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1.

Introduction

This document summarizes laboratory and field investigations that have been performed
to evaluate the feasibility of using chemical amendments to reduce the bioaccessibility of
lead in soils in Trail, British Columbia. Although arsenic and cadmium bioaccessibility
were also evaluated during the laboratory and field studies, they are considered to be of
secondary importance to lead, and are discussed only briefly. The objectives,
amendments tested, methods, and findings of each laboratory investigation and of the
ongoing field investigation are reviewed, with the goal of highlighting the process by
which these studies evolved, and identifying potential causes for the apparent
ineffectiveness of the amendments tested in the field investigation. Table 1 summarizes
the findings of the laboratory investigations and the field investigation.

The laboratory investigation proceeded in three phases. Each phase is summarized below
in a format that identifies its primary components. These summaries are not intended to
be comprehensive, and some secondary studies and findings are not discussed. Complete
discussions of each phase of the laboratory investigation are provided in the following
reports, which were prepared for the Trail Lead Program by Exponent (formerly PTI), of
Boulder, Colorado:

* Phase I Investigation: In Situ Reduction of Lead Bioaccessibility in
Soils, Trail, British Columbia (PTI 1997)

* Phase Il Investigation: In Situ Reduction of Lead Bioaccessibility in
Soils, Trail, British Columbia (Exponent 1999a)

¢ Phase Il Investigation: In Situ Reduction of Lead Bioaccessibility in
Soils, Trail, British Columbia (Exponent 1999b).

The field investigation is discussed using the same format as that used for the laboratory
studies. Note that this discussion is not intended to be a full reporting of the field
investigation findings. Tables providing all of the data collected during the field
investigation are provided in Appendix A.
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2. Phase | Investigation

2.1 Objectives

The objectives of the Phase I investigation were to:

¢ Identify potential amendments for in situ treatment of Trail soils to
reduce lead exposure through reductions in bioavailability.

¢ Evaluate the effects of the amendments on the solubility of arsenic and
cadmium (secondary soil contaminants in Trail soils).

The Phase I study evaluated the performance of phosphorus and iron-based amendments
that had been shown to be effective at reducing soil lead bioavailability and/or metal
leachability in various literature studies and during two studies by PTI Environmental
Services (PTL; now Exponent) at similar sites. University of Colorado (CU) graduate
student Sarah Jones, under the direction of CU professor John Drexler and PTI
employees Mike Ruby and Chris Sellstone, performed the majority of the work.

The Phase I investigation included short-term variable concentration amendment tests
and long-term amendment testing. These studies are summarized below. Several
additional studies were performed to support the Phase I investigation, including a
baseline geochemical characterization of Trail soils, a phytotoxicity study, column
studies, a soil profile study, and microprobe analysis. These studies are not discussed in
this document.

2.2 Variable Concentration Study
2.2.1 Description

Short-term, bench-scale laboratory studies were used to identify the most promising
amendments and amendment rates for reducing lead bioaccessibility.

2.2.2 Amendments Tested

Four amendments, summarized below, were evaluated at various amendment rates durin g
the variable concentration study.

¢ Amendment 1: Triple Super Phosphate [TSP; Ca(H,PO,),] and iron
as ferric sulfate (FeSQO,) or hydrous ferric oxide (HFO)
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¢ Amendment 2: Phosphoric acid (H;POy), followed by lime
[Ca(OH),]

* Amendment 3: Phosphoric acid, followed by lime and HFO

e Amendment 4: Sodium silicate.

2.2.3 Methods

Composite samples of Trail soils were amended at various amendment rates. Sixty grams
of each amended soil was slurried with 250 mL of water. The slurry was shaken for

1 hour and allowed to settle. This shaking/settling process was repeated, and the slurry
was then dried for 2-3 days. Splits of the dried soil were subjected to the physiologically
based extraction test (PBET; pH 1.5) and synthetic precipitation leaching procedure
(SPLP).

2.2.4 Findings

Amendment 3 was the most effective at reducing lead bioaccessibility (maximum
reduction of 44 percent). All phosphate-bearing amendments increased the
bioaccessibility and leachability of arsenic; however, these effects were minimized by the
inclusion of iron in the amendment formulation. Although highly successful at reducing
lead bioaccessibility, the sodium silicate amendment turned the soil into a solid mass, and
was thus deemed inappropriate for field application.

2.3 Long-Term Amendment Testing
2.3.1 Description

The long-term effectiveness of selected amendments was tested under simulated
weathering conditions using humidity cells.

2.3.2 Amendments Tested

Four amendments, summarized below, were selected for the long-term testing based on
the results of the variable concentration study.

e Amendment 1: 0.66 wt% phosphorus as TSP
e Amendment 2: 1.31 wt% phosphorus as TSP

e Amendment 3: 1.31 wt% phosphorus as TSP and 0.5 wt% iron as
FCC1306H20.

\\boulder 1\data\groups\productions\8600bbS\trail soif amend
summ.doc



e Amendment 4: 1.63 wt% phosphorus as H3POy, 0.5 wt% iron as
HFO, and 5.2 wt% CaOH/CaCOs.

2.3.3 Methods

Amended soils were placed in humidity cells and subjected to a 2-week wet/dry cycle to
accelerate soil reaction processes. Simulated rain water—prepared by adding 60:40
H,SO4/HNO;5 to Boulder tap water to lower the pH to 4.5—was added to the humidity
cells every 2 weeks to saturate the soils to field capacity. This process was continued for
33 weeks. Samples of soils were collected periodically from the humidity cells for PBET
and SPLP analysis.

2.3.4 Findings

Amendment 4 was found to be the most effective at reducing lead bioaccessibility and
leachability for the Trail soils. Lead bioaccessibility of the soils receiving amendment 4
was consistently 60 percent less than that of the unamended soils over the course of the
study. However, both the bioaccessibility and leachability of arsenic increased in all
amended soils relative to the unamended soils, although these effects were minimized in
the soils treated with amendments containing iron.

2.4 Investigation Conclusions and Further Research Identified

The results of the Phase I investigation suggested that amendments that include both
phosphorus and iron are the most promising for reducing the lead bioaccessibility of Trail
soils without adversely affecting the bioaccessibility of arsenic, or the leachability of
lead, arsenic, or cadmium in the soils. All of the amendments tested were found to have
the potential to increase both the bioaccessibility and leachability of arsenic, although this
effect was minimized through the inclusion of HFO in the amendment formulation.
Additional research was recommended to investigate methods to maximize the reductions
in lead bioaccessibility, while minimizing the release of arsenic from the soils following
amendment.
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3. Phase Il Investigation

3.1 Objectives

The objectives of the Phase II investigation were to optimize the reduction in lead
bioaccessibility and minimize the release of arsenic resulting from the chemical
amendment of Trail soils. In addition, the Phase II investigation evaluated the effects of
an organic-based soil amendment (termed Celgar Residual) that is in use for revegetation
of Trail soils affected by smelter releases. The Phase II investigation was conducted by
Exponent (then PTI), and included both short-term, variable-concentration testing and
long-term amendment testing. These studies are summarized below. Several additional
studies were performed to support the Phase I investigation, including a baseline
geochemical characterization of the soils, a metal adsorption capacity study, grass
sensitivity studies, and an analysis of soils from historical phosphate-amended sites (i.e.,
from use in fertilizer). These studies are not discussed in this document.

3.2 Variable Concentration Study

3.2.1 Description

These short-term, bench-scale laboratory studies were used to refine the selection of
amendments from the Phase I study, and to identify optimum amendment rates.

