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Introduction:
The Missouri Department of Natural Resources (MDNR) Environmental Services Program
(ESP) conducted sampling related to an ongoing investigation of the Tannery Sludge Farm Fields
Site on August 12, 2009, The sampling activities were described in a DNR Sampling Report
dated November 9, 2009 (MDNR, 2009a), This addendum provides additional information
regarding the agricultural fields pilot study, and is intended as an interim measure to document
sampling activities, A full project report will be written by the HWP project manager when all
sample results have been received and evaluated for the overall project.

Background:
Thirty discrete surface soil samples were collected from 3 farm field plots established in a pilot
study field on August 12,2009. The sampling was conducted to determine how well correlated
the variability of total Cr (analyzed by XRF) is to the variability ofhexavalent Cr (Cr") (analyzed
by lab) across different spatial scales in the agricultural field soils, and to aid in preparation of a
sampling design for the subsequent full investigation. Those field activities are described in the
November 9, 2009 ESP Sampling Report.

The data was evaluated statistically by the EPA Office of Superfund Remediation & Technology
Innovation (TIO) using EPA's Visual Sampling Plan software, and used to design a sampling
plan for assessing the agricultural farm fields (MDNR, 2009b), The design called for
determining sampling density in the field based on total Cr XRF results, but specified a minimum
of five l-acre sampling units per 80-acre farm field decision unit, and collecting a minimum of
10 increments of soil per l-acre sampling unit.

A residential yard pilot study was also conducted in October 2009 (MDNR, 20 l Oa), As part of
that pilot study it was determined that the laboratory method used by Test America Laboratories
(TAL) for the fann fields pilot study, while adequate for assessing the farm fields, was not
capable of providing the sensitivity needed to assess yards at the lower screening level (2 ppm for
yards vs. 86 ppm for fields). Sample matrix interferences and a less specific detection system
(spectrophotometric) required the laboratory to dilute the samples such that the reporting levels
were too close to the screening level.
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An alternative laboratory method was identified with a more sensitive and specific detection
system (mass spectrometric) which is generally less susceptible to matrix interferences, This
alternative method, available through Applied Speciation and Consulting (ASe), was used for re­
analysis of the yard pilot study soil samples, and for the private well sampling conducted in
December 2009 (MDNR, 2010b), In order to maintain consistency among results, the sampling
team decided that all samples for the overall project should be analyzed for Cr" using the same
analytical method, Since the farm fields sampling design was based on results for the less
sensitive analytical method, the planning team needed to confirm that the use ofthe alternative
method would not yield results that would require changes to the farm fields sampling design.

Therefore, two of the farm field pilot samples were submitted to ASC for Cr" analysis on
December 29, 2009. The planning team was aware that the samples had exceeded the holding
time limits specified in the sampling and analysis plan 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 be used primarily to confirm the existing sampling design and would not be
used to directly make an environmental decision about the pilot study farm field - the field would
be re-sampled later along with the other fields as part of the larger investigation once the
sampling design was finalized. Secondly, the team felt that additional reduction of Cr" to Cr"
was unlikely to occur over time within a containerized, dried and sieved soil matrix. Finally, the
sampling design assumptions made based on the results of the reanalysis would be further tested
using data obtained during the larger overall sampling event.

Findings:
Results for the two samples were received from ASC on January 21,2010 (Appendix A). The
results for the original TAL analysis and the ASC reanalysis are summarized together with the
total Cr XRF results (Appendix B) in Table 1.

Table 1: Results for Reanalysis of Farm Field Pilot Samples

Original
TAL ASC Total Ratio Ratio
Transfer Transfer TAL ASC Location

DNR
COC COC

Date Cr Cr"
TAL Cr't ASC

Collected &
Sample Collected (XRF) Cr":Cr Cr":Cr
Number

Sample Sample (mglkg) (mglkg)
(%f

(mglkg)
(%)

Description
Number Number

Parcell
0916260 AB0392 I AB14504 08112/09 192 27.5 14.3 0.40 0,2 1D 5180

Sample AOI
Parcell ID

0916270 AB0393 I ABI4505 08/12/09 268 45.4 16,9 0,32 0,1 5180
Sample BOI

The reanalysis results were approximately two orders of magnitude lower than the original
results. All other factors being held the same, the larger the gap between the mean concentration
of Cr" in the farm fields and the screening level, the fewer samples are required to make an
environmental decision in the farm fields. Therefore, the ASC results show that the sampling
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density in the design created based on the original pilot study samples results would be much
greater than actually necessary to make an environmental decision with the stated level of
uncertainty, The team elected to take a conservative approach and retain the existing sampling
design even though it would likely result in an unnecessarily high sampling density.

However, since the results of the reanalysis were so significantly different, the sampling team
wanted to confirm that the differences were due to an improved analytical method (removal of
positive interferences) and not a result of reduction ofCr" to Cr" in samples stored past holding
time limits.

Sample collection for the overall fann fields project began on January 25, 2010. In order to
further investigate this issue, six discrete surface soil samples from that event were submitted to
ASC for expedited Cr" analysis on February 2,2010. Results were received on February 8,2010
(Appendix A). Table 2 provides a summary of the total Cr XRF and Cr"results for the six farm
field samples.

Table 2: Results for Six Farm Farm Field Samples

Original ASC
Transfer Total Cr ASC RatioDNR
COC

Date
(XRF) Cr6t Cr6t:Cr Location Collecled & DescriptionSample Collected

Number
Sample (mg/kg) (mg/kg) %
Number

1000361 ABI4350 1/26/10 206 1.71 0.8 Lac ID 218 SU 102.02
1000362 ABI4351 1/26/10 68 1.00 1.5 Lac ID 218, SU 87.04
1000363 ABI4352 1/26/10 302 1.76 0.6 Lac ID 202, SU 59.09
1000364 ABI4353 1/26/10 616 4.88 0.8 Lac ID 202, SU 59.07
1000365 ABI4354 1/26/10 132 2.08 1.6 Lac ID 202, SU 79.03
1000366 ABI4355 1/26/10 424 1.59 0.4 Lac ID 218, SU 146.08

These results confirm previous findings, and indicate that the original Cr" results reported by
TAL were most likely elevated do to positive matrix interferences, and not a holding time issue.
The planning team will further test these findings by submission of a standard reference material
containing a known and certified concentration of Cr" in a soil matrix as part of the overall
project.
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[""IIllI..... APPLIED SPECIATIO N
AND CONSULTING, LLC

Michael Stroh
Missouri Department of Natural Resources
27 10 W. Main St.
Jefferson City, MO 65109
(573) 522-9902

Dear Mr. Stroh,

18804 NorthcreekParkwayBothell. \'/A, 9801 ]

Tel: (42 5) 483-3300 Fa" (425) 483-9818

\'{I,'/\' I ,a pplied5ped aticn.com

January 2 1, 2010

RECEIVED

FEB 04 2010
Hazaruc,», vv o o cc -roqrarn

MO Dept. of Natural [(e" ource:'

Attached is the report associated with two (2) sediment samples submitted for hexavalent
chromium quan tltatio n on December 29,2009. The samples were receive d on December
30,2009 in a sealed coo ler at -7.7°C. The submitted samples were extracted using EPA
Method 3060A and then ana lyzed for hexavalent chromium via ion chromatography
inductively coupled plasma dynamic reaction cell mass spec trometry (lC-ICP-DRC -MS) .
Any analytical issues associated with the analysis are addresscd in the following report.

