0074 ND 30 3 50 5 -- 15,000

Nickel 0.0008 0.0012 0.0009 0.0016 0.0013 0.0081 0.0190 0.33 0.059 1.1 0.059 -- 1,000

Selenium ND ND ND 0.015 0.0010 ND ND 2 0.2 2 0.2 -- 200

Silica*, crystalline (quartz & cristobalite)
(c,d)

-- -- -- -- -- ND ND 14 0.27 -- -- -- 279

Zinc 0.007 0.06 0.012 0.10 0.08 ND ND 20 2 50 50 -- --

Notes:

(e)
 - OSHA Standard for Barium (Soluble Compounds), no OSHA standard for Barium (insoluble compounds) NIOSH REL for insoluble compounds is 500 micrograms/m

3

(f)
- OSHA Standard for Mercury Vapor is 100 micrograms/m

3
.  No OSHA Standard for Mercury (inorganic), NIOSH REL is 100 micrograms/m

3
.

Calculated Concentration (µg/m
3
)

(b)
 The NAAQS for PM10 is 150 μg/m

3
 averaged over a 24-hour period. The NAAQS  for Lead is 0.15 μg/m

3 
averaged over a 3-month rolling period. 

TCEQ Air Monitoring 

Comparison Values 

(AMCVs) (µg/m
3
)

Short-term 

(1-hour 

ave) (as 

PM10)

Long-term 

(annual 

ave) (as 

PM10)

(c)
 Refer to Table 2, Note 4

(d)
 The OSHA PEL for silica was determined based on the following PEL equation: PEL (respirable fraction) = 10 mg/m

3 
x 1,000 μg/mg ÷ [% quartz + (% cristobalite × 2) + (% tridymite x 2) +2], which is based on the time-weighted average OSHA 

PEL. Based on concrete coring samples the maximum % of quartz was 32% in the onsite samples, and the maximum percent of cristobalite was 0.9%.  It is conservatively assumed that the concentrations of silica in dust are the same as in the concrete. 

Therefore, PEL (respirable) = 10 x 1,000 ÷ [19 + (0.9 x 2) + 2] = 279 μg/m
3
.

(a) 
Refer to Table 2, Note 2

Note (b)

NAAQS 

(µg/m
3
) 

Analyte

OSHA PELs   

(µg/m
3
) 

Short-term 

(1-hour ave) 

(as PM10)

Long-term 

(annual 

ave) (as 

PM10)

TWA (8 hour 

workday)

ANAPRA (as PM10) ACS (as PM10)

TCEQ Effects Screening 

Levels (ESLs) (µg/m
3
)
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SAMPLE SUMMARYSAMPLE SUMMARY

H3D170402H3D170402

SAMPLED  SAMP
WO #_____ SAMPLE#_______ CLIENT SAMPLE ID________________________________________________________________ DATE________ TIME_____

M0L19   001   Q1511531                                                         04/10/13 12:00
M0L2A   002   Q1511532                                                         04/10/13
M0L2C   003   Q1511541                                                         04/13/13
M0L2D   004   Q1511542                                                         04/13/13
M0L2E   005   Q1511540                                                         04/13/13

NOTE(S):NOTE(S):__________________________________________________________________________________________________________________________________________________________________________________________
- The analytical results of the samples listed above are presented on the following pages.

- All calculations are performed before rounding to avoid round-off errors in calculated results.

- Results noted as "ND" were not detected at or above the stated limit.

- This report must not be reproduced, except in full, without the written approval of the laboratory.

- Results for the following parameters are never reported on a dry weight basis: color, corrosivity, density, flashpoint, ignitability, layers, odor,

paint filter test, pH, porosity pressure, reactivity, redox potential, specific gravity, spot tests, solids, solubility, temperature, viscosity, and weight.



ARCADIS U.S. IncARCADIS U.S. Inc

Client Sample ID: Q1511531Client Sample ID: Q1511531

TOTAL MetalsTOTAL Metals

Lot-Sample #...:Lot-Sample #...: H3D170402-001                                       Matrix.......:Matrix.......: AIR
Date Sampled...:Date Sampled...: 04/10/13        Date Received..:Date Received..: 04/17/13

REPORTING                              PREPARATION-   WORK
PARAMETER_______________ RESULT_____________ LIMIT_________ UNITS__________ METHOD_________________ ANALYSIS DATE______________ ORDER #________

Prep Batch #...:Prep Batch #...: 3107059
Antimony        ND            13.5      ug         SW846 6010B       04/18-04/19/13 M0L191AC

Dilution Factor: 1         Analysis Time..: 11:51     MDL............: 0.87

Arsenic         ND            2.3       ug         SW846 6010B       04/18-04/19/13 M0L191AD
Dilution Factor: 1         Analysis Time..: 11:51     MDL............: 0.74

BariumBarium          12.8 B12.8 B        45.045.0      ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L191AEM0L191AE
Dilution Factor: 1         Analysis Time..: 11:51     MDL............: 6.7

Cadmium         ND            1.1       ug         SW846 6010B       04/18-04/19/13 M0L191AF
Dilution Factor: 1         Analysis Time..: 11:51     MDL............: 0.13

ChromiumChromium        4.6 B,J4.6 B,J       9.09.0       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L191AGM0L191AG
Dilution Factor: 1         Analysis Time..: 11:51     MDL............: 1.7

Cobalt          ND            11.3      ug         SW846 6010B       04/18-04/19/13 M0L191AH
Dilution Factor: 1         Analysis Time..: 11:51     MDL............: 0.36

CopperCopper          41.741.7          5.65.6       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L191AJM0L191AJ
Dilution Factor: 1         Analysis Time..: 11:51     MDL............: 0.73

IronIron            530530           180180       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L191AKM0L191AK
Dilution Factor: 1         Analysis Time..: 11:51     MDL............: 34.0

LeadLead            2.52.5           2.32.3       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L191ALM0L191AL
Dilution Factor: 1         Analysis Time..: 11:51     MDL............: 0.57

Molybdenum      ND            9.0       ug         SW846 6010B       04/18-04/19/13 M0L191AM
Dilution Factor: 1         Analysis Time..: 11:51     MDL............: 1.5

NickelNickel          1.1 B,J1.1 B,J       9.09.0       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L191ANM0L191AN
Dilution Factor: 1         Analysis Time..: 11:51     MDL............: 0.53

Selenium        ND            2.3       ug         SW846 6010B       04/18-04/19/13 M0L191AP
Dilution Factor: 1         Analysis Time..: 11:51     MDL............: 1.0

ZincZinc            9.8 B9.8 B         18.018.0      ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L191AQM0L191AQ
Dilution Factor: 1         Analysis Time..: 11:51     MDL............: 2.0

(Continued on next page)



ARCADIS U.S. IncARCADIS U.S. Inc

Client Sample ID: Q1511531Client Sample ID: Q1511531

TOTAL MetalsTOTAL Metals

Lot-Sample #...:Lot-Sample #...: H3D170402-001                                       Matrix.........:Matrix.........: AIR

REPORTING                              PREPARATION-   WORK
PARAMETER_______________ RESULT_____________ LIMIT_________ UNITS__________ METHOD_________________ ANALYSIS DATE______________ ORDER #________

Prep Batch #...:Prep Batch #...: 3109019
Mercury         ND            0.45      ug         SW846 7470A       04/19/13       M0L191AR

Dilution Factor: 1         Analysis Time..: 13:30     MDL............: 0.14

NOTE(S):NOTE(S):______________________________________________________________________________________________________________________________________________________________________________________
B   Estimated result. Result is less than RL.

J   Method blank contamination.  The associated method blank contains the target analyte at a reportable level.



