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ESP LDPR Code: FEPAS HWP Staff Michael Stroh and Shelly Jackson
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Introduction:

The Missouri Departinent of Natural Resources (MDNR) Hazardous Waste Program (HWP)
conducted sampling related to an ongoing investigation of the Tannery Sludge Farm Fields Site
as described in the September 30, 2009 Residential Yard Pilot Study Sampling and Analysis Plan
(SAP). This Findings Report is intended as an interim measure to document recent sampling
activities. A full project report will be written by the HWP project manager when sample results
have been received and evaluated for the overall project.

HWP Environmental Specialists Michael Stroh and Shelly Jackson traveled to the site on
October 2, 2009 to collect discrete grab samples of surface soils at a selected residence in
Buchanan County. Sampling was conducted in accordance with established standard operating
procedures (SOPs) within the MDNR, Environmental Services Program (ESP) and outlined in
the September 30, 2009 Sampling and Analysis Plan (SAP).

Observations:

Personnel arrived on-site the mid-morning of October 2, 2009, and began sample collection,
Custody of all samples collected was maintained by HWP personnel. Weather conditions were
clear and cool and wind was strong from the west. Ten discrete soil samples were collected
from within four sampling units established in the yard. No deviations were noted at any sample
locations. The name and address of the sampled property’s owner is being kept confidential at
the ownet’s request.

Field Methods:
Below is a brief discussion of the sampling activities conducted. A more detailed description of

sampling design is outlined in the SAP.

The residential yard was divided into sampling units (SUs) and discrete samples were collected
from within each SU at a depth of 0-2 inches. A site sketch of the yard showing the SUs and
discrete sample locations was created (Appendix B). All soil samples were brought back to the
ESP lab and allowed to air dry for at least three days. All soil samples were then disaggregated
and passed through a #60 mesh (0.25mm) sieve.
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Samples were analyzed for total chromium by XRF. The total Cr levels in nearly all of the
samples were found to be very similar, suggesting the possibility that the concentrations observed
represented the naturally-occurring background Cr [evels. Since the intent of the XRF analysis
was to demonstrate the representativeness of the sample homogenization procedure, these results
were not of use, since the values were all similar. The samples were re-analyzed by XRF for
total lead, after it was found that there were somewhat elevated levels of lead in the various areas
of the yard — most likely due to the past use of lead paint on the residential structures. Lead
concentrations were then used as a proxy for chromium for the purposes of demonstrating that
the discrete samples and subsequent first and second tier incremental samples were homogenous
and representative (Appendix C). Following XRF analysis, the 10 discrete samples, 2
duplicates, 4 first-tier and 1 second-tier incremental samples were submitted to Test America
Laboratories (TAL) for hexavalent Cr analysis on October 13, 2009.

Table 1 is a listing of the samples collected.

Table 1: Sample Collection Data

Original TAL* ASCH
DNR Transfer j Transfer Date Time
cocC COC Location Collected & Description
Sample Collected || Collected
Number Sample Sample
Number ] Number
0931971 | AB07939 | AB09956 1 10/02/09 1053 Yard surface soil grab, 0-2”. SUL.1.3
0931972 | AB07940 | AB09957 1 10/02/09 1054 Yard surface soil grab, 0-2”. SU1.2.1
0931973 | AB07941 | ABO09958 | 10/02/09 1054 Yard surface soil grab, 0-2”. SUL3.1
0931974 | AB07942 | AB09959 | 10/02/09 1056 Yard surface soil grab, 0-2”. SU2.1.3
0931975 | AB07943 [ AB09960 | 10/02/09 1058 Yard surface soil prab, 0-2”. SU2.2.3
0931976 | ABO7944 | AB09961 | 10/02/09 1100 Yard surface soii grab, 0-2”, SU3.1.1
0931977 | ABO7945 | AB09962 | 10/02/09 1100 Yard surface soil grab, 0-2”. SU3.1.3 (dupl..)
0931978 | ABO07946 | AB09%63 | 10/02/09 1102 Yard surface soil grab, 0-2”, SU3.2.1
0931979 | AB07947 | AB09964 | 10/02/09 1102 Yard surface soil grab, 0-2”. SU3.2.3 (dupl..)
0931980 | AB07948 | ABO09965 | 10/02/09 1105 Yard surface soil grab, 0-2”. SU3.3.3
0931981 | AB07949 | ABO09966 | 10/02/09 1107 Yard surface soil grab, 0-2”. SU4.1.2
0931982 | AB07950 | ABO09967 | 10/02/09 1110 Yard surface soil grab, 0-2”. §U4.2.3
0031983 | ABO7951 | AB09968 | 10/02/09 1053 Yard surface soil incremental sample, SU1IS. 1
0931984 | AB0O7952 | AB09969 | 10/02/09 1056 Yard surface soil incremental sample, SU2IS.1
0931985 { AB07953 | AB09970 | 10/02/09 1102 Yard surface soil incremental sample, SU3IS. 1
0931986 | AB(Q7954 | AB(9971 10/02/69 1167 Yard surface soil incremental sample. SU4IS. 1
0931987 | AB(Q7955 ] AB(09972 | 10/02/09 1110 Yard surface soil incremental sample. DUIS.3

* Test America Laboratories
** Applied Speciation Consulting, L1.C

Prior to submitting yard samples to TAL, the project team had worked with the aboratory to
develop a slightly modified approach to EPA Method 7199 for Cr 6+ analysis. Since the Cr 6+
screening level for the residential yards is lower than that developed for the farm fields, a greater
level of analytical sensitivity was required. The modification essentially amounted to less
dilution of the samples’ alkaline digestates prior to analysis. This was done to improve the
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method sensitivity and reduce the effect of matrix interferences observed during analysis of the
previously-conducted farm fields pilot study in August 2009.

Results were received from TAL on December 1, 2009 (Appendix A). They were immediately
provided to the USEPA Office of Superfund Remediation & Technology Innovation (TIO) for
analysis. Results of the TIO statistical analysis of the data uncertainty indicated that the
analytical method would not be capable of the sensitivity levels needed to demonstrate that
residential yard soils were below the screening level (Appendix D).

The planning team identified an alternative laboratory, Applied Speciation and Consulting (ASC)
believed capable of the sensitivity needed for the project. ASC employs a modification to EPA
Method 7199 by using a mass spectrometer rather than spectrophotometer to quantify the Cr 6+.
The mass spectrometer is a more specific and sensitive detection system, and is generally less
susceptible to interferences caused by complex sample matrices.

Archived splits of 13 of the yard pilot samples were submitted to ASC for Cr6+ analysis on
December 9, 2009. The planning team was aware that the samples had exceeded the holding
time limifs specified in the SAP by the time they were submitted to ASC. However, the team
decided to proceed with analysis due to a number of factors. The results of the analysis would
not be used to directly make an environmental decision about the residential yard — the pilot
study yard would be re-sampled later along with the other yards as part of the larger investigation
once the sampling design was finalized. Secondly, the team felt that additional reduction of Cr6+
to Cr3++ was unlikely to occur over time within a containerized, dried and sieved soil matrix.
Thirdly, the intent of the pilot study was primarily to assess Cr6+ variability across the residential
vard, and to demonstrate adequate laboratory sensitivity, neither of which were believed to be
significantly affected by sample holding times. Finally, the assumptions made based on the
results of the residential yard pilot study would be further tested using data obtained during the
larger overall sampling event.

Results from ASC were received on January 20, 2010 (Appendix A). They were immediately
provided to TIO for analysis. Based on uncertainty evaluation of the analytical results, the ASC
method modifications appears to be capable of providing data suitable for making decisions
about residential yards (Appendix D). Statistical evaluation of the discrete and incremental
samples was conducted by TIO using EPA’s Visual Sampling Plan software. The results
provided the minimum number of increments (4) that would be required from each yard
sampling unit to meet the project objectives (Appendix D). That information was used to
finalize the sampling design for the residential yards.
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APPENDIX A
Chain of Custody/Analytical Results
Tannery Sludge Farm Fields Site

Residential Yard Pilot Study
Buchanan County, MO
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CASE NARRATIVE
Client: Missouri Department of Natural Resources
Project: Missouri DNR Hexavalent Chromium

Report Number: 460-6741-1

This case narrative is in the form of an exception report, where only the anomalies related to this report, method specific performance
andior QAJ/QC issues are discussed. If there are no issues to report, this narrative will include a statement that decuments that there are
no relevant data issues.

it should be noted that samples with elevated Reporting Limits (RLs) as a result of a dilution may not be able to salisfy cuslomer reporting
limits in some cases. Such increases in the RLs are unavoidable hut acceptable consequence of sample dilution that enables
quantification of target analytes or interferences which exceed the calibration range of the instrument.

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

All holding times were met and proper preservation noted for the methods performead on these samples, unless otherwise detalled in the
individual sections below.

RECEIPT
The samples were received on 10/14/2009; the samples arrived in goed condition, properly preserved and on ice. The temperature of the

coolers at receipt was 3.0 C.

Note: All samples which require thermal preservation are considered acceptable if the arrival temperature is within 2C of the required
temperature or method specified range. For samples with a specified temperature of 4C, samples with a temperature ranging from just
above freezing temperature of water to 6G shall be acceptable. Samples that are hand delivered immediately following collection may not
meet these criteria, however they will be deemed acceplable according to NELAC standards, if there is evidence that the chitling process
has begun, such as arrival on ice, etc.

HEXAVALENT CHROMIUM
Samples 460-6741-1 through 460-6741-17 were analyzed for hexavaleni chromium in accordance with EPA SW-848 Melhod 7199, The

samples were prepared on 10/26/2009 and analyzed on 10/27/2009, 10/28/2009, 10/29/2009 and 11/03/2009.
All of the samples were homogenized following the Japanese two dimensional sfab cake method prior to digestion.

Difficulties were encountered during the hex chrome analyses:

The following samples were digested by methoed 3060a and analyzed by method 7199 at a 2 fold dilution as per client request. The
digestales were very dark in color and the 2 fold dilulion was insufficient at removing the matrix interfference thus causing mulliple issues
on the analytical run. The digestates were re-analyzed several times at a 5 fold dilution in an attempt to minimize the matrix interference,
however, several of the issues persisted. These include: matrix spike solublefinsoluble/post spike recoveries outside of the acceptable
range (see pages 112-116), duplicate recoveries oulside of the acceptable range (see pages 117-118), laboratory controt sample
recoveries outside of the acceptable range {see pages 118-122), and continuing calibration verifications outside of the acceptable range
(see pages 108-110). The method blank results greater than the MDL (see page 111) are due to carryover from previous samples. n
addition, the RPD between duplicate injections for some samples was greater than 20%, The client was nolified of these issues and the
{ab was instructed to stop all analyses and report the data available. Some samples are reported with both a 2 fold and 5 fold difution and
others are reported with only a 5 fold dilution.

Samples 460-6741-1 through 460-6741-17{5X) required dilution prior {o analysis. The reporting limils have been adjusted accordingly.
Refer to the QC report for details.

PERCENT SOLIRS

Samples 460-6741-1 through 460-6741-17 were analyzed for percent solids In accordance with EPA Method 160.3 Modified. The
samples were analyzed on 10/19/2009.

Percent Moisture and Percent Solids exceeded the rpd Himit for the duplicate of sample 460-6852-1. Refer to the QC report for detalls.

No other difficulties were encountered during the % solids analyses.

All other quality conirol parameters were within the acceptance limits.
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SAMPLE SUMMARY

Client: Missouri Department of Natural Resources Job Number: 460-6741-1
DatefTime Date/Time

Lab Sample ID Client Sample ID Client Matrix Sampled Received
460-6741-1 AB0O7939 Solid 10/02/2009 1053 10/14/2009 1015
460-6741-1DU ABO7938 Solid 10/062/2009 1053 10/14/2009 1015
460-6741-1MS AB07939 Solid 10/02/2009 1053 10/14/2009 1015
460-6741-2 ABO7940 Solid 10/02/2009 1054 10/1412009 1016
460-6741-2DU AB0O7940 Solid 10/02/2008 1054 10/14/2009 1015
460-6741-3 ABO7941 Solid 10/02/2009 1054 10/14/2009 1015
460-6741-4 ABG7942 Solid 10/02/12009 1056 10M4/2008 1015
460-6741-85 ABO7943 Solid 10/02/2009 1058 10/14/2008 1016
460-6741-5DU ABQ7943 Solid 10/02/2009 1058 10/14/2009 1016
460-6741-6 ABO7944 Solid 10/02/2009 1100 10/14/2009 1015
460-6741-6DU ABO7044 Solid 10/02/2009 1100 10/14/2009 1015
460-6741-6MS AB0O7944 Solid 10/02/2009 1100 10M14/2009 1015
460-6741-7 AB0O7945 Solid 10/02/2009 1100 10M14/2009 1015
460-6741-8 ABO7046 Solid 10/02/2009 1102 10/14/2009 1015
460-6741-8DU ABO7946 Solid 10/02/2009 1102 10/14/2009 1015
460-6741-9 ABOTG47 Solid 10/02/2008 1102 10/14/2009 1015
460-6741-10 ABGO7948 Solid 10/02/2008 1105 10/14/2009 1015
460-6741-11 AB(7949 Solid 10/02/2009 1107 10/14/2009 1015
460-6741-11DU ABO07949 Solid 10/02/2009 1107 10/14/2009 1015
460-6741-11MS ABQ7949 Solid 10/02/2009 1107 10/14i2009 1015
460-6741-12 ABO7950 Solid 10/02/2009 1110 10/14/2009 1015
460-6741-13 ABO7951 Solid 10/02/2009 1053 10/1412009 1015
460-6741-14 ABQ7952 Solid 10/02/2009 1056 10/14/2008 1015
460-6741-14DU ABO7952 Solid 10/02/2009 1056 10M14/2009 1015
460-6741-15 ABD7853 Solid 10/02/2009 1102 10/14/2009 1016
460-6741-15DU ABG7953 Solid 10/02/2009 1102 10/14/2009 1015
460-6741-16 ABO7954 Solid 10/02/2009 1107 10/14/2009 1015
460-6741-17 ABO7955 Solid 10/02/2009 1110 16/14/2009 10156
460-6741-17DU AB07955 Solid 10/02/2008 1110 10/14/2009 1015
TestAmerica Edison
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EXECUTIVE SUMMARY - Detections

Client: Missouri Depariment of Natural Resources Job Number; 460-6741-1
Lab Sample ID  Client Sample ID Reporting
Analyte Result / Qualifier Limit Units Method
46067411 ABO07939
Chromium {(hexavatent} 21 B 0.83 mg/kg 7199
Percent Moisture 3.1 1.0 Yo Moisture
Percent Solids 96.9 1.0 % Moisture
460-6741-2 AB07940
Chromium {hexavalent) 22 AB 0.84 mgiKg 7199
Percent Moisture 47 1.0 % Moisture
Percent Solids 95.3 1.0 % Moisture
460-6741-3 ABO7941
Chromium (hexavalent) 042 JAB* 0.82 mg/Kg 7199
Percent Molsture 2.1 1.0 % Moisture
Percent Solids 97.9 1.0 % Moisture
46067414 AB07942
Chromium (hexavalent) 0.12 JAB 0.83 mg/Kg 7189
Percent Moisture 3.8 1.0 % Moisture
Percent Solids 96.2 1.0 Y% Moisture
460-6741-5 ABQ7943
Chromium (hexavalent) 043 JAB* 083 ma/Kg 7199
Percent Moisture 39 1.0 % Moisture
Percent Sclids 96.1 1.0 % Moisture
460-6741-6 ABG7944
Chromium (hexavalent) 1.1 AB* 0.84 mgfKy 7199
Percent Moisture 4.2 1.0 Y% Moisture
Percent Solids 5.8 1.0 % Moisture
460-6741-7 ABO7945
Chromium {hexavalent) 0.83 JraB* 0.83 ma/Kg 7199
Percent Moisture 3.9 1.0 % Molsture
Percent Solids 96.1 1.0 Yo Moisiure
TestAmaerica Edison
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EXECUTIVE SUMMARY - Detections

Client: Missouri Department of Natural Resources Job Number;, 460-8741-1
Lab Sample ID  Client Sample ID Reporting

Analyte Result / Qualifier Limit Unlts Method
460-6741-8 AB0O7946

Chromium {hexavalent} 0.80 AR 0.82 mg/Kg 7180
Percent Moisture 2.7 1.0 % Moisture
Percent Solids 97.3 1.0 % Moisture
460-6741-9 ABO7947

Chromium (hexavalent) 0.20 Jrg 0.82 mgiKg 7199
Percent Molsture 2.7 1.0 % Moisture
Percent Solids 97.3 1.0 % Moisture
460-6741-10 AB07948

Chromium (hexavalent) 0.20 Jag* 0.83 mgiKg 7199
Percent Moisture 34 1.0 % Moisture
Percent Solids 96.6 1.0 % Moisture
460-6741-11 AB07349

Chromium {hexavalent} 0.42 JrB* 1.3 mgfKg 7199
Percent Moisture 37.0 1.0 % Molsture
Percent Solids 63.0 1.0 % Moisture
460-6741-12 AB07950

Chromium (hexavalent) 0.29 JAB 21 mg/Kg 7199
Percent Moisture 3.1 1.0 % Moisture
Percent Solids 86.9 1.0 % Moisture
460-6741-13 ABOT951

Chromium (hexavalent) 0.31 J*B 2.1 mg/Kg 7199
Percent Moisture 3.2 1.0 % Moisture
Percent Solids 96.8 1.0 % Moisture
460-6741-14 AB07952

Chromium (hexavalent) 0.63 JAr 2.1 mgfKg 7199
Percent Moisture 37 1.0 % Molsture
Percent Solids 96.3 1.0 % Moisture

TestAmerica Edison
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Client: Missouri Department of Natural Resources

EXECUTIVE SUMMARY - Detections

Job Number: 460-6741-1

Lab Sample ID  Client Sample |D Reporting

Analyte Result / Qualifier Limit Units Method
460-6741-15 ABG(7953

Chromium (hexavalent) 4.5 HA 2.4 mg/Kg 7199
Percent Moisture 31 1.0 % Moisture
Percent Solids 96.9 10 % Moisture
460-6741-16 ABO7954

Percent Moisture 4.9 1.0 % Molsture
Percent Solids 95.1 1.0 % Moisture
460-6741-17 ABOT7955

Chromium {hexavalent) 386 H* 21 mg/Kg 7199
Percent Moisture KN 1.0 % Moisture
Percent Sollds 96.3 1.0 % Moisture
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APPLIED SPBCIATION 18894 Nortihwcreek Paskway Bothe 1
AND CONSULTING, LLC (o fos 930 e (125485 398

www.appliedspeciation.com

January 20, 2010

Michael Stroh

Missouri Depariment of Natural Resources
2710 W. Main St.