If you have any questions, please fcel free to con tact me at your conve nience.

Sincere ly,

~AJrt
Ben Wozniak
Project Manager
App lied Speciation and Consulting, LLC



Applied Speciation and Consulting, LLC

Report Prepared for:

Michael Stroh
Missouri Department of Natural Resources

2710 W. Main St.
Jefferson City, MO 65109

January 21, 2010

1. Sample Reception

Two (2) sediment samples were submitted in wide-mouth glass jars (not provided by
Applied Speciation and Consulting) for hexavalent chromium quantitation on
December 29, 2009. The samples were received in acceptable condition on
December 30, 2009 in a sealed cooler at -7.7°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 (maintained at a temperature of :,A°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, MgCb, 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 (I) 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.

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

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

Hexavalenl Chromium Ouanlilalion by IC-ICP-DRC-MS All sample extracts for
hexavalent chromium quanti tation 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,
20IO. 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 (mlz) 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. Analyticallssues

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

Hexavalenl Chromium Ouanlilalion - Laboralory Conlrol 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 PbCr04 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 I Matrix Spike Duplicates
(MSIMSDs) 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 - CrOIl) MSIMSDs The hexavalent chromium
recoveries associated with each aqueous trivalent chromium MS and MSD were less
than I%. These low trivalent chromium matrix spike recoveries suggest 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 AB03921
was above the established control limit of 25% (101.9%). This elevated RPD is
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 represented an
increase in Cr(VI) above the ambient sample concentration that was less than the RL.
Since greater variability is expected as sample concentrations approach the RL, the
elevated RPD is identified as an inherent limitation of any quantitative method and
does not impact the validity of the reported results.

Hexavalent Chromium Quantitation - Aqueous Cr(Vl) and Solid PbCrQ4 MSIMSDs
The hexavalent chromium recoveries associated with both the soluble and insoluble
hexavalent chromium matrix spikes performed on the sample identified as AB03921
were below the established control limit of 75% for all spiked samples (see attached
results). The obtained 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 low bias
observed for all of the matrix spikes may therefore be attributed to interference from
the sample matrices, no further corrective action was deemed necessary. The
reported results suggest that the spiked sample matrix favors 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 18th

) after most of
the sample batch had already been analyzed (on January 15th

) . 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 ISlh 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 21,2010
Report Generated by: Ben Wozniak

Applied Speciation and Consulting, LLC

Sample Results

Date & Time
Sample ID Analyzed' Cr(VI)

AB03921 1/15/201016:40 0.399
AB03931 1/15/201017:43 0.323
All results are reported in mg/kg (as received)
, Times reported in CST
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Report Generated by: Ben Wozniak

Applied Speciation and Consulting, LLC

Quality Control Summary - Preparation Blank Summary

Analyte (mg/kg) PBS1 PBS2
Cr(VI) 0.015 0.015
eMDL - Estimated Method Detection Limit
RL =Reporting Limit

PBS3
0.016

PBS4
0.015

Mean
0.015

StdDev
0.001

eMDL
0.002

RL
0.025

Quality Control Summary - Laboratory Control Samples

Analyte (mg/kg) LCS True Value Result
Cr(VI) LCS 5.000 4.932
Cr(lIl) LCS 5.000 0.019
PbCr04 LCS 3314 3034

Recovery
98.6
0.4
91.5
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Report Generated by: Ben Wozniak

Applied Speciation and Consulting, LLC

Quality Control Summary - Matrix Duplicate

Analyte (mg/kg)

Cr(VI)
Sample 10
AB03921

Rep 1
0.399

Rep 2
0.332

Mean
0.365

RPO
18.2

Qualitv Control Summary - Matrix Spike! Matrix Spike Duplicate

Analyte (mg/kg) Sample 10 Spike Conc MS Result Recovery Spike Conc

Cr(lIl) AB03921 5.114 0.327 -0.8 4.932
Cr(VI) AB03921 4.851 0.347 -004' 4.973
PbCr04 AB03921 3601 1945 54.0' 3753

• The recovery is below the established control limit of 75%; please see narrative.
•• The RPD is above the established control limit of 25%; please see narrative.

MSO
Result Recovery RPO
0.353 -0.2 101.9"
0.347 -004' 204
2217 59.0' 8.9



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

Date: January 21, 2010
Report Generated by: Ben Wozniak

Applied Speciation and Consulting, LLC

Qua/itv Control Summary. Historical Calibration Standards

Cr(VI) True Cr(VI) Measured
Value Result

0.050 0.065
0.050 0.055

0.050 0.062
0.050 0.062
0.500 0.502
5.000 5.020
50.00 49.99
0.050 0.060
0.050 0.060
0.050 0.056
0.050 0.060
0.500 0.442
5.000 5.062
50.00 49.98
0.050 0.058
0.050 0.052
0.050 0.059
0.050 0.056
0.500 0.496
5.000 5.117
25.00 24.96

All results are reported in ~g/L

Percent
Recovery

130.8
110.7

124.5
124.8
100.4
100.4
100.0

120.0
120.9
111.4
120.1
88.5
101.2
100.0
116.4
103.4
117.7
111.0
99.3
102.3
99.8
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Contact: Michael Stroh

Date: January 21,2010
Report Generated by: Ben Wozniak

Applied Speciation and Consulting, LLC

QuaJitv Control Summary. Historical CCV Standards

Cr(VI) True Cr(VI) Measured
Value Result

5.000 5.328
5.000 5.385
5.000 5.390
5.000 5.533
5.000 5.559
5.000 5.377
5.000 4.531
5.000 4.294
5.000 4.483

5.000 4.372
5.000 4.192
5.000 4.180
5.000 5.157
5.000 5.119
5.000 5.150
5.000 4.990
5.000 4.728
5.000 4.824
5.000 4.904
5.000 5.045