ARCADIS U.S. IncARCADIS U.S. Inc

Client Sample ID: Q1511532Client Sample ID: Q1511532

TOTAL MetalsTOTAL Metals

Lot-Sample #...:Lot-Sample #...: H3D170402-002                                       Matrix.......:Matrix.......: AIR
Date Sampled...:Date Sampled...: 04/10/13        Date Received..:Date Received..: 04/17/13

REPORTING                              PREPARATION-   WORK
PARAMETER_______________ RESULT_____________ LIMIT_________ UNITS__________ METHOD_________________ ANALYSIS DATE______________ ORDER #________

Prep Batch #...:Prep Batch #...: 3107059
AntimonyAntimony        2.8 B2.8 B         13.513.5      ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2A1ACM0L2A1AC

Dilution Factor: 1         Analysis Time..: 12:05     MDL............: 0.87

Arsenic         ND            2.3       ug         SW846 6010B       04/18-04/19/13 M0L2A1AD
Dilution Factor: 1         Analysis Time..: 12:05     MDL............: 0.74

BariumBarium          8.8 B8.8 B         45.045.0      ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2A1AEM0L2A1AE
Dilution Factor: 1         Analysis Time..: 12:05     MDL............: 6.7

Cadmium         ND            1.1       ug         SW846 6010B       04/18-04/19/13 M0L2A1AF
Dilution Factor: 1         Analysis Time..: 12:05     MDL............: 0.13

ChromiumChromium        4.6 B,J4.6 B,J       9.09.0       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2A1AGM0L2A1AG
Dilution Factor: 1         Analysis Time..: 12:05     MDL............: 1.7

Cobalt          ND            11.3      ug         SW846 6010B       04/18-04/19/13 M0L2A1AH
Dilution Factor: 1         Analysis Time..: 12:05     MDL............: 0.36

CopperCopper          15.815.8          5.65.6       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2A1AJM0L2A1AJ
Dilution Factor: 1         Analysis Time..: 12:05     MDL............: 0.73

IronIron            550550           180180       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2A1AKM0L2A1AK
Dilution Factor: 1         Analysis Time..: 12:05     MDL............: 34.0

LeadLead            4.94.9           2.32.3       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2A1ALM0L2A1AL
Dilution Factor: 1         Analysis Time..: 12:05     MDL............: 0.57

Molybdenum      ND            9.0       ug         SW846 6010B       04/18-04/19/13 M0L2A1AM
Dilution Factor: 1         Analysis Time..: 12:05     MDL............: 1.5

NickelNickel          1.3 B,J1.3 B,J       9.09.0       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2A1ANM0L2A1AN
Dilution Factor: 1         Analysis Time..: 12:05     MDL............: 0.53

Selenium        ND            2.3       ug         SW846 6010B       04/18-04/19/13 M0L2A1AP
Dilution Factor: 1         Analysis Time..: 12:05     MDL............: 1.0

ZincZinc            17.6 B17.6 B        18.018.0      ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2A1AQM0L2A1AQ
Dilution Factor: 1         Analysis Time..: 12:05     MDL............: 2.0

(Continued on next page)



ARCADIS U.S. IncARCADIS U.S. Inc

Client Sample ID: Q1511532Client Sample ID: Q1511532

TOTAL MetalsTOTAL Metals

Lot-Sample #...:Lot-Sample #...: H3D170402-002                                       Matrix.........:Matrix.........: AIR

REPORTING                              PREPARATION-   WORK
PARAMETER_______________ RESULT_____________ LIMIT_________ UNITS__________ METHOD_________________ ANALYSIS DATE______________ ORDER #________

Prep Batch #...:Prep Batch #...: 3109019
Mercury         ND            0.45      ug         SW846 7470A       04/19/13       M0L2A1AR

Dilution Factor: 1         Analysis Time..: 13:37     MDL............: 0.14

NOTE(S):NOTE(S):______________________________________________________________________________________________________________________________________________________________________________________
B   Estimated result. Result is less than RL.

J   Method blank contamination.  The associated method blank contains the target analyte at a reportable level.



ARCADIS U.S. IncARCADIS U.S. Inc

Client Sample ID: Q1511541Client Sample ID: Q1511541

TOTAL MetalsTOTAL Metals

Lot-Sample #...:Lot-Sample #...: H3D170402-003                                       Matrix.......:Matrix.......: AIR
Date Sampled...:Date Sampled...: 04/13/13        Date Received..:Date Received..: 04/17/13

REPORTING                              PREPARATION-   WORK
PARAMETER_______________ RESULT_____________ LIMIT_________ UNITS__________ METHOD_________________ ANALYSIS DATE______________ ORDER #________

Prep Batch #...:Prep Batch #...: 3107059
AntimonyAntimony        0.99 B0.99 B        13.513.5      ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2C1ACM0L2C1AC

Dilution Factor: 1         Analysis Time..: 12:10     MDL............: 0.87

ArsenicArsenic         1.5 B1.5 B         2.32.3       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2C1ADM0L2C1AD
Dilution Factor: 1         Analysis Time..: 12:10     MDL............: 0.74

BariumBarium          26.9 B26.9 B        45.045.0      ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2C1AEM0L2C1AE
Dilution Factor: 1         Analysis Time..: 12:10     MDL............: 6.7

CadmiumCadmium         0.72 B0.72 B        1.11.1       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2C1AFM0L2C1AF
Dilution Factor: 1         Analysis Time..: 12:10     MDL............: 0.13

ChromiumChromium        6.0 B,J6.0 B,J       9.09.0       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2C1AGM0L2C1AG
Dilution Factor: 1         Analysis Time..: 12:10     MDL............: 1.7

CobaltCobalt          0.48 B0.48 B        11.311.3      ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2C1AHM0L2C1AH
Dilution Factor: 1         Analysis Time..: 12:10     MDL............: 0.36

CopperCopper          43.043.0          5.65.6       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2C1AJM0L2C1AJ
Dilution Factor: 1         Analysis Time..: 12:10     MDL............: 0.73

IronIron            12401240          180180       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2C1AKM0L2C1AK
Dilution Factor: 1         Analysis Time..: 12:10     MDL............: 34.0

LeadLead            16.916.9          2.32.3       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2C1ALM0L2C1AL
Dilution Factor: 1         Analysis Time..: 12:10     MDL............: 0.57

Molybdenum      ND            9.0       ug         SW846 6010B       04/18-04/19/13 M0L2C1AM
Dilution Factor: 1         Analysis Time..: 12:10     MDL............: 1.5

NickelNickel          1.7 B,J1.7 B,J       9.09.0       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2C1ANM0L2C1AN
Dilution Factor: 1         Analysis Time..: 12:10     MDL............: 0.53

Selenium        ND            2.3       ug         SW846 6010B       04/18-04/19/13 M0L2C1AP
Dilution Factor: 1         Analysis Time..: 12:10     MDL............: 1.0

ZincZinc            81.681.6          18.018.0      ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2C1AQM0L2C1AQ
Dilution Factor: 1         Analysis Time..: 12:10     MDL............: 2.0

(Continued on next page)



ARCADIS U.S. IncARCADIS U.S. Inc

Client Sample ID: Q1511541Client Sample ID: Q1511541

TOTAL MetalsTOTAL Metals

Lot-Sample #...:Lot-Sample #...: H3D170402-003                                       Matrix.........:Matrix.........: AIR

REPORTING                              PREPARATION-   WORK
PARAMETER_______________ RESULT_____________ LIMIT_________ UNITS__________ METHOD_________________ ANALYSIS DATE______________ ORDER #________

Prep Batch #...:Prep Batch #...: 3109019
Mercury         ND            0.45      ug         SW846 7470A       04/19/13       M0L2C1AR

Dilution Factor: 1         Analysis Time..: 13:40     MDL............: 0.14

NOTE(S):NOTE(S):______________________________________________________________________________________________________________________________________________________________________________________
B   Estimated result. Result is less than RL.

J   Method blank contamination.  The associated method blank contains the target analyte at a reportable level.



ARCADIS U.S. IncARCADIS U.S. Inc

Client Sample ID: Q1511542Client Sample ID: Q1511542

TOTAL MetalsTOTAL Metals

Lot-Sample #...:Lot-Sample #...: H3D170402-004                                       Matrix.......:Matrix.......: AIR
Date Sampled...:Date Sampled...: 04/13/13        Date Received..:Date Received..: 04/17/13

REPORTING                              PREPARATION-   WORK
PARAMETER_______________ RESULT_____________ LIMIT_________ UNITS__________ METHOD_________________ ANALYSIS DATE______________ ORDER #________

Prep Batch #...:Prep Batch #...: 3107059
AntimonyAntimony        12.5 B12.5 B        13.513.5      ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2D1ACM0L2D1AC

Dilution Factor: 1         Analysis Time..: 12:15     MDL............: 0.87

ArsenicArsenic         319319           2.32.3       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2D1ADM0L2D1AD
Dilution Factor: 1         Analysis Time..: 12:15     MDL............: 0.74

BariumBarium          15.0 B15.0 B        45.045.0      ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2D1AEM0L2D1AE
Dilution Factor: 1         Analysis Time..: 12:15     MDL............: 6.7