3.2.2 Amendments Tested

Four amendments, summarized below, were evaluated at various amendment rates during
the Phase II variable concentration study.

¢ Amendment 1: Phosphorus as tri-basic calcium phosphate (TCP;
ground phosphate rock) and iron as HFO

¢ Amendment 2: Phosphoric acid (H3PO,), followed by CaOH/CaCO;,
TCP, and HFO

e Amendment 3: HFO
e Amendment 4: Celgar Residual

e Amendment 5: Celgar Residual, TCP, and HFO.
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3.2.3 Methods

The same methods were used as those described in Section 2.2 for the variable
concentration study conducted during the Phase I investigation.

3.2.4 Findings

All of the amendments were found to lower the lead bioaccessibility relative to the
unamended soils. The greatest reduction in lead bioaccessibility (approximately

65 percent) was achieved by amendment formulations consisting of 0.5 wt% phosphorus
(as TCP and/or phosphoric acid) and 5 wt% HFO (i.e., amendments 1 and 2). These
amendments also lowered the bioaccessibility of arsenic and cadmium, and the
leachability of lead, arsenic, and cadmium, relative to the unamended soils. Celgar
residual was also found to slightly lower soil lead bioaccessibility, but it increased the
lead, arsenic, and cadmium leachability. This latter effect was offset by including HFO
in the amendment formulation.

3.3 Long-Term Amendment Testing

3.3.1 Description

The long-term effectiveness of selected amendments was tested under simulated
weathering condmons using humidity cells.

3.3.2 Amendments Tested

Six amendments, summarized below, were selected for the long-term testing based on the
results of the Phase II variable concentration study.

e Amendment 1: 0.5 wt% TCP and 5 wt% HFO

e Amendment 2: 0.15 wt% H3;POy, 1.22 wt% TCP, CaOH/CaCO;', and
5 wt% HFO

e Amendment 3: 0.53 wt% H3PO,, 1.22 wt% TCP, CaOH/CaCO31, and
2.5 wt% HFO

e Amendment 4: 5 wt% HFO
e Amendment 5: 25 wt% Celgar Residual
¢ Amendment 6: 0.5 wt% TCP, 5 wt% HFO, 25 wt% Celgar Residual.

! Sufficient CaOH/CaCO; was added to bring the soils to a neutral pH.
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3.3.3 Methods

The same general methods were used as those described in Section 2.3 for the long term
testing of the Phase I investigation. However, the Phase II long-term testing was
conducted for a total of 17 weeks, and water was added to the humidity cells on a weekly
basis, rather than bi-weekly as had been done during the Phase I investigation.

3.3.4 Findings

With the exception of amendment 5, all of the amendments lowered the bioaccessibility
and leachability of soil lead relative to the unamended soil. Amendment 1 was the most
effective at reducing the lead bioaccessibility of the Trail soils—reducing lead
bioaccessibility by an average 57 percent. Similarly, with the exception of amendment 5,
all of the amendments successfully lowered arsenic bioaccessibility and leachability.
Cadmium bioaccessibility was increased slightly by the addition of all the amendments.
Cadmium was not leached from any of the amended or unamended soils.

3.4 Investigation Conclusions and Further Research Identified

The results of the Phase I investigation demonstrated that an amendment consisting of
TCP and HFO was the most effective at reducing both bioaccessibility and leachability of
lead in Trail soils without adversely affecting the bioaccessibility and leachability of
arsenic and cadmium. '
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4.

Phase lll Investigation

4.1 Objectives/Background

4.2

The Phase III investigation involved short-term, bench-scale laboratory testing to
compare the optimal amendments identified during earlier investigation phases (HFO and
TCP) to a series of other amendments identified in recent meetings/literature (including
proprietary amendments) that had not been included in the previous phases of the
investigation.

Amendments Tested

A total of 12 amendments were tested during the Phase III investigation, including three
proprietary amendments. These amendments are summarized below.

4.3

Amendment Number Amendment Formulation Application Rate
1 Activated Alumina/TCP 5 wt% as Al/0.5 wt% as P
2 Enviroblend A? 22.5 wi% total
3 Enviroblend B 11 wt% total
4 HFO/TCP 5 wt% as Fe/0.5 wt% as P
5 Iron Filings/TCP 5 wit% as Fe/0.5 wt% as P
6 Iron Rich/TCP 5 wt% as Fe/0.5 wt% as P
7 Manganese Oxide/TCP 5 wt% as Mn/0.5 wt% as P
8 TCP 0.5 wt% as P
9 Portland Cement 3 wit% total/0.5 wt% as P
10 MmBS® 4.6 wt% total
11 Steel shot 5 wt% as Fe/0.5 wt% as P
12 Zeolite/TCP 2.5 wi% total/0.5 wt% as P
Methods

The appropriate mass of amendment was added to a 100-g sample of Trail soil, and the
amended soil was slurried with 175 mL of deionized water. Each soil/water slurry was

2 Proprietary amendment of RMT.

8 Proprietary amendment of Solucorp.
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4.4

4.5

agitated for a 1-week period before being dried and subjected to PBET (at a pH of 1.5)
and SPLP testing.

Findings

In general, the results of the Phase III investigation demonstrated that several of the
amendments were effective at reducing the bioaccessibility and leachability of lead in
Trail soils, although the actual reductions in bioaccessibility were somewhat obscured
due to the uncertainty in the measurements of total lead concentrations. However,
thorough analysis of the data suggested that Amendments 2, 5, and 10 were the most
effective at reducing the bioaccessibility and leachability of lead in the soil samples.
Amendment 4, the formulation of HFO/TCP that had been the optimal amendment during
previous phases of the laboratory investigation, also demonstrated significant reductions
in soil lead bioaccessibility. However, these reductions (3040 percent) were not as great
as those observed during previous phases.

Investigation Conclusions and Further Research Identified

Based on the findings of the Phase III investigation, three amendments were selected for
the field testing program:

e RMT’s Enviroblend A amendment
e Solucorp’s MBS amendment
e TCP and iron filings.
The TCP and iron fillings amendment formulation was considered to be an analog to

TCP/HFO (the optimal amendment during the Phase I and II investigations), because the
iron fillings were expected to oxidize to HFO over time.
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5.

Field Investigation

5.1 Objectives

5.2

The objective of the field investigation was to evaluate the field-scale efficacy of three
soil amendments observed during the laboratory testing to be effective at reducing soil
lead bioaccessibility. The field investigation was designed to verify the results of the
laboratory studies under the climatic conditions found in Trail, and to identify the
limitations presented by field-scale application.

Amendments Tested
The amendment formulations evaluated during field testing were:
e RMT’s Enviroblend A (9 wt% total)

e Solucorp’s MBS (6 wt% total)
e [Iron filings (5 wt% as Fe) and TCP (1 wt% as P).

5.2 Methods

In general, the field investigation was conducted according to the methods outlined in the
work plan (Exponent 1999c), with the exception of the test plot receiving the Enviroblend
A amendment. Application of the Enviroblend A and MBS amendments was performed
under the direction of representatives of RMT and Solucorp, respectively. The following
discussion briefly summarizes the methods used to prepare the control plot and the test
plots that received the MBS and TCP/iron-filing amendments, and describes how these
methods differed from the test plot receiving the Enviroblend A amendment. The
sampling and testing methods used to evaluate amendment performance are also
summarized. In addition, where appropriate, work supplementary to that specified in the
work plan (Exponent 1999c¢) is described.