CCV - ContinuingCalibrationVerification
All results are reported in Ilg/L

Percent
Recovery

106.6
107.7
107.8
110.7
111.2
107.5
90.6
85.9
89.7

87.4
83.8
83.6
103.1
102.4
103.0
99.8
94.6
96.5
98.1
100.9
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Contact: MichaelStroh

Date: January21,2010
Report Generated by: Ben Wozniak

Applied Speciation and Consulting, LLC

Quality Control Summary· Historical Second Source Standards

Cr(VI) True Cr(VI) Measured Percent
Value Result Recovery

5.000 4.932 98.6
200.0 218.7 109.4
4.000 3.795 94.9
200.0 204.6 102.3
20.00 20.04 100.2
100.0 95.38 95.4
20.00 19.73 98.7
40.00 39.83 99.6
20.00 18.90 94.5
1010 1054 104.3
505.0 513.7 101.7
505.0 472.3 93.5
505.0 478.0 94.7
505.0 474.2 93.9
202.0 214.0 105.9
5.000 5.107 102.1
10.00 12.09 120.9
5.000 5.495 109.9

Second source standard - Cr(VI) Blank Spike (from 3060A Extraction)
All results are reported in mglkg
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Contact: Michael Stroh

Date: January 21,2010
Report Generated by: Ben Wozniak

Applied Speciation and Consulting, LLC

Quality Control Summary. Historical Matrix Spikes

MS MSD
Ambient MS Spike Measured MS MSD Spike Measured MSD

Cr(VI) Cone. Cone. Result Recovery Cone. Result Recovery RPD

2.961 221.2 257.4 115.0 209.2 216.7 102.1 11.9
2.853 150.2 167.7 109.8 226.2 243.7 106.4 3.1
3.647 4.009 6.202 63.7 4.061 6.469 69.5 8.7
1.351 163.9 162.5 98.3 266.7 282.0 105.2 6.8
131.4 40.07 179.8 120.9 38.99 164.2 84.1 35.9
0.889 208.7 148.3 70.6 208.7 139.2 66.3 6.3
1.219 184.0 160.6 86.6 205.3 181.5 87.8 1.4
0.003 18.72 0.126 0.7 19.48 0.125 0.6 5.1
151.2 935.2 1081 99.4 795.3 926.5 97.5 2.0
132.8 506.8 534.0 79.2 483.5 527.1 81.6 3.0
126.8 867.7 947.6 94.6 765.2 834.1 92.4 2.3
0.187 4.046 3.095 71.9 3.775 2.961 73.5 2.2
0.160 4.017 4.214 100.9 4.078 4.038 95.1 5.9
0.080 3.906 3.657 91.6 3.959 3.600 88.9 2.9
0.101 5.052 3.646 70.2 4.694 3.300 68.2 2.9
0.224 4.910 2.551 47.4 4.893 2.361 43.7 8.2
0.342 4.885 3.534 65.4 4.820 3.424 63.9 2.2
0.070 18.83 0.214 0.8 18.42 1.851 9.7 170.7
0.118 43.67 44.23 101.0 54.70 53.27 97.2 3.9
0.077 4.976 3.343 65.6 5.124 3.790 72.5 9.9

All results are reported in mg/kg
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LABORATORY ORDER \D:

2
w ppSWROSLROKCRO NERO SERO

HWP Other:
ESP

OGLS

Collector's Name:
(Please Print)
Affiliation'--: - - = :::

(ci rcle one)

Date:

AB0392 I
ABl'lSD'f 08/12/09

(Sample A)
For Lab Use On!.v Time:

1132

AB03931
A-13Jll5 0S- 08/12109
·(Samp/e S)

IFor Lab Use Only imc:

1245

_ /L amber _ 120 mL _ H , SO ,
_ Cubitainer _ HNO 3

_ 20= glass Nalgene _ NAOH
iL-8 0=glass _ /L _ HCL
f-- VOA viol _ 500mL L 4 0 Ctnone)
f- Encore _ 250mL:-- Disinfected

Other: Other

PreservedContainer

For Lab Use Onlv

I-- IL amber _ 120 mL I-- H , SO ,
r--:- Cubitainer f-- HNO 3

rl- 2 0=glass Nalgene I--NAOH
I--8 0= glass _ /L I-- HCL
f-- VOA vial _ 500mL ~ 4 ° C(None)
f- Encore _ 250mL f-- Disinfected

Other: Other

Ma trix

---:-Warer

..LSoil
_ Organic
_ Sludge

_ Other:

-t-r- Water

i Soil
_ Organic
_ Sludge

_ Other:

Sample
Type

Othe r:

Other:

Spec. Condo Temp.

Spec. Condo Temp .

Analyses

pH

pH

Hexaval ent Cr

0 .0 Flow

Hexaval ent Cr

0.0 Flow

Sample
Collected

Date:

Sam ple Number

•

•

Date:

(Sample C)

For Lab Use Only fIlme: 0.0 Flow pH Spec. Condo Temp. Other:

f-- Water

:--Soil

f-- ? rganiC
I--Sludge
f--Other:

I-- /L amber _ 120 mL I-- H,SO,
t-- Cubitainer r-- HNO J

I-- ~ 0= glass Nalgene I-- NAOH
I--8 0=glass _ JL I-- HCL
f-- VOA vial _500mL I--4° C(None)
f-- Encore _ 250mL r-Disinfected

Other: Other

Date:

(SampleD)
IFor Lab Use Only imc: 0 .0 Flow pH Spec. Condo Temp. Other:

f-- Water

I--Soil
f-- Organic
I--Sludge
f-- Other:

_ IL amber _ 120 mL I-- H , SO ,
_ Cubitainer r-- HNO 3

_ 2 0=glass Nolgene I--NAOH
_ 80= glass _ JL I--HCL

_ VOA vial _ 500mL r-- 4° C(l\'one)
_ Encore _ 250mL I--Disinfected

Other: Other

Rel inqui shed ~y:~\...O ( 1

\ Xn. Jt" n I"h fI f
Reli nquished By:-) l

Received )3Y:
, , ,-.Le.., W'

RcceivcdlBy:

Date:

(.;./")0104
Date:

Time:

- 't .=t- ' C i OO ~
Time:

Rel inqu ished By: Rece ived By: Date: Time:

MDNR Environmental Services Program 271 0 West Main. Jefferson City. 100 65109 (573) 526-3315 MDNR-FSS-003 (03108)
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[sa mPle J.D. Letterl Site Description I
Facility 10: Site/Study Name: County: 'LDPR Code: Job Code:

I

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

I
A GPS Coordinates (Record Coordinates in UTM Zone 15 NAD 83 Only): Accuracy (check one) Sample Reference 10:

X Easting Y Northing EPE (meters)
:---3~ ':'la~PDOP I

Facility 10: Site/Study Name: County: ILDPR Code: 'Job Code:
I

Sample
Sample Comment (br iefly describe where and how th e sample was collected , station number, sample type, etc.):

I

IB I
GPS Coordinates (Record Coordinates in UTM Zone 15 NAD 83 Only): I Accuracy (check one) .Sample Reference 10 :

X Eastiog Y Northing I EPE (meters) I ,<:clll~;.,
I ,PDO P I

Facili ty 10 : Site/Study Name: County: ,LDPR Code: Job Code:
, I

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

I
C I

GPS Coord inates (Record Coordinates in UTM Zone 15 NAD 83 Only): ! Accuracy (check one) [Sample Reference 10 :
X Easting I Y Northing 1 I IEPE (mete rs) I

I '- PDO P I
Facility 10: iSite/Study Name: ICounty: !LDPR c ode: 'Job Code:

, , I

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

I

I
I

D I

GPS Coordinat es (Record Coo rdinates in UTM Zon e 15 NAD 83 Ouly): I Accuracy (check one) ISam ple Reference 10:
X Easting Y Northing ' EPE (mete rs) I

I I Ip DO P I

REMARKS:

•

MDNR Environmental Services Program 2710 West Main. Jefferson City. MO 65109 (573) 526-331 5 MDNR-FSS-003 (03/08)



Missouri Department of Natural Resources
Environmental Services Program

Order ID

Report Date:

100217007

02118/2010

Program, Contact:

LDPRlJobCode:

RECEIVED

FEB 22 2010
HWP Julieann waa-en,~~ ..c cve - rocr

,IIJO Deot. of N~tu r3 1 Reso
FEPA81 NJ097SFA

1 11II1 1lI 1 1~ 11 [1 1I1 1Il 1II1I~1mII~ 1m

G
~4: ~~~

Facility ID:
COU!!ty: Andrew
Collector: SEAN COUNIHAN Collect Date: 8/1212009 11:32:00AM

Site: Tannery Sludge Farm Fields
Sample Reierenc_eJD:"-'S'-'1.,.8"'0 -::---=----.,.--=-.,---.,---===:-:--:-:=c=-:-:-:-__
Affiliation: ESP

So il Grab AD1Samp le Comment:

Sample: AB14504

111111[1 [11111 11111~ IIIIII[I ~ IIII[ 1II11I11

Customer #: AB03921

Test Parameter Resu lt Qua lifier Units QC Batch ID Method
Hexavalent chromium Hexavalent chromIum 0.40 mg /Kg Contract Lab uep

02 Improper preservation
04 Analyzed by Contract Laboratory
06 Est imated value, ac data outside limits
08 A natyte present in blank at > 1/2 reported value
10 Laboratory erro r
12 Insuffi cient quantity
14 Estimated value, non-homogeneous sample
16 Not analyzed - related analyte not detected
18 Sample pH is outside the acceptable range
20 Not ana lyzed - Instrument fa ilure
22 pH was performed at the Laboratory
23 Contract Lab specific qualifier - see sample comments

The analysis of th is sa mple was performed in accordance w ith procedures approved or recog nized by the U.S Enviro nmental Protection Ag ency.

Qualifier Descriptions
01 Improper collection method
03 Exceeded holding time
05 Estimated value, detected below POL
07 Estimated val ue. anatyte outside calibration range
09 Sample was diluted during analysis
11 Estimated va lue, matr ix interfe rence
13 Est imated value , true res ult is > reported value
15 No Res ult - Failed Quality Controls Requirements
17 Resu lts in dry weigh t
19 Estimated va lue
21 No result - spe ctral interference
NO Not detected at reported va lue

Chris Bo ldt, Laboratory Manager
Environmental Services Program
Field Services Division

Page 1 of 2 100217007



Missouri Department of Natural Resources
Environmental Services Program

Program, Contact: HWP Julieann WarrenOrder ID

Report Date:

100217007

02/18/2010 LDPRlJobCode: FEPA8 1NJ097SFA

11IIIIm~I~ mllllill III ~] IIJ~III II

G
~ ~

-

Facility 10:
County: Andrew
Collector: SEAN COUNIHAN

Sample: AB14505

I IUI!~~I~mm l[~ II ,~ I~ 1111
Customer #: AB03931 Sample Comment: Soil grab 801

Site: Tannery Sludge Farm Fields
Saml1le Reference 10: 5180
Affiliation: ESP Collect Date: 8/1 212009 12:45:00PM

Test Parameter Result Qualifier Units QC Batch III Method

Hexavalent chromium Hexavale nt chromium 0.32 mg/Kg Contract l ab bep

02 Improper preservation
04 An alyzed by Contract Laboratory
06 Estimated value. QC data outside lim its
08 Analyte present in blank at > 1/2 reported va lue
10 Laboratory error
12 Insufficient quantity
14 Est imated va lue. non-h omogeneous sample
16 Not analyzed - related analyte not detected
18 Sam ple pH is outside the acceptable rang e
20 Not ana lyzed - Instrument failur e
22 pH was performed at the Laboratory
23 Contract Lab specific qual ifier - see sample commen ts

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

Qualifier Descriptions
01 Improper collect ion method
03 Exceeded hold ing t ime
05 Est imated va lue. detected below pal
07 Estimated va lue, ana lyte outs ide ca libration range
09 Sample was diluted during analysis
11 Estim ated value. matrix interference
13 Estimated value. true result is > reported value
15 No Result - Failed Quality Controls Requ ireme nts
17 Results in dry weight
19 Est imated value
21 No result - spectral interference
NO Not detected at reported val ue

Chris Boldt, Laboratory Manager
Environmental Services Program
Field Services Division

Page 1 of 1 100217007



» Preliminary Results for the Six Sediments Submilled on February 3, 2010 for Expedned Cr(Vl) Analysis· Michael StrohlHWP/DEQ/MODNR

PreliminaryResults for the Six Sediments Submitted on February3, 2010 for Expediteder(Vl) Analysis
t

Ben Wozniak 0 Julieann Warren, Michael Stroh, Ron Heckman 02108/201006:55 PM

Please respond to ben

Attached are the preliminary sample results associated with the six (6) sediment samples submitted for expedited Cr(VI) quantitation on
"February 3 .

I apologize for the delay in the final report, but we are performing an additional total solids analysis on the sample identified as AB14355 to
confirm that the obtained result (87.5% solids) was not biased due to a preparatory error. All other reported Cr(VI) results should not change in
the final report, however.