Jefferson City, MO 65109

(573) 522-9902

Dear Mr. Stroh,

Attached is the report associated with thirteen (13) sediment samples submitted for
hexavalent chromium quantitation on December 9, 2009. The samples were received on
December 10, 2009 in a sealed cooler at -1.6°C. The submitted samples were extracted
using EPA Method 3060A and then analyzed for hexavalent chromium via ion
chromatography inductively coupled plasma dynamic reaction cell mass spectrometry
(IC-ICP-DRC-MS). Any analytical issues associated with the analysis are addressed in
the following report.

If you have any questions, please feel free to contact me at your convenience,

Sincerely,

Ben Wozniak

Project Manager
Applied Speciation and Consulting, LLC




Applied Speciation and Consulting, LI.C
Report Prepared for:

Michael Stroh
Missouri Department of Natural Resources
2710 W. Main St.
Jefferson City, MO 65109

January 20, 2010

1. Sample Reception

Thirteen (13) sediment samples were submitted in wide-mouth glass jars (not
provided by Applied Speciation and Consulting) for hexavalent chromium
quantitation on December 9, 2009, The samples were received in acceptable
condition on December 10, 2009 in a sealed cooler at -1.6°C.

All samples were received in a laminar flow clean hood void of trace metals
contamination and ultra-violet radiation. Upon reception, all samples were
designated discrete sample identifiers and then stored in a secure, monitored
refrigerator (mainfained at a temperature of <4°C) until all preparatory and analytical
procedures could be performed.

2. Sample Preparation

All sample preparation is performed in laminar flow clean hoods known to be free
from trace metals contamination, All applied water for dilutions and sample
preservatives are monitored for contamination to account for any biases associated
with the sample results.

Hexavalent Chromium Quantification by IC-ICP-DRC-MS Prior to analysis, all
samples were extracted using EPA Method 3060A on January 14, 2010. In summary,
each sample was first spread into a thin layer onto a clean surface and a known mass
of each sample was then weighed into a polypropylene centrifuge tube by taking
approximately fifteen random subsamples of the original sample. A buffered alkaline
extraction solution, MgCly, and a phosphate buffer solution were then applied to each
sample. All vials were then heated at 90-95°C in a sonicating bath for a minimum of
one (1) hour. The resulting extracts were cooled, filtered, and injected directly into
sealed autosampler vials prior to analysis for hexavalent chromium.

3. Sample Analysis

All sample analysis is preceded by a minimum of a five-point calibration curve
spanning the entire concentration range of interest. Calibration curves are performed



at the beginning of each analytical day. All calibration curves, associated with each
species of interest, are standardized by linear regression resulting in a response factor.
All sample results are instrument blank corrected to account for any operational
biases associated with the analytical platform. Al sample results have also been dry-
weight corrected using the percent moisture values provided by the client.

Prior to sample analysis, all calibration curves are verified using second source
standards which are identified as initial calibration verification standards (ICV),

Ongoing instrument performance is identified by ‘the analysis of continuing
calibration verification standards (CCV} and continuing calibration blanks (CCB} at a
minimal interval of every ten analytical runs.

Hexavalent Chromium Quantitation by IC-ICP-DRC-MS All sample extracts for
hexavalent chromium quantitation were analyzed via a modified version of EPA
Method 7199 employing ion chromatography inductively coupled plasma dynamic
reaction cell mass spectrometry (IC-ICP-DRC-MS) on January 15 and January 18,
2010. Aliquots of each sample are injected onto an anion exchange column and
mobilized by an alkaline (pH > 7) gradient. The eluting chromium species are then
introduced into a radio frequency (RF) plasma where energy-transfer processes cause
desolvation, atomization, and ionization. The ions are extracted from the plasma
through a differentially-pumped vacuum interface and travel through a pressurized
chamber (DRC) containing a specific reactive gas which preferentially reacts with
interfering ions of the same target mass to charge (m/z) ratios. A solid-state detector
detects ions transmitted through the mass analyzer, on the basis of their mass-to-
charge ratio (m/z), and the resulting current is processed by a data handling system.

The retention time for hexavalent chromium is compared to known standards for
species identification.

4. Analytical Issues

Although the overall analyses went well, significant issues were encountered during
the applied extraction procedure, as described below.

Hexavalent Chromium Quantitation ~ Laboratory Control Samples Three laboratory
control samples were extracted with the submitted samples to identify the extraction
efficiency and capacity of the extraction procedure to induce conversion of trivalent
chromium to hexavalent chromium. The laboratory control samples spiked with an
aqueous hexavalent chromium and a solid PbCrO4 standard produced acceptable
recoveries (98.6% and 91.5%, respectively), indicating that the applied method
effectively extracts and stabilizes the hexavalent chromium species. The third
laboratory control sample spiked with an aqueous trivalent chromium standard
solution resulted in a hexavalent chromium recovery of 0.4%. The quantity of
hexavalent chromium detected in this LCS is near the level present in the preparation
blanks, which is attributed to trace levels of hexavalent chromium in the reagents
used for the extraction procedure. This low recovery for the trivalent chromium spike




demonstrates that the extraction procedure, under ideal conditions, induces minimal
conversion of trivalent to hexavalent chromium.

Hexavalent Chromium_Quantitation - Matrix Spike / Matrix Spike_Duplicates
(MS/MSDs) Similar to the laboratory control samples, three discrete sets of matrix
spikes were extracted to identify the interaction of the sample matrix with trivalent
and hexavalent chromium. The performance of the matrix spikes can assist in
identifying chemical interferences associated with the sample matrix and the applied
extraction procedure.

Hexavalent Chromium Quantitation — Cr(Ill) MS/MSDs The hexavalent chromium
recoveries associated with the aqueous trivalent chromium MS and MSD were less
than 5%. For each trivalent chromium MS and MSD performed, the increase in the
Cr(VI) concentration above the associated ambient sample concentration was less
than ten times the reporting limit (RL) of 0.025mg/kg. These low trivalent chromium
matrix spike recoveries confirm that the extraction procedure induces minimal
oxidation of trivalent chromium to hexavalent chromium in the spiked sample matrix.

The RPD associated with the MSD performed on the sample identified as AB09966
was above the established control limit of 25% (92.3%), as was that associated with
the MSD performed on the sample identified as AB09958 (53.3%). These elevated
RPDs are attributable to the fact that a minimal amount of the trivalent chromium
spikes were converted to hexavalent chromium during the applied extraction
procedure, as expected, resulting in hexavalent chromium concentrations that either
were either less than ten times the RL (as in the case of AB09966) or represented an
increase in Cr(VI) above the ambient sample concentration that was less than ten
times the RL (as in the case of AB09958). Since greater variability is expected as
sample concentrations approach the RL, the clevated RPDs are identified as an
inherent limitation of any guantitative method and do not impact the validity of the
reported results,

Hexavalent Chromium Quantitation — Aqueous Cr(VI) and Solid PbCrO, MS/MSDs
The hexavalent chromium recoveries associated with both the soluble and insoluble
hexavalent chromium matrix spikes performed on the samples identified as AB09966,
AB09956, and AB09958 were below the established control limit of 75% for ail
spiked samples except for the PbCrO4 MS performed on AB09956 and the PbCrOy4
MSD performed on AB09958 (see attached results). For the samples identified as
AB09958 and AB09966, the recoveries of the continuing calibration verification
recoveries bracketing the matrix spike sets ranged from 85.9% to 90.6%. When this
slight instrument bias is taken into account, the recoveries associated with their
associated PbCrQ4 matrix spikes are within acceptance limits, but still biased lower
than that of the PbCrO4 LCS.

Despite this fact, the matrix spike recoveries indicate that significant interference was
encountered during the applied extraction procedure. As previously mentioned, the
recoveries associated with both the soluble hexavalent chromium LCS and insoluble



hexavalent chromium LCS were within control, demonstrating that the applied
method both extracts and stabilizes hexavalent chromium. Since the biased low
recoveries observed for all of the matrix spikes may therefore be aftributed to
interference from the sample matrices, no further corrective action was deemed
necessary. The reported results suggest that these spiked sample matrices favor
reduction of hexavalent chromium,

It must be noted that during the analysis of the submitted samples, the instrument
sensitivity drifted to approximately seventy percent (70%) of that of the initial
calibration, as determined by the CCV recoveries. This instrument drift was noted by
the analyst, who analyzed a second calibration curve (on January 18™) after most of
the sample batch had already been analyzed (on January 15™). When the second
calibration curve was then applied to the sample results immediately preceding this
calibration, the recoveries of the CCVs bracketing these samples improved from
approximately 70% to 83.8-90.6%. Since these latter recoveries are within Applied
Speciation and Consulting’s control limits for CCVs and demonstrate acceptable
instrument sensitivity at the time these samples were analyzed, all reported sample
results from January 15" have been calculated using the second calibration curve.

It should be noted that the estimated method detection limit (eMDL) for hexavalent
chromium for solids is generated using the standard deviation of the associated
preparation blanks, in accordance with Applied Speciation and Consulting’s SOP.

If you have any questions or concerns regarding this report, please feel free to contact
me.

Sincerely,

Ben Wozniak

Project Manager
Applied Speciation and Consulting, LLC



Hexavalent Chromium Results for the Missouri Department of Natural Resources
Contact: Michael Stroh

Date: January 20, 2010

Report Generated by: Ben Wozniak
Applied Speciation and Consulting, LLC

Sample Results

Date & Time
Sample ID Analyzed* Cr{Vl)
AB09958 1/18/2010 18:44 0.240
AB09957 T 1/18/2010 19:46 0.221
AB09958 1/18/2010 19:59 0.348
AB09959 1/15/2010 13:00 0.089
AB09360 1/15/2010 13:59 0.076
AB09962 1/15/2010 14:05 0.059
AB09964 111512010 14:11 1.204
AB09966 11156/2010 14:17 0.094
AB09967 1/15/2010 16:03 0.068
AB09968 1/15/2010 16:09 0.213
AB09969 1/15/2010 16:28 0.055
AB09971 1/15/2010 16:22 0.049
AB09972 1/15/2010 16:34 0.117

All results are reported in mg/kg (dry wt.}
* Times reported in CST



Missouri Department of Natural Resources
Environmental Services Program

Order ID 091008002 Program, Contact: HWP Julieann Warren RECEIVED
Report Date:  01/15/2010 LDPRiJobCode:  FEPAS/NJogTSFA AN 207
(IR == ===
Sample: AB07939 Eat:ilig ID: - gite: ITellgnfery Sludlgg Farm Fields
ounty: uchannan ample Reference ID:
INMNMMIWW"WIMI’ Collector: MICHAEL STROH Affiliation: HWP Collect Date: 10/2/2009 10:53:00AM
Customer #: 0931971 Sample Comment:  SU1.13 _
Compound was found in the blank and sample.
Test Parameter Result Qualifier Units QCBatchID  Method
Hexavalent Chromium Hexavalent Chromium 2.10 04,09,23 mg/Kg 2,892 Contract Lab Dep
Percent Moisture Percent Moisture 3.1 % 2,902 Infrared Drying
Sample: AB07940 Eacility ID: S gite: ]Ta:_\r’mfery Slud?g Farm Fields
ounty: uchannan ample Reference ID:
v Gollector: MICHAEL STROH Affation: HWWP Gollect Date:

Customer #: 0931972

10/2/2009 10:54:00AM
Su1.2.1

Sample Comment: ]
Compound was found in the blank and sample.

Test Parameter Result Qualifier Units QC BatchID  Method
Hexavalent Chromium Hexavalent Chromium 2.20 04,06,09,23 mg/Kg 2,892 Contract Lab Dep
Percent Moisture Percent Moisture 4.7 % 2,902 Infrared Drying
Sample: AB07941 Facility ID: Site: Tannery Sludge Farm Fields
mmﬂmnmﬂmmmmm County: Buchannan Sample Reference ID:
Collector: MICHAEL STROH Affiliation: HWP Collect Date: 10/2/2009 10:54:00AM
Customer #: 0931973 Sample Comment:  SU13.1 _
Compound was found in the blank and sample.
Test Parameter Result Qualifier Units QCBatchID  Method
Hexavalent Chromium Hexavalent Chromium 0.42 04,05,06,09,23 mg/Kg 2,892 Contract Lab Dep
Percent Moisture Percent Moisture 21 % 2,902 Infrared Drying
Page 10f 6 -091008002



Sample: AB07942

Wiy

Customer #;: 0931974

Facility ID: Site: Tannery Sludge Farm Fields
County: Buchannan Sample Reference ID:

Collector: MICHAEL STROH Affiliation: HWP Collect Date: 10/2/2009 10:56:00AM

Sample Comment: SU213 )
Compound was foung in the blank and sample.

Test Parameter Result Qualifier Units QC Batch ID Method
Hexavalent Chromium Hexavalent Chromium 0.12 04,05,06,09,23 mg/Kg 2,892 Contract Lab Dep
Percent Moisture Percent Moisture 3.8 % 2,802 Infrared Drying
Sample: | AED7S43 County: _Buchannan Sample Reforence t:

bnn

Customer #: 0931975

Collector: MICHAEL STROHM

Sample Comment: sy223
Compound was found in the blank and sample.

Affiliation: HWP Collect Date: 10/2/2009 10:58:00AM

Test Parameter Result Qualifier Units QC Batch ID Method
Hexavalent Chromium Hexawvalent Chromium 0.43 04,05,06,09,23 mg/Kg 2,892 Contract Lab Dep
Percent Moisture Percent Moisture 39 % 2,802 Infrared Drying

Sample: AB07944

MM

Customer #; 0931976

Facility ID: Site: Tannery Sludge Farm Fields
County: Buchannan Sample Reference iD:

Collector;: MICHAEL STROH Affiliation: HWP Coliect Date: 10/2/2008 11:00:00AM

Sample Comment: SU3.1.1 _
Compound was found in the blank and sample.

Test Parameter Result Qualifier Units QC Batch IC Method
Hexavalent Chromium Hexavalent Chromium 1.10 04,06,09,23 mg/Kg 2,892 Contract Lab Dep
Percent Moisture Percent Moisture 42 % 2,902 Infrared Drying
Sample: AB07945 Facility ID: Site: Tannery Sludge Farm Fields

llllll\llllllHlilllﬂ\ll!l\lmlllllItIHII\ Calloorar MCHAEL 5 Afiations HAP

Customer #: 0931977

Collector: MICHAEL STROH

Sample Comment: SU313
Compound was found in the blank and sample.

Affiliation: HWP Collect Date: 10/2/2009 11:00:00AM

Test Parameter Resuit _Qualifier Units QC Batch ID Method
Hexavalent Chromium Hexavalent Chromium 0.83 04,05,06,09,23 my/Kg 2,892 Contract Lab Dep
Percent Moisture Percent Moisture 3.9 % 2,902 Infrared Drying

Page 2 of 6 091008002



Sam le: AB07946

Himnumnmy

Customer #: 0931978

Facility ID: Site: Tannery Sludge Farm Fields

County: Buchannan Sampie Reference ID:

Collector: MICHAEL STROH Affiliation: HWP Collect Date: 10/2/2009 11:02:00AM
Sample Comment: Su3.21

Compound was found in the blank and sample.

Test Parameter Result Qualifier Units QCBatchID  Method
Hexavalent Chromium Hexavalent Chromium 0.80 04,08,09,23 mg/Kg 2,892 Contract Lab Dep
Percent Moisture Percent Moisture 27 % 2,902 Infrared Drying
Sample: AB07947 E%tﬂ:itg-m: Buchannan giatre;‘:pllﬁenfir'ye ﬁ?ed?; Farm Fields
c ”“||ﬂi||||||“““| i“lﬂli" |l|(’.'|1t!3|i.l!!1979 Collector: MICHAEL STROH Affiliation: HWP . Collect Date: 10/2/2009 11:02:00AM
ustomer Sample Comment:  SU3.23

Compound was found in the blank and sample.