5.2.1 Application of Amendments

Prior to amendment, four 8- X 12-ft plots were marked off using wooden stakes. A sod
cutter was used to remove the sod from these test plots. Three baseline composite
samples, each consisting of 12 randomly located 6-inch cores, were collected from each
of the four test plots. In addition, a minimum of four randomly located, 6-inch core
samples were collected from each test plot. Each of these core samples was dissected
into three 2-inch, discrete-depth samples.

10
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Before applying the amendments to the test plots, the soil in each plot was mixed to a
6-inch depth by making two passes over the plot with a roto-tiller. The Solucorp MBS
and TCP/iron-filings amendments (both of which are dry amendments) were added to
their respective test plots by spreading them evenly across the tops of the plots. The
amendments were then mixed into the soils by three roto-tiller passes. Each of the
amended test plots was compacted using a lawn roller, and then three composite samples
and four cores for discrete-depth samples were collected from each plot. Snow fencing
was placed on top of the compacted soils, and the fencing was overlaid with fresh sod.
The snow fencing was added to aid in discriminating between amended soils and the soil
associated with the overlying sod during future sampling events. The control plot, which
received no amendment, was mixed, compacted, sampled, and re-sodded in the same
manner as the test plots.

Per the specifications of the RMT representative, the Enviroblend A amendment was
applied to the fourth test plot in a manner that differed from the other three test plots.
The amendment process began by slurrying 320 Ibs of the first component of the
amendment formulation (“Enviroblend A1) with water and pouring the slurry evenly
over the test plot. Additional water was then applied to the plot using a spray hose. The
test plot was mixed by two passes with the roto-tiller. Fourteen gallons of 50% ferric
chloride (FeCl;) was then added to the test plot and mixed using a shovel and a single
pass using the roto-tiller. Additional water was added to the plot to further saturate the
soils, and the test plot was covered with plastic sheeting for 22 hours. The test plot was
then mixed by a single roto-tiller pass. An additional 14 gallons of 50% ferric chloride
(FeCl,) was then added to the test plot and mixed by a single roto-tiller pass. Additional
water was added to the plot, and it was covered with plastic sheeting for 18 hours. Sixty
pounds of “Enviroblend A2” was then applied to the test plot, and the soil was mixed by
two roto-tiller passes. Water was again added to the test plot, and the soil was compacted
using a lawn roller. Due to the extreme wetness of the test plot soil, samples were not
collected until the following day. After sampling, snow fencing was placed on top of the
compacted soils, and the fencing was overlaid with fresh sod.

Three composite samples were collected from each of the test plots at 6 months after
application of the amendments. In addition, three composites and four cores for discrete-
depth samples were collected from each test plot at 12 months following amendment
application.

5.2.2 Laboratory Testing and Analysis of Field Samples

The preparation, laboratory testing, and analysis of the soil samples collected in the field
are described in detail in the work plan (Exponent 1999c). ‘Each composite sample was
dried and sieved to the <2-mm and <250-um size fractions, and the total concentrations
of lead, arsenic, and cadmium were determined in both size fractions by x-ray florescence
(XRF). The <2-mm size fraction of the baseline composite samples and of the composite
samples collected immediately following amendment application were subjected to SPLP
testing. The <250-um fraction of the composite samples were used for in vitro testing.

11
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The baseline and 6-month composites were tested using the same PBET in vitro
procedure that was used during the previous laboratory phases of the investigation. The
baseline composite samples were later re-tested, along with the 12-month composite
samples, using a refined PBET in vitro procedure. The refined PBET has been
demonstrated to accurately predict in vivo measured reductions in lead bioavailability in
phosphate-amended soils from Joplin, Missouri, USA. (Note: this refined PBET used a
buffered extraction fluid in a sealed bottle at a pH value of 2.3).

5.3 Findings

The PBET testing results for soil samples collected from the field test plots are presented
in Tables 2-13. Additional supporting data, such as the SPLP and quality control results,
are presented in Appendix A. In general, the PBET tests, at both pH values, produced
consistent results, and indicate that, with the exception of the Enviroblend A amendment,
the chemical amendments have been largely ineffective at reducing the lead
bioaccessibility of the test plot soils. Furthermore, the Enviroblend A amendment only
reduced the lead bioaccessibility of the test plot soil by 15--30 percent—significantly less
than the approximately 85 percent reduction achieved during the Phase III laboratory
testing of this amendment.

5.4 Investigation Conclusions

The discrepancy between the efficiency of the various amendments at reducing soil lead
bioaccessibility during the field versus the laboratory testing suggests that the amendment
chemicals are behaving differently in the field than they did in the laboratory. It was
postulated initially that the amendments were poorly mixed in the field soils, or that the
amendments had washed from the soils with infiltrating water. However, the chemical
analyses of the discrete depth samples demonstrated that the amendments were
reasonably well distributed across the 6-inch mixing depth, and that the amendments
were still in place 12 months after their application. Furthermore, a similar lack of lead
bioaccessibility reduction were observed in the shallow (0-2 inch) discrete-depth
samples, which had been found to contain the largest fraction of the amendments relative
to the deeper discrete-depth samples. It was also postulated that the original PBET test at
a pH of 1.5 was potentially overestimating the bioaccessibility of the amended soils.
However, evaluation of amendment performance usin g the refined PBET test at a pH of
2.3 produced similar results.

Further review of the field and laboratory procedures revealed one major difference in
methods used to evaluate lead bioaccessibility. The bench-scale investigations generally
involved slurrying the amended samples and allowing the slurry to mix for an extended
period. This step would allow for substantial water contact between the amendment and
the soils—providing an increased chance for contact of the amendment chemicals with
lead minerals in the soil. Mixing in the field investigation relied on simple mechanical
mixing, which although it may have distributed the amendment fairly evenly across the
soil column, may not have distributed it thoroughly on a soil micro-scale. Furthermore,

12
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5.6

the field investigation relied on infiltration to provide water to the amended soils—
particularly in the case of the test plots amended with the MBS and the TCP/iron-filings
amendments. It is possible that the mixing of water and amendments was insufficient to
provide for adequate contact of the amendment chemicals with lead minerals in the soils.
This premise is supported by the fact that the RMT Enviroblend A amendment, the
application of which involved a substantial volume of water and a greater level of
mixing, was the only effective amendment at reducing soil lead bioaccessibility.

Recommendations

Two recommendations have been identified to further evaluate the results of the field
investigation:

¢ Confirm the results of the Phase III laboratory investigation—The
amendments used for the field investigations were selected on the
basis of their performance during the Phase III laboratory
investigation. However, this investigation had significant uncertainty
in the measured total metals concentrations of the soil samples. It is
recommended that soil samples archived during the Phase III
investigation be re-tested for total lead concentration and subjected to
the refined PBET in vitro test (at a pH value of 2.3). It is also
recommended that these analyses be performed on the archived
samples of unamended soils and on the soils amended with the MBS,
Enviroblend A, TCP/iron fillings, and TCP/HFO amendments.

o Evaluate the lead bioaccessibility of selected field investigation
samples following contact with an excess of water—It is
recommended that selected archived soil samples from the field test
plots be slurried in water and mixed in a manner parallel to that done
during the Phase III laboratory investigation. This work will
determine whether the poor performance of the field test plots relative
to the Phase III laboratory study is related to the slurrying and mixing
performed during the laboratory study.