CadmiumCadmium         7.07.0           1.11.1       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2D1AFM0L2D1AF
Dilution Factor: 1         Analysis Time..: 12:15     MDL............: 0.13

ChromiumChromium        5.8 B,J5.8 B,J       9.09.0       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2D1AGM0L2D1AG
Dilution Factor: 1         Analysis Time..: 12:15     MDL............: 1.7

CobaltCobalt          0.43 B0.43 B        11.311.3      ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2D1AHM0L2D1AH
Dilution Factor: 1         Analysis Time..: 12:15     MDL............: 0.36

CopperCopper          237237           5.65.6       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2D1AJM0L2D1AJ
Dilution Factor: 1         Analysis Time..: 12:15     MDL............: 0.73

IronIron            793793           180180       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2D1AKM0L2D1AK
Dilution Factor: 1         Analysis Time..: 12:15     MDL............: 34.0

LeadLead            293293           2.32.3       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2D1ALM0L2D1AL
Dilution Factor: 1         Analysis Time..: 12:15     MDL............: 0.57

MolybdenumMolybdenum      4.0 B4.0 B         9.09.0       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2D1AMM0L2D1AM
Dilution Factor: 1         Analysis Time..: 12:15     MDL............: 1.5

NickelNickel          2.2 B,J2.2 B,J       9.09.0       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2D1ANM0L2D1AN
Dilution Factor: 1         Analysis Time..: 12:15     MDL............: 0.53

SeleniumSelenium        21.421.4          2.32.3       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2D1APM0L2D1AP
Dilution Factor: 1         Analysis Time..: 12:15     MDL............: 1.0

ZincZinc            146146           18.018.0      ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2D1AQM0L2D1AQ
Dilution Factor: 1         Analysis Time..: 12:15     MDL............: 2.0

(Continued on next page)



ARCADIS U.S. IncARCADIS U.S. Inc

Client Sample ID: Q1511542Client Sample ID: Q1511542

TOTAL MetalsTOTAL Metals

Lot-Sample #...:Lot-Sample #...: H3D170402-004                                       Matrix.........:Matrix.........: AIR

REPORTING                              PREPARATION-   WORK
PARAMETER_______________ RESULT_____________ LIMIT_________ UNITS__________ METHOD_________________ ANALYSIS DATE______________ ORDER #________

Prep Batch #...:Prep Batch #...: 3109019
MercuryMercury         3.53.5           0.450.45      ugug         SW846 7470ASW846 7470A       04/19/1304/19/13       M0L2D1ARM0L2D1AR

Dilution Factor: 1         Analysis Time..: 13:42     MDL............: 0.14

NOTE(S):NOTE(S):______________________________________________________________________________________________________________________________________________________________________________________
B   Estimated result. Result is less than RL.

J   Method blank contamination.  The associated method blank contains the target analyte at a reportable level.



ARCADIS U.S. IncARCADIS U.S. Inc

Client Sample ID: Q1511540Client Sample ID: Q1511540

TOTAL MetalsTOTAL Metals

Lot-Sample #...:Lot-Sample #...: H3D170402-005                                       Matrix.......:Matrix.......: AIR
Date Sampled...:Date Sampled...: 04/13/13        Date Received..:Date Received..: 04/17/13

REPORTING                              PREPARATION-   WORK
PARAMETER_______________ RESULT_____________ LIMIT_________ UNITS__________ METHOD_________________ ANALYSIS DATE______________ ORDER #________

Prep Batch #...:Prep Batch #...: 3107059
AntimonyAntimony        2.0 B2.0 B         13.513.5      ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2E1ACM0L2E1AC

Dilution Factor: 1         Analysis Time..: 12:34     MDL............: 0.87

ArsenicArsenic         14.614.6          2.32.3       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2E1ADM0L2E1AD
Dilution Factor: 1         Analysis Time..: 12:34     MDL............: 0.74

BariumBarium          12.4 B12.4 B        45.045.0      ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2E1AEM0L2E1AE
Dilution Factor: 1         Analysis Time..: 12:34     MDL............: 6.7

CadmiumCadmium         1.21.2           1.11.1       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2E1AFM0L2E1AF
Dilution Factor: 1         Analysis Time..: 12:34     MDL............: 0.13

ChromiumChromium        5.5 B,J5.5 B,J       9.09.0       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2E1AGM0L2E1AG
Dilution Factor: 1         Analysis Time..: 12:34     MDL............: 1.7

CobaltCobalt          0.54 B0.54 B        11.311.3      ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2E1AHM0L2E1AH
Dilution Factor: 1         Analysis Time..: 12:34     MDL............: 0.36

CopperCopper          149149           5.65.6       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2E1AJM0L2E1AJ
Dilution Factor: 1         Analysis Time..: 12:34     MDL............: 0.73

IronIron            11701170          180180       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2E1AKM0L2E1AK
Dilution Factor: 1         Analysis Time..: 12:34     MDL............: 34.0

LeadLead            41.341.3          2.32.3       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2E1ALM0L2E1AL
Dilution Factor: 1         Analysis Time..: 12:34     MDL............: 0.57

MolybdenumMolybdenum      1.8 B1.8 B         9.09.0       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2E1AMM0L2E1AM
Dilution Factor: 1         Analysis Time..: 12:34     MDL............: 1.5

NickelNickel          1.9 B,J1.9 B,J       9.09.0       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2E1ANM0L2E1AN
Dilution Factor: 1         Analysis Time..: 12:34     MDL............: 0.53

SeleniumSelenium        1.5 B1.5 B         2.32.3       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2E1APM0L2E1AP
Dilution Factor: 1         Analysis Time..: 12:34     MDL............: 1.0

ZincZinc            117117           18.018.0      ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L2E1AQM0L2E1AQ
Dilution Factor: 1         Analysis Time..: 12:34     MDL............: 2.0

(Continued on next page)



ARCADIS U.S. IncARCADIS U.S. Inc

Client Sample ID: Q1511540Client Sample ID: Q1511540

TOTAL MetalsTOTAL Metals

Lot-Sample #...:Lot-Sample #...: H3D170402-005                                       Matrix.........:Matrix.........: AIR

REPORTING                              PREPARATION-   WORK
PARAMETER_______________ RESULT_____________ LIMIT_________ UNITS__________ METHOD_________________ ANALYSIS DATE______________ ORDER #________

Prep Batch #...:Prep Batch #...: 3109019
MercuryMercury         0.31 B0.31 B        0.450.45      ugug         SW846 7470ASW846 7470A       04/19/1304/19/13       M0L2E1ARM0L2E1AR

Dilution Factor: 1         Analysis Time..: 13:44     MDL............: 0.14

NOTE(S):NOTE(S):______________________________________________________________________________________________________________________________________________________________________________________
B   Estimated result. Result is less than RL.

J   Method blank contamination.  The associated method blank contains the target analyte at a reportable level.



METHOD BLANK REPORTMETHOD BLANK REPORT

TOTAL MetalsTOTAL Metals

Client Lot #...:Client Lot #...: H3D170402                                      Matrix.........:Matrix.........: AIR

REPORTING                              PREPARATION-   WORK
PARAMETER_______________ RESULT_____________ LIMIT_________ UNITS__________ METHOD_________________ ANALYSIS DATE______________ ORDER #________

MB Lot-Sample #:MB Lot-Sample #: H3D170000-059  Prep Batch #...:Prep Batch #...: 3107059
Antimony        ND            13.5      ug         SW846 6010B       04/18-04/19/13 M0L9R1AA

Dilution Factor: 1

Analysis Time..: 11:16

MB Lot-Sample #:MB Lot-Sample #: H3D170000-059  Prep Batch #...:Prep Batch #...: 3109019
Mercury         ND            0.45      ug         SW846 7470A       04/19/13       M0L9R1AQ

Dilution Factor: 1

Analysis Time..: 13:22

MB Lot-Sample #:MB Lot-Sample #: H3D170000-059  Prep Batch #...:Prep Batch #...: 3107059
Arsenic         ND            2.3       ug         SW846 6010B       04/18-04/19/13 M0L9R1AC

Dilution Factor: 1

Analysis Time..: 11:16

Barium          ND            45.0      ug         SW846 6010B       04/18-04/19/13 M0L9R1AD
Dilution Factor: 1

Analysis Time..: 11:16

Cadmium         ND            1.1       ug         SW846 6010B       04/18-04/19/13 M0L9R1AE
Dilution Factor: 1

Analysis Time..: 11:16

ChromiumChromium        2.9 B2.9 B         9.09.0       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L9R1AFM0L9R1AF
Dilution Factor: 1