Once we have completed the analyses we will ship these 6 samples back to the attention on Ken Hannon, as you requested Michael. If you
have any questions or concerns about these samples in the meantime, please contact me at your convenience.

Best regards,
Ben

Ben Wozniak
Project Manager
Applied Speciation and Consulting, LLC
www.appliedspeciation.com
email: ben@appliedspeciation.com
Phone: (425) 483·3300
Fax: (425) 483-9818

Important announcement!! Applied Speciation and Consulting has moved. Our new address is 18804 Northcreek
Parkway Bothell, WA 98011. Our new phone number is (425) 483-3300 and fax number (425) 483-9818. All
communication and samples should be directed to the new contact information provided in this notification. Please
update your records.

Confidentiality: This e-mail and its attachments are confidential and may be protected by the attorney/client privilege, work product doctrine,

1 03/11/201011:55:07 AM



» PreliminaryResults for the Six 5ediments Submittedon February3, 2010 for Exped"1led Cr(VI) Analysis - MichaelStrohlHWP/DEQlMODNR

or other nondisclosure protection. If you believe that it has been sent to you in error you may not read, disclose, print, copy, store or
disseminate the e-mail, any attachments, or the information in them. Please reply to the sender that you have received the message in error
and then delete it. Thank you.

-m
Missouri DNR02.04.09 Fest TAT Samples Preliminary Resulls.pdf

2 03/1112010 11:55:07 AM



L""IIlI~ APPLIED SPECIATION
AND CONSULTING, LLC

18804 Northcreek Par kwayBothell. \'JA, 98011

Tel: (425) 483-3300 fax: (425) 483-9818

www.a ppliedspeciation.com

Februa ry 15, 2010

Deal' 1'\'lr. Stroh ,

Michael Stroh
Missouri Department of Nat ural Resources
27 10 W. Main St.
Jefferson City , MO 65 109
(573) 522-9902

RECEIVED

MAR 062010
Hazaraous vvaste Program

1110 Dept. of Natu rat Resources

Attached is the report associa ted with six (6) sediment samples submitted for hexaval ent
chromium quantitation on February 3, 2010 . The samples were received on February 4,
2010 in a sealed coo ler at -0.2°C. The submitted samples were extracted using EI'A
Method 3060A and then analyzed for hexava lent chro mium via ion chro matography
inductively coupled plasma dynamic reaction ce ll mass spec trometry (IC-ICP-DRC-MS).
Any analytical issues associated with the ana lysis are addressed in the following report.

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

Sincerely,

~uJr
Ben Wozniak
Project Manager
Applied Speciation and Con sulti ng, LLC



Applied Speciation and Consulting, LLC

Report Prepared for:

Michael Stroh
Missouri Department of Natural Resources

2710 W. Main St.
Jefferson City, MO 65109

February 15,2010

1. Sample Reception

Six (6) sediment samples were submitted in wide-mouth glass jars (not provided by
Applied Speciation and Consulting) for hexavalent chromium quantitation on
February 3, 2010. The samples were received in acceptable condition on February 4,
20lOin a sealed cooler at -0.2°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 (maintained at a temperature of :S4°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 February 5, 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, MgCIz, 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 (I) 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, All sample results have also been dry­
weight corrected using the measured total solids (percent moisture) values.

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

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

Hexavalent Chromium Ouantitation 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 February 5, 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.

Total Solids Analysis Approximately 1-2 grams of each sample was placed into a pre­
weighed pan, and the combined mass of the sample and pan was recorded. All
samples were then placed into a convection oven maintained at a temperature of 65­
70°C. After drying for a minimum of eight (8) hours, all samples were briefly cooled
and reweighed. The total solids percentage of each sample was calculated by
dividing the weight ofthe dried sample by the weight of the original sample.

4. Analytical Issnes

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

Hexavalent Chromium Ouantitation - 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 PbCr04 standard produced acceptable



recoveries (101.5% and 97.8%, 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 0.2%. 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 Ouantitation - Matrix Spike I Matrix Spike Duplicates
(MSIMSDs) 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 Ouantitation - Cram MSIMSDs The hexavalent chromium
recoveries associated with each aqueous trivalent chromium MS and MSD were less
than 3%. The increase in the Cr(VI) concentration for each trivalent chromium
matrix spike was less than the ambient Cr(VI) sample concentration. 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 matrices.

The RPD associated with the MSD performed on the sample identified as ABl4350
was above the established control limit of 25% (322.1%). This elevated RPD is
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 sample concentrations that reflected an increase in Cr(VI) that
was less than the ambient concentration. Since greater variability is expected when
the increase in Cr(VI) attributable to the spike is less than the ambient concentration,
no corrective action was required.

Hexavalent Chromium Ouantitation - Solid PbCr04 MSIMSDs The hexavalent
chromium recoveries associated with the insoluble hexavalent chromium MS and
MSD performed on the sample identified as ABl4350 were within acceptance limits
(86.2% and 85.2%, respectively). These acceptable recoveries suggest that the
applied method effectively extracts hexavalent chromium in this particular sample
matrix.

Hexavalent Chromium Quant/tation - Aqueous Crm) MSIMSDs The hexavalent
chromium recoveries associated with the soluble hexavalent chromium MS and MSD
performed on the sample identified as ABl4350 were below the established control
limit of 75% (23.8% and 19.7%, respectively). As previously mentioned, the
recovery of the aqueous hexavalent chromium LCS was within acceptance limits,



demonstrating that the applied extraction procedure stabilizes this species in solution.
Since the biased low recoveries observed for these matrix spikes may therefore be
attributed to interference from the sample matrix, no further corrective action was
deemed necessary. These MS/MSD results suggest that the matrix of ABI4350
favors reduction of hexavalent chromium.

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.

During the analyses for hexavalent chromium, the mean of the preparation blanks
(O.039mg/kg) extracted concurrently with the submitted samples was above the
reporting limit (RL) of O.025mg/kg. Similarly, the eMDL (O.029mg/kg) was elevated
above thc RL. Since the concentration of hexavalent chromium in each submitted
sample is greater than twenty times both the elevated blank mean and the eMDL, the
impact of these elevated parameters on the measured sample concentrations is
minimal. No corrective action was deemed necessary and the reported results are
deemed representative of the submitted samples.