Finally, the results of the Human Health Risk Assessment for arsenic and cadmium in
Trail soils, being conducted by Exponent, suggest that uptake of these metals into
homegrown produce, and subsequent consumption of the produce, contributes as much to
human arsenic and cadmium exposures as inadvertent soil ingestion. Therefore, it may
be appropriate to evaluate the effect of these (or similar) soil amendments on uptake of
arsenic and cadmium into homegrown produce in Trail.

13
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Appendix A

Field Data
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Table A-5. Test Plot 1--MBS amendment, x-ray fluorescence analyses of discrete-depth
soil samples

Lead Arsenic Cadmium Iron Phosphorus  Sulfur
(mg/kg) (mg/kg) (mg/kg) (Wt%) (Wt%) (mgrkg)
Baseline

Sample 1 0-2in 463 49 12 2.02 0.285 332
2-4in 2099 97 27 2.08 0.462 919

4-6in 402 43 11U 2.02 0.237 294

Sample 2 0-2in 1661 92 43 2.14 0.402 617
2-4in 1319 88 29 222 0.460 816

4-6 in 1757 91 34 224 0.479 766

Sample 3 0-2in 3307 180 37 2.09 0.533 1168
2-4in 2262 58 16 2.07 0.298 670

4-6in 1364 78 29 2.34 0.478 719

Sample 4 0-2in 1414 60 13 2.19 0.379 692
2-4in 1618 80 39 2.21 0.502 750

4-6in 2812 120 35 2.40 0.616 1037

Sample 5 0-2in 1287 71 14 2.10 0.334 572
2-4in 1391 77 28 2.30 0.438 670

4-6in 1356 86 24 2.33 0.417 737

Sample 6 0-2in 174 35 1t U 1.89 0.198 221
2-4in 2435 81 18 227 0.474 1039

4-6 in 1255 94 34 2.07 0.434 617

Summary

0-2in Average 1384 81 22 2.07 0.355 601

RSD 80% 64% 66% 5% 32% 55%

2-4in Average 1854 80 26 2.19 0.439 811

RSD - 23% 18% 29% 5% 16% 14%

4-6in Average 1491 85 28 2.23 0.444 695

RSD 52% 29% 32% 7% 29% 35%

Post-amendment

Sample 1 0-2in 445 31 11 U 1.45 1.953 23893
2-4in 973 38 11U 1.86 0.739 6574

4-6 in 1504 96 26 2.28 0.464 727

Sample 2 0-2in 2688 93 22 1.77 1.818 20567
2-4in 2376 76 24 1.84 1.336 10317

4-6in 5324 170 45 2.37 0.602 1715

Sample 3 0-2in 1091 51 11 U 1.65 1.824 17658
2-4in 1264 76 21 1.93 0.987 96086

4-6 in 1424 97 31 2.37 0.457 3416

Sample 4 0-2in 1585 57 15 1.63 1.950 19171
2-4in 1335 84 20 2.14 0.869 7563

4-6 in 3094 138 60 2.51 0.573 2457

Summary

0-2in  Average 1452 58 15 - 1.62 1.887 20322

RSD 65% 44% 34% 8% 4% 13%

2-4in  Average 1487 68 19 1.94 0.983 8515

RSD 66% 60% 115% 16% 34% 42%

4-6in  Average 2837 125 41 2.37 0.524 2079

RSD 68% 37% 31% 15% 132% 445%
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Table A-5. (cont.)

Lead Arsenic Cadmium Iron Phosphorus  Sulfur
(mg/kg)  (mgrkg) (mg/kg) (Wi%) (Wi%) (mg/kg)
12 Month Post-amendment

Sample 1 0-2in 805 57 24 2.515 46601
2-4in 938 63 21 2.235 54452
4-6in 2521 123 33 0.611 3055
Sample 2 0-2in 1095 62 23 2.005 13536
2-4in 1313 87 20 1.401 7592
4-6in 1846 105 24 0.520 2646
Sample 3 0-2in 657 50 23 1.253 7364
2-4in 407 45 25 0.651 4440
4-6in 1651 77 23 0.490 2339
Sample 4 0-2in 1547 78 30 1.665 8796
2-4in 1541 102 32 1.025 4392
4-6 in 2831 155 35 0.661 2507

Summary
0-2in Average 1026 62 25 2 19074
RSD 38% 19% 13% 29% 97%
2-4in Average 1050 74 25 1 17719
RSD 47% 34% 22% 51% 138%
4-6 in Average 2212 128 31 1 2736
RSD 36% 30% 18% 106% 299%
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Table A-6. Test Plot 2--Fe”/TCP amendment, x-ray fluorescence analyses of discrete-depth
Soil samples

Lead Arsenic Cadmium lron Phosphorus Sulfur
(mg/kg) (mg/kg) (mg/kg) (Wt%) (Wi%) (mg/kg)
Pre-amendment

Sample 1 0-2in 408 26 U 12 1.74 0.171 354
2-41in 3636 124 39 2.32 0.643 1098

4-6in 2605 122 52 217 0.557 1133

Sample 2 0-2in 145 28 11U 1.68 0.115 160
2-4in 5832 174 51 272 0.757 1304

4-6 in 1644 104 38 2.04 0.459 659

Sample 3 0-2in 3346 130 52 2.35 0.665 923
2-4in 1730 87 43 1.95 0.522 791

4-6in 2813 106 33 1.97 0.488 913
Sample 4 0-2in 1496 53 13 1.86 0.209 869
2-4in 4527 123 28 2.32 0.601 1304

4-6 in 9983 227 75 2.52 0.690 2050

Summary

0-2in Average 1349 59 22 1.90 0.290 577

RSD 108% 83% 91% 16% 87% 66%

2-4in Average 3931 127 40 2.33 0.631 1124

RSD 90% 48% 40% 14% 16% 48%

4-6in Average 4261 140 49 2.18 0.548 1189

RSD 17% 19% 25% 5% 21% 21%

Post-amendment

Sample 1 0-2in 7247 184 70 2.55 0.609 1584
2-4in 2074 60 11U 6.77 1.028 1680

4-6in 485 30 11U 6.09 2.043 2592

Sample 2 0-2in 1144 49 11U 6.06 3.384 4687
2-4in 1002 63 11y 7.73 2.396 3013

4-6in 3409 123 38 2.26 0.589 1258

Sample 3 0-2in 438 35 11U 7.51 2.946 3828
2-4in 2777 105 33 3.99 1.114 1408

4-6in 2246 91 40 2.02 0.504 887

Sample 4 0-2in 1043 46 17 5.37 2.229 2406
2-4in 1621 69 18 5.15 1.871 2234

4-6 in 1552 95 31 2.96 0.665 991

Summary

0-2in Average 2468 78 27 5.37 2.292 3126

RSD 130% 90% 105% 39% 53% 45%

2-4in Average 1868 75 18 5.91 1.602 2084

RSD 41% 30% 67% 38% 47% 42%

4-6 in Average 1923 85 30 3.33 0.950 1432

RSD 63% 45% 45% 63% 99% 74%
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Table A-6. (cont.)