Analysis Time..: 11:16

Cobalt          ND            11.3      ug         SW846 6010B       04/18-04/19/13 M0L9R1AG
Dilution Factor: 1

Analysis Time..: 11:16

Copper          ND            5.6       ug         SW846 6010B       04/18-04/19/13 M0L9R1AH
Dilution Factor: 1

Analysis Time..: 11:16

Iron            ND            180       ug         SW846 6010B       04/18-04/19/13 M0L9R1AJ
Dilution Factor: 1

Analysis Time..: 11:16

Lead            ND            2.3       ug         SW846 6010B       04/18-04/19/13 M0L9R1AK
Dilution Factor: 1

Analysis Time..: 11:16

(Continued on next page)



METHOD BLANK REPORTMETHOD BLANK REPORT

TOTAL MetalsTOTAL Metals

Client Lot #...:Client Lot #...: H3D170402                                      Matrix.........:Matrix.........: AIR

REPORTING                              PREPARATION-   WORK
PARAMETER_______________ RESULT_____________ LIMIT_________ UNITS__________ METHOD_________________ ANALYSIS DATE______________ ORDER #________
Molybdenum      ND            9.0       ug         SW846 6010B       04/18-04/19/13 M0L9R1AL

Dilution Factor: 1

Analysis Time..: 11:16

NickelNickel          0.55 B0.55 B        9.09.0       ugug         SW846 6010BSW846 6010B       04/18-04/19/1304/18-04/19/13 M0L9R1AMM0L9R1AM
Dilution Factor: 1

Analysis Time..: 11:16

Selenium        ND            2.3       ug         SW846 6010B       04/18-04/19/13 M0L9R1AN
Dilution Factor: 1

Analysis Time..: 11:16

Zinc            ND            18.0      ug         SW846 6010B       04/18-04/19/13 M0L9R1AP
Dilution Factor: 1

Analysis Time..: 11:16

NOTE(S):NOTE(S):________________________________________________________________________________________________________________________________________________________________________________________
Calculations are performed before rounding to avoid round-off errors in calculated results.

B   Estimated result. Result is less than RL.



LABORATORY CONTROL SAMPLE EVALUATION REPORTLABORATORY CONTROL SAMPLE EVALUATION REPORT

TOTAL MetalsTOTAL Metals

Client Lot #...:Client Lot #...: H3D170402                                      Matrix.........:Matrix.........: AIR

PERCENT    RECOVERY                      PREPARATION-
PARAMETER___________      RECOVERY________   LIMITS__________  METHOD_________________ ANALYSIS DATE______________ WORK ORDER #____________

LCS Lot-Sample#:LCS Lot-Sample#: H3D170000-059  Prep Batch #...:Prep Batch #...: 3107059
Antimony         83         (80 - 120)  SW846 6010B       04/18-04/19/13 M0L9R1AR

Dilution Factor: 1         Analysis Time..: 11:21

Arsenic          86         (80 - 120)  SW846 6010B       04/18-04/19/13 M0L9R1AT
Dilution Factor: 1         Analysis Time..: 11:21

Barium           88         (80 - 120)  SW846 6010B       04/18-04/19/13 M0L9R1AU
Dilution Factor: 1         Analysis Time..: 11:21

Cadmium          87         (80 - 120)  SW846 6010B       04/18-04/19/13 M0L9R1AV
Dilution Factor: 1         Analysis Time..: 11:21

Chromium         95         (80 - 120)  SW846 6010B       04/18-04/19/13 M0L9R1AW
Dilution Factor: 1         Analysis Time..: 11:21

Cobalt           86         (80 - 120)  SW846 6010B       04/18-04/19/13 M0L9R1AX
Dilution Factor: 1         Analysis Time..: 11:21

Copper           87         (80 - 120)  SW846 6010B       04/18-04/19/13 M0L9R1A0
Dilution Factor: 1         Analysis Time..: 11:21

Iron             100        (80 - 120)  SW846 6010B       04/18-04/19/13 M0L9R1A1
Dilution Factor: 1         Analysis Time..: 11:21

Lead             87         (80 - 120)  SW846 6010B       04/18-04/19/13 M0L9R1A2
Dilution Factor: 1         Analysis Time..: 11:21

Molybdenum       86         (80 - 120)  SW846 6010B       04/18-04/19/13 M0L9R1A3
Dilution Factor: 1         Analysis Time..: 11:21

Nickel           87         (80 - 120)  SW846 6010B       04/18-04/19/13 M0L9R1A4
Dilution Factor: 1         Analysis Time..: 11:21

Selenium         86         (80 - 120)  SW846 6010B       04/18-04/19/13 M0L9R1A5
Dilution Factor: 1         Analysis Time..: 11:21

Zinc             88         (80 - 120)  SW846 6010B       04/18-04/19/13 M0L9R1A6
Dilution Factor: 1         Analysis Time..: 11:21

(Continued on next page)



LABORATORY CONTROL SAMPLE EVALUATION REPORTLABORATORY CONTROL SAMPLE EVALUATION REPORT

TOTAL MetalsTOTAL Metals

Client Lot #...:Client Lot #...: H3D170402                                      Matrix.........:Matrix.........: AIR

PERCENT    RECOVERY                      PREPARATION-
PARAMETER___________      RECOVERY________   LIMITS__________  METHOD_________________ ANALYSIS DATE______________ WORK ORDER #____________
LCS Lot-Sample#:LCS Lot-Sample#: H3D170000-059  Prep Batch #...:Prep Batch #...: 3109019
Mercury          94         (80 - 120)  SW846 7470A          04/19/13    M0L9R1A7

Dilution Factor: 1         Analysis Time..: 13:24

NOTE(S):NOTE(S):________________________________________________________________________________________________________________________________________________________________________________________
Calculations are performed before rounding to avoid round-off errors in calculated results.



LABORATORY CONTROL SAMPLE DATA REPORTLABORATORY CONTROL SAMPLE DATA REPORT

TOTAL MetalsTOTAL Metals

Client Lot #...:Client Lot #...: H3D170402                                      Matrix.........:Matrix.........: AIR

SPIKE   MEASURED            PERCNT                   PREPARATION-   WORK
PARAMETER____________ AMOUNT_______ AMOUNT________ UNITS__________ RECVRY______ METHOD_________________ ANALYSIS DATE______________ ORDER #________

LCS Lot-Sample#:LCS Lot-Sample#: H3D170000-059  Prep Batch #...:Prep Batch #...: 3107059
Antimony     112     93.8     ug         83     SW846 6010B       04/18-04/19/13 M0L9R1AR

Dilution Factor: 1         Analysis Time..: 11:21

Arsenic      22.5    19.3     ug         86     SW846 6010B       04/18-04/19/13 M0L9R1AT
Dilution Factor: 1         Analysis Time..: 11:21

Barium       22.5    19.9     ug         88     SW846 6010B       04/18-04/19/13 M0L9R1AU
Dilution Factor: 1         Analysis Time..: 11:21

Cadmium      11.2    9.82     ug         87     SW846 6010B       04/18-04/19/13 M0L9R1AV
Dilution Factor: 1         Analysis Time..: 11:21

Chromium     45.0    42.9     ug         95     SW846 6010B       04/18-04/19/13 M0L9R1AW
Dilution Factor: 1         Analysis Time..: 11:21

Cobalt       22.5    19.4     ug         86     SW846 6010B       04/18-04/19/13 M0L9R1AX
Dilution Factor: 1         Analysis Time..: 11:21

Copper       56.2    48.8     ug         87     SW846 6010B       04/18-04/19/13 M0L9R1A0
Dilution Factor: 1         Analysis Time..: 11:21

Iron         225     226      ug         100    SW846 6010B       04/18-04/19/13 M0L9R1A1
Dilution Factor: 1         Analysis Time..: 11:21

Lead         22.5    19.5     ug         87     SW846 6010B       04/18-04/19/13 M0L9R1A2
Dilution Factor: 1         Analysis Time..: 11:21

Molybdenum   112     96.9     ug         86     SW846 6010B       04/18-04/19/13 M0L9R1A3
Dilution Factor: 1         Analysis Time..: 11:21

Nickel       112     98.1     ug         87     SW846 6010B       04/18-04/19/13 M0L9R1A4
Dilution Factor: 1         Analysis Time..: 11:21

Selenium     33.8    28.9     ug         86     SW846 6010B       04/18-04/19/13 M0L9R1A5
Dilution Factor: 1         Analysis Time..: 11:21

Zinc         112     98.7     ug         88     SW846 6010B       04/18-04/19/13 M0L9R1A6
Dilution Factor: 1         Analysis Time..: 11:21

(Continued on next page)



LABORATORY CONTROL SAMPLE DATA REPORTLABORATORY CONTROL SAMPLE DATA REPORT

TOTAL MetalsTOTAL Metals

Client Lot #...:Client Lot #...: H3D170402                                      Matrix.........:Matrix.........: AIR

SPIKE   MEASURED            PERCNT                   PREPARATION-   WORK
PARAMETER____________ AMOUNT_______ AMOUNT________ UNITS__________ RECVRY______ METHOD_________________ ANALYSIS DATE______________ ORDER #________
LCS Lot-Sample#:LCS Lot-Sample#: H3D170000-059  Prep Batch #...:Prep Batch #...: 3109019
Mercury      11.2    10.5     ug         94     SW846 7470A          04/19/13    M0L9R1A7

Dilution Factor: 1         Analysis Time..: 13:24

NOTE(S):NOTE(S):________________________________________________________________________________________________________________________________________________________________________________________
Calculations are performed before rounding to avoid round-off errors in calculated results.