Test Parameter Result Qualifier Units QC Batch ID Method
Hexavalent Chromium Hexavalent Chromium 0.20 04,05,06,08,23 mg/Kg 2,892 Contract Lab Dep
Percent Moisture Percent Moisture 27 % 2,802 Infrared Drying
Sa[ﬂlllm’ie Ilullﬁﬁiilﬁ|g48 Eiﬁ::g-m: Buchannan ggfr:plla;:fi%ggf ?De rarm Fields

[ ' |

Customer #: 0931980

Collector: MICHAEL STROH

Sample Comment: su333
Compound was feund in the blank and sample.

Affiliation: HWFP Collect Date: 10/2/2009 11:05:.00AM

Test Parameter Result Qualifier Units QC Batch Il  Method
Hexavalent Chromium Hexavalent Chromium 0.20 04,05,06,09,23 mg/Kyg 2,892 Contract Lab Dep
Percent Moisture Percent Moisture 34 % 2,802 Infrared Drying

Sample: AB07949

D

Customer #: 0931981

Facility iD: Site: Tannery Sludge Farm Fields
County: Buchannan Sample Reference |D:

Collector: MICHAEL STROH Affiliation: HWP Coliect Date: 10/2/2009 11:07:00AM

Sample Comment: sU4.1.2 .
Compound was found in the blank and sample.

Test Parameter Result Qualifier Units GC BatchID  Method
Hexavalent Chromium Hexavalent Chromium 0.42 04,05,06,08,23 mg/Kg 2,893 Contract Lab Dep
Percent Moisture Percent Moisture 37 % 2,903 Infrared Drying




Sample: AB0O7950

CTm

Customer #: 0931982

Facility 1D: Site: Tannery Sludge Farm Fields
County: Buchannan Sample Reference 1D:

Collector: MICHAEL STROH Affitiation: HWP Collect Date: 10/2/2008 11:10:00AM

Sample Comment: su423 .
Compound was found in the blank and sample.

Test Parameter Result Qualifier Units QC BatchiD  Method
Mexavalent Chromium Hexavalent Chromium 0.29 04,05,08,08,23 mg/Kg 2,893 Contract Lab Dep
Percent Moisture Percent Moisture 3.1 % 2,903 Infrared Drying
SaTlI]llIuIIEII" Ilml“ﬁmﬁlﬁﬁlf‘l E%%i:ig:lm Buchannan g:ﬁ;pilal{‘:fi%ﬁgg ?t?: Farm Flelds

Customer #: 0931983

Collector: MICHAEL STROH

Sample Comment: SuU1IS A _
Compound was found in the blank and sample.

Affiliation: HWP Collect Date: 10/2/2009 10:53:00AM

Test Parameter Result Qualifier Units QC Batch IC Method
Hexavalent Chromium Hexavalent Chromium 0.31 04,05,06,09,23 mg/Kg 2,893 Contract Lab Dep
Percent Moisture Percent Moisture : 3.2 % 2,903 Infrared Drying
Sample: AB07952 Facility ID: Site: Tannery Sludge Farm Fields
lllIII\IIIlIIlll\llllllllll\l\lililil|II|III| o Tre—Te Aiation, FWP
Collector: MICHAEL STROH Affitiation: HWP Collect Date: 10/2/2009 10:56:00AM
Customer #:; 0931984 Sample Comment:  SU2IS.1
Test Parameter Resuit Qualifier Units QC Batch 1D Method
Hexavalent Chromium Hexavalent Chromium 0.63 04,05,08,09 mg/Kg 2,893 Contract Lab Dep
Percent Moisture Percent Moisture 37 % 2,903 Infrared Drying
Sample: ABO07953 Facility ID: Site: Tannery Sludge Farm Fields
llllllliII\IHIlIIIII\IIIIII||IIIilI|IlIHIII o —e Aicton, FWP
Collector: MICHAEL STROH Affiliation: HWP Collect Date: 10/2/2008 11:02:00AM
Customer #: 0931985 Sample Comment:  SU3IS.1
Test Parameter Result Qualifier Units QC Batch ID Method
Hexavalent Chromium Hexavalent Chromium 4,50 03.04,08,09 mg/Kg 2,893 Contract Lab Dep
Percent Moisture Percent Moisture 3.1 % 2,903 Infrared Drying

Page 4 of 6 091008002



Sample: AB07954 léacilig ID: _— gite: lTa;znnfery Sludgg Farm Fields
ounty: uchannan ample Reference ID:
LU Gollector: MIGHAEL STROH Afiliation: HWP

Customer #: 0931986

Collect Date: 10/2/2009 11:07:00AM

Sample Comment: SU4IS.1
Test Parameter Result Qualifier Units QCBatchID  Method
Hexavalent Chromium Hexavalent Chromium <21 03,04,06,09,ND mg/Kg 2,893 Contract Lab Dep
Percent Moisture Percent Moisture 49 % 2,903 Infrared Drying
Sample: AB07955 Facility ID: Site: Tannery Sludge Farm Fields
’mmmmm}“mmﬂﬂml‘mﬂw County: Buchannan Sample Reference ID:

Customer #: 0931987

Collector: MICHAEL STROH
Sample Comment: DUIS.3

Affiliation: HWP

Collect Date: 10/2/2008 11:10:00AM

Test Parameter Result Qualifier Units QC Batch ID Method
Hexavalent Chromium Hexavalent Chromium 3.60 03,04,06,09 mg/Kg 2,893 Contract Lab Dep
Percent Moisture Percent Moisture 3.7 % 2,903 Infrared Drying

The analysis of this sample was performed in accordance with procedures approved or recognized by the U.S Environmental Protection Agency.

(N DAL

Chris Boldt, Laboratory Manager
Environmental Services Program
Field Services Division

Qualifier Descriptions

01 Improper collection method

03 Exceeded holding time

05 Estimated value, detected below PQL

07 Estimated value, analyte outside calibration range
08 Sample was diluted during analysis

11 Estimated value, matrix interference

13 Estimated value, true result is > reported value
15 No Result - Failed Quality Controls Requirements
17 Results in dry weight

19 Estimated value

21 No result - spectral interference

ND Not detected at reported value

Page 5 of 6

02 Improper preservation

04 Analyzed by Contract Laboratory

06 Estimated value, QC data outside limits

08 Analyte present in blank at > 1/2 reported value
10 Laboratory error

12 Insufficient quantity

14 Estimated value, non-homogeneous sample

16 Not analyzed - related analyte not detected

18 Sample pH is outside the acceptable range

20 Not analyzed - Instrument failure

22 pH was performed at the Laboratory

23 Contract Lab specific qualifier - see sample comments

081008002
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Missouri Department of Natural Resources ~ETVED (
i n RELD.VE

Environmental Services Program =

cER 23 2010

|

=l

vrogran
Order ID 091119006 Program, Contact: HWP Julieanni¥¥arren- ';“f;j;‘:,,_,s',,s.-cgs :
MO Dept. of Natural mes=r
Report Date: 02/19/2010 LDPR/JobCode: FEPA8 / NJOSTSFA
Sample: AB09956 Facility ID: Site: Tannery Sludge Farm Fields
i e e TS
Collector: MICHAEL STROH Affiliation: HWP Collect Date: 10/2/2009 10:53:00AM
CUStomer #: 0931971 Sample Comment: This is an aliquot of ABO7939.
Test Parameter Result Qualifier Units QC BatchID  Method
Hexavalent Chromium Hexavalent Chromium 0.24 04 mg/Kg Contract Lab Dep
Percent Moisture Percent Moisture 3.1 % Infrared Drying
Sample: AB09957 Facility ID: Site: Tannery Sludge Farm Fields
|IMMW“II"IM”IMN"IM County: Buchannan Sample Reference ID:
Collector: MICHAEL STROH Affiliation: HWP Collect Date: 10/2/2009 10:54:00AM
Customer #: 0931972 Sample Comment: This is an aliquot of AB07940.
Test Parameter Result Qualifier Units QC Batch ID Method
Hexavalent Chromium Hexavalent Chromium 0.22 04 mg/Kg Contract Lab Dep
Percent Moisture Percent Moisture 47 % Infrared Drying
Sample: AB09958 Facility ID: Site: Tannery Sludge Farm Fields
]MMIWWWHMNM County: Buchannan Sample Reference ID:
Collector: MICHAEL STROH . Affiliation: HWP Collect Date: 10/2/2008 10:54:00AM
Customer #: 0931973 Sample Comment: This is an aliquot of ABO7941.
Test Parameter Result Qualifier Units QC BatchID  Method
Hexavalent Chromium Hexavalent Chromium 0.35 04 mg/Kg Contract Lab Dep
Percent Moisture Percent Moisture 2.1 % Infrared Drying

Page 1 0f6 091119006



Sample: AB09959 Facility 1D:

County:  Buchannan

Site: Tannery Sludge Farm Fields
Sample Reference ID:

T

Collector: MICHAEL STROH Affiliation: HWP Collect Date: 10/2/2009 10:56:00AM
Customer #: 0931974 Sample Comment: This is an aliquot of AB07942.
Test Parameter Result Qualifier Units QC Batch IC Method
Hexavalent Chromium Hexavalent Chromium 0.089 04 mg/Kg Contract Lab Dep
Percent Moisture Percent Moisture 3.8 % Infrared Drying
Sample: AB09960 Facility ID: Site: Tannery Sludge Farm Fields
l|IIIIﬂIIIiIlIIiIlIII|lI|l!I||III|!|II|HII| S acfiton. fm
Collector: MICHAEL STROH Affiliation: HWP Collect Date:

Customer #: 0831975

Sample Comment: This is an aliquot of A

B07943.

10/2/2009 10:58:00AM

Test Parameter Result Qualifier Units QC Batch 1D .Method
Hexavalent Chromium Hexavalent Chromium 0.076 04 mg/Kg Contract L.ab Dep
Percent Moisture Percent Moisture 3.9 % Infrared Drying
Sample: AB09961 Facility ID: Site: Tannery Sludge Farm Fields
W oo TICHAEL S Prrr T
Collector: MICHAEL STROH Affiliation: HWP Collect Date: 10/2/2009 11:00:00AM
Customer #: 0931976 Sample Comment:  This is an aliquot of ABO7844.
Test Parameter Result Qualifier Units QC Batch IC Method
Hexavalent Chromium Hexavalent Chromium 0.13 04 mg/Kg 2,894 Contract Lab Dep
Percent Moisture Percent Moisture 4.2 04 % Infrared Drying
Sample: AB09962 Facility 1D: Site: Tannery Sludge Farm Fields
I%IIIIH!I!IllIHIIIFI\l!ll\lﬂ!ﬂﬂlﬂll!ll\ o —TT At P
Collector: MICHAEL STROH Affiliation: HWP Collect Date: 10/2/2009 11:00:00AM
Customer #: 0931977 Sample Comment:  This is an aliquot of ABO7945.
Test Parameter Result Qualifier Units QC Batch 1D Method
Hexavalent Chromium Hexavalent Chromium 0.059 04 mg/Kg Contract Lab Dep
Percent Moisture Percent Moisture 3.8 % Infrared Drying
Page 2 of 6 091119006



Sarmple, | eees Chan”suchanan

i Gollector: MIGHAEL STROR Affliation: HWP Gollect Date: 10722008 TT:0Z:00AM
Customer #: 0931978 Sample Comment:  This is an aliquot of ABO7946.
Test Parameter Result Qualifier Units QC Batch ID Method
Hexavalent Chromium Hexavalent Chromium 1.60 04 mg/Kg 2,804 Contract Lab Dep
Percent Moisture Percent Moisture 27 04 % Infrared Drying
Sarﬁlilillmi‘l!“l"”llmlﬁlﬁil’gﬁlfli E?:ﬁli:’:g:m: Buchannan ggrer:pllal-'?:firéﬁsg ?[?:Farm Flelds

Collector: MICHAEL STROH Affiliation: HWP Collect Date: 10/2/2009 11:02:00AM

Customer #: 0931979 Sample Comment:  This is an aliquot of AB07947.
Test Parameter Result Qualifier Units QC BatchID  Method
Hexavalent Chromium Hexavalent Chromium 1.20 04 mg/Kg Contract Lab Dep
Percent Moisture Percent Moisture 27 % Infrared Drying
Sample: AB099ES E?ﬂgg-m: Buchannan | g:ﬁpllg‘:firéigg ?g Farm Flelds

Miimm Gollector: MICHAEL STROH Affliation: HWP Gollect Date: 10/2/2008 11:05:00AM
Customer #: 0931980 Sample Comment: This is an aliquot of ABO7948, ’
Test Parameter Result Qualifier Units QC Batch 10 Method
Hexavalent Chromium Hexavalent Chromium 0.078 04,11 mg/Kg 2,894 Contract Lab Dep
Percent Moisture Percent Moisture 3.4 04 % Infrared Drying
Sample: AB09966 Eacilig 1D: Buch ' gite: lTa[_\r‘mfery Sludﬁsz Farm Fields

ounty. uchannzan ample kejerence 1.
H“mn"“|I|IIIHH|E|”|"Iml""”“l Collector: MICHAEL STROH Affiliation: HWP Collect Date:  10/2/2009 11:07:00AM

Customer #: 0931881

Sample Comment: This is an aliquot of ABG7548.

Test Parameter Result Qualifier Units QC Batch ID Method
Hexavalent Chromium Hexavalent Chromium 0.094 04 mg/Kg Contract Lab Dep
Percent Moisture Percent Moisture 3.7 % Infrared Drying

Page 3 of 6 091119006



Sample: AB09967

i

Customer #: 0931982

Facility 1D: . Site: Tannery Sludge Farm Fields
County: Buchannan Sample Reference ID:

Collector: MICHAEL STROH Affiliation: HWP Collect Date; 10/2/2009 11:10:00AM
Sample Comment: This is an aliquot of ABO7950,

Test Parameter Result Qualifier Units QC Batch [C Method
Hexavalent Chromium Hexavalent Chromium 0.068 04 mg/Kg Contract Lab Dep
Percent Moisture Percent Moisture 3.1 % Infrared Drying
sammuﬁl‘"“m‘Wﬂlmﬁﬁlﬁlrs Eiﬂ::g:m: Buchannan ggrer:plzel‘{l:firéiyg ?S:Farm Fields

Customer #: 0931983

Collector: MICHAEL STROH Affiliation: HWP Collect Date: 10/2/2009 10:53:00AM
Sample Comment: This is an aliquot of ABG7951,

Test Parameter Result Qualifier Units QC Batch ID Method
Hexavalent Chromium Hexavalent Chromium 0.21 04 mg/Kg Contract Lab Dep
Percent Moisture Percent Moisture 32 % Infrared Drying
Sample: AB09969 Facility 1D: Site: Tannery Sludge Farm Fields

County: Buchannan Sample Reference ID:

T

Collector: MICHAEL STROH Affiliation: HWP Collect Date: 10/2/2009 10:56:00AM
Customer #: 0931984 Sample Comment:  This is an aliquot of AB07952.
Test Parameter Result Qualifier Units QC Batch I  Method
Hexavalent Chromium Hexavalent Chromium 0.055 04 mg/Kg Contract Lab Dep
Percent Moisture Percent Moisture 37 % Infrared Drying
Saﬁlmullﬁlmm‘”lmpmﬁ’ﬁi”ilro (F:?)(ili:lig:m: Buchannan g;t::pl;ra;]:fee%ﬁgg ?S:Farm Fietds

Customer #: 0831985

Collector: MICHAEL STROH Affiliation: HWP Collect Date:  10/2/2009 11:02:00AM
Sample Comment: This is an atiquot of ABO7953,

Test Parameter Result Qualifier Units QC Batch ID Method
Hexavalent Chromium Hexavalent Chromium 0.66 04 mg/Kg 2,894 Contract Lab Dep
Percent Moisture Percent Moisture 3.1 04 % Infrared Drying

Page 4 of 6 091119006



Sample: AB09971

i

Customer #: 0931286

Facility 1D: Site: Tannery Sludge Farm Fields
County: Buchannan Sample Reference ID:

Collector: MICHAEL STROH Affiliation: HWP
Sample Comment: This is an aliquot of ABO7954.

Collect Date: 10/2/2009 11:07:00AM

Test Parameter Result Qualifier Units QC BatchID  Method
Hexavatent Chromium Hexavalent Chromium 0.049 04 mg/Kg Contract Lab Dep
Percent Moisture Percent Moisture 4.9 % Infrared Drying
Sa.irlimlflmlm“umﬁﬁﬁﬁﬁlrz E?)ﬂ:rittg:m: Buchannan ggﬁipll?ﬁfi%ﬁlflgg: Ferm Fields

Customer #: 0931987

Collector: MICHAEL STROH Affiliation: HWP
Sample Comment: This is an aliquot of ABQ7955.

Collect Date: 10/2/2008 11:10:00AM

Test Parameter Result Qualifier Units QC BatchiD  Method
Hexavalent Chromium Hexavalent Chromium 0.12 04 ma/Kg Contract Lab Dep
Percent Moisture

Percent Moisture 37 % Infrared Drying

The analysis of this sample was performed in accordance with procedures approved or recognized by the U.S Environmental Protection Agency.