Lead Arsenic Cadmium Iron Phosphorus Sulfur
(mg/kg) (mg/kg) (mg/kg) (Wt%) (Wt%) (mg/kg)
12 Month Post-amendment

Sample 1 0-2in 1380 70 26 1.808 1365
2-4in 1565 58 28 1.239 922
4-6 in 2617 123 42 0.645 1031
Sample 2 0-2in 257 24 14 2.014 1226
2-4in 418 42 18 0.850 540
4-6 in 3309 135 39 0.761 994
Sample 3 0-2in 1436 85 23 . 2.453 2267
2-4in 1586 96 29 3.052 2106
4-6in 1675 112 38 1.279 1333
Sample 4 0-2in 272 23 18 1.924 1382
2-4in 832 60 21 0.615 536
4-6in 3299 137 44 0.808 1158

Summary
0-2in Average 836 51 20 2.050 1560
RSD 79% 63% 26% 14% 31%
2-4in Average 1100 64 24 1.439 1026
RSD - 108% 66% 45% 74% 65%
4-6 in Average 2725 127 41 0.873 1129
RSD 40% 30% 24% 73% 24%

Note: RSD - relative standard deviation
U - not detected; value represents detection limit
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Table A-7. Test Plot 3--Control plot, x-ray fluorescence analyses of discrete-depth soil samples

Lead Arsenic Cadmium Iron Phosphorus Sulfur
(mg/kg) (mg/kg) (mg/kg) (Wt%) (Wt%) (mg/kg)
Pre-amendment

Sample 1 0-2in 310 33 12 1.82 0.220 268
2-4 in 2202 100 43 229 0.500 836
4-6 in 1997 103 34 2.27 0.415 849
Sample 2 0-2in 127 38 13 1.68 0.140 191
2-4in 5252 128 38 2.35 0.650 1212
4-6 in 7872 227 60 2.50 0.582 1873
Sample 3 0-2in 1928 44 18 1.82 0.301 1167
2-4in 1742 93 41 1.99 0.459 669
4-6 in 8593 173 70 2.26 0.609 1776
Sample 4 0-2in 111 30 11U 1.63 0.112 164
2-4in 825 62 17 2.31 0.358 425
4-6 in 2085 107 29 2.30 0.411 725

Summary _
0-2in Average 619 36 14 1.74 0.198 447
RSD 142% 16% 23% 5% 44% 108%
2-4in Average 2505 96 35 2.23 0.492 786
RSD 65% 16% 18% 7% 21% 31%
4-6 in Average 5137 153 48 2.33 0.504 1306
RSD 79% 55% 53% 14% 38% 54%

Post-amendment
Sample 1 0-2in 1583 63 17 2.08 0.294 794
2-4in 2636 69 26 1.97 0.370 754
4-6 in 1325 88 19 2.18 0.245 472
Sample 2 0-2in 592 44 18 1.84 0.257 383
2-4in 2218 88 34 2.36 0.480 757
4-6in 2105 96 44 2.36 0.494 857
Sample 3 0-2in 1057 56 11 U 1.61 0.307 . 497
2-4in 4769 126 45 2.03 0.497 1201
4-6 in 5098 257 37 2.83 0.472 1438
Sample 4 0-2in 1375 64 17 2.05 0.309 604
2-4in 3590 168 46 2.42 0.644 1162
4-6in 4789 193 42 2.29 0.506 1375
Summary

0-2in Average 1152 57 16 1.89 0.292 570
RSD 37% 16% 21% 11% 8% 31%
2-4in Average 3303 113 38 2.20 0.498 968
RSD 41% 48% 22% 9% 13% 33%
4-6in Average 3329 158 35 2.41 0.429 1035
RSD 57% 51% 32% 12% 29% 44%
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Table A-7. (cont.)

Lead Arsenic Cadmium Iron Phosphorus Sulfur
(mg/kg) (mg/kg) (mg/kg) (Wt%) (Wt%) (mg/kg)
12 Month Post-amendment
Sample 1 0-2in 2357 97 34 0.525 871
2-4in 5677 192 43 0.639 1805
4-6 in 6109 251 43 0.611 2025
Sample 2 0-2in 504 46 22 0.259 317
2-4in 553 55 24 0.383 329
4-6 in 2188 126 34 0.480 764
Sample 3 0-2in 511 46 21 0.226 366
2-4in 642 59 24 0.346 429
4-6 in 2626 143 41 0.516 991
Sample 4 0-2in 1881 86 24 0.426 679
2-4in 7001 173 46 0.506 1201
4-6 in 4873 255 46 0.421 819
Summary
0-2in Average 1313 69 25 0.359 558
RSD 72% 39% 24% 39% 47%
2-4in Average 3468 120 34 0.469 941
RSD - 78% 83% 35% 28% 72%
4-6 in Average 3949 194 41 0.507 1150
RSD 53% 39% 20% 21% 57%
Note: RSD - relative standard deviation
U - not detected; value represents detection limit
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Table A-8. Test Plot 4--Enviroblend amendment, x-ray fluorescence analyses of discrete-depth

soil samples
Lead Arsenic Cadmium Iron Phosphorus Sulfur
(mg/kg) (mg/kg) (mg/kg) (Wi%) (Wt%) (mglkg)

Pre-amendment
Sample 1 0-2in 1235 86 15 2.29 0.517 705
2-4in 1355 108 41 2.40 0.505 1019
2-4 in (dup) 1259 87 50 2.02 0.448 834
4-6 in 1158 82 39 2.28 0.364 708
4-6 in (dup) 1287 108 44 2.31 0.365 731
Sample 2 0-2in 1410 115 18 2.34 0.429 827
2-4in 992 69 11 u 1.89 0.283 577
4-6in 1205 102 11U 222 0.241 388
Sample 3 0-2in 1156 75 18 2.34 0.487 558
0-2 in (dup) 1360 51 30 2.11 0.391 675
2-4in 1360 90 51 2.1 0.391 675
4-6in 1341 97 49 2.21 0.417 836
Sample 4 0-2in 1122 94 20 2.30 0.488 814
2-4in 1304 110 19 2.27 0.522 701
4-6in 1509 109 30 2.35 0.411 636

Summary
0-2in Average 1256 84 31 2.28 0.462 716
RSD 10% 28% 106% 4% 11% 15%
2-4in Average 1254 93 35 2.14 0.430 761
RSD 12% 18% 53% 9% 23% 22%
4-6 in Average . 1300 100 35 2.27 0.360 660
RSD 11% 11% 43% 3% 20% 25%

Post-amendment

Sample 1 0-2in 1093 83 19 2.74 2.418 2265
2-4in 1265 92 17 2.60 2.048 1946
4-6 in 854 78 25 1.94 0.578 732
Sample 2 0-2in 1137 81 16 2.41 3.265 3632
2-4in 1111 92 11U 2.50 3.468 3831
4-6 in 828 114 17 2.64 2.982 - 2232
Sample 3 0-2in 1111 82 i1 U 2.82 2.628 2686
2-4in 1165 91 11 U 3.05 3.014 3454
4-6in 1213 118 17 2.36 1.448 1653
Sample 4 0-2in 1190 74 14 2.71 2.510 2618
2-4in 1125 94 31 i 2.14 1.098 1261
4-6 in 1160 89 70 1.96 0.386 907

Summary
0-2in Average 1133 80 15 2.67 2.705 2800
RSD 4% 5% 22% 7% 14% 21%
2-4in Average 1167 92 17 2.57 2.407 2623
RSD 6% 2% 164% 17% 57% 52%
4-6in Average 1014 100 32 2.28 1.348 1381
RSD 20% 20% 78% 15% 88% 50%
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Table A-8. (cont.)