ARCADIS U.S. IncARCADIS U.S. Inc

Client Sample ID: Q1511531Client Sample ID: Q1511531

General ChemistryGeneral Chemistry

Lot-Sample #...:Lot-Sample #...: H3D170402-001   Work Order #...:Work Order #...: M0L19          Matrix.........:Matrix.........: AIR
Date Sampled...:Date Sampled...: 04/10/13        Date Received..:Date Received..: 04/17/13

PREPARATION-   PREP
PARAMETER____________________ RESULT__________ RL_______ UNITS__________ METHOD_________________ ANALYSIS DATE______________ BATCH #_______
Particulate MatterParticulate Matter   2690026900      50005000    ugug         CFR50J APDX JCFR50J APDX J     04/17-04/18/1304/17-04/18/13 31070173107017
as PM10as PM10

Dilution Factor: 1         Analysis Time..: 00:00     MDL............: 5000



ARCADIS U.S. IncARCADIS U.S. Inc

Client Sample ID: Q1511532Client Sample ID: Q1511532

General ChemistryGeneral Chemistry

Lot-Sample #...:Lot-Sample #...: H3D170402-002   Work Order #...:Work Order #...: M0L2A          Matrix.........:Matrix.........: AIR
Date Sampled...:Date Sampled...: 04/10/13        Date Received..:Date Received..: 04/17/13

PREPARATION-   PREP
PARAMETER____________________ RESULT__________ RL_______ UNITS__________ METHOD_________________ ANALYSIS DATE______________ BATCH #_______
Particulate MatterParticulate Matter   2630026300      50005000    ugug         CFR50J APDX JCFR50J APDX J     04/17-04/18/1304/17-04/18/13 31070173107017
as PM10as PM10

Dilution Factor: 1         Analysis Time..: 00:00     MDL............: 5000



ARCADIS U.S. IncARCADIS U.S. Inc

Client Sample ID: Q1511541Client Sample ID: Q1511541

General ChemistryGeneral Chemistry

Lot-Sample #...:Lot-Sample #...: H3D170402-003   Work Order #...:Work Order #...: M0L2C          Matrix.........:Matrix.........: AIR
Date Sampled...:Date Sampled...: 04/13/13        Date Received..:Date Received..: 04/17/13

PREPARATION-   PREP
PARAMETER____________________ RESULT__________ RL_______ UNITS__________ METHOD_________________ ANALYSIS DATE______________ BATCH #_______
Particulate MatterParticulate Matter   5660056600      50005000    ugug         CFR50J APDX JCFR50J APDX J     04/17-04/18/1304/17-04/18/13 31070173107017
as PM10as PM10

Dilution Factor: 1         Analysis Time..: 00:00     MDL............: 5000



ARCADIS U.S. IncARCADIS U.S. Inc

Client Sample ID: Q1511542Client Sample ID: Q1511542

General ChemistryGeneral Chemistry

Lot-Sample #...:Lot-Sample #...: H3D170402-004   Work Order #...:Work Order #...: M0L2D          Matrix.........:Matrix.........: AIR
Date Sampled...:Date Sampled...: 04/13/13        Date Received..:Date Received..: 04/17/13

PREPARATION-   PREP
PARAMETER____________________ RESULT__________ RL_______ UNITS__________ METHOD_________________ ANALYSIS DATE______________ BATCH #_______
Particulate MatterParticulate Matter   4560045600      50005000    ugug         CFR50J APDX JCFR50J APDX J     04/17-04/18/1304/17-04/18/13 31070173107017
as PM10as PM10

Dilution Factor: 1         Analysis Time..: 00:00     MDL............: 5000



ARCADIS U.S. IncARCADIS U.S. Inc

Client Sample ID: Q1511540Client Sample ID: Q1511540

General ChemistryGeneral Chemistry

Lot-Sample #...:Lot-Sample #...: H3D170402-005   Work Order #...:Work Order #...: M0L2E          Matrix.........:Matrix.........: AIR
Date Sampled...:Date Sampled...: 04/13/13        Date Received..:Date Received..: 04/17/13

PREPARATION-   PREP
PARAMETER____________________ RESULT__________ RL_______ UNITS__________ METHOD_________________ ANALYSIS DATE______________ BATCH #_______
Particulate MatterParticulate Matter   4670046700      50005000    ugug         CFR50J APDX JCFR50J APDX J     04/17-04/18/1304/17-04/18/13 31070173107017
as PM10as PM10

Dilution Factor: 1         Analysis Time..: 00:00     MDL............: 5000
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Monitor de partículas PM 10 ACS, calle cloro s/n. Distancia aprox. a ASARCO 3,690m 



Monitor de partículas PM 10 Bomberos Anapra, calle Cangrejo y calle 
Raya, col. Anapra. Distancia aprox. de ASARCO 3,652m  



Distribución de los monitores de partículas, Anapra, Casa de Adobe y ACS 



MUESTRA # FILTRO LECTURA PESO (GMS) DIFERENCIA PCM M3 µg/M3 IMECA

MINUTOS SUCIO LIMPIO (µg) ENC APAG PROM

10-Apr

ANAPRA 7 Q1511531 1440 4.489 4.455 0.034 19 19 34.62 1412 24 1
ACS 10 Q1511532 1440 4.504 4.484 0.02 19 19 34.66 1413 14 13
13-Apr

ANAPRA 7 Q1511541 1440 4.521 4.489 0.032 18 18.5 34.79 1419 23 19
ACS 10 Q1511542 1440 4.505 4.475 0.03 19 20 34.62 1412 21 18
Casa de Adobe Q1511540 1440 4.519 4.485 0.034 17 147 35.22 1436 24 20

DATOS DE MUESTREO DE PARTICULAS PM10        ABRIL-2013
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Responses to Comments Received on Proposed AP-42 Revisions 

 
 

Commenter 
and Date 

 
Source 

Category 

 
Comment 

 
Response 

John Hayden, 
National Stone, 
Sand and Gravel 
Association 
(NSSGA); June 
14, 2006 

Unpaved 
Roads 

NSSGA-
sponsored tests 
(report dated Oct. 
15, 2004) at 
California 
aggregate 
producing plants 
support the 
proposed fine 
fractions. 

This comment reference a test report prepared 
by Air Control Techniques for the National 
Stone, Sand & Gravel Association, dated 
October 4, 2004. The report gives the results of 
tests to determine unpaved road emissions 
factors for controlled (wet suppression only) 
haul roads at two aggregate processing plants.  
A variation of the plume profiling method using 
TEOM continuous monitors with PM-2.5 and 
PM-10 inlets was employed.  Tests with road 
surface moisture content below 1.5 percent 
were considered to be uncontrolled.   
 
Based on the example PM-10 concentration 
profiles presented in the report, the maximum 
roadside PM-10 dust concentrations in the 
subject study were in the range of 300 
micrograms per cubic meter. This is an order of 
magnitude lower than the concentrations 
typically found in other unpaved road emission 
factor studies.   
 
For the range of plume concentrations 
measured in the NSSGA-sponsored test 
program, an average fine fraction (PM-2.5/PM-
10 ratio) of 0.15 was reported.  This fine fraction 
value is consistent with the results of the MRI 
dust tunnel testing in the same concentration 
range.  At plume concentrations more typical of 
unpaved road emission factor studies, the 
proposed value of 0.1 is applicable.   
 