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

S;2r~
Ben Wozniak
Project Manager
Applied Speciation and Consulting, LLC



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

Date: February 15, 2010
Report Generated by: Ben Wozniak

Applied Speciation and Consulting, LLC

Sample Results

Sample 10
AB14350
AB14351
AB14352
AB14353
AB14354
AB14355

Date & Time
Analyzed for Cr(VI)*

2/5/2010 15:38
2/5/201016:31
2/5/201016:36
2/5/2010 17:08
2/5/201017:13
2/5/201017:18

Cr(VI) in
mg/kg (dw)

1.71
1.00
1.76
4.88
2.08
1.59

% Solids

99.3
99.1
97.3
96.9
99.5
87.5

dw - dry weight
* Times reported in CST



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

Date: February 15, 2010
Report Generated by: Ben Wozniak

Applied Speciation and Consulting, LLC

Quality Control Summary - Preparation Blank Summary

Analyte Units PBS1
Cr(VI) mglkg (dw) 0.050
eMDL = Estimated Method Detection Limit
RL = Reporting Limit

PBS2
0.042

PBS3
0.032

PBS4
0.030

Mean
0.039

StdDev
0.009

eMDL
0.028

RL
0.025

Quality Control Summary - Laboratory Control Samples

Analyte Units LCS True Value Result Recovery
Cr(VI) mglkg (dw) LCS 20.00 20.30 101.5
Cr(llI) mglkg (dw) LCS 20.00 0.034 0.2
PbCrO. mglkg (dw) LCS 5566 5447 97.8



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

Date: February 15, 2010
Report Generated by: Ben Wozniak

Applied Speciation and Consulting, LLC

Quality Control Summary - Matrix Duplicate

Analyte Units Sample 10 Rep 1 Rep 2 Mean RPD
% Solids % AB14350 99.3 99.3 99.3 0.0
Cr(VI) mg/kg (dw) AB14350 1.708 1.923 1.816 11.8

Qualitv Control Summary - Matrix Spike! Matrix Spike Duplicate

Analyte Units Sample 10 Spike Conc MS Result Recovery

Cr(lll) mg/kg (dw) AB14350 20.54 1.717 -OS
Cr(VI) mg/kg (dw) AB14350 20.46 6.685 23.8*
PbCrO. mgikg (dw) AB14350 7384 6367 86.2

* The recovery is below the established control limit of 75%; please see narrative.
** The RPD is above the established control limit of 25%; please see narrative.

MSO
Spike Conc Result Recovery RPO

19.88 2.227 2.1* 322.1**
20.39 5.832 19.7* 18.8
7255 6183 85.2 1.2



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

Date: February15, 2010
Report Generated by: Ben Wozniak

Applied Speciation and Consulting, LLC

Quality Control Summary - Historical Calibration Standards

Cr(VI) True Cr(VI) Measured
Value Result

0.050 0.053
0.050 0.056

0.050 0.067
0.050 0.052

0.500 0.501
5.000 4.929
25.00 24.24

0.050 0.049

0.050 0.052
0.050 0.053

0.050 0.050
0.500 0.491
5.000 4.944
25.00 25.00

0.050 0.060
0.050 0.060

0.050 0.056
0.050 0.060
0.500 0.442

5.000 5.062
50.00 49.98

All results are reported in ~g/L

Percent
Recovery

106.7
112.3

134.5
103.6

100.2
98.6
96.9

98.9

103.6
105.4

100.6
98.1
98.9
100.0

120.0
120.9

111.4
120.1

88.5
101.2
100.0



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

Date: February 15, 2010
Report Generated by: Ben Wozniak

Applied Speciation and Consulting, LLC

Quality Control Summary - Historical CCV Standards

Cr(VI) True
Value

5.000
5.000

5.000
5.000

5.000

5.000

5.000

5.000
5.000

5.000

5.000

5.000

5.000

5.000

5.000

5.000

5.000

5.000

5.000
5.000

Cr(VI) Measured
Result

5.043
5.181

5.013
5.063

5.055

5.179

5.177

5.458

5.673

5.220

5.560

4.301

5.018

4.981

5.127

4.998

5.002

5.149

5.050
4.992

Percent
Recovery

100.9
103.6

100.3
101.3

101.1

103.6

103.5

109.2
113.5

104.4

111.2

86.0

100.4

99.6

102.5

100.0

100.0

103.0

101.0
99.8

CCV = Continuing Calibration Verification

All results are reported in 1J9/L



HexavalentChromium Results for the Missouri Departmentof Natural Resources
Contact: MichaelStroh

Date: February15, 2010
Report Generated by: Ben Wozniak

Applied Speciationand Consulting, LLC

Qualilv Control Summary· Historical Second Source Standards

Cr(VI) True Cr(VI) Measured Percent
Value Result Recovery

505.0 478.0 94.7
505.0 474.2 93.9

1010 1054 104.3
20.00 18.90 94.5

40.00 39.83 99.6
20.00 19.73 98.7
20.00 20.04 100.2

200.0 204.6 102.3
4.000 3.795 94.9

200.0 218.7 109.4
202.0 214.0 105.9

10.00 12.09 120.9
5.000 5.495 109.9
5.000 5.107 102.1

100.0 95.38 95.4
5.000 4.932 98.6

5.000 4.706 94.1
20.00 20.30 101.5

Second source standard =Cr(VI) Blank Spike (from 3060A Extraction)
All results are reported in mg/kg



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

Date: February 15, 2010
Report Generated by: Ben Wozniak

Applied Speciation and Consulting, LLC

Qua/itv Control Summary· Historical Matrix Spikes

MS MSD
Ambient MS Spike Measured MS MSD Spike Measured MSD

Cr(VI) Cone. Cone. Result Recovery Cone. Result Recovery RPD

1.816 20.46 6.685 23.8 20.39 5.832 19.7 18.8

0.088 5.064 3.253 62.5 5.134 3.254 61.7 1.3

0.889 208.7 148.3 70.6 208.7 139.2 66.3 6.3
1.219 184.0 160.6 86.6 205.3 181.5 87.8 1.4

0.003 18.72 0.126 0.7 19.48 0.125 0.6 5.1

131.4 40.07 179.8 120.9 38.99 164.2 84.1 35.9

0.070 18.83 0.214 0.8 18.42 1.851 9.7 170.7

1.351 163.9 162.5 98.3 266.7 282.0 105.2 6.8

3.647 4.009 6.202 63.7 4.061 6.469 69.5 8.7

2.961 221.2 257.4 115.0 209.2 216.7 102.1 11.9

2.853 150.2 167.7 109.8 226.2 243.7 106.4 3.1

0.118 43.67 44.23 101.0 54.70 53.27 97.2 3.9

0.077 4.976 3.343 65.6 5.124 3.790 72.5 9.9

126.8 867.7 947.6 94.6 765.2 834.1 92.4 2.3

0.187 4.046 3.095 71.9 3.775 2.961 73.5 2.2

0.160 4.017 4.214 100.9 4.078 4.038 95.1 5.9

0.080 3.906 3.657 91.6 3.959 3.600 88.9 2.9

0.101 5.052 3.646 70.2 4.694 3.300 68.2 2.9

0.224 4.910 2.551 47.4 4.893 2.361 43.7 8.2
0.342 4.885 3.534 65.4 4.820 3.424 63.9 2.2