Lead Arsenic Cadmium Iron Phosphorus Sulfur
(mg/kg) (mg/kg) (mg/kg) (Wt%) (Wt%) (mg/kg)
12 Month Post-amendment
Sample 1 0-2in 1039 82 20 2.555 698
2-4in 1101 87 20 2.262 730
4-6 in 1183 107 20 1.166 778
Sample 2 0-2in 1290 97 22 2.420 715
2-4in 1083 127 19 2.130 846
4-6 in 1536 152 20 0.743 1038
Sample 3 0-2in 1070 90 22 2.430 633
2-4in 1003 112 17 2.086 681
4-6in 403 83 15 0.310 404
Sample 4 0-2in 1196 82 20 2.789 766
2-4in 1260 92 21 2.451 904
4-6in 1272 103 20 0.513 827
Summary
0-2in Average 1149 88 21 2.549 7083
RSD 10% 8% 5% 7% 8%
2-41in Average 1112 105 19 2.232 790
RSD 10% 18% 9% 7% 13%
4-6 in Average 1099 111 19 0.683 762
RSD 44% 26% 13% 54% 35%
Note: RSD - relative standard deviation
U - not detected; value represents detection limit

Boulder1\vol2\datamgmt\c495\T RAIL REPORT TABLE.xIs Discrete Depth TP4 1/19/00 8:41 AM



Table A-9. Results of x-ray fluorescence analysis of replicate samples

Lead Arsenic Cadmium Iron Phosphorus Sulfur
Sample ID (mg/kg) (mgrkg) (mg/kg) (Wi%) (Wt%) (mg/kg)
Baseline Samples

TP2001 6686 762 15 3.45 0.084 2270
5799 663 12 3.41 0.090 2202

RPD = 7% 7% 13% 1% -3% 2%

TP4D12 1355 108 41 2.40 0.505 1019
1259 87 50 2.02 0.448 834

RPD = 4% 11% -10% 9% 6% 10%

TP4D13 1158 82 39 2.28 0.364 708
1287 108 44 2.31 0.365 731

RPD = -5% -14% -6% -1% 0% -2%

TP4D31 1360 75 18 2.1 0.391 675
1156 51 90 2.34 0.487 558

RPD = 8% 19% -67% -5% -11% 9%

TP1C2B 1928 93 21 2.02 0.49 854
2029 108 27 2.19 0.483 926

RPD = -3% -8% -12% -4% 1% -4%

RMTC1C 1455 106 17 3.02 2.312 2411
1318 98 12 2.98 2.286 2398

RPD = 5% 4% 15% 1% 1% 0%

TP4C2C 1208 104 19 2.54 0.457 752
1081 91 17 2.16 0.407 608

RPD = 6% 7% 5% 8% 6% 1%

TP4C3C 1569 142 22 2.57 0.450 749
1395 127 11 2.54 0.438 736

RPD = 6% 6% 34% 1% 1% 1%

6 Month Samples

MBSCP3 1703 73 25 - - --
1910 74 27 -- -- -

RPD = -6% -1% -4% - -- --

FEOCP1 3729 133 37 - -- --
3593 118 33 - - --

RPD = 2% 6% 5% - -- --

RMTCP3 1279 62 16 - -- --
1289 74 15 -- -- --

RPD = -0.4% -9% 0.5% -- -- --

CNTCP3 2686 104 34 - - -
2666 105 29 -- -- --

RPD = 0.4% -0.3% 9% - -- --

CNTCPt1 3682 139 33 -- - -
3680 133 32 - - --

3823 136 27 -- -- --

RSD = 2% 2% 10% -- -- --

FEOCP1 2851 94 29 - - --
3041 99 31 - - -

3051 75 32 - - --

RSD = 4% 14% 5% - - --

RMTCP1 1137 70 11 - - -
1164 84 13 - -- --

1161 63 12 -- -- -

RSD = 1% 15% 10% - -- -

CNTCP2 3867 114 34 - - -
3844 119 33 - -- -

3861 121 32 - - -

RSD = 0.3% 3% 2% - - --
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Table A-9. (cont.)

Lead Arsenic Cadmium Iron Phosphorus Sulfur
Sample ID (mg/kg) (mg/kg) (mg/kg) (Wt%) (Wt%) (mg/kg)
12 Month Samples
FEOCP1 2,837 119 36 - - --
2,642 122 34 - - -
RPD = 4% -1% 3% - - -
CNTCP3 2,964 137 36 - - -
3,066 158 35 - - -
RPD = -2% 7% 1% -- - -
Note: RPD - relative percent difference
RSD - relative standard deviation
U - not detected; value represents detection limit
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Table A-10. University of Colorado x-ray fluorescence quality control samples

Lead Arsenic Cadmium Iron Phosphorus Sulfur
(mg/kg) (mg/kg) (mg/kg) (Wt%) (Wt%) (mg/kg)
During Analyses of Baseline Samples
Blanks

4 0 23 0.09 0.010 70

5 18 31 0.17 0.023 141

11 5 23 0.11 0.019 138

5 26 20 0.06 0.018 134

15 5 20 0.11 0.019 140

3 16 25 0.05 0.019 120

10 15 20 0.27 0.020 123

MS-2771 Standard?

1168 126 51 2.71 0.085 503

1031 102 59 2.34 0.09 491

1102 116 58 2.53 0.086 519

1028 102 60 2.36 0.090 488

1109 119 55 2.50 0.086 515

1091 116 56 2.57 0.085 524

1027 107 57 2.37 0.088 477

1117 102 50 2.58 0.085 520

1024 113 53 2.42 0.084 483

1138 91 51 . 2.61 0.084 518

1030 116 53 2.50 0.085 496

997 - 92 52 2.46 0.085 478

1096 107 52 2.69 0.084 509

1025 106 51 2.50 0.086 472

1135 121 54 2.71 0.083 513

1015 105 51 2.59 0.084 494

During Analysis of 6 Month Samples

Blanks
24.2 3.0 19.5 - -- .
23.7 15.5 19.9 -- - -

MS-2771 Standard?

1106.2 106.5 42.0 - - -
1067.6 88.3 42.0 - - -
1082.9 96.7 42.0 - - -
1092.8 100.9 42.0 - - -

2SRM certified concentrations (mg/kg) Pb-1162, As-105, Cd-42, S-420, Fe (wt%) 2.89, and P (wt%) 0.09

boulder1\vol2\datamgmt\c495\data\TRAIL REPORT TABLE.xIs\Analytical QC 1/19/00



WY 578 00/61/1 LdL d1dS SX'ITEVL LHOJIY TIVH L\S6rOMWBWEIRP\ZIOM LIapjnog

HWi| Uoilde1ep poyiow molaq anjeA "paleuise -  rn
UONJBIASD PJEPUE)S BAlJR|a) - (SH 910N