There is no need for any revisions to the 
proposed changes to AP-42 as a result of the 
cited study. 

Hao Quinn, 
Sacramento 
Metro AQMD; 
July 20, 2006 

Paved vs. 
unpaved 
roads 

For a particular 
industrial facility, 
the PM-10 
emission factor 
equations show 
higher emissions 
from paved roads 
rather than 
unpaved roads. 

This comment does not relate to the 
proposed changes to the fine particle 
fractions.   
It is possible that the emissions from a heavily 
loaded paved road can exceed emissions from 
an unpaved road with a low-to-moderate silt 
content at the same industrial facility, even if 
traveled by the same vehicles.  This is the case 
in the cited example, for which the paved road 
silt loading is 70 g/m2.   

 



  

 
 

Commenter 
and Date 

 
Source 

Category 

 
Comment 

 
Response 

Brian Leahy, 
Horizon 
Environmental; 
July 26, 2006 

Unpaved 
roads 

The k value for 
PM-2.5 does not 
appear to have 
changed in the 
proposed 
revision.   

The latest (2003) approved AP-42 k values for 
PM-2.5 in Table 13.2.2-2 are 0.23 and 0.27 
lb/VMT for industrial and public roads, 
respectively.  The proposed values are 0.15 and 
0.18 lb/VMT, which are equivalent to 10 percent 
of the respective k values for PM-10.   
 
There is no need for revisions to the proposed 
changes to AP-42 as a result of this comment. 

The conversion 
of proposed k 
values from 
g/VMT to g/VKT 
does not appear 
correct 
 
 

Regarding the revised k values for PM-2.5, 
when the k value of 0.66 g/VKT is multiplied by 
1.6 km/mi, it becomes 1.06 g/VMT, which 
rounds to 1.1 g/VKT given in the proposed 
revision.  Because the k values are given only to 
two significant figures, the converted values can 
vary by up to five digits in the second figure, 
depending on which direction the units 
conversion is made.  For example, when k value 
of 1.1 g/VKT is divided by 1.6 km/mi, the 
resulting value rounds to 0.69 g/VKT, but if 1.06 
g/VKT is divided by 1.6 km/mi, the resulting 
value rounds to 0.66 g/VKT. 
 
There is no need for revisions to the proposed 
changes to AP-42 as a result of this comment. 

Shengxin Jin, 
NYSDOT 
Environmental 
Analysis Bureau; 
undated 

Paved 
roads 

The stated silt 
loading impact of 
antiskid abrasive 
does not appear 
correct 

This comment does not relate to the 
proposed changes to the fine particle 
fractions.  
The commenter is correct in that 500 lb/mi of 
antiskid abrasive with a 1% silt content 
produces a silt loading in the range of 0.5 g/m2 
rather than 2 g/m2.  EPA may elect to make a 
separate modification to correct this discrepancy 
at a later time. 
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Proposed Revisions to Fine Fraction Ratios 

Used for AP-42 Fugitive Dust Emission Factors 
 
 
 
ABSTRACT 
 
       A number of fugitive dust studies have indicated that the PM2.5 / PM10 ratios 
measured by US EPA federal reference method (FRM) samplers are significantly lower 
than predicted by AP-42 emission factors.  As a result, the PM2.5 emission estimates are 
biased high.  The controlled exposure study described in this report was conducted to 
compare fine fraction ratios derived from FRM samplers to those derived from the 
cyclone/impactor method that had been used to develop AP-42 emission factors for 
fugitive dust sources. The study was conducted by the Midwest Research Institute using 
the same cyclone/impactor samplers and operating method that generated the original 
AP-42 emission factors and associated PM2.5 / PM10 ratios.  This study was sponsored by 
the Western Regional Air Partnership. 
 
       The study found that concentration measurements used to develop PM2.5 emission 
factors in AP-42 were biased high by a factor of two, as compared to PM2.5 
measurements from FRM samplers. This factor-of-two bias helps to explain why 
researchers have often seen a discrepancy in the proportion of fugitive dust found in 
PM2.5 emission inventories and modeled ambient air impacts, as compared to the 
proportion on ambient filter samples.  This study also shows that the PM2.5 / PM10 ratios 
for fugitive dust should be in the range of 0.1 to 0.15. Currently, the ratios in AP-42 
range from 0.15 to 0.4 for most fugitive dust sources.    
 
       It is recommended that the results of this study be used to revise the AP-42 PM2.5 
emission factors for the following four fugitive dust source categories:  paved roads, 
unpaved roads (public and industrial), aggregate handling and storage piles, and 
industrial wind erosion (AP-42 Sections 13.2.1, 13.2.2, 13.2.4, & 13.2.5, respectively). 
Emission estimates for other fugitive dust producing activities, such as construction and 
demolition will also be affected since they are based on these four source categories.   
 
 
INTRODUCTION 
 

The Dust Emissions Joint Forum (DEJF) of the Western Regional Air Partnership 
(WRAP) is engaged in gathering and improving data pertaining to the PM2.5 and PM10 
components of fugitive dust emissions.  Most of the PM2.5 emission factors in EPA’s AP-
42 guidance for fugitive dust sources (USEPA, 2005) were determined by using high-
volume samplers, each fitted with a cyclone precollector and cascade impactor.  
Typically, AP-42 recommends that PM2.5 emission factors for dust sources be calculated 
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by using PM10 emission factor equations along with PM2.5/PM10 ratios that have been 
published by EPA in AP-42.   

 
Beginning with the introduction of the cyclone/impactor method, it was realized 

particle bounce from the cascade impactor stages to the backup filter may have resulted 
in inflated PM2.5 concentrations, even though steps were taken to minimize particle 
bounce.  This led to an EPA-funded field study in the late 1990s (MRI, 1997) to gather 
comparative particle sizing data in dust plumes downwind of paved and unpaved roads 
around the country.  The test results indicated that dichotomous samplers produced 
consistently lower PM2.5/PM10 ratios than generated with the cyclone/impactor system.  
Dichotomous samplers are federal reference method (FRM) samplers that are used to 
measure compliance with federal air quality standards for particulate matter measured as 
PM2.5 and PM10.  Pending the eventual collection of additional data, the decision was 
made that the true ratios would best be represented by an averaging of the 
cyclone/impactor data with the dichotomous sampler data.  

 
Based on the results of the EPA-funded field program, modifications were made to 

the appropriate sections of AP-42 for dust emissions from paved and unpaved roads.  The 
PM2.5/PM10 ratio for emissions from unpaved roads (dominated by fugitive dust) was 
reduced from 0.26 to 0.15, and the PM2.5/PM10 ratio for the dust component of emissions 
from paved roads was reduced from 0.46 to 0.25.  In the 2003 revision to AP-42, the non-
dust component of paved road emissions was assigned a PM2.5/PM10 ratio of 0.76, 
accounting for vehicle exhaust and brake and tire wear.   

 
Subsequent to the modifications of the PM2.5/PM10 ratios in AP-42, additional field 

test results (mostly from ambient air samplers) indicated that further reductions to the 
ratios were warranted (Pace, 2005).  For example, ambient air monitoring data suggested 
that the fine fraction dust mass is of the order of 10 percent of the PM10 mass, based on 
chemical fingerprinting of the collected fine and coarse fractions of PM10 impacted by 
dust sources.  It is important to note, however, that particle size data applicable to fugitive 
dust emission factors should be gathered either from the emissions plume or near the 
point where emissions are generated (within 10 m of the downwind edge of the source).   

 
 

METHODOLOGY 
 

This led DEJF to fund Midwest Research Institute (MRI) in conducting a controlled 
study of particle sizing in dust plumes.  The objective of the study was to resolve the fine 
particle bias in the cyclone/impactor system, so that reliable PM2.5/PM10 ratios could be 
developed for as many dust source categories as possible.  For this purpose, an air 
exposure chamber connected to a recirculating supply air stream was used in conjunction 
with a fluidization system for generating well-mixed dust plumes from a variety of 
western soils and road surface materials.  R&P Model 2000 Partisol samplers were 
selected as the ground-truthing FRM samplers for PM10 and PM2.5.   
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This study was performed in two phases (see below), as described in the attached test 
report (Cowherd and Donaldson, 2005).  The test report serves as the background 
document to support the recommended revisions to AP-42, and it contains all the quality 
assurance procedures and results of the testing. 