All results are reported in mg/kg
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MISSOU RI DEPARTMENT OF NATU RAL RESOURCES

FIELD SHEET Ac"'D CHAIN-OF-CUSTODY RECORD

LABORATORY ORDER 10:

Page I of2

ESP KCRO
DGLS HWP

NERO SERO
Other:

SLRO SWRO WPP
4

Hexavalent Ch romium. Percent Moisture

" EXPEDITED 48 HR TURNAROUND"

Hexavalent Chromium. Percent Moistu re
"EXPEDITED 48 HR TURNAROUND"

Hexava lent Chrom ium. Percent Moistur e

"EXPEDITED 48 HR TURNAROUND"

Hexavalent Chromium. Percent Moisture
" EXPEDITED 48 HR TURNAROUND"

PreservedContainer

For Lab Use Onlv

_ /L amber 120 mL _ H=SO,
_ Cubitainer _ HNO J

_ 2 a: glass Nalgene _ NAOH
_ 8 a: glass _ /L _ HCL

_ VOA vial _ 500mL _~" C(Nane)
_ Encore _ 250mL _ Disinf ected

Other: Other

_ /L amber _ 120 mL I--H,SO,
_ Cubitainer I-- fiNO J

_ 2 a: glass Nalgene I-- NAOH
_ 8 0: glass _ IL t-- HCL

_ VOA vial _ 500mL I-- ~ oC(Nane)

_ Encore _ 250mL ~Disinfected
Other: Other

I-- IL amber _ 120 mL t-- H=SO,
I--Cubitainer I-- HNO J

I--2 a: glass No/gene I--NAOH
8 0: glass IL HCL

I-- - t--
I-- VOA via! _ 500mL 1--./°C{I\'one)
I--Encore _ 250mL I--Disinf ected

Other: Other

IL amber 120 mL H ,sO ,
I-- - t-- .
f--- Cubitainer I-- HNO J

I--2 a: glass Nalgene I-- NAOH
I--8 a: glass _ IL t-- HCL

I-- VOA vial _ 500mL I--4" C(Nane)
I--Encore _ 250mL I--Disinfected

Other: Other

Matrix

I-- Water

t--Soil
I--Organic
_ Sludge

_ Other:

I-- Water

t-- Soil
I-- ?rganic
i--Sludge

I--Other:

Water-
_ Soil

:.....-? rganic
Sludge

~
'--Other:

f-- Water

'--Soil
I--Organic

Sludge
t--
,--Other:

Sample

Type

Other:

Other:

Oth er:

Othe r:

Spec. Condo Temp.

Spec. Condo Temp.

Spec. Condo Temp.

Spec. Condo Temp.

An alyses

pH

pH

pH

pH

Flow

Flow

Flow

Flow

D.O

D.O

D.O

D.O

9:46

10:57

12 :00

01126/10

ime:

01/26/10

01/2611 0

0 1126110

Sa mp le

C ollected

Date :

Date:

Time:

Date:

Time:

Date:

[Time:

11:50

ABI4350

ABI 4352

AB14353

AB I435 1

Sample Num ber

(Sample C)

For Lab Use Only

(Sample D)
iFor Lab Use Only

(Sample AJ
For Lab Use Only

(Sample B)
IFor Lab Use Only

•

•

•

•

Relinquished By:~ • _\ \ / . _"""~
'K..\.C"'-O.-'-U LI...~'-...I'--"--

Relinquished By:

2-?>-11)

\

Date:

"Z- A/lO\O
Date: Time:

Rel inquish ed By: Received By: Date: Time:

MDNR Environmental Services Program 27 10 West Main. Jefferson City, MO 65109 (573) 526-33 15 MDNR·FSS·003 (03/08)
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LABORATORY ORDER 10'

NERO SERO
Other:

SLRO SWRO Wpp
4

Container Preserv..ed

For La b Use O nlv

_ /L omber _ 120 mL _ H ,SO,
Cubitainer HNO J

,.- -
_ 20= glass Nalgene _ NAOH
_ 8 0=glass _ /L _ HCL

_ VOA vial _ 500mL _ 4"C(None)
:-- Encore _ 250mL _ Disinfected

Other: Other

I-- /L amber _ 120 mL I--H ,SO,

~Cubuainer f-- HNO J

I--2 0= glass No/gene f--NAOH
8 0=glass /L HCL

~ VOA vial =500mL r;>C(None)
t-- Encore _ 250mL f-- Disinfected

Other: Other

I-- IL omber _ 120 mL _ H , SO ,
~Cubhamer HNO J

f-- 20=glass No/gene :--NAOH
I--8 0=glass _ IL I--HCL
I-- VOA vial _ 500mL,.- 4 " C(None)
r- Encore _ 250mL ~Disinfected

()lhe~ Other

_ Water

_ Soil
_ Organic
_ Sludge

_ Other:

Matrix

_ Water

_ Soil
~OrgQnic

I--Sludge

r-- Other:

I-- Water

I--Soil
r-- Organic
I--Sludge

I-Other:

Sa mple
Type

Other:

Othe r:

Other:

Spec. Condo Temp.

Spec . Co ndo Temp.

Spec. Condo Temp .

Ana lyses

pH

pH

pH

Flow

Flow

Flow

D.O

D.O

D.O

Hexavalent Chromium. Percent Moisture
**EXPEDITED 48 HR TURNAROUND*'

Hexavalent Chromium. Percent Moisture
**EXPEDITED 48 HR TURNARO UND**

Sample Number
Sample

Coll ected

• Date :

;\B 14354
0 112611 0

(S ample A )

For Lab Use Only [Time:

13:10

Date:
ABI4355

01126/10

(S am p le 8 )

For Lab Use Only imc:

13:30

Date:

(S a m ple C)

For Lob Use Only Time:

Date:

(S am o/e DJ

For Lab Use Only Time: D.O Flow pI! Spec. Co ndo Temp. Other:

r-- Water

I--Soil
r-- Organic
I--Sludge

t--Other:

_ /L amber _ 120 mL I-- H , SO ,
_ Cubitainer I-- HNO J

_ 2 0=glass Nalgene I-- NAOH
8 0= glass /L HCL

= VOA \,ial = 500mL ~4"C(None)
_ Encore _ 250mL I--Disinfected

Other: Other

Rel inqui shed By:r}
~\J::..\

Date :

'-/l.\ rC"~Ci O
Tim e:

Relinqui shed By: Re~By: • Date : Time:

Relinqui shed By: Rece ived By: Date: Time:

MDHR Envi ronmental Services Program 2710 West Main. Jefferson City, MO 65109 (573) 525-3315 MDNR-FSS-003 (03108)



Missouri Department of Natural Resources
Environmental Services Program G, ' E:e~lvEu

III\]IIU1111IitllIilm~ ~~ II[~ ~!I III II~

FEB 23 2010
HWP Julieann 1f.IMf3Q. ~ ~ ~ . •'-' 0> " = ~ rog a., I~'"
FEPA8 1NJ1OTSfFDept. of Nc:tlJral Res . .£

~====~

Program, Contact:

LDPRlJobCode:

100203001

02/19/2010

Order 10

Report Date:

SU 102.02. Exped ited 48 hour turnaround.