Qualifier Descriptions

(DL F

Chris Boldt, Laboratory Manager
Environmental Services Program
Field Services Division

01 Improper collection method

03 Exceeded holding time

05 Estimated value, detected below PQL

07 Estimated value, analyte outside calibration range
09 Sample was diluted during analysis

11 Estimated value, matrix interference

13 Estimated value, true result is >= reported value
15 No Result - Failed Quality Controls Requirements
17 Results in dry weight

19 Estimated value

21 No result - spectral interference

ND Not detected at reported value

Page 5 of 6

02 Improper preservation

04 Analyzed by Contract Laberatory

06 Estimated value, QC data outside limits

08 Analyte present in blank at > 1/2 reported value
10 Laboratory error

12 Insufficient quantity

14 Estimated value, non-homogeneous sample

16 Not analyzed - related analyte not detected

18 Sample pH is outside the acceptable range

20 Not analyzed - Instrument failure

22 pH was performed at the Laboratory

23 Contract Lab specific qualifier - see sample comments

0811190086
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ollector's Name:

MISSOURI DEPARTMENT OF NATURAL RESOURCES
FIELD SHEET AND CHAIN-OF-CUSTODY RECORD

Page 10f2

LABORATORY ORDER ID; O“! 11430 0

b

Michael Stroh Description of Shipment “
Please Print) " Shipped-Carrier: I
i ESP KCRO NERO SERO SLRO SWRO Tape sealed and initialed
Other: Hand Delivered No. Of Containers:
Sample Sample For Lab Use Only
Sample Number Collected Analyses L Type Matrix _——'_-Cbnmb:er Preserved
Date: Hexavalent Chromium by EPA SW-846 Method 7199 | Water | _ILamber __120mL] H.SO,
| X Grab [} Soit | Cubitainer [ #No,
10/02/09 | Composite | Organic _l_ 2oz glass Nalgene |  NAOH
Modified | Siudge | 8ozglass iL |__HCL
D.o Flow pH Spec. Cond. [Temp. Other: | Other: | Other: | | Vo4 vial _SOOmL __L4 ° C(None}
Encore 250mL | Disinfected
] [ Other: — [ Other
Hexavalent Chromium by EPA S ' Water | ILamber __120mL | H 250 4
| X Grab 1 Soil Cubitainer | __HNO,
Composite Organic 2ozglass Nalgene | NAOH
[ Modified | Siudge | Sozglass __IL | HCL
| %‘ Ter; | Other: | Other; | VOAvial ___500mL | | 4° C(None)
‘ Encore 250mL Disinfected
[ Orher: — ™
A
Hexavalent Chromium by EPA ‘hromium by EPA S% : | Water | iLamber __120mL| H,50,
| X Grab _L Soil | __Cubitainer __HNO 3
10/02/09 | Composite | Organic _l_ 2ozglass Nalgene | NAOH
Modified Sludge | " 8ozglass IL | __HCL
DO Flow pH Spec. Cond. [Temp. Other: r_»{)ther". | Other: | [ v04 vial ___SOOmL | | 4°C(None)
Encore  __ 250mL |  Disinfected

Hexavalent Chromium by EPA SW-846 Method 7199

iL amber ___IZOML

Other

MDNR Environmental Services Program

2710 West Main, Jefferson City, MO 65109

(573) 526-3315

| X Grab [ Soil [ Cubitainer | HNO,
| Composite | Organic _[_2 ozglass Nalgene | NAOH
Modified Sludge |~ 8ozglass iL | HCL
Flow pH Spec. Cond. [Temp. . Other: | Other: | Orher: | [ vo4 vial __500mL { 4° C(None)
| Encore  __250mlL isi,
Other:
Received By: W Date:
X, Wotras l0-8-09
Relinquished By: . |Received By: ! Date: Time:
Relinquished By: Received By: Date:

MDNR-F55-003 (03/08}



MDNR Field Sheet and Chain of Custody page 2 of 2

Site Description

|Samp]e 1.D. Letter
Facility ID: Site/Study Name: County: LDPR Code:
Tannery Sludge Farm Fields Buchannan NJO9TSFA .‘.____._..__»

Sampie Comment (briefly describe where and how the sample was collected, station number, sample type, etc.):

Sample .
| ol Sull3 FePag
l GPS Coordinates (Record Coordinates in UTM Zone 15 NAD 83 Onl Accuracy (check one)  iSample Reference ID:
EPE (meters
Facility ID: —FiteIStudy Name: County: LDPR Code:
Tannery Sludge Farm Fields Buchannan N JogTSFB__________>
Sam le Sample Comment (briefly describe where and how the sample was collected, station number, sample type, etc.):
P SWi.2.4 FEPAS
B GPS Coordinates (Record Coordinates in UTM Zone 15 NAD 83 Only): Accuracy (check one)  {Sample Reference ID:
. EPE (meters)
PDOP
Facility ID: T Site/Study Name: ~ 1County: LDPR Code: Job Code:
Tannery Sludge Farm Fields i Buchannan NJOOTSFC——+—

Sample Comment (briefly describe where and how the sample was collected, station number, sample type, etc.):

SWu 1z TEYAR

Accurscy (check one)  1Sample Reference ID:
: EPE (meters) J
. - PDOP —
Facility ID: Site/Study Name: County: LDPR Code: Job Code:
Tannery Sludge Farm Fieids Buchamnan N. J09TSFD,________>
Sam le Sample Comment (briefly describe where and how the sample was collected, station number, sample type, etc.):
P Sw 2.0.3 FEPA D
D GPS Coordinates (Record Coordinates in UTM Zone 15 NAD 83 Only): Accuracy {check one)  [Sample Reference ID:
: e EPE (meters
— . __I IPDOP

Rin La\ob\_g{;z en Sl

MDNR Environmaental Services Program 2710 Wast Main, Jefferson City, MO 65103 (573) 526-3315 MDNR-FSS5-003 (03/08)



MISSOURI DEPARTMENT OF NATURAL RESOURCES Page 1 of2 ‘B{l
FIELD SHEET AND CHAIN-OF-CUSTODY RECORD N
LABORATORY ORDER ID:
. Michael Stroh Description of Shipment
Shipped-Carrier:
ESP KCRO NERO SERO SLRO SWRO WPP | Tape sealed and initialed
DGLS Other: Hand Delivered No. Of Containers: 4
Sample Sample For Lab Use On
Sample Number Analyses
P Collected . Y . Type Matrix Container Preserved
Date: Hexavaient Chrominm by EPA SW-846 Method 7199 Water | {Lamber ___120mL| H.50,
: | A Grab Soil Cubitainer | ANO;
09 __7) i 9 75 10/02/09 | Composite Organic IZ ozglass Nalgene | NAOH
Sample A) Modified Shidge 8 oz glass IL HCL
or Lab Use Only JTime: D.O Flow pH Spec. Cond. {Temp. COther: | Other; Other: | VYOd vial . S00mL 4° C(None)
; | Encore  __ 250mL | Disinfected
[ { Osg Other: Other
l Date: Hexavalent Chromium by EPA SW-846 Method 7199 Water | ILamber __ 120mL} H,50,
_BGrab Soil Cubitainer WHNO P
l 0 9 _77\97(0 10/02/09 |___Composite |~ Organic 2ozglass Nalgene | NAOH
Sample B Modified | Shudge | 8ozglass /L | HCL
or Lab Use Only [lime: D.O Flow pH Spec. Cond. | Temp. Other: | Other: | Orther: | VOAvial ___ 500mL _l4_ * C(None)
Y \ 00 _Encore  __ 250mL-} _ Disinfected.
A i ( Other: Other
Date: Hexavalent Chromium by EPA SW-846 Method 7199 Water | [Lamber __ 120mL| H 30,
09‘5\ 977 LGrab _'{_Soi! | Cubitainer | HNO;
10/02/09 | Composite | Organic 2ozglass Nalgene | NAOH
Sample C) Modified | [ Sludge | Bozglass __ IL HCL
orLab Use Only fiime:  |D.O Flow pH Spec. Cond. [Temp.  [Other | _ Other: | other:  |__vodvial __500mL |_] 4° C(None)
Encore 250mL Disinfected
; - - — —
a X7 ﬁ hb) \ \ 60 Other: Orher
i Date: Hexavalent Chromium by EPA SW-846 Method 7199 Water | _iLamber __ 120mL| H,S0,
og Z, \97 % Grab Soil |__ Cubitainer | HNO;
(A 10/02/09 | Composite ~_Organic | | 2ozglass Nalgene | NAOH
| 'Sample D Modified Studge | _8ozglass __ IL HCL
or Lab Use Only JTime: D.O Flow pH Spec. Cond. { Temp. Other: | Other: Other: | VOdvial ___ 500mL 2 4° C(None)
Encore 250mL Disinfected
o A e — o
! g _g O’)‘ Other: Other
Relinquished By “ Sh‘/ Received By: % /{/ Date; me: .
\ N Wty o~ 6-09 /455
“RTelinquished By: M Received By: Date: Time:
“Relin quished By Received By: Dhate: Time:
MODNR Environmental Services Program 2710 West Main, Jefferson City, MO 65109 (573) 526-3315 MDNR-FS55-003 (03/08)




MDNR Field Sheet and Chain of Custody

page 2 of 2

Sample LD. Letter Site Description
Facility 1D: Site/Study Name: T County: LDPR Code: Job Code:
I Tannery Sludge Farm Fields Buchannan NJOOTSFA >
Sample Sample Comment (briefly describe where and how the sample was collected, station number, sample type, etc.):
S5W2.2.3 FePA R
A GPS Coordinates (Recerd Coordinates in UTM Zone 15 NAD 83 Onl Accuracy {check one) iSample Reference ID:
EPE (meters)
_ PDOP _
Facility 1D: Site/Study Name: County: LDPR Code: Job Code:
Tannery Sludge Farm Fields Buchannan NJO9TSFB >
Sample Sample Comment (briefly describe where and how the sample was collected, station number, sample type, etc.):
Su-3.1. 1 FepA 8
PS Coordinates Coordinates in UTM Zone Accuracy (check one) |Sample Reference ID:
i e —— rhodvteduriseatbd DL it i EPE (metors)
PDOP
Facility ID: Site/Study Name: County: LDPR Code: Job Code:
Tannery Sludge Farm Fields Buchannan NJOOTSFC —— '>
Sample Sample Comment (briefly describe where and how the sample was collected, station number, sample type, etc.):
TEPA B
Accaracy {check one) Sample Reference ID:
EPE (meters)
—_— PDOP
Facility ID: Site/Study Name: County: LDPR Code: Job Code:
Tannery Sludge Farm Fields Buchannan N J09TSFD PR S-S
Sample Comment (briefly describe where and how the sample was collected, station number, sample type, etc.): -~
Sample , , =D
D SW 3.2 FEPAQ
cordinates Accuracy (check one}  |Sample Reference ID:
' 5 EPE (meters)
— —— b
MARKS:
R Loy b\«()%@/\ 2.2,3 cad  Sw 3.2
MDNR Environmental Services Program 2710 West Main, Jefferson City, MO 65109 (573) 526-3315 MODNR-FSS5-003 (03/08}



FIELD SHEET AND CHAIN-OF-CUSTODY RECORD

MISSOURI DEPARTMENT OF NATURAL RESOURCES

Page 1 of 2

il

) LABORATORY ORDER IIx:
Collector’s Name: Michael Stroh Description of Shipment
'Please Print) Shipped-Carrier:
iation: ESP KCRO e NERO SERO SLRO SWRO WPP | __Tape sealed and initialed
circle one) DGLS 1 Other: _ Hand Delivered No. Of Containers: 4
I Sample Sample or Lab Use Only
Sample Number Coliected Aialyses Type Comtainer
Date: Hexavalent Chromium by EPA SW-846 Method 7199 | iLamber __120mL] _H,SO,
| X Grab | Cubitainer HNO;
0951 979 10/02/09 [ Composite | | 2ozglass Nalgene NAOH
Sample A) Modified 8 oz glass 1L HCL
or Lab Use Only [fTime: D.O Flow pH Other: | Other: | VOAvial ___500mL | | 4° C{None)
‘ | __Encore ___250mL Disinfected
f?f) | \OZ Other:
o
Date: Hexavalent Chromium by EPA SW-846 Mcthod 7199 | ILamber __120mL
_XGrab Cubitainer
O 93 1 %O 10/02/09 [ Composite | [ 2o0zglass Nalgene
Sample B Modified 8 oz glass IL
or Lab Use Only YTime: D.O Flow pH Spec. Cond. [Temp. Other: | Other: | VOAvial _ 500mL
Encore 250m{.-.
AL Ib@? ? 4% 1‘405 [ Other: —
Date: Hexavalent Chromium by EPA SW-846 Method 7199 IL amber ___ 120mL
- | ¥ Grab Cubitainer
109 5 i C) 8 \ 10/02/09 | Composite 2oz glass Nalgene
(Sample C) Modified 8ozglass _ IL
For Lab Use Only Flow pH Spec. Cond. }Temp. Other: | Other: VOAvial __ 500mL
Encore  __ 250mL |
Other:
Hexavalent Chromium by EPA SW-846 Method 7199 Water | fLamber __[20mL} H,50,
A L Grab | [Soit | Cubitainer | HNO,
(/931 98 10/02/09 | Composite Organic .| [ 2ozglass Nalgene | NAOH
‘Same!e D) Modified Sludge | 8ozglass __ IL HCL
or Lab Use Only D.O Flow pH Spec. Cond. [Temp. Other: | Other: Other: | VOAvial __ 500mL | | 4° C(None)
| Encore  __250ml |  Disinfected
P Other: Other
' Received By: jKV [ /é /{%A Date: Time: -
'5&’(-/\ A UV v g 6 —%- 09 / 195
Relinquished By: N Received By: Date: Time:
“Rciinquished By: Received By: Date: Time:
MDNR Environmental Services Program 2710 West Main, Jefferson City, MO 85109 (573} 526-3315 MDNR-FS5-003 (03/08)



MDNR Field Sheet and Chair of Custody page2of 2

Sample LD. Letter Site Description |
m — T T —— e R AL
! Facility ID: [SitelStudy Name: County: LDER Code:
Tannery Sludge Fanm Fields Buchannan NJO9TSFA

S ample Sample Comment (briefly describe where and how the sample was collected, station number, sample type, etc.):

A SW3.23 FEPA S

GPS Coordinates (Record Coordinates in UTM Zone 15 NAD 83 Only): Accuracy (check one)  iSample Reference ID:
" x 5 9 EPE (meters
— — P
Facility ID: ISiteJStudy Name: County: LDPR Code: Job Code:
Tannery Sludge Farm Fields Buchannan NJOYTSFB __>
Sample Sample Comment (bricfly describe where and how the sample was collected, station number, sample type, etc.):
B SU3,.3 .3 FEPA L
| GPS Coordinates (Record Coordinates in UTM Zone 15 NAD 83 Only): Accuracy {check one)  [Sample Reference ID:
1] EPE (meters)
. o o PDOP
Facility ID: Site/Study Name: T County: LDPR Code: Job Code:
Tannery Sludge Farm Fields Buchannan NJOOTSFC —

Sample Comment (briefly describe where and how the sample was collected, station number, sample type, ete.):

Swhanz FePAS

GPS Coordinates Accuracy {check one) |Sample Reference ID:

EPE (meters)
PDOP
hrrerersu———————— S
Facility ID: Site/Study Name: County: LDPR Code:
Tannery Sludge Farm Fields Buchannan NJOOTSFD —
Sample Comment (briefly describe where and how the sample was collected, station number, sample type, etc.):
Sample , DA
D S 423 EcPA S

GPS Coordinates (Record Coordinates in UTM Zone 15 NAD 83 Onl

Accuracy (check one) |Sample Reference ID:
EPE (meters)

%mm

MDNR Environmental Services Program 2710 West Main, Jeffsrson City, MO 65109 (573) 526-3315 MDNR-FSS5-003 (03/08)




MISSOURI DEPARTMENT OF NATURAL RESOURCES Page ! of 2 /b‘\
FIELD SHEET AND CHAIN-OF-CUSTODY RECORD

LABORATORY ORDER ID:
oliector's Name: Michzael Stroh Description of Shipment ﬂ
Please Print) " Shipped-Carrier: i
iliation: ESP KCRO NERO SERO SLRO SWRO WPP Tape sealed and initiafed
circle one) DGLS M Cther: | Hand Delivered No. Of Containers:
o e e
Sample Number Sample Analyses Sample For Lab Use Only
Collected . Type Matrix Container Preserved
Date: Pﬁavalm Chromium by EPA SW-846 Method 7199 Waer | [Lamber __120mL|__H.S0,
O I | Grab Soil | Cubitainer | HNO;
% 983 10/02/09 ’Z'Composite. | Organic | | 2ozglass Nalgene | NAOH
Sample A) Modified | Sludge | Sorgiass L | HCL
or Lab Use Only JTime: D.O Flow pH Spec. Cond. |Temp. Other: | Other: | Other:  VOdvial __ 500mL 4° C(None)
| Encore 250mL Disinfected
105 Other: [ Other
Date: Hexavalent Chromium by EPA SW-846 Mcthod 7199  Water | ILamber __ J20mL] H,50,
| Grab Sotl | Cubitainer _HNO 3
6\ 9 BLf 10/02/09 | X Composite t  Organic | [ 2ozglass Naigene NACH
Sample B , Modified | Shdge | 8ozglass __IL [ HCL
or Lab Use Only JTime: D.O Flow pH Spec. Cond. | Temp. Other: | Other: t _ Other: | VOAvial __ 500mL _[_4 ° C(None)
Encore 250mL Disinfected
mﬂ?ﬁ W05 l T Other: " Other
y g ——————— ety ————
Date: Hexavalent Chromium by EPA SW-846 Method 7199 | Water | ILamber __ 120mL| H,50,
| Gmb Soil | Cubitainer _HNo;
Og__g‘ 9 85 10/02/09 |~ Composite " Organic | [2ozrglass Nalgene | NAOH
{Sample C) Modified | Siudge | 8ozglass 1L | HCL
For Lab Use Only [Time: D.C pH Spec. Cond. |Temp. Other: | Other: | Other: | VOAviel __ 500ml 4° C(None)
% \ \ 0 2 | _Encore __ 250mL | Disinfected
Date: Hexavalent Chromium by EPA SW-846 Method 7199 | Water | ILamber __ 120mL| H 250,
095\ 98 (0 | _Gmab _LSot'l | Cubitainer ___HNO 3
10/02/09 [ X Composite | Organic | |2ozglass Nalgene | NAOH
Modified [ Studge | Sozglass 1L | mer
Flow pH Spec. Cond. | Other: | Other: | VOAvial __ 500mL 4° C(None)
| __Encore  __ 250mL } _ Disinfected
_ Other: Other
N Received By: < / Date: Time: .
S UWidsnigzin lo-§- o9 (455
Received By: Date: Time:
“ielinquishcd By: Received By. Date: Time: “