  
Phase I – Compare PM2.5 Measured by Cyclone/Impactor to FRM Sampler 

 
In the first testing phase of the project, PM2.5 measurements using the high-volume 

cascade impactors were compared to simultaneous measurements obtained with EPA 
FRM samplers for PM2.5.  As stated above, these tests were conducted in a flow-through 
wind tunnel and exposure chamber, where the PM10 concentration level and uniformity 
were controlled.  The results of the tests provided the basis for quantifying more 
effectively any sampling bias associated with the cascade impactor system. 

  
Phase 2 – Compare PM2.5 to PM10 Ratios for Different Geologic Soils 

 
With the same test setup, a second phase of testing was performed with reference 

method samplers, for the purpose of measuring PM2.5 to PM10 ratios for fugitive dust 
from different geologic sources in the West.  This testing provided needed information on 
the magnitude and variability of this ratio, especially for source materials that are 
recognized as problematic with regard to application of mitigative dust control measures. 

 
 
RESULTS 

 
The tests that were performed are listed in Tables 6 and 7 of the attached report.  The 

Phase I tests were performed in March and April of 2005.  The Phase II tests were 
performed in June through August of 2005.  A total of 100 individual tests were 
performed, including 17 blank runs (for quality assurance purposes).  The raw and 
intermediate test data are summarized in the tables presented in Appendix A of the 
attached report.   

 
Based on the 100 wind tunnel tests that were performed in the wind tunnel study, the 

findings support the following conclusions: 
 

1. PM2.5 concentrations measured by the high-volume cyclone/impactor system 
used to develop AP-42 emission factors for fugitive dust sources have a positive 
bias by a factor of 2, as compared to the PM2.5 concentration measurements from 
reference-method samplers (see Figure 1).  The geometric mean bias is 2.01 and 
the arithmetic mean bias is 2.15. 

2. The PM2.5 bias associated with the cyclone/impactor system, as measured under 
controlled laboratory conditions with dust concentrations held at nearly steady 
values, closely replicates the bias observed in the prior EPA-funded field study 
at distributed geographic locations across the country.  
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3. The PM2.5/PM10 ratios measured by the FRM samplers in the current study for a 
variety of western soils show a decrease in magnitude with increasing PM10 
concentration (see Figure 2).  Soils with a nominally spherical shape are 
observed to have somewhat lower ratios (at given PM10 concentrations) than 
soils with angular shape.  A very similar dependence of PM2.5/PM10 ratio on 
PM10 concentration was also observed in the prior field study that used 
dichotomous samplers as FRM devices. 

4. The test data from the current study support a PM2.5/PM10 ratio in the range of 
0.1 to 0.15 for typical uncontrolled fugitive dust sources (see Figure 2).  The 
PM2.5/PM10 ratio of 0.1 is also supported by numerous other studies including 
the prior EPA-funded field study that used dichotomous samplers as reference 
devices.  It is possible that a ratio as low as 0.05 (as was found in the prior field 
tests of unpaved road emission factors) might be appropriate for very dusty 
sources, but this would require extrapolation of the current test data from the 
wind tunnel study.  

 
 
DISCUSSION 
 
Peer Review 
 

The test report on the wind tunnel study (Cowherd and Donaldson, 2005) was issued 
first in draft form for external peer review.  Three peer reviewers (having no prior contact 
with the study) were selected by the DEJF:  Patrick Gaffney (California Air Resources 
Board), John Kinsey (U.S. Environmental Protection Agency), and Mel Zeldin (Private 
Consultant). In addition, peer review comments were provided by Duane Ono (Great 
Basin UAPCD) and Richard Countess (Countess Environmental) who helped to develop 
this study.  After the review comments on the draft test report were received, comment/ 
response logs were prepared by MRI, listing each comment and the response to each 
comment.  The next step was to modify the draft test report in accordance with the 
responses to the review comments.  The final test report was issued on October 12, 2005. 
 
Recommended Particle Size Ratios 
 

Based on the results of the WRAP/DEJF study (see attached test report) and the prior 
EPA-funded field study, it is proposed that new PM2.5/PM10 ratios be adopted for several 
categories of (uncontrolled) fugitive dust sources, as addressed in AP-42.  The proposed 
ratios (given to the nearest 0.05) are summarized in Table 1.  It should be noted that these 
fine fraction ratios and the emission factors could change in the future if field studies 
show other differences than those identified through this study.   

 
The proposed PM2.5/PM10 ratios in Table 1, apply to dry surface materials, having 

moisture contents in the range of 1% or less.  Such materials when exposed to energetic 
disturbances produce dust plumes with core PM10 concentrations in the range of 5,000 
micrograms per cubic meter, near the point of emissions generation.  The wind tunnel test 
data show that dust plumes with lower core concentrations have higher PM2.5/PM10 
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ratios.  This might occur, for example, at higher soil (or other surface material) moisture 
contents.  However, the emissions from such sources typically are substantially lower 
with correspondingly less impact on the ambient environment.     
 
 

Table 1.  Proposed Particle Size Ratios for AP-42 
PM2.5/PM10 Ratio Fugitive dust source category AP-42 

section Current Proposed 
Paved Roads  13.2.1 0.25 0.15 
Unpaved Roads (Public & Industrial) 13.2.2 0.15 0.1 
Construction & Demolition – 0.208 1 0.1 
Aggregate Handling & Storage Piles 13.2.4 0.314 0.1 (traffic) 

0.15 (transfer) 
Industrial Wind Erosion 13.2.5 0.40 0.15 
Agricultural Tilling – 0.222 2 0.2 (no 

change) 
Open Area Wind Erosion – - 0.15 
 
Notes: 
 
1   AP-42 Section 13.2.3 suggests using emission factors for individual dust 

producing activities, e.g., materials handling and unpaved roads.  The WRAP 
Fugitive Dust Handbook recommends using a fine fraction ratio of 0.208 from 
a report prepared for the US EPA, Estimating Particulate Matter Emissions 
from Construction Operations (MRI, 1999). 

2   Agricultural tilling was dropped from the 5th edition of AP-42.  The WRAP 
Fugitive Dust Handbook recommends using a fine fraction ratio of 0.222 from 
Section 7.4 of the California Air Resources Board’s Emission Inventory 
Methodology (CARB, 2003). 

 
 

The justification for each proposed ratio in Table 1 is provided by source category in 
the sections below.  In each case, reference is made to test reports that contain supporting 
data. 
 
Paved Roads 
 

For the dust component of particulate emissions from paved roads, a PM2.5/PM10 
ratio of 0.15 is recommended.  The proposed ratio is based on the factor-of-two bias in 
the cyclone/impactor data for the wind tunnel study, which tested western soils and road 
surface materials.  As shown in Table 1, the current AP-42 ratio is 0.25.  It should be 
recalled that the nondust component of paved road particulate emissions has been 
assigned a much higher ratio of 0.76, based on inputs from the EPA’s MOBILE 6 model. 
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Unpaved Roads 
 

For the dust component of particulate emissions from unpaved roads, which 
dominates the total particulate emissions from this source category, a PM2.5/PM10 ratio of 
0.1 is recommended.  The proposed ratio is justified from the test results of the wind 
tunnel study for a variety of western surface materials.  It is also consistent with the 
factor-of-two bias in the cyclone/impactor data from the wind tunnel study and with the 
results of the prior field study that used dichotomous samplers as FRM devices (MRI, 
1997).   
 
Construction and Demolition 
 

The dust component of particulate emissions from construction and demolition 
dominate the total particulate emissions from this source category.  A PM2.5/PM10 ratio of 
0.1 is recommended for dust emissions from construction and demolition.  The proposed 
ratio is justified by the fact that the dominant dust source associated with construction 
and demolition projects is emissions from vehicle travel over unpaved surfaces.  This is 
shown by case studies that calculate particulate emissions from representative 
construction activities (road, building, and nonbuilding construction).  For example, the 
fine fraction ratio for scraper travel averages about 0.2 (Muleski et al., 2005), before 
correcting for the factor-of- two bias in the cyclone/impactor system.  Moreover this 
includes the diesel emissions that are contained within the fine fraction component.   
 

It should be noted that if large open areas are disturbed (such as in land clearing) and 
left unprotected, and the areas are exposed to high winds, open area wind erosion can 
also be an important contributor to dust emissions from this source category.  The 
recommended fine fraction ratio identified below should be used for the open area wind 
erosion component. 
 