Sample: AB14350

1 111 1~1IIII ~11 111~ 11m I II~ I~llll lllill
Customer #: 1000361

Faci lity 10:
County: (Multiple)
Collector: PAM HACKLER

Sample Comment:

Site: Tannery Sludge Farm Fields
Samp le Reference 10 : 218
Affi liation: ESP Collect Date: 1/26/2010 10:57:00AM

Test Parameter Result Qualifier Units QC Batch III Meth od

Hexavalent Chrom ium Hexavalent Chromium 1.71 04 mglKg Contract Lab Dep

Percent Moisture Percent Moisture 0.7 04 % Infrared Drying

SU 87.04. Expedrted 48 hour turn around.

Sample: AB14351

I~I lli I~ 111 1~! 1111 ~l~ ~I~1,111111
Customer #: 1000362

Faci lity 10:
County: (Multiple)
Collector: PAM HACKLER

Sample Comment:

Site: Tannery Sludge Farm Fields
Sample Reference 10: 218
Affiliation: ESP Collect Date: 1126/2010 9:46:00AM

Test Parameter Result Qua lifier Units QC Batch III Method

Hexavalent Chr omium

Percent Moisture

Hexava lent Chrom ium

Percent Moisture

1.00

o.s
04

04

mg/Kg

%

Contract Lab Dep

Infrared Drying

SU 59.0 9. Expedited 48 hour turnaround .

Sample: AB14352

1~lilmlml! ;m~lnUmll
Customer #: 1000363

Facility 10:
County: (Multiple)
Collector: PAM HACKLER

Sample Comment:

Site: Tannery Sludge Farm Fields
Sample Reference 10: 202
Affiliation: ESP Collect Date: 1/26/2010 12:00:00PM

Test Parameter Result Qualifier Units QC Batch III Method

Hexava lent Chromium Hexavalent Chromium 1.76 04 mglKg Contract Lab Dep

Percent Moisture Percent Moisture 2.7 04 % Infra red Drying

Page 1 of 2 100203001



Sample: AB14353

I11II11I11I1I ~IIIIII IIIIII ~llllllll ll~ IIII
Customer #: 1000364

Fac ility 10: Site: Tannery Sludge Farm Fields
County: (Multiple) Sample Reference 10: 202

Collector: PAM HACKLER Affiliation: ESP

Sample Comment: SU59.07. Expedited 48 hour tumaround.

Co llect Date: 1/26/2010 11:50:00AM

Test Parameter Result Qualifier Units QC Batch III Method

Hexavalent Ch rom ium Hexavalent Chrom ium 4.88 04 mg/Kg Co ntract Lab Dep

Percen t Mo isture Percen t Moisture 3.1 04 % Infrar ed Drying

SU 79.03. Expedited 48 hourtumaround .

Sample: AB14354

I I~~ ~;m mil ~u ~II
Customer #: 1000365

Facility 10:
County: (Multiple)

Collector: PAM HACKLER

Sample Comment:

Site: Tannery Sludge Farm Fields
Sample Reference 10: 202
Affiliation: ESP Collect Date: 112612010 1:10:00PM

Parameter Resu lt Qualifier Units QC Batch ID Method

Hexavalent Chromium 2.08 04 mglKg Contract Lab Dep
Percent Moisture 0.5 04 % Infrared Drying

Facility 10 : Site: Tannery Sludge Fanm Fields
County: (Multiple) Sample Reference 10 : 218

Collector: PAM HACKLER Affi liation: ESP Collect Date: 1/26/2010 1:30:00PM

Test

Hexavalent Chrom ium

Percent Mo isture

Sample: AB14355

I~III~ III~III~11111II ~~I ~IIIII~ ~Il
Customer #: 1000366 Sample Comment: SU 146.08. Expedited 48 hour turnaround.

Test Parameter Result Qualifier Units QC Batch ID Method

Hexavalent Chrom ium Hexavalent Chromium 1.59 04 mg/Kg Contract lab Dep
Percent Moistu re Percent Moisture 12.5 04 % Infrared Drying

02 Improper pre serva tion
04Analyzed by Contract Laboratory
06 Estimated value. QC data outs ide lim its
08 Analyte present in blank at > 112 reported value
10 Laboratory error
12 Insufficient quant ity
14 Estimated value, non-homog eneo us samp le
16 Not ana lyzed - related analyte not detected
18 Sample pH is outs ide the acceptable range
20 Not ana lyzed - Instrume nt fa ilure
22 pH was performed at the Laboratory
23 Contra ct Lab spe cific qua lifie r - see sample com ments

The analysis of this sample was perfonmed in accordance with procedures approved or recognized by the u.s Environmental Protection Agency.
Qualifier Descriptions
01 Improper co llection meth od
03 Exceeded holding tim e
05 Estimated value. detected be low pal
07 Est imated value , analyte outs ide calibration range
09 Sample was diluted during analys is
11 Estimated value. matrix interference
13 Estimated value, true result is >= reported value
15 No Resu lt - Fa iled Qua lity Con trols Requirements
17 Results in d ry we ight
19 Est imated value
21 No resu lt - spe ctral interference
NO Not detected at reported value

Chris Boldt, Laboratory Manager
Environmental Services Program
Field Services Division

Page 2 of2 100203001



APPENDIXB

XRFData

Tannery Sludge Farm Fields Site
Agricultural Fields Pilot Study (March 10,2010 Addendum)

Andrew County, MO



Project: Missouri Tannery Sludge Farm Fields XRF Analyzer Sur Num 5444
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Project: Missouri Tannery Sludge Farm Fields XRF Analyz er Ser Num 5444
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Project : Missouri Tannery Sludge Farm Fields )(RF Anl lyler Ser Num 5414
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Project: MissouriTannery Sludge Farm Fields XRF Analyzer Ser Num504
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