MDNR Environmental Services Program 2710 West Main, Jefferson City, MO 65109 (573) 526-3315 MDNR-FS5-003 (03/08}



lSample LD, Letter

MDANR Field Sheet and Chain of Custody

Site Description

page2 of 2

Sample Comment (briefly describe where and how the sample was collected, station number, sample type, etc.):

SU2xTS, A1

Facility ID: ISite/Study Name: County: LDPR Code:

Tannery Sludge Farm Fields Buchannan NJOOTSFA ___.__.,...__b
Sample Comment {briefly describe where and how the sample was collected, station number, sample type, etc.):

SUILS .4 FPAR
GPS Coordinates (Record Coordinates in UTM Zone 15 NAD 83 Only): Accuracy (check one) [Sample Reference ID:
£ ' : EPE (meters)
_ | [poop

Facility IID: Site/Study Name: County: LDPR Code: Job Code:

Tannery Sludge Farm Fields Buchannan NJOSTSFB __.--———5

FEPAE

GPS Coordinates (Record Coordinates in UTM Zone 15 Accuracy (check one}  |Sample Reference ID:
e T TRy : - ; : . EPE (metors)
PDOP
_l"'acility ID: Site/Study Name: o County: LDPR Code: Job Code:
Tannery Sludge Farm Fields Buchannan NJO9TSFC _____‘>
Sample Comment (briefly describe where and how the sample was collected, station number, sample type, ete.):
SUBATS . Z" 1L CEpA S
GPS Coordinates (Record Coordinates in UTM Zone 15 NAD 33 Onl Accuracy (check onc)  |Sample Reference ID:
: il e slbrd g T A et - EPE (metors)
PDOP
Facility ID: Site/Study Name: County: LDPR Code: Job Code:
Tannery Sludge Farm Fields Buchannan NJO9TSFD \-_.-—--—?
Sample Sample Comment (briefly describe where and how the sample was collected, station rumber, sample type, etc.):
D S u‘\ TS.1 FEMAL

Coordinates Z ‘ i Accuracy (check one)

EPE {(meters)

\PDOP

Sample Reference ID:

MDNR Environmental Services Program 2710 Wast Main, Jefferson City, MO 65109 (573} 526-3315

MDNR-FSS-003 (03/08)



MISSOURI DEPARTMENT OF NATURAL RESOURCES
FIELD SHEET AND CHAIN-OF-CUSTODY RECORD

Page 10of 2

B

LABORATORY ORDER ID:
[Collector's Name: Michael Stroh Description of Shipment {
(Please Print} Shipped-Carrier:
Affiliation: ESP KCRO NERO SERO SLRO SWRO WPP Tape sealed and initialed
circle one, DGLS HWP Other: Hand Delivered No. Of Containers: 4
Sample Analyses Sasuple
; Collected Type Matrix Container Preserved
Date: Hexavalent Chromium by EPA SW-846 Method 7199 Water | {Lamber __ 120mL} H,50,
| Grab Soil Cubitainer HANO ;
10/02/09 omposite Organic I2 ozglass Nalgene | __NAOH
m Modified Sludge 8 oz glass _ IL | HCL
or Lab Use Only [Time: D.O Flow pH Spec. Cond. | Temp. Other: | Other: Other: : VOAd vial ___500mL “L 4° C(None)
N Encore 250mL Disinfected
a7 152 \W\0 " Other: — e
|- Date: Hexavalent Chromium by EPA SW-846 Method 7199 — | Waer [ iLamber __120mL]_ H;S0O,
| | Grab Soil [ Cubitainer —_HNO;
10/02/09 | Composite Organic | 2ozglass Nalgene | __NAOH
l 'Sample B Modified Sludge | 8 oz glass _ iL | HCL
or Lab Use Only JTime: DO Flow pH Spec. Cond. [Temp. Other: | Other: Orher: | YOAvial __ 500mL | 4°C(None)
| Encore  __250mL |  Disinfected
Other: Other
| Date: Hexavalent Chromium by EPA SW-846 Method 7199 Water | ILamber __120mL| H,50,
| Grab Soil | Cubitainer  HNO;
l 10/02/09 [ Composite Organic | 2ozglass Naigene | __NAOH
| {Sample C; Modified Shudge _8 ozglass IL | HCL
ime: D.O Flow pH Spec. Cond. [Temp. Other: | Other: Other: | VOdvial __500mL | 4°C(None)
Encore 250mL Disinfected
[ Other: ™ Other
Date: Hexavalent Chromium by EPA SW-846 Method 7199 Water | _ILamber __120mL| H:50,
| Grab Soil | Cubitainer L HNO,
10/02/09 Composite Organic 2ozglass Nalgene NAOH
Sample DJ (™ Modified Studge | 8ozglass __IL | _HCL
or Lab Use Only §Time: D.O Flow pH Spee. Cond. | Temp. Other: | Other: Otker: | VOAvial ___500mL | _ 4° C(None)
Encore 250mf, Disinfected
_ [ Other: _ [ Other
IRelinquished By: _ \ Received By: Date: Time: | o ~—
A X bans lo—&-09 /255
Relinquished By: \ Received By: ' Date: Time:
elinquished By: Received By: Date: Time:
— — e — i —
MDNR Environmental Services Program 2710 West Main, Jefferson City, MO 65109 (573) 526-3315 MDNR-FS5-003 (03/08)



Sample LD. Letter

MONR Environmental Services Program

2710 West Main, Jefferson City, MO 65109

Rown Labs rbw\o o DUTS.B

MDANR Field Sheet and Chain of Custody page 2 of 2
Site Description
Facility ID: {Site!Study Name: County: LDPR Code: Job Code:
Tannery Sludge Farm Fields Buchannan NJOOTSFA ‘>
Sample Comment (briefly describe where and how the sample was collected, station number, sample type, ete.):
VWIS, 3 FEPA R
GPS Coordinates (Record Coordinates in UTM Zone 15 NAD 83 Onl Accuracy (check one)  {Sample Reference ID:
EPE {meters)
- PDOP
Facility ID: Site/Stndy Name: County: LDPR Code: Job Code:
Buchenper NJOOTSER-
Sampie Comment (briefly describe where and how the sample was collected, station number, sample type, etc.):
GPS Coordinat ecord Coordinates in UTM Zone 15 NAD 33 Only): | Accuracy (check one) [Sample Reference iD:
'5 EPE (meters)
" PDOP
Facility ID: Site/Study Name: County: LDPR Code: Job Code:
Bechznme NJQYTSEE
Sample Comment (briefly describe where and how the sample was collected, station number, sample type, etc.):
ecord Coordinates in UTM Zone 15 NAD 83 Onl Accuracy {check on¢) Sample Reference ID:
EPE (meters)
Facility ID: Site/Study Name: [Connty: LDPR Code: Job Code:
Tannery-Shudge Fagn Fields Buchannan NJOOTSFD
Sample Comment (briefly describe where and how the sample was collected, station number, sample type, etc.):
GPS Coordinates (Record Coordinates in UTM Zone 15 NAD 83 Onl Accuracy (check one)  |Sample Reference ID:
EPE (meters)
PDOP

(573} 526-3315

MDNR-FS5-003 (03/08}



"KCRO SERO

MISSOURI DEPARTMENT OF NATURAL RESOURCES Page 1 of 2
FIELD SHEET AND CHAIN-OF-CUSTODY RECORD ,
LABORATORY ORDER 1D:
Transfer Cham of Custody-Apphed Speciation &Consulting, LLC Description of Shipment

% Shipped-Carrier: UPS next day air

ESP " NERQ SLRO SWRO WPP "I[X_ Tape sealed and initialed
DGLS HWP Other: Hand Delivered Ne. Of Containers: 4
Sample Sample " For Lab Use Only
Sample Number C°“e°t___jd - Analyses Type Matrix Container Preserved
Datc: HEXAVALENT CHROMIUM/PERCENT MOISTURE | Water | ILamber __I20mL| H,SO,
AB09956 | X_Grab [ ] Soil | Cubitainer | HNO,
10/02/09 | Composite | Organic |l 2ozglass Naigene | _NAOH
(Sampie A) Modified | Studge | Sorglass _ IL | HCL
For Lab Use Only [lime: D.O Flow pH Spec. Cond. [Temp. Other: | Other: | Orher: | VOAvial __ 3500mL _[__ 4° C(None}
_ 10:53 Encore  _ 250mi, Disinfected
1S iq Other: Other
Date: HEXAVALENT CHROMIUM/PERCENT MOISTURE | Water | JLamber ___120mL H,50,
AB09957 ‘ | x Grab | ] Soil Cubitainer | HNo;
10/02/09 . Composite | _Organic |} 2ozglass Nalgene | NAOH
{Sampie B) . Modified Sludge 8 oz glass IL HCL
For Lab Use Only §Time: D.O Flow pH Spec. Cond. |Temp. Other: | Other: t  Other: : VOA vial :5 0omL {f 4° C(None)
sy 1054 | Encore __250mL | Disinfected
. 0 Other: Cther |
Date: HEXAVALENT CHROMIUM/PERCENT MOISTURE | Water | iLamber _ 120mL| H,50,
AB(9958 | x_Grab | Sout | Cubitainer | aNO;
10/02/09 | Composite | Organic _I__ 2ozglass Nalgene | NAOH
(Sample C) Modified | Sludge | Sozglass __ IL | HCL
[For Lab Use Only fTime: D.O Flow pH Spec. Cond. | Temp. Other: | Other: | Other: | VOAvial __ 500mL _]___ 4°C(None}
, Encore 250mL Disinfected
144 | 10:54 - Other: T [ Othe{
Datc: HEXAVALENT CHROMIUM/PERCENT MOISTURE Water | _ILamber __120mL| _H;S0,
AB09959 x Grab |/ Soil Cubitainer HNO ;
10/02/09 :Composite | Organic I.’Z oz glass  Nalgene :NA OH
(Sample D) Modified L_Sluage Sozglass _ IL _HCL
For Lab Use Only JTime: D.O Fiow pH Spec. Cond. |Temp. Orher: | Other: L Other: | VOAvial __ 500mL -4[_40 CtNone)
. Encore 250ml. Disinfected
i": 7. \ 10:56 [ Otker: ...._ Othe{
Rchnquxshed-B)«)fﬂ Rececived By: Date: Time:
L4 PV, /61/‘7/("?
Rehnqmth‘&'B’y o Received By: Date: Time:
Relinquished By: Received By: Date: Time:
MDNR Environmental Services Program 2710 West Main, Jefferson City, MO 65108 (573) 526-3315 MDNR-F3$-003 (03/08}




MISSOURI DEPARTMENT OF NATURAL RESOURCES

Page 1 of 2

FIELD SHEET AND CHAIN-OF-CUSTODY RECORD

LABORATORY ORDER ID:

Collector's Name: Transfer Chain of Custody-Applied Speciation &Consulting, LLC . , Description of Shipment
\[(Please Pringyy L o x_Shipped-Carrier: UPS next day air
Affiliation: ESP KCRO NERO SERC SLRO SWRO WPP  X_Tape sealed and initialed ;
(circle one) DGLS HWP Other: Hand Delivered No. Of Containers: ‘f
Sample Sample For Lab Use Only
Sample Number Collected Analyses Type Matrix Container Preserved
Date: HEXAVALENT CHROMIUMY/PERCENT MOISTURE | Water | iLamber _ 120mL| H)S50,
AB09960 X Grab | | Soil | Cubitainer | HNO;
10/02/09 | Composite | Organic  |{ 2ozglass Nalgene | NAOH
{(Sample A) Modified | Sludge | 8ozglass L . HCL
For Lab Use Only fTime: D.O Flow pH Spec. Cond. | Temp. Other: | Other: | Other: | VOAvial __ 500mL | [ 4°C(None)
R Encore 250mL Disinfected
,7 q ~ D 10:58 | Orher: T _Ozhe{
Date: HEXAVALENT CHROMIUM/PERCENT MOISTURE | Water | ILamber 120 mL H,80,
AB09961 x_Grab Soil Cubitainer | HNO;
10/02/09 mComposite | Organic I.? oz glass  Nalgene :NA OH
{Sampie B) Modified | Sludge 8 oz glass IL HCL
For Lab Use Only [Time:  |D.O Flow pH Spec. Cond. [Temp. Other: | _ Other: | Other: | VOdvial __500mL [ 4°C(None)
e . Encore 250mL Disinfecte
7 2 - 11:00 - . | Other: T "“““Oth.n}-r ‘
Date: BEXAVALENT CHROMIUM/PERCENT MOISTURE | Water | Jlamber _ 120mL| H,50,
AB09962 | x_Grab | | Soil | Cubitainer | _HNG;
10/02/09 | Composite | Organic | | 2ozglass Nalgene | NAOH
{(Sample C) Modified Sludge 8 oz glass iL HCL
For Lab Use Only Time:  |D.O Fiow pH Spec. Cond. | Temp. Other: | Other: | Other: | vo4vial __500mL [/ 4°CfNone)
—y bt~ . Encore 250mL Disinfected
[O\ = 2 H1:00 [ Other: _ mOthe){-
Date: HEXAVALENT CHROMIUM/PERCENT MOISTURE | Water | /L amber 120 mL H,50,
AB09963  x_Grab [ Soi | Cubitainer | HNO,
10/02/09 ___ Composite | Organic | [ 2ozglass Naigene | NAOH
{Sample D) Modified Sludge 8 oz glass IL HCL
For Lab Use Only [[Time: Do Flow pH Spec. Cond. |Temp. Other: | Other: : Other: : VOA vial : 500mL I #° C(None)
Sl Encore 250mL Disinfected
1 O‘, -\ 11:02 [ Other: T . o:herf
IRelinquished Xy K . ] Received By: Date: Time:
(Wh 0///'71’)’\!1 P /)'/6.7/07
Relinquished-By~” ) o ) T r Received By: Date: Time:
lfc!inquishcd By: Received By: Date: Time:
MDNR Environmental Services Program 2710 West Msin, Jefferson City, MO §5109 (573} 526-3315 MDNR-FSS-603 (03/08)




MISSOURI DEPARTMENT OF NATURAL RESQURCES
FIELD SHEET AND CHAIN-OF-CUSTODY RECORD

LABORATORY ORDER ID:

Page ] of 2

Collector's Name:

Transfer Chain of Custody-Applied Speciation &Consulting, LLC

Bescription of Shipment

(Please Prini) o L o % Shipped-Carmrier:  UPMS next day air
Affiliation: =~ ESP KCRO NERO SERO SLRO SWRO WPP [x_Tape sealed and initialed )
(circle one) DGLS HWP Other: Hand Delivered No. Of Containers: 4
e —— —— .
Sample Number Sample Analyses Sample For Lab Use Only
Collected N Type Matrix Container Preserved
Date: HEXAVALENT CHROMIUM/PERCENT MOISTURE Water | ILamber __120mL| _HS0,
AB09964 | X Grab /[ Soit | Cubitainer [ HwO,
10/02/09 | Composite | Organic | / 2ozglass Nalgene | NAOH
(Sampie A) Modified | Sludge | 8ozglass 1L | HCL
For Lab Use Only JTime: .0 Flow pH Spee. Cond. | Temp. Other: | Other: | Other: | VOAvial __ 500mL __{_ 4°C(Nonz)
11:02 | Encore ___250mL | _ Disinfected
L} 7 Qther; Other
Date:  |HEXAVALENT CHROMIUM/PERCENT MOISTURE | Warer | ILamber __120mL| HSO,
ABO09965 | x_Grab _L_ Soil | Cubitainer | HNO;
10/02/09 | Composite | Organic |} 2ozglass Nalgeme | NAOH
{Sample B) Modified | Studge | 8ozglass __ IL | HCL
For Lab Use Only §lime: D.O Flow pH Spec. Cond. [Temp. Other: | Other: | Other: | VOAvial __ 500mL | / 4°C(None)
11:05 | Encore __250mL | _ Disinfected
L{ g{ QOther: Qther
Date: HEXAVALENT CHROMIUM/PERCENT MOISTURE | Water | lLamber _ 120mL| H,50,
AB0%%66 | x_Grab _J__ Soil | Cubiainer | HNO;
10/02/0% | Composite | Organic | | 2ozglass Nalgene | NAOH
{Sample C} Modified | Sludge | 8ocglass L | HCL
For Lab Use Only fTime: D.O Flow pH Spec. Cond. [ Temp. Other: | Other: | Orther: - VOAvial ___500ml | | 4°C(None)
) Encore 250mL Disinfected
L[ q 17 [ Orer: T T Other
Date: HEXAVALENT CHROMIUM/PERCENT MOISTURE | Water | [Lamber ___120mL| H,50,
AB09967 | x Crab | [ Soil | Cubitainer |L_HNO,
10/02/0% Composite Organic | 2 oz glass Nalgene NACH
(Sample D) | Modified | Stdge | 8ozglass UL [ HCL
For Lab Use Only JTime: D.O Flow pH Spec. Cond. [Temp. Other: | Other: | Orher: | VOAvial __ 500mlL | | 4°C(None)
. Encore 250miL Disinfected
go 1110 ‘ ™ Other: _ [ Other
Relinquished By:| 5 . Received By: Date: Time:
( ﬁ;;'/)/gnm/m Jofa /0?
Relinquished'By” / [ ' ’ Received By: Date: Time:
Relinquished By: Received By: Date: Time:
MDNR Environmental Services Program 2710 West Main, Jeffarson City, MO 65109 (573) 526-3315 MDNR-FSS-003 (03/08)