Aggregate Handling and Storage Piles 
  

Although usually not a major source in comparison with traffic around storage piles, 
the transfer of aggregate associated with bucket loaders and unloaders or conveyor 
transfer points is addressed directly in this section of AP-42.  A PM2.5/PM10 ratio of 0.15 
is recommended for transfer operations.  This is half the current value in AP-42 and 
reflects adjustment for the factor-of-two bias in the cyclone/impactor test results. 

 
The dominant dust component of particulate emissions from aggregate handling and 

storage piles typically consists of loader and truck traffic around the storage piles.  AP-42 
refers the reader to the unpaved roads section to find appropriate emission factors.  A 
PM2.5/PM10 ratio of 0.1 is recommended for this source.  The proposed ratio is consistent 
with that recommended above for traffic on unpaved surfaces. 
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Industrial Wind Erosion 
 

For the dust component of particulate emissions from industrial wind erosion, a 
PM2.5/PM10 ratio of 0.15 is recommended.  Industrial wind erosion is associated with 
crushed aggregate materials, such as coal or metallic ore piles.  Examples would include 
open storage piles at mining operations.  The proposed ratio is justified by portable wind 
tunnel tests of industrial aggregate materials which produced PM2.5/PM10 ratios averaging 
0.4, as indicated by the current AP-42 fine fraction ratio given in Table 1.  When these 
results are corrected for the bias associated with the cyclone/impactor system at very high 
PM10 concentrations observed in the effluent from the portable wind tunnel (exceeding 
10,000 μg/m3), the result is 0.15. 
 
Agricultural Tilling 
 

For the dust component of particulate emissions from agricultural tilling and related 
land preparation activities, which dominates the total particulate emissions from this 
source category, no new PM2.5/PM10 ratio can be recommended at this time, because of 
the lack of published test data.  However, the current factor of 0.2, as listed in Table 1, 
appears to be generally consistent with the results of the current wind tunnel tests.  It was 
found that the agricultural soils tested in the wind tunnel produced slightly higher ratios 
than the other test materials.  In addition, the dust plume core concentrations from 
agricultural operations are generally observed to be less intense because of the lower 
equipment speeds involved and the lack of repeated travel over the same routes. 
 
Open Area Wind Erosion 
 

For the dust component of particulate emissions from open area wind erosion (not 
currently addressed in AP-42), a PM2.5/PM10 ratio of 0.15 is recommended.  Open area 
wind erosion is associated with exposed soils that have been disturbed, removing the 
protection afforded by natural crusting.  Examples would include freshly tilled 
agricultural fields prior to planting of crops.  The proposed ratio is justified by wind 
tunnel tests of exposed soils (MRI, 1994), which produced PM2.5/PM10 ratios averaging 
0.3.  When these results are corrected for the bias associated with the cyclone/impactor 
system, the ratio becomes 0.15.  This is consistent with the PM2.5/PM10 ratios in the range 
of 0.12 measured during dust storms on Owens Dry Lake (Ono, 2005). 
 
 
Specific Revisions to AP-42 
 

This section presents a listing of specific revisions to AP-42, for the purpose of 
incorporating the proposed PM2.5/PM10 ratios.  As shown in Table 2, five subsections of 
AP-42 Section 13.2, Fugitive Dust, are impacted by the proposed changes.  However, one 
of the five sections (13.2.3, Heavy Construction Operations) is impacted only indirectly 
because it refers to other sections of AP-42 for fugitive dust emission factors.   
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In most cases, the change in the PM2.5/PM10 ratio is accomplished by changing the 
appropriate PM-2.5 particle size multiplier (k-factor) for the respective emission factor 
equation.  In addition, the changes need to be referenced to the WRAP test report 
(Cowherd and Donaldson, 2005).   
 
 

Table 2.  Specific revisions to AP-42 that are incorporated  
into the AP-42 sections included in Attachment A. 

 
Source 

category 
Sub-

section Title Revision Comments 
13.2.1.3  Predictive 

Emission Factor 
Equation  

In Table 13.2.1-1, reduce 
k values for PM-2.5 by 40 
percent, e.g., the new 
value is 1.1 g/VMT (and 
equivalent values for the 
other units) 

Add ref. number 
for WRAP test 
report 

13.2.1.5 Changes since 
Fifth Edition 

Modify statement (1) to 
reflect change in fine 
fraction 

 

13.2.1 Paved 
Roads 

 References Add WRAP test report as 
Ref. 22 

 
13.2.2.2 Emission 

Calculation and 
Correction 
Parameters 

In Table 13.2.2-2, reduce 
k values for PM-2.5 by 
33%, e.g., the new value 
is 0.15 lb/VMT for 
industrial roads and 
0.18 lb/VMT for public 
roads (and equivalent 
values for the other units) 

Add ref. number 
for WRAP test 
report 

13.2.2 
Unpaved 
Roads 

13.2.2.4 Updates since 
Fifth Edition 

Add sentences describing 
change in fine fraction  

 
  References Add WRAP test report  
13.2.3  Heavy 
Construction 
Operations 

– – No changes required Refers to other 
AP-42 sections for 
emission factors 

13.2.4.3 Predictive 
Emission Factor 
Equations 

In k-factor table for 
Equation 1 for transfer 
operations, change PM-
2.5 multiplier to 0.053 
(dimensionless) 

Add ref. number 
for WRAP test 
report 

13.2.4 
Aggregate 
Handling and 
Storage Piles 

 References Add WRAP test report   
13.2.5.2 Emissions and 

Correction 
Parameters 

In k-factor table for 
Equation 1, change 
PM-2.5 multiplier to 0.075 
(dimensionless) 

Add ref. number 
for WRAP test 
report 

13.2.5  
Industrial Wind 
Erosion 

 References Add WRAP test report  
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CONCLUSION 
 
       This study found that concentration measurements used to develop PM2.5 emission 
factors for AP-42 were biased high by a factor of two, as compared to PM2.5 
measurements from FRM samplers. This factor-of-two bias helps to explain why 
researchers have often seen a similar discrepancy in the proportion of fugitive dust found 
in PM2.5 emission inventories and modeled ambient impacts, as compared to the 
proportion observed on ambient filter samples.  This study also shows that the PM2.5 / 
PM10 ratios for fugitive dust should be in the range of 0.1 to 0.15. Currently, the fine 
fraction ratios in AP-42 range from 0.15 to 0.4 for most fugitive dust sources.    
 
       It is recommended that the results of this study by used to revise the AP-42 PM2.5 
emission factors for the following four fugitive dust source categories:  paved roads, 
unpaved roads (public and industrial), aggregate handling and storage piles, and 
industrial wind erosion (AP-42 Sections 13.2.1, 13.2.2, 13.2.4, & 13.2.5, respectively). 
Emission estimates for other fugitive dust producing activities, such as construction and 
demolition, will also be affected since they are based on these four source categories.  It 
is recommended that revisions to the current AP-42 sections for these fugitive dust 
sources be adopted as shown in Attachment A to this report.   
 
 
IMPLICATIONS 
 

The proposed revisions to AP-42 are needed to ensure the most accurate PM2.5 and 
PM10 fugitive dust emissions inventories that are possible for regional haze regulatory 
purposes, given the available resources and the significant contribution of fugitive dust to 
visibility impairment.  In particular, the revisions will affect the quantity of dust 
apportioned to the fine (PM2.5) versus coarse (PM2.5-10) size modes, which have 
significantly different effects on visibility and long-range transport potentials.  This will 
reduce PM2.5 emission estimates for fugitive dust sources to about half their current level. 
It will also increase the coarse-mode size fraction for fugitive dust, which would be 
important in the event that a PM coarse standard is adopted by the US EPA and emission 
inventories are developed.   

 
The revisions will be helpful in developing accurate emission inventories for PM 

nonattainment, maintenance, and action plan areas throughout the country.  Finally, the 
proposed modifications to the fine fractions associated with EPA’s AP-42 emission 
factors will ensure widespread availability of the most recent and accurate scientific 
information. 
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Figure 1.  Phase I test results show that the Cyclone/ Impactor method measured PM2.5 concentrations that were two times higher than 
those measured by Federal Reference Method samplers when simultaneously exposed to the well-mixed dust environment in the wind 
tunnel. 
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Figure 2.  Phase II tests show that the PM2.5/PM10 ratio decreased with increasing PM concentrations, and could be expected to be in 
the range of 0.1 at concentrations that are typical of fugitive dust emission plumes. 
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