%09

%2L %¥8 %58 %08 %18 = uononpay Jua0iad abeiany
%8E %22 %901 AL %ES %8E =Qsy
Lyr0 €000 110 900°0 200 820°0 = abelony
S50 rN €000 n e 600 N ¥00°0 26 €00 " 6100 2051 € aysodwo)
S50 rN €000 nte €0 N €100 8 £0°0 rN 920°0 £e9l z ausodwo)
520 rN 2000 9l €00 N 100'0 9L ¥0°0 rN 0v0°0 56614 1 eusodwon
wm\QEmm. htmsbtmsw?umon\
%6Y %6V %L %L AV %L =Qsy
888°0 0100 1680 1¥0°0 2910 1510 = abesony
08°0 " 800°0 02 960 rn 100 g8 020 6€1L°0 2L € ausodwo)
050 rN 900°0 ve 80 N 2r00 Lot 91’0 6510 6.6} g ausodwo)
9¢g'L rN G100 22 680 N 1700 26 €10 951°0 geve I susodwo)
so|dwes sujjeseg
payoes (1/bw) (Dsy/Bu) payoea (/6w) (D>y/Bu) payoesn (/bw)  (Bxy/bw)
usoled  10eIX3 41dS jlos adlad 10 1X3 41dS jlos uaoied  10BIX3 d1dS [0S
wnjwpe) ojuasly peaq

sHNsal d71dS ‘luswpuswe SgiN--| 10Id 1S9L °LL-Y a|qeL



WV S¥:8 00/61/1 2d 1 d7dS SX'378VL LHOJIY TIvd 1\S6ouwbwerep\zgjoa Liapinog

NI} UOROBIBP POYIOW MO[aq BNJEA "POIBWNSS - [

UONJBIASD PJEepUR)S BAlBISI - OSH 910N

%LE %9 %86 %66 %E |- %V | = uoloNpay juddiad abeieny
%09 %ES %L1 %0 %1G %¥S =Qsy
§56'0 S00°0 G200 100°0 1220 6120 = abelony
05t rN 9000 8 200 rN 1000 26 920 0820 AR g aysodwo)
00'L rN 2000 4! 200 rN 1000 g8 LE0 $62°0 9261 Z susodwo)
9€'0 rN 2000 bE €00 rN 1000 19 60°0 rN 2800 €841 I ausodwon
so|dwes JuswpusWy-1Sod
%92 %52 %01 %61 ' %2S %8E =Qsy
88¢c’|L 7100 122 A 8900 G610 G520 = abeiony
8L rN 9100 8l et rN €50°0 v6 L£0 lSE0 €1ee ¢ aysodwo)
S0'L rN 0LO0 61 6e’t rN 5200 801 2o 9910 0982 ¢ ausodwo)
£et rN 9100 ve 0g't rN S20°0 Sl 910 1920 S00€ L ausodwo)
? sajdwegs suyeseg
payoea (/Bw) — (Boy/Bw) payoes (bw) (BB payoea (vbw)  (Bx/bw)
usd1dd  peIx3 d1dsS  110S uedled  PeIX3 d1dS  110S JusdIod  OBIXT 4T1dS  10S
wniwpe) olussly pea

SHnsal d7dS ‘luswpuawe 4J1/,24--¢ 10|d 1S2L “Z1-V 9iqel



WV 578 00/61/1 €L d1dS SIX'378V.L LHO3H TIvH1\S6voNwbwelep\zjon Liepinog

HWI| UOROBIBP POYIBW MOJaq BNjeA PEJBWNSS - [

UOIJBIASD PJepUE)S BAlE|a) - dSY 910N

%€ %L %52 %E | %L %E2S- = uoloNpay 1usdlIad abeiany
%02 %G1 %SGE %¥E %8 %S| =(Qsy
estL 7100 2LelL 800 6EL0 861°0 = abeiony
68°0 rN 2100 2 LLL rN 2010 12t v10 L02°0 6.82 € aysodwo)
ve'L rN €10°0 12 26°0 rN 9S00 44} €Lo S91L°0 0652 g aysodwo)
€e’l rN 910°0 ve gLl rN 0L0°0 vel S1°0 2220 020¢ L aysodwo)
so|dwes JuswpusWy-1sod
%81 %L1 %6€ %LE , %LT %82 =QsH
161°1 €100 B 90.°L 0600 6€1°0 1910 = obesony
2L rN 1070 GZ 1S'L £80°0 oLt 2Lo LEL0 1612 € ajisodwo)
05'L rN S10°0 8L'e 6LL°0 [0 1210 2 dey
00't rN 100 02 ¥8'0 rN 9%0°0 601 610 6120 8622 | dey Z aysodwo)
14N rN 21070 [ 622 LELO L6 v10 AN 95¥2 | eysodwo)
sojdwes sujaseg
payoean (/6w) (bx/bw) payoeaT] (1/bw) (D>1/6w) payoean (/bw) (Bx/bw)
usdiad  joeuX3 d1dS 1108 JusdIad  JoRIXTI d1dS  li0S JUd0Idd  1oBIXT d1dS  I10S
wnjwped oluasly pean

s}nsay d1ds ‘1oid [0)u0d--¢ 10|d IS9L "E1-Y d|qeL



WV S¥:8 00/61/1 vd L d1dS SIX'378Y1 LHOd3Y TIvH1\S6voNwbweep\zioa Lispinog

HWij uoloalep POYleW Mojaq anfeA ‘perewnss - rn
UOIIBIASD PJEPUE]S BAljE[a - dSY 910N
%92- %8V %E8- %lb- %V %6L = uolonpay 1ua0Iad abesany
%99 %8. %Py %6E %GV %LV =QsH
6022 0100 €91y 6910 8600 6100 = abelany
090 PN €000 ol He rN 960°0 16 90°0 M 6200 V101 ¢ ausodwo)
ST "N 600°0 L Y rN 9810 6L €00 PN 2100 ov6 2 eusodwo)
Sh'e 6100 b L9°G PN ¥22°0 6L €0°0 PN 910°0 LEOL I ausodwo)
se|dwes JuawpuaWy-1So4
%Pl %6 %0€ %L2 %8 %S = Qsy
6YL } 0200 082°C S0 P10 £60°0 = abeiany
251 " 61L0°0 5e vie €€1°0 L6 vi'0 /600 99€ 1 g susodwo)
€1 rN 6L0°0 22 192 €EL0 204 V10 880°0 5/2) g susodwon
002 " 2200 ze 671 PN 620°0 901 91’0 €600 L9LL | eusodwo)
se|dwegs suljeseg
payoea (/Bwy (By/bw) payoea (/Bbw) (B>y/6w) payoea (/Bw) — (B>y/bw)
Juodled  WeIX3 d1dS  110S usdldd  PeIXI d1dS [0S uddled  PBIXI d1dS  110S
wnjwpen olussly pee

SHNSdY d1dS -Juswpuawe puajqolirnuz--f 10ld 191 "yL-V ajqeL



Table A-15. University of Colorado ICP quality control results

Lead Arsenic Cadmium
ppm RPD ppm RPD ppm RPD
Results During Baseline Sample Analyses
Blanks
0.01 - 0.009 - 0.003 -
0.013 -- 0.038 -- 0.001 -
0.025 -- -0.021 -- 0.018 -
0.031 -- -0.024 - 0.002 --
Standards
1 ppm Standard 1.02 1% 0.992 0% 0.997 0%
1 ppm Standard 1.033 2% 1.134 6% 1.012 1%
1 ppm Standard 1.068 3% 1.071 3% 0.997 0%
1 ppm Standard 1.052 3% 0.987 1% 1.03 1%
1 ppm Standard 0.975 1% 1.049 2% 1.001 0%
50 ppm Standard 49.027 1% 49.226 1% 50.768 1%
50 ppm Standard 49.939 0% 50.272 0% 49.264 1%
Results During 6 Month Sample Analyses
Blanks
0.048 -- -0.012 - 0.006 --
-0.01 -- -0.083 - 0 --
0.011 - -0.108 -- -0.002 --
0.034 - 0.057 -- -0.002 --
-0.045 -~ 0.09 . -0.005 --
Standard .
1 ppm Standard 0.983 1% 1.016 1% 1.022 1%
1 ppm Standard 1.00 0% 0.966 2% 1.035 2%
1 ppm Standard 0.984 1% 0.994 0% 1.028 1%
Standard® 10.121 1% 10.136 1% 4.977 0%
Standard® 10.138 1% 10.112 1% 4.97 0%
Results During 12 Month Sample Analyses
Blanks
-0.011 -- -0.018 = 0.012 -
-0.018 - -0.065 - 0.003 --
-0.004 -- -0.010 - 0.005 --
0.041 -~ -0.085 - -0.003 --
0.033 - 0.013 - 0.009 -
0.057 -~ -0.028 - 0.006 --
Standard
Standard® 5.025 0% 5.438 4% 2.536 1%
Standard® 5.046 0% 5212 2% 2.525 0%
Standard® 4.686 3% 4.905 1% 2.444 1%
Standard® 4729 3% 5.401 4% 2.429 1%
Standard® 4.661 4% 5.240 2% 2.458 1%
Standard® 4.541 5% 4.881 1% 2.465 1%
Standard® 4.485 5% 5.107 1% 2.441 1%