MISSOURI DEPARTMENT OF NATURAL RESOURCES
FIELD SHEET AND CHAIN-OF-CUSTODY RECORD

Page ] of 2

LABORATORY ORDER ID:
Collector’s Name: Transfer Chain of Custody-Applied Speciation &Consultmg, LLC . Description of Shipment
(Please Print) N o L ~_|ix_Shipped-Camier: UPS next day air
Affiliation:  ESP  KCRO  NERO  SERO SLRO SWRO  WPP x_Tape sealed and initialed ;
(circle one} DGLS HwP Other: Hand Delivered I*io. Of Containers: L/
Sample Number Sample Analyses Sample For Lab Use Only
Collected Type Marrix Container Preserved
Date: HEXAVALENT CHROMIUM/PERCENT MOISTURE Water | ILamber __120mL} H,S50,
AB09968 | X_Grab _LSo:I _Cubi.cainer | HNO,
10/02/09 Composite .zf’tff?g ! 2oz glass Nalgene NAOH
{(Sample A) ™ Modified Shudge " 8oz glass 1L e
For Lab Use Only JTime: D.O Flow pH Spec. Cond. {Temp. Other: | Other: Other: : VOA vial :500mL Z4° CfNone}
10:53 | Lncore ___250mL |  Disinfected
5 \ Orher: Other
Date: HEXAVALENT CHROMIUM/PERCENT MOISTURE D alaleg | Pater | iLamber __120mL)| H:50,
AB09969 | ~Grab _L.S‘ox'l | Cubitainer | HNQ ;
10/02/09 | X Composite Organic | | 2ozglass Nalgene | NAOH
(Sample B) Modified Sludge | Bozglass _ JL | HCL
For Lab Use Only T1mc D.O Flow pH Spec. Cond. | Temp. Other: _OLher: Other: | VOAvial _ 500mL _L-; °CNone}
4/ "HM | Encore __250mL | _ Disinfected
53 Other: Other
Date: HEXAVALENT CHROMIUM/PERCENT MOISTURE w .,‘L‘, {of Water | ILamber __ 120mL}] H,S50,
AB09970 e Gra |/ soil | Cubitginer _HNO,
10/02/G9 X_Composite | Organic |}/ Zoergloss Nalgene | NAOH
{Sample C} Modified Sludge 8 oz glass iL HCL
For Lab Use Only JTime: DO Flow pH Spec. Cond. {Temp. Other: | Other: : Other: : VOA vial :500":1. 14"(:‘(1\@;9)
11:02 Encore ___250mlL |  Disinfected
5 Cther: Other
Date: HEXAVALENT CHROMIUM/PERCENT MOISTURE wzl4loq | Water | [Lamber _ 120mL| H,S0,
ABO9971 |-x~Grab _LSoi! | Cubitainer | __HNO;
16/02/09 _’LCommsite | Organic __!___ 2ozglass Nalgene | NAOH
{Sample D) Modified | Sludge | 8ozglass 1L | HCL
For Lab Use On!y Time: Do Flow pH Spec. Cond. Temp. Other: | Other: | Other. | VOAvial _ _500mL | [ 4°CiNone)
11:07 | Encore o 250mL | Disinfected
Other: Other
Rchnquxshed% . Received By: Date: Time:
«IOLU{ M (4 / 0%
Relinquished By / ( £ Received By: Date: Time:
[Felinquished By: Received By: Date: Time:
MDNR Environmental Services Program 2710 West Main, Jefferson City, MG 65109 {573) 526-3315 MDNR-FSS-003 (03/08}




MISSOURI DEPARTMENT OF NATURAL RESOURCES

FIELD SHEET AND CHAIN-OF-CUSTODY RECORD

LABORATORY ORDER ID:

Pagel of 2

Collector's Name: Transfer Chain of Custody-Applied Speciation &Consulting, LLC i Description of Shipment
(PleasePriny ... ... _____ . .|l Shipped-Camic. UPS nextday air
Affiliation: ESP KCRO NERC SERO SLRO SWRO WPP [ x_Tape sealed and initialed
feircle one) DGLS HWP Other: Hand Delivered T‘io. of gontaincrs: ]
Sample Sample For Lab Use Only
Sample Number Collected Analyses Type Matrix Container Preserved
Date: HEXAVALENT CHROMIUM/PERCENT MOISTURE b 1a)=led | Water | ILamber __ 120mL| H,80,
AB09972 AXCrab | /Soit | Cubitainer | #NO,
10/02/09 z Composite | Crganic | ) 2orglass Nalgene |  NACH
{(Sampie A) Modified | Studge | 8orglass _ IL | HCL
For Lab Use Only JTime: D.O Flow pH Spec. Cond. [Temp. Other: | Other: | Other: | VOdviel __ 506mL | | 4°C(None)
5{ 110 | Encore __250mL | Disinfected
Other: Other
Datce: | Water | JLamber __J20mL| H,50,
| x_Grab | Sail Cubitainer HNO
Composite Organic " 20z glass  Nalgene [ NaOH
{Sample B) | Modified | Shdge | 8ezglass 1L | _HCL
For Lab Use Only [Time: D.O Flow pH Spec. Cond. | Temp. Other: | Other: | Otherr [ _vOAvial __500mL | 4°C(None)
| Encore _ 230ml | Disinfected
Other: Qther
Date: | Warer | /L amber 120 ml H,50,
| x_Grab | Sou " Cubitainer | HNO,
| Composite | Organic | 2ozglass Nalgene :N;.—OH
{Sampie C) Modified | Sudge )_8 ozglass __ IL L HCL
For Lab Use Only {Time: D.O Flow pH Spec. Cond. [Temp. Other: | Other: | Other: | YOAvial ___500mL | 4°C(Nong)
| __Encore __ 250mlL { _ Disinfected
_ Other: Other
Date: N | Water _____ IL amber __d20mL _H;SCL,
| x_Grab | Seil | Cubitainer | ANO;
| __ Composite _Organic | 2ozglass Naigene | NAOH
{Sampie D) Modified | Siudge | 8ozglass 1L | HCL
For Lab Use Only JTime: DO Flow pH Spec. Cond. | Temp, Qther: | Other: | Other: | VOAvial ___ 500mL | 4°C(None)
Encore 250mL Disinfected
[ Other: T [ Other
Relinquished By: . Received By: Date: Time:
%_%'Oanm;w 1945 /69
Relinquished By~ ] 1 ' Received By: Daie: Time:
Relinquished By: Received By: Date: Time:
MDNR Environmental Services Program 2710 West Main, Jefferson City, MO 65709 (673) 526-3315 MODNR-F35-003 (03/08)




APPENDIX C
XRF Data
Tannery Sludge Farm Fields Site

Residential Yard Pilot Study
Buchanan County, MO






Project: ~ Missouri Tannery Sludge Farm Fields Residential Yard Pilot Study
Whia apresditisnt records & revulta par bag; caicustes tha masn 8 80 & Ealded contidince s o thabsg |

Property ID: yard piot Using Total
Date: 1ph 10/2/09, XRF analyses 107 & 103, 2009
LEAD  45s0c Runs
fl
o y R berrad lesteal " Rin  legmot bsirrt Sim;a D8 Rn st barnd
STAOASE Tee ROty mt B g [ISTTeORRRN po, RN 1o, pen b fup | tusiee Tee PO Tee Rk (s A
v fsx) (pmPr) (=150) l (s2c) GpoFPr) (ss15D) Feadngs 4 (s¢) GemPR) 15D)
Information: sU1.1 Information:  SUT.1.1 Information: suti2
Bagreairgl  MOTER 3 | Bzgreasegt 10729 E1d Bagreatog i 10772009 35 4
2 gl 2 1 2 W9 ¥ 2 Rl ] s 4
3 1072009 3 3 10729 a7 3 10702003 33 4
4 1072009 n i 4 10772009 a2 4 1072003 34 4
Memn 335 Mezn 340 | Mean 343
] il e | o 10
WRSD 83 00 'wRSD 71 0o WRSO 28
ne= 4 Ii n= 4 i n= 4
2.slded Cls SectngSNlcLs B 2.slded Cls SetontaklcL= M 2-slded Cls SectonS3RLOL= 33
SectonBShUCLE 3 SianfakUCL = 42 SectnBSRUCL= 35
Information: SU1.1.3 Information:  su12 Information: surz1
Bagreasrgl 1072009 M | Bsyresdeg | 1070 k5] Bagreadng | 1072003 3
2 107209 27 ) 2z WIS ] 2 107205 E5)
3 T2 ® 3 1072003 F ] 3 1072003 Ex ]
4 1072000 a2 | 4 10772009 27 4 1072009 21
e igNL W Masn 285 Mean 325
17 0 13 D 50 -
HRED M1 00 | unso 45 00 | RSO 154
A 4 ! A= 4 0 n= 4
2-sided Cls Secton 85MLCL=E 20 J 2-sided Cls Secion BSMLCL= 26 2-sided Cls Sston BANLCLE 25
SKEnSRUCLE 4 . SectoatSRUCL= 3 | Secion S5RUCL= 40
Information: SU122 Information:  sU123 Information: suts
Bagrasegt 1072009 1 | Bsgreategt 129 3 4 || Bsgreasngt 107409 2t
2 Rl e ] 1 2 10772009 bl 4 ! 2 107203 -
3 VTN n l 3 10772049 M 4 ’ 3 W2 n
4 101200 n 4 10720R 2 4 4 107203 5
Mian WO Mezn MO Mean 238
0 37 0 41 o
%RSD 126 0o WRSD 132 oo %RSO 53
| am 4 Tl n= 4
2-sided Cls Secton B5KLCL= B 2:sided Cls SectonGS%LCL= 25 2-slded Cls Seckon 8NLCL= 22
SactnesRUCL= 38 ! Sechn gSRUCL= 37 Secson 63NUCL= 258
Information: SU1.3.1 Information:  SU132 Informatlon: sui33
Bagreasegl 107209 a | Bagreategt 1072009 4 4 Bagressegl 1072009 2
z 1072009 = 2 1T ® 1 2 10772009 2
3 1672009 Fe 3 10772009 el 4 3 10209 18
4 101209 ] 4 10772009 21 4 'l 10772002 2
(Mezn %8 Mexn 265 Maan 240
40 28 i 0 21 so 49 €
HRSO 08 00 ] %8RS0 79 00 RSO 204
ns 4 n= 4 n= 4
Secton SSHLCL= 23 2-sided Cls SmfonssuICL= 23 2-sldad Cls S gshliL= 15
Secton SSKUCL= 31 SRUCL= M Sscton$SMUCL= 32
Information: SUIS (1.12,122,8132) Information:  SU1ISA Information: suns2
|
Esgresangl 162K F3 1 Bxgreadng ) 108209 3 Bagreaingl 108203 3
2 1022009 % z 1082009 b1 2 1082009 »
3 1632 S A 3 108208 ] 3 1032008 B
4 WG9 2 X ¢ 108209 32 4 1032009 31
5 1632009 Y
6 105209 £
Mean 23 ! Maan 303 Mean 333
50 39 50 as so 33
#RED 132 oo '¥RSD 1@ 00 WRED 109
! ns= 13 ! a= 0 n= 4
2-sided Cls. Secton $A%ACL= 25 2-sided Cls Section SSKLCL= ENUMI 2-sided Cls Secton BSNLCL= 25
Secton $5RUCL=E 33 | Secton SS%UCL = ENUW Secfon B5NUCL= 35
Informatlon: SU1IS3 Information: Information:
Bsgreadrgt 1652009 3 Bzgrzdngl Bagreasing |
2 WEZN9 » 2 2z
3 1620 EY] 3 3
4 1082005 o 4 4
Men N0 Mezn  #OIVIF Mean  FDIVO
0 22 0 EDIVAY & VA
‘%RED 10 0o |MRSD NG 00 HRSD DNV
n= 4 n= 0 n= 0
2-sided Cls Secton GSRICL 28 2-sided Cls Secton BSRLCL = SOV 2-sided Cis Secton SSHLCL = 2DIVI!
Secton$SRUCL= M Secton SSRUCL = #DIVAO Secton B3NUCL = #DVIY
Information: su2.1 Information:  SUZ.1.1 Information: SU2.1.2 Fag?
Bayreading 1 107000 (] Bzgreadng ! 1672009 (£ T Bagreasrg V1072009 133
2 107209 145 2 10729 m L3 2 1077205 153
3 1072003 143 3 plopfr.oi {IH T 3 1072003 L5}
4 1672073 163 4 107200 139 6 4 10770 123
Mean 1485 Mean 1378 Mean 1363
50 144 o 70 0 114
%RSD 98 1] %RED 51 00 WASO 83 00
n= 4 n= 4 n= 4
2.sided Cls Secton SEWLCLE 124 2-sided Cls SectonBSHLCL= 127 1% 2-slded Cls Secbon8SKLCL= 118
Sacton $5%UCL= 169 SactnfSKUCL= 143 148 Sscton$SMUCL= 154




Project:  Missouri Tannery Sludge Farm Fields Residential Yard Pilot Study
Thia sprassibiet records 4 reelits par Deg: ealeiialis tn menn & 80 8 Tadid confidenceinits cn habag |

Property 1D: yard pllol Using Tou Pb

Fisg?

Date: Samples Collecled 1072709, XRF analyses 10/7 & 108, 2009
LEAD  45secRuns
Information: sU2.1.3 Information:  suz2 Information:
Bagreadng 1 107209 150 || Bagreadeg 10729 163 Bagreadrg ) 10772009
2 1077207 136 | 2 107 160 2 10772009
3 107200 134 | 3 V0671009 165 3 10772008
4 1072008 135 4 1072003 151 4 1072003
Mesn 130 | Mean 1598 Moan  #DIVIOH
50 74 $0 62 kil 8D #DVIO
%RSD 53 00 il wASO 39 00 | L
[ 4 n= 4 | n=
2-sided Cls. Secton 8SNLCL= 127 || 2.lded Cls SsctonGSHICL= 120 182 2-sided Cls Secton GSNLCL = #DVIG
Secton BSKUCL= 151 | Sectn$SRUCL= 170 167 | Sechon SKUCL = #DIVIOF
e | |
Informatiom:  su22.1 Information: suz22 Feg?| Information:  suz223
Bagresing ) 107R009 151 7 | Bzgreadngt 1072009 164 7 | | Bagreatngi 1079 e 7
2 16T 157 7 I 2 1072008 158 7 2 10772009 155 7
3 L[ (] 150 T I 3 WTi2S 153 T ‘ 3 1077208 167 7
4 16T 73 T l i 4 10T 72 T | ] 4 1072025 187 T
Man 1603 Mean 1630 Maan 1585
o ee | o 68 b 10
wRSD &0 oo l %RSO 41 00 |1 WRSD 69 00
n= 4 [} n= 4 n= 4
Z-sided Cis Secton S5%LCL= 145 149 || 2sidedcis Sechon SNLCL= 152 | 2-sided Cls. Seclon $S%LCL= W1
Secton$5%UCL= 176 wz gl Secfon BSRUCL= 174 | ‘ Secmn $3RUCL= 176
Information: SU2iS (212 an Information: su21s.1 Fag? | | Information:  suzis2
Bagressrgl 1080 123 | Bagresdngl 102080 "s J Bajresingl 10809 133
2 10809 142 d 2 168080 (21 2 168090 15
3 108080 1 3 16800 157 | 3 16809 153
4 10809 152 4 16800 155 | 4 108090 151
Maan 1455 Mean 1435 ‘ Mean 193
30 &5 s0 77 ] o 69
%RSD 38 00 WRED 52 00 1 %ASD 47 00
n= 4 n= 4 n= 4
2-sided Cls. Secton§5NLCL= 137 13 2-sided Cls Sscfon BSELCL= 137 i 2-sided Cls Sechon SSKLCL= 138
Seclon 85%UCL= 154 152 Sechon GS%KUCL= 162 Seckon BEKUCLS 160
Informatlon:  su2is.3 Information: Feg? | i Information:
Bagreadrg1 10809 154 | Bagreadngi k i Bagrexdng |
2z 10803 151 2 . 2
3 1030 150 3 | 3
4 1080 151 4 | 4
Men 1523 Mezn €DV ! Mean  #ONVID!
0| 2y | S0 DV B 8D #DVO
BRSO 14 o0 [{] WRSD SOV 00 | %HRSO -o;.w 00
n= 4 ] = 0 | ) n= 1
2-sided Cls. Secton$5KLCL= 149 150 2-sided Cls Secton S5%LCL= #DVO! || 2sidedCls Secton B5RLCL = #DVID!
SecSon $5%UCL= 156 185 | Section SSWUCL = SOV Secton $SRUCL= SOV
Information: LR Information:  sua.L1 Information: sus12
Bxgreadngt 1070 455 || Bagreadegi 1G700R <2 | | Bagreadng ! 107709 Fto]
2 10672909 450 | F 107207 @ 2 10772 47
3 10672009 2 3 10702009 257 i 3 10772009 a9
4 16772009 51 4 167759 252 | 4 1072009 472
Men 4550 Mean 4350 ! Maan
0 w0 0 90 | D s
WRSD 22 a0 uRSD 20 00 wRsD 32 0o
= 4 n= 4 | n= 4
2-sided Cis Secion$SRLCL= 4% 2-sided Cls Secton §SNICL= 442 | i 2-sided Cis Sectod #5%I0L= 231
Secton GSRUCL= 471 Seclon SSRUCL= 470 | Sacton $SRUCL= 478
Information: SU3.1.3 Informatiom  su3z Information: sua24
8
Bagreaing ) 10773008 4738 12 1072009 18 Bagreading 1 107759 "4
2 1T 451 n 1072009 "4 2 10772005 n3
3 107R% 465 Ar 10709 ns 3 10772005 19
4 1072009 456 ” 107208 18 4 10772009 13
Mean 4628 I Maan 1163 Mean 1148
0 ng H .sp 2 s 29
WRSD 2’5 o 1 | %RSD 1: LT] %ASD 245 00
L5 3 n= ns
2-sided Cls Secton GSRLCL = ENUMY | 2.slded Cls Secton BS%LCLE 113 2-sided Cls $ecton SSMLCL= 110
Secton 95KUCL = ENUM! Secton G5%UCL= 120 ] Secton $8%UCL= 119
Informatlon:  suzz2 Informatlom  sU323 Informatlon: su3y
Bagressegl  AMTRUN 102 l\ Bagreadngt 10702009 18 | Bsjreatrgt 1072009 33
2 1072009 13 2 10772029 108 i 2 10772009 a1
3 17000 110 I 3 10709 108 | l 3 1077209 35
4 10772009 120 4 10772009 116 i 7] 107/2009 3
Men 1113 l Masn 1118 i Moan 385
75 “ sD 43 | 44
%ASD 87 1 [ %RSD 39 00 { NRSD 121 00
= L] n= 4 n= 4
2-sided Cls Secton@SNLCL= 99 | 2slded Cls SectoneSELCL= 108 || 2sidedCls Seclon$ShLCL= 29
Secton €5%UCL= 173 | Sechn SS%UCL=E 119 i SectonSSKUCL= 44
Information: SU3.3.1 Information: susaz Information: sus1y
Bayreadng1 107003 » Eagreadrg | 1072009 3 Bagrexing | 1079 27
2 16772009 33 2 1072009 32 2 1072079 32
3 167200 » 3 107200 1 3 1072029 3
£ 107200 = 4 1072003 £ ] J | 4 1072009 »
Men 318 Mesn 328 Men 300
<0 z8 0 41 | | s 22
%RSD 87 co %RSD 126 00 I %RSD 72
a= 4 A= 0 | = 4
2-sided Cls. Sacton$SSLCL= 27 2sided Cls Secton SRLCL = ENUM i I 2-sided Cls Secwn BNLOL= 27
Swton$5%UCL= 35 Secton SSRUCL = ENUW } Secton SSKUCL= 33




Project: ~ Missouri Tannery Sludge Farm Fields Residential Yard Pilot Study
This spcasdahsst records 4 renults pir bagi cateutaten o masn & 8D & 2aided confidenca Uil oo thabag |

Property ID: yard piot Using Toud Pb

Date: Samples Collecled 107209, XRF analyses 10/7 & 10/8, 2009
LEAD  4SsecRuns
Information: SU3IS(3.12.322.8332) Information: suss.s Information: suxs2
Bagreadrgl 1682003 153 U Bagreasrgt 190 | Bayreaseg 210
2 1682009 206 ! ] 219 2 103
3 1082009 22 3 153 3 Fo
4 1082009 185 | 4 225 1 4 203
5 20 [
Mean 1978 Masan 2012 ! Mean 2023
L | | S0 145 | s 70
%RSD 46 oo | WRSD 70 0O ] RSO 25
n= 4 | ns 5 | n= 4
2-sided CIs Secton S3NLCL= 183 | 2sidedCls Saton S5RICL= 189 | 2-sided Cls SactonSSRICLE 151
Secton S5%UCL= 212 I SecEn SSRUCL= 228 | Secon€SRUCL= 213
Information: SU3IS3 Information: Information:
Bagreasrg ) b7l || Bagreasngt Bagressrg 1
2 2 | | 2 2
3 215 ki 3 ‘ 3
4 169 | | 4 4
Mesn 2105 Mezn  #DIVOH Mean  SDVO
S0 W7 S0 SONVH SO PDVAY
WRED 55 00 %RSD OVO! 00 %RS0 #DVOT!
ne 4 | ns 0 n= 0
2-sided Cls Section B5%LCL= 102 | 2:sldedCis Secton S5%LCL = #DIVI 2-slded Cls Secton SS%HLCL = #DIVID!
Secton §5%UCL= 229 Section SSUUCL = #0ONO! Saction $5%UCL = sDVI!
Information: su4.1 Information: sud.1.1 Information: sus12
Bageeasrg 1 10209 51 | I Bagreadng 1 1072009 51 Bagresing1 107/200 a7
2 10672009 54 1 2 10712009 51 2 1072009 a2
3 1072009 55 3 10772000 33 3 1072004 47
4 1072003 i i « 10772009 23 4 072009 <
Man 503 Mean 470 Mesn 455
&0 &4 S0 62 0 24
%RSD 127 oo | HARSO 1At o0 %RSD 52 oo
LR | 1 a= 4 n= 4
2-sided Cis Secson OSWLOL= &0 2-sided Cls Secton SSuLCLs 37 | 2-sided Cis Secton OSKLCL= 42
Secton @S%UCL= 00 [ Secton E5%UCL= 87 Sacton £5%UCL= &9
|
Informatlon:  SU4.1.3 Informations  su42 Information: sus21
Bagresdrg 1 1072000 51 | Bagresdng ! 070000 70 Bagresdrg1 1072009 62
2 1072009 a7 ‘ 2 10702009 “% 2 10772003 ]
3 1076009 4 3 10702009 2] 3 10772003 2]
4 1072008 45 f 4 10772009 84 4 10772009 65
Mean 448 1 Min  T45 8] Mean €850
o 49 ' 0 145 i s 42
%RSO 108 o0 ! ®RSD 185 00 | RSO 64 LT
as 4 P 1 ax 4
2-sided Cis SectonS5RICL= M 2-3ided Cls Sacfon S5NICL= 51 { | 2-sided Cls Secton$SELOL= 55
Seton SSRUCLE 85 ] SsctonSSRUCL= €4 b Sxton®SuUCL= T3
Information: sU422 Information: sus23 Information:
Bagreasng1 107009 & | | Bagreadng 1 10720 63 | Bajreaing 1
2 107200 =] 2 10712009 62 2
3 10712073 [ 3 10712009 49 3
a 10772000 5 | 4 10712009 18 | 4
Mean 675 Mean 655 | Mean  €DIVIO!
0o 18 | o 45 ] S0 #DVE
WRED 28 00 r | %RSD 130 o0 | WRSD DV oo
as 4 Il n= 4 | n= 0
2-sided Cis Sacton @5SICL= 84 2-slded Cls. Secon S5%LCL= 52 | 2-sided Cis Secton 85%LCL = DV
SecsnESRUCL= M ! Secton E5%UCL= 79 ] Secton ESRUCL = DV
Information: SU4IS(4.128423) Informations  Su4iS1 Informathon: suus2
BagresdngV 1082009 57 | Bagresirgl 108009 55 | Bagreasrg1 10DEZA 57
2 1087009 =% | 2 1082008 52 l 2 10820 3
3 1682009 7 N 3 1052008 & 3 1082009 57
4 1082009 % | ¢ 4 1082009 2] 4 1022009 51
Mean 530 1 Maan 553 Mezn 558
D 54 i s 62 s 32
%RED 91 00 1 (BRSD 192 o0 %RSD 57 oo
n= 4 n= 4 A= 4
2-slded Cls Section B5HLCL: 0 2-slded Cls Seclen 85%HLCL= 45 2.sided Cis Section BS%LCL= 81
Secfon B5%UCL= 84 Secton B5%UCL= &5 Sacbon B5%UCL= 61
|
Informatlon: sU4s.3 Information: Information:
Exgrezsegl  1GA0N £ | Bagressngt | Bagreasrg1
2 1032009 & | 2 Hl 2
3 1082009 E {4 3 | 3
1 108200 51 ] 4 N
[T ! Ve SOV \ Mesn SDNO
S0 34 | $0 Ny $0 DV
%RSD 39 00 | WRED OVO 00 | SR80 sDVO 00
n= 4 | a= 0 ‘ n=x 0
2-sided Cls Secton SSSLCLa 82 2.slded Cls Section O5RLCL = #DIVO! | 2-sidedCls Saction S5%LCL = SOV
SeEnSS%UCL= €3 | Secton SSRUCL = #DIVIDH | Secton G5%UCL = #DNV.O
Informatlon: puis Information:  DUIS.A Information: puis2
Bagrestng 1 1082009 10 I i Bagressng1 10 104 | | Bagressng1 1082008 1o
2 1082000 103 | 2 1082009 112 (4 2 10272003 "
El 1082009 ] 3 1082000 97 i | 3 10372009 107
4 1082009 14 4 1032003 19 | 1 1082009 101
Maan 1080 Mesn 1055 I | Mean 1073
D 10 50 (1] &0 45
WRSD &6 oo i %RS0 62 (1] | HRSO 42 oo
n= 4 i A= 4 n= 4
2-sided Cis Secton S3%UCL=  §5 . 2-sidedCls SactonOSELCL= €5 Smton SSRICL= 10D
Sacfon SSRUCL=E 117 Secton ES%UCL= 116 SactonGSRUCL= 114

Information: DUIS 3



Project:  Missouri Tannery Sludge Farm Fie!ds Residential Yard Pilol Study

# | |
Proparty IO, Yars Piot ves.

Dot Samgles Collecind 15200 XRF acalyaes 159 vy 128 2009
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APPENDIX D
Data Analysis Documentation
Tannery Sludge Farm Fields Site

Residential Yard Pilot Study
Buchanan County, MO
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Date: March 9, 2010

To: Deana Crumbling, Work Assignment Manager
US EPA Office of Superfund Remediation & Technology Innovation (OSRTI)
Technical Innovation & Integration Branch (TIIB)

From: Rob Tisdale, Technical Task Manager, Tetra Tech EMI

Subject: Multisample Ingersoll Uncertainty Calculator for
Missouri Farms Yard Pilot Study Test Samples

EPA Contract # EP-W-07-078
Work Assignment WA-46

1.0 Introduction

The purpose of this memorandum is to describe a Microsoft Excel workbook based on the
Ingersoll Uncertainty Calculator, to describe a quality review of data from a residential yard pilot
study conducted in October 2009 at the Tannery Sludge Farm Fields Site (Site), and to present
the uncertainty calculations performed on the test sample results by Tetra Tech EMI (TTEMI).

This quality review was conducted on data from a re-analysis of the soil samples conducted in
December, 2009. The yard pilot soil samples were originally analyzed for hexavalent chromium
(Cr(VI)) within their specified holding times by Test America Laboratories. However, it was
subsequently determined that the laboratory method used was not capable of meeting the
sensitivity requirements for the project. The samples were, therefore, submitted to Applied
Speciation Consulting for re-analysis using a more sensitive analytical method. It was
understood by the planning team that the second analysis would be conducted beyond the
sample holding times. This was considered acceptable, however, since the resuits would not be
used to make an environmental decision at the pilot study yard; only to demonstrate the suitability
of the analytical method and to aid in preparation of a sampling design.

Section 2.0 provides background information on the Ingersoll Uncertainty Calculator. Section 3.0
discusses modifications made to the calculator. Section 4.0 presents the results from the test
sample pilot study for the Site.

2.0 Background

The Ingersoll Uncertainty Calculator is a Microsoft Excel based workbook developed in 2002 by
William Ingersoll of the US Navy. The workbook uses quality assurance/quality control (QA/QC)
data from a chemical laboratory to estimate the uncertainty associated with each step in the
sample collection and sample analysis process, as well as an overall uncertainty associated with
a single sample result. The calculator is comprised of a single worksheet entitled Cal, which
contains QA/QC input fields as well as output fields for the uncertainty intervals associated with a
single sample result. These uncertainty evaluations were performed to comply with the
requirements for “definitive data” as spelled out in EPA Superfund guidance, one of which is that
“either analytical or total measurement error [i.e., uncertainty] must be determined.” (Ref: Data
Quality Objectives Process for Superfund: Interim Final Guidance, Sept. 1993, p. 42).

Tetra Tech EM Inc

Tel 703.391.5875 Fax 703 391 587
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TTEMI modified the workbook to allow uncertainty to be calculated simultaneously for a group of
sample results. The workbook was also modified to include calculations of uncertainty intervals
based on laboratory duplicate precision. The modified workbook will hereafter be referred to as
the “Multisample Ingersoll Uncertainty Calculator.”

3.0 Madifications to Ingersoll Uncertainty Calculator

The template version of the Multisample Ingersoll Uncertainty Calculator is attached for active
review. The filename is "QC-based Multisample Uncertainty Calculator — Template Final.xIsx".

A total of three worksheets were added to the workbook, as follows:

e Input worksheet. This worksheet is used to enter raw data from the data package. Raw
results are entered, and relative deviations are automatically calculated based on the raw
results. These relative deviations are linked to the Cal worksheet that calculates
uncertainties.

o Actual Output worksheet, This worksheet is used to enter sample analytical results data.
An uncertainty interval is calculated for each result based on the output of the calculator's
existing Cal worksheet.

o Explore Uncertainty Effects worksheet. This worksheet generates uncertainty intervals
for a customizable list of 20 analytical results, and shows the effects of the uncertainty
intervals on the application of decision limits to these results. This worksheet also shows
the analytical value that will result in an upper uncertainty limit (that is, an upper
confidence limit [(UCL]) equal to a specified decision limit.

Both the Actual Output and Explore Uncertainty Effects worksheets include three calculations
of the uncertainty interval, as follows:

o The first uncertainty interval is based only on analytical uncertainty (which can also be
described as analytical precision or analytical variability); calculated based on the
formulas in the original uncertainty calculator.

o The second uncertainty interval is based on analytical uncertainty and analytical bias;
based on the formulas in the original uncertainty calculator.

o The third uncertainty interval is new to this version of the uncertainty calculator; based on
analytical uncertainty, analytical bias, and sampling uncertainty (which can also be
described as sampling precision or sampling variability).

Thus, results in the Actual Output and Explore Uncertainty Effects worksheets are compared
to three different uncertainty intervals. The Cal worksheet was modified to include (in cell U33) a
calculation of the sampling uncertainty from field and laboratory duplicate data.

Other than data input fields, most cells in the original workbook are locked. The password to
unlock the worksheets is currently blank so that the worksheets can be locked and unlocked
without a password. If there are 50 or fewer analylical results, it is possible to enter all needed
data into all worksheets without unlocking the worksheets, because the spreadsheet design
includes 50 data input rows. If more data input rows are needed, the user can unlock the
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worksheet, insert additional rows as needed, copy the formulas down, and reprotect the
worksheet. Worksheets must be unlocked and locked individually.

The following bullet list summarizes each worksheet (original and modified) and the inputs
needed to use the calculator:

o Cal worksheet

(o}

o]

Analyte, matrix, and technology — enter this information in cell E2. This field is
informational only, and is optional.

Confidence Level — enter one of the specified percentages in cell W24. If no
confidence level is entered, then no uncertainty intervals will be calculated.

o Input worksheet

(o]

Instrument calibration standards (ICS) spike amounts and results— enter in cells
A5:B24. If a minimum of two ICS results are not entered, then no uncertainty
intervals will be calculated.

Second source calibration verification standard (ICV) spike amounts and results—
enter in cells F5:F24. If a minimum of two ICV results are not entered, then no
uncertainty intervals will be calculated.

Laboratory control sample (LCS) spike amounts and results— enter in cells
K5:K24. If a minimum of two LCS results are not entered, then no uncertainty
limits will be calculated.