® Standard reported as 5 ppm by the laboratory. However, results indicate that the concentrations of lead and arsenic were 10 ppm.
® Standard reported as 5 ppm by the laboratory. However, results indicate that the concentration for cadmium is 2.5 ppm.
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Table A-16. Metals concentrations in PBET extracts

Lead Arsenic Cadmium
(mg/L) (mg/L) (mg/L)
30 min 60 min 30 min 60 min 30 min 60 min
Test Plot 1: MBS
Baseline Samples
Composite 1 13.217 13.953 0.172 0.327 0.184 0.187
Composite 2 10.586 10.53 0.227 0.382 0.206 0.201
Composite 3 6.013 6.263 0.110 0.459 0.142 0.134
6 Month Samples
Composite 1 10.492 11.798 0.205 UJ 0.330 0.024 0.146
Composite 2 7.433 8.007 0.196 UJ 0.204 UJ 0.008 UJ 0.119
Composite 3 10.754 11.186 0.279 0.368 0.156 0.153
12 Month Samples
Composite 1 -- 16.525 -- 0.403 - 0.19
Composite 2 - 14.706 - 0.542 - 0.213
Composite 3 - 10.148 - 0.175 - 0.115
Test Plot 2: Fe(0)/TCP
Baseline Samples
Composite 1 ' 20.704 19.975 0.376 0.643 0.294 0.276
Composite 2 17.418 17.153 0.272 0.616 0.26 0.241
Composite 3 12.607 12.938 0.238 0.684 0.251 0.238
6 Month Samples
Composite 1 - 17.015 18.046 0.253 UJ 0.197 UJ 0.245 0.258
Composite 2  Replicate 1 18.981 20.475 0.280 0.302 0.273 0.286
Replicate 2 20.499 22.70 0.448 0.49 0.264 0.28
Replicate 3 17.677 17.82 0.307 0.40 0.26 0.27
Composite 3 16.543 16.596 0.147 UJ 0.189 UJ 0.259 0.272
12 Month Samples
Composite 1 - 15.799 - 0.303 -- 0.23
Composite 2 - 18.629 - 0.161 -- 0.296
Composite 3 - 16.363 - 0.275 - 0.292
Test Plot 3: Control
Baseline Samples
Composite 1 13.926 13.937 0.21 0.555 0.209 0.204
Composite 2 16.823 16.279 0.293 0.829 0.208 0.19
Composite 3 10.693 11.639 0.165 0.306 0.176 0.185
6 Month Samples
Composite 1 10.316 11.962 0.190 UJ 0.209 UJ 0.223 0.224
Composite 2 18.129 20.448 0.370 0.473 0.249 0.261
Composite 3 13.385 14.108 0176 UJ  0.286 0.241 0.240
12 Month Samples
Composite 1 - 17.6 - 0.354 -- 0.238
Composite 2 - 18.378 - 0.513 - 0.242
Composite 3 -~ 18.454 -- 0.48 -- 0.258
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Table A-16. (cont.)

Lead Arsenic Cadmium
(mg/L) (mg/L) (mg/L)
30 min 60 min 30 min 60 min 30 min 60 min
Test Plot 4: Enviroblend
Baseline Samples
Composite 1 5.79 6.155 0.173 0.591 0.159 0.155
Composite 2 6.103 6.303 0.255 0.433 0.152 0.152
Composite 3 5.107 5.012 0.135 0.498 0.169 0.161
6 Month Samples
Composite 1 4935 5.037 0.271 0.265 0.051 0.051
Composite 2 4.488 4.824 0.274 0.292 0.020 0.048
Composite 3 6.140 6.605 0.280 0.366 0.004 UJ 0.045
12 Month Samples
Composite 1 - 4.829 . 0.251 - 0.061
Composite 2 - 4.883 - 0.285 -- 0.056
Composite 3 - 4.178 - 0.282 - 0.045

Note: UJ - estimated. Value below method detection limit
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Table A-21. Exponent laboratory PBET quality control results

Lead Arsenic Cadmium
(mg/L) (mg/L) (mg/L)
Results During Baseline Sample Analyses
SRM (NIST 2710) 25.201 1.729 0.161
27.413 2.035 0.166
PBET spike® 105.714 14.921 5.533
106.525 14.945 5.497
Stomach solution spike® 111.326 16.212 568
Results During 6 Month Sample Analyses
SRM (NIST 2710) 29.417 2.106 0.148
Stomach solution blank 0.166 0.089 U 0.024 U
0.055 0.089 U 0.024 U
Triplicate (30 min extraction period) 18.981 0.280 0.273
20.499 0.448 0.264
17.677 0.307 0.26
Triplicate (60 min extraction period) 20.475 0.302 0.286
22.70 0.49 0.28
17.82 0.40 0.27
Results During 12 Month Sample Analyses
SRM (NIST 2710) 36.059 2.169 0.190
31.473 2.044 0.157
32.488 2.141 0.151
Stomach solution spike® 89.007 14.595 5.289
87.057 1412 5.162
83.614 13.25 5.073
Stomach solution blank 0.088 U 0.085 U 0.003
0.013 0.155 0.01 U
0.106 0.023 0.006
Triplicate (60 min extraction period) Sample 1 1.580 0.005 0.054
1.421 0.022 0.023
1.427 0.085 U 0.031
Sample 2 1.662 0.085 U 0.041
1.593 0.085 U 0.041
1.660 0.076 0.047
Sample 3 4.003 0.085 U 0.040
3.738 0.106 0.053
3.904 0.212 0.040

Note:
U - not detected; value represents detection limit
* Spike concentrations were (mg/L): Pb 100, As 15, and Cd 5
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Table A-22. Exponent laboratory SPLP quality control results

Lead Arsenic Cadmium
(mg/L) (mg/L) (mg/L)
Duplicate Samples
Replicate 1 0.219 0.046 uJ 0.010 uJ
Replicate 2 0.121 0.119 0.015 uJ
RPD = 29% 44% 20%
Spiked SPLP Solution® 5.58 5.355 5.354
SPLP Solution Blank (filtered) 0.027 uJ 0.01 uJ 0.005 uJ
SPLP Solution Blank (unfiltered) 0.011 uJ 0.001 uJ 0.002 uJd

Note: RPD - relative percent difference
UJ - estimated. Value below method detection limit

#Spike concentrations were 5 mg/L
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