Matrix interference spike (MIS) amounts and results — enter in cells P5:R24. If a
minimum of two MIS results are not entered, then no uncertainty limits will be
calculated.

Laboratory duplicate sample (LDS) original and duplicate results — enter in cells
V5:W24. If a minimum of two LDS results are not entered, then an uncertainty
interval for bias- and duplicate-variability-corrected measurements will not be
calculated.

Field-split duplicate sample (FDS) original and duplicate results — enter in cells
AA5:AB24. If a minimum of two FDS results are not entered, then an uncertainty
interval for bias- and duplicate-variability-corrected measurements will not be
calculated.

Co-located duplicate sample (CLS) original and duplicate results — enter in cells
AF5:AG24. If a minimum of two CLS results are not entered, then an uncertainty
interval for bias- and duplicate-variability-corrected measurements will not be
calculated

o Actual Output worksheet

o

Decision limit — enter the decision limit to which the upper uncertainty interval will
be compared in cell G12.

Decision limit units (optional) — enter the units for the decision limit in cell H12.
Sample ID - enter the sample IDs in cells A16:A65.

Sample measurements — enter the sample results in cells B16:B65. The
autofilter function can be used to hide blank cells if desired.
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o Qualifier — enter qualifiers in cells C16:C85.
o Comment — enter comments in cells D16:D65.

o Conditional formatting (output cell color) is used to indicate how many of the
UCLs (all three, two, one, or none) are below the decision limit.

o Explore Uncertainty Effects worksheet

o Maximum concentration — enter the maximum concentration to be evaluated in
the table. The values for 20 equally-spaced theoretical concentrations will be
calculated from this concentration.

o Conditional formatting is used to indicate how many of the UCLs (all three, two,
one, or none) are below the decision limit.

The following bulletized list summarizes the outputs shown on each worksheet:

o Cal worksheet — most outputs here are the same as they were in the original Ingersoll
Uncertainty Calculator, therefore, they are not discussed here. However, the analytical
measurement result and units on Page 3 of the Cal worksheet are now linked to the input
cells in the new Explore Uncertainty Effects worksheet. There are also several new
oultput fields:

o The relative deviations for laboratory duplicate samples are transferred from the
Input worksheet to cells F13:F32.

o The standard deviation associated with laboratory duplicate samples is
calculated in cell F33.

o The component percent standard uncertainty resulting from laboratory
subsample collection effects is calculated in cell L18.

o The percent relative uncertainty associated with sampling measurement error for
routine field samples is calculated in cell U33. This was not calculated in the
original version of the Ingersoll Uncertainty Calculator. The measurement
uncertainty for laboratory subsample collection effects (LSE), sample collection
effects (SCE) and sample location effects (SLE) are included in this uncertainty
estimate. The estimated uncertainty from LSE, SCE, and SLE is used to
estimate the uncertainty interval based on analytical bias, analytical uncertainty,
and sampling uncertainty. The t-value (a measure of expected variability based
on sample size and statistical confidence) in cell N25 is used for this calculation
in the same way as the other percent relative uncertainty calculations.

o A third calculation of the uncertainty interval based on analytical uncertainty,
analytical bias, and sampling uncertainty is performed in cells AA33:AM35. In
addition, the LSE is included in the “Partitioning of Uncertainty” graph along with
the other uncertainty effects.

¢ Input worksheet — there are no outputs on this worksheet — all calculated values are
intermediate results that are transferred to the Cal worksheet.
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o Actual Output worksheet

o

Uncertainty interval without considering bias — these intervals are shown in cells
E16:G65.

Bias-corrected measurement — these values are shown in cells H16:H65.

Uncertainty interval at the selected confidence level for bias-corrected
measurements— these intervals are shown in cells [16:K65.

Uncertainty interval at the selected confidence level for bias- and duplicate-
variability-corrected measurements — these intervals are shown in cells L16:N65.

o Explore Uncertainty Effects worksheet

Le]

Uncertainty interval without considering bias — these intervals are shown in cells
C17:EB5.

Bias-corrected measurement — these values are shown in cells F17:F65.

Uncertainty interval at the selected confidence level for bias-corrected
measurements— these intervals are shown in cells G17:165.

Uncertainty interval at the selected confidence level for bias- and duplicate-
variability-corrected measurements — these intervals are shown in cells J17:L65.

Sample results where the UCL is equal to the decision limit — these values are
shown in cells B43:B45 for each of the three uncertainty interval types listed
above.

4.0 Missouri Farms Pilot Study Test Sample Data Results

4.1 Data Quality Review

Soil analytical data generated by the Missouri Farms Pilot Study were obtained from Applied
Speciation and Consulting via Michael Stroh of the Missouri Department of Natural Resources

(MDNR).

Data included results for 17 soil samples prepared by EPA Method 3060A and analyzed for
Cr(VI) by modified EPA Method 7199. The data deliverable included:

e A case narrative describing sample reception, sample preparation, sample analysis, and
analytical issues;

Analytical results;
A summary of QA/QC data associated with the analytical batch; and

Historical QA/QC data for use in the uncertainty calculator.

A review of the data deliverable conducted by TTEMI indicates the following:

o Seven of the eight Cr(VI) matrix spike/matrix spike duplicate (MS/MSD) results were below
the control limit of 76%.

e Four of the eight PbCrO; MS/MSD results were below the control limit of 75%.
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e The samples were analyzed beyond the holding time of 30 days specified in the yard pilot

study sampling and analysis plan (SAP).

Based on acceptable LCS results, the low recoveries for these MS are associated with sample
matrix, and did not require any corrective action by the laboratory. The bias introduced by low
MS recoveries was quantified in the Multisample Ingersoll Uncertainty Calculator, and taken into
account in developing the 95% confidence intervals for sample results.

As noted above, since these sample results are from analyses conducted beyond the sample
holding times, they should not be used to make final decisions regarding whether Cr(VI)
concentrations in soils in the pilot study residential yard are above or below screening levels.
However, the results are still valid for assessing whether the screening level of 2 mg/kg is
achievable for this method.

4.2  Uncertainty Interval Calculations

As shown in the attached workbook titled “QC-based Multisample Uncertainty Calculator — Pilot
Study Lab 2 Full Final.xls", the QA/QC data from the data deliverables were entered into the
Multisample Ingersoll Uncertainty Calculator as follows:

Data Location in December 17, 2009 Data Location in January 20, 2010 Data
type Deliverable Deliverable
Sample Page 1 Page 6
results
ICS* Page 3 — used three resuits for 5 pg/L Page 9 — used all three results for 5 pg/L
standards, two results for 25 pg/L standards, standards, one result for a 25 pg/L standard,
and one result for a 50 pg/L standard * and two results for 50 pg/L standards *
ICV* Page 5 — used first 16 results* Page 11 — used four ICVs with true values
below 10 mg/kg*
LCS Page 2 — used the Cr(VI) LCS result only Page 7 — used the Cr(VI) LCS result only
MIS** | Page 2 — used the two Cr(VI) MS/MSD results | Page 8 — used the six Cr(VI) MS/MSD results
only** only**
LDS Page 2 — used the MSD result Page 8 — used the five MSD results
FDS Page 1 - used the sample results for samples Page 6- used the sample resuits for samples
AB09961 and AB09963, which were field AB09962 and AB09964, which were field
duplicates of AB09962 and AB09964 duplicates of AB09961 and AB09963
CLS No co-located duplicate samples were collected. FDS results were used as a proxy since CLS
uncertainty is expected to be the same or greater than FDS uncertainty.
Notes:

The ICS and ICV results used were all historical values. The data package provided did not include a

summary of ICS and ICV results specifically from the analytical runs used for sample quantification.
The preparation method uses 0.5 g of sample diluted to a 10.1 mL final volume; therefore, a sample
concenltration of 1 mg/kg corresponds to approximately 50 pg/L on the calibration curve. The
calibration standards used to assess uncertainty from instrumental measurement effects, therefore,
correspond to a range of approximately 0.1 to 1 mg/kg, which is the range of interest for the project.
e Although historical MS/MSD results were also provided, these were not used in the uncertainty

analysis since the soil matrices for those samples were not representative of soil matrix from the
project samples.

The Multisample Ingersoll Uncertainty Calculator shows that there is a negative bias in the
method due to sample matrix. The major contribution to the width of the uncertainty interval is the
sampling uncertainty, which had more than three times the relative uncertainty of the other
uncertainty components (see the Partitioning of Uncertainty chart on page 3 of the Cal
worksheet).
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Based on the effects of analytical measurement uncertainty, matrix bias, and sample
measurement uncertainty, the results of the Multisample Ingersoll Uncertainty Calculator indicate
that samples with results below 0.72 milligram per kilogram (mg/kg) have a 95% UCL of 2 mg/kg
or lower (see cell B43 on the Explore Uncertainty Effects worksheet). Since the laboratory has
estimated a reporting limit of 0.025 mg/kg, the method appears suitable for making decisions at
the Site.

Other confidence levels were investigated to provide an estimate of the statistical confidence in a
decision that the results for samples AB09963 and AB09964 would be below 2 mg/kg if the
samples had been analyzed within the 30-day holding time. The 80% UCL is not below 2 mg/kg
for either sample AB09963 or AB09964.

oo Michael Stroh, Environmental Specialist, MDNR
Jody Edwards, PG; Work Assignment Manager, TTEMI
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MEMORANDUM March 4, 2010

SUBJECT: Determination of the numbers of incremental samples and increments in
the incremental sampling designs for yards

FROM: Deana Crumbling, M.S.
Technology Integration and Information Branch
Office of Superfund Remediation and Technology Innovation

USEPA ﬂfﬁ/k GA‘
/) /;

TO: Michael Stroh
Missouri Department of Natural Resources

To use an incremental sampling design, the number of incremental samples (ISs) and the number
of increments per IS must be determined. Whenever possible, a statistical approach is useful,
especially when the data will be analyzed statistically after it is collected.

A free software package called “Visual Sample Plan” (VSP) was used to perform the statistical
calculations. To obtain inputs to the VSP programs, data from the yard pilot study was analyzed
and used to determine statistical properties likely to represent other yards.

The overall concentration of Cr(VI) in the pilot yard was 0.3 ppm (which is well below the
screening level of 2 ppm). This value would be used to determine the “gray region” in the VSP
input screen. The lower the yard average, the fewer the samples recommended by VSP for
collection. In order to be conservative, a 1 ppm, rather than 0.3 ppm, was used to determine the
gray region input. Being “conservative” in this context means that more ISs would be collected
and more increments would be collected for each IS.

The worst case value for standard deviation (SD) from the pilot study results (0.4 ppm) was used
as that VSP input. This selection was worst case because the data set from which the SD of 0.4
was calculated included a sample taken from outside the yard proper, and next to a crop field.
Although not excecding the screening level of 2 ppm, this sample’s average concentration (1.4



ppm) was several times higher than samples from the yard proper [which ranged from 0.08 to
0.27 ppm Cr(VI)]. However, inclusion of this non-representative sample served to create a
conservative estimate of the variability across the yard (SD = 0.4 ppm vs SD = 0.1 when that
sample is not included).

With these input values, VSP recommended 3 samples (as ISs) per yard. This would represent a
minimum of sampling units per yard. However, more sampling units (i.c., more ISs) might be
defined for any particular yard based on the conceptual site model for that yard. This could raise
the number of [Ss above the minimum of 3 for some yards.

Next, the number of increments per IS needed to be selected. Again, VSP provided a statistical
basis for this selection. A “multi-increment” module of VSP was used. One of the inputs to this
module is the variability seen in subsampling replicates. There were two sets of suitable data.
For one set, the variability was SD equal to 0.05 ppm. For the other, the SD equaled 0.28 ppm.
Even though the 0.28 was from the non-representative sample, it represents a worst case
scenario, and so 0.28 was selected for input to the multi-increment VSP module.

This VSP module assumes that the number of increments is known, and the goal is to calculate
the number of 1Ss. However, the module can also be used to find the number of increments.
Since we know that we want to have a minimum number of 3 ISs per yard, various numbers can
be entered into the “Increments per MI sample” input box until the number of the number of
calcuiated IS samples is 3. When this is done, 4 is the recommended number of increments.



Cré i Tor Yards from pilot yard data

Yard zection 1
grabsample 1 (SU1.1.3)  0.24
grab sample 2 (SU121) 0221
grab sample 3 (SU1.2.1)  0.348

Yard section 1 Mean= 0270
StdDev= 0.069
n 3 grab samples
2-5ided 95%LCL  0.10
2-sided 95%UCL 0.44 0.39 for 1-sided 95%
1-sided nterval 02
cv= 025

Yard section 2
grab sample 1 (SU2.1.3) 0.089
grab sample 2 (SU22.3) 0076

Yard section 2 Mean =  0.082

StdDev= 0009

n 2

2-sided 95%LCL 0.0
2-sided 95%UCL 0.7 0.12 for 1-sided 95%

1-gided interval 0.1

cv=  on

Yard section 3-has 2 sets of duplicate subsamples
Duplicate 1 (SU3.1 0133
Duplicate 2 (SU3.1  0.059

Duplicates Mean (for SU=3.1.  0.096
StdDev= 0052
n 2
2-sided 95%LCL -0.4
2-gided 95%UCL  0.57 0.3 for 1-sided 95%
1-sided interval 05
cv= 055

Duplicate 1 (SU3.2 16
Cuplicate 2 (SU2.Z  1.204

Duplicates Mean (for SU = 3.2 140
Std Dev = 0.28 use this for worst case subsampling SD
n 2
2-sided 95%LCL  -1.1
2-5ided 95%UCL 392  2.65 for 1-sided 95%
1-sided interval 25

cv= 020
Yard section 3 g sample by wind ion Yard section 3 EXcluding sample inflk by wind
Juplicates Mean (for SU=3.1,  0.096 Duplicates Mean {for SU=3.1} 0.096
Duplicates Mean (for SU=32 1402 grab sample 3 (SU2.3.3)  0.078

grab sample 3 (SU3.2.3) 0.078
Yard section 3 Mean =  0.087 excluding “non-representative” sample

Yard section 2 Mean = 0.53 inciudes "non-representative” sample StdDev= 0.013
StdDev= 076 n 2
n 3 2-sided 95%LCL 00
2-gided 95%LCL -1.4 2-sided 95%UCL 020 0.14 for 1-sided 95%
2-sided 95%UCL 241 1.81 for 1-sided 95% 1-sided interval 0.1
1-sided interval 19 Cvs= 0.15
Cv= 145
Yard section 4

grab sample 1 (SU4.1.2) 024
grab sample 2 (SU42.3) 022

Yard section 4 Mean= 0230
StdDev= 0.014 0.29 for 1-sided 95%

n 2

2-sided 95%LCL 0.1

2-sided 95%UCL. 036

1-sided interval 0.1

cv= 0.06



Yard statistics (as compilation of the means for the £ SUs) Yard statistics (as compilation of the means for the 4 SUs)

Yardsection1 027 Yard section 1 027
Yardsecion2 0.083 Yardsecton2 0.083
Yard section 3 0.52 includes “nonrepresentative” sample Yardsecton3  0.087 excludes “non-representative™ sample
Yardsechon4 023 Yardsecton4 023
Yard section 1 Mean= 0278 Yard section 1 Mean=  D.163
StdDev= 0.186 StdDev= 0.097
n 4 n 4
2-sided 95%LCL 0.0 2-sided 95%LCL 0.0
2-gided 95%UCL 0.57 0.50 for 1-sided 95% UCL 2-sided 95%UCL 032 0.28 for 1-sided 95% UCL
1-sided interval 03 1-sided interval 02
Cv= 067 Cv= o0.58
Yard statistics (as ilation of individual grab les)  Yard (as 1 of grab ples)
grab sample 1 (SU1.1.2) 0.24 grab sample 1 (SU1.1.2) 0.24
grab sample 2 (SU12.1) 0221 grab sample 2 (SU1.2.1)  0.221
prab sample 3 (SU1.3.1)  0.348 grab sample 3 (SU1.3.1)  0.248
grab sample 1 (SU2.1.3)  0.089 grab sample 1 (SU2.1.3) 0.089
grab sample 2 (SU22.3) 0.076 grab sample 2 (SU2.2.3) 0076
Duplicates Mean (for SU=3.1, 0.096 Duplicates Mean (for SU=3.1) 0.096 the P sample
Duplicates Mean (for SU =32, 1.402 includes grab sample 3 (SU3.3.3) 0.078
grab sampie 3 (SU3.3.3)  0.078 "non-representative™ sample grab sample 1 (SU4.1.2) 024
grabsample 1(SU4.1.2) 024 grab sample 2 (SU4.2.3) 0.2
grab sample 2 (SU4.2.3) 02
Yard section 1 Mean=  0.13
Total Yard Mean = 030 Std Dev = 0.10
StdDev= 040 n 9
n 10 2-gided 95%LCL 0.1
2-sided 95%LCL 0.0 2-sided 95%UCL 025 0.24 for 1-sided 95% UCL
2-sided 95%UCL 059 0.53 for 1-sided 95% UCL 1-sided interval 0.1
1-sided interval 03 cvs= 054
cv= 132

USE WORST CASE SD (FROM INCLUSION OF THE NON-REPRESENTATIVE SAMPLE) TO CREATE CUSHION IN CASE Cr6 LOSS OVER TIME

3 n Level - Multi-incrament ., 5C TEDUCED VARIABILITY (80)
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