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Summary

The objective of this test was to determine the type and rate of trace metals extraction from three
pumps: Levitronix BPS-4000 (S/N: NA), Iwaki magnetic drive pump (model #: MDM-
1518PKKO07, serial #: 1011162190), and an Innovative Mag-Drive (Innomag) pump (model #:
U-MAG.UI, code: U11561102-UDO, serial #: 16423). A dynamic extraction test method was
used in 35% hydrochloric (HCI) acid during the 10-day extraction test. Both surface and bulk
contamination can be determined with this method. Surface contamination is defined as the
amount of contamination extracted in the first 40 minutes of exposure of the component to
chemical. Bulk contamination is defined as the amount of contamination extracted after 40
minutes of exposure to chemical.

The pumps were plumbed into the dynamic extraction test apparatus shown in Figure 1. High
purity 35% HCI was used as the extractant during each test. Continuous flow of the chemical
was maintained through the pumps during each test. The test pumps were operated continuously
during the test to ensure that the acid was well mixed within the pump. A background sample
was taken from each test system prior to each test and samples were taken at approximately
evenly spaced time intervals on a logarithmic scale from a sample port located in the circulation
loop. The chemical samples were submitted for analysis of 38 metallic elements. The results of
the analyses were converted to cumulative mass extracted.

The surface contamination extracted from all elements was 0.9, 869, and 875 pg for the
Levitronix, Iwaki, and Innomag pumps, respectively. The surface contamination measured from
the Iwaki and Innomag pumps was approximately 1,000 times higher than measured from the
Levitronix pump. The mass extraction rates were calculated to be 0.11, 11.2, and 10.1 pg/day at
7 days for the Levitronix, Iwaki, and Innomag pumps, respectively. Thus, the mass extraction
rates from the Iwaki and Innomag pumps were approximately 100 times higher than from the
Levitronix pump. The total contamination from all elements extracted during the tests was 3.8,
1257, and 1391 ug for the Levitronix, Iwaki, and Innomag pumps, respectively.

Test System

The dynamic extraction test system is shown in Figure 1. Except for the chemical reservoir, all
of the wetted system components are made of fluoropolymers. The reservoir is constructed of
high-density polyethylene. All of the components in the extraction test system were
preconditioned for a minimum of two months in 35% HCI, except for the PFA flanges and PTFE
flange gaskets that were used to connect to the test pump. These fittings were preconditioned for
a three-week period prior to the test.

System Cleaning

Prior to testing, the system shown was cleaned with a 10% hydrochloric acid solution, with
fluoropolymer spool pieces in place of each pump. The spool pieces allow the system to be
cleaned with the plumbing pieces required for the test, without having the test pump in the
system. The purpose of cleaning the system was to remove any contamination remaining in the
system from the previous test, and to clean the components that were installed to connect to the
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test pump. After cleaning, the system was flushed with ultra pure water and drained completely
three times.

Figure 1. Schematic of Dynamic Extraction Test System
N2/DI flush

;

vent

3

HCI circulation
Reservoir pump

Extraction Test Procedure
Prior to the test, each pump was flushed with approximately 70 L of ultra pure water.

After the system was cleaned, one of the test pumps was installed into the system, but was
isolated by closing isolation valves located on both sides of the pump. A known volume of 35%
Fisher Scientific Trace Metal Grade hydrochloric acid was added to the reservoir. To maximize
the sensitivity of the test, the volume of hydrochloric acid was minimized. The initial volume
included enough chemical to fill the system plumbing and test pump plus an additional 1000 mL
for chemical samples. The acid was added to the system one day prior to the start of the test and
was circulated using a pre-extracted circulation pump shown in Figure 1. A background sample
of this chemical was taken just prior to initiating circulation of the chemical through each test
pump. Five additional samples of chemical were removed from the system during 10 days of
circulation through each pump. Continuous flow of the chemical was maintained through each
pump during the test at a low flow rate. Each test pump was continuously operated during the
test at a low speed. The sample times were approximately evenly spaced on a logarithmic scale
(see Table I) to improve the accuracy of the data analysis. After the 10-day sample was taken,
the samples were submitted as a group to Seastar Chemicals, Inc. (Sidney, BC, Canada) for the
trace metals analysis of 38 elements using ICP-MS (inductively coupled plasma-mass
spectroscopy). The detection limits for all elements are presented in Appendix A. Finally, the
system was flushed with water and the pump was removed.
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Miscellaneous Test Specifics

Specifics to these tests are shown in Table I.

Table I. Test specifics

03/20/2011

Test Conditions

Component(s) Tested

Levitronix BPS-4000 (S/N: NA), Iwaki magnetic drive pump
(model #: MDM-1518PKKO07, serial #: 1011162190), and a

Innovative Mag-Drive (Innomag) pump (model #: U-
MAG.UI, code: U11561102-UDO, serial #: 16423).

Chemical Manufacturer

Fisher Scientific — Trace Metal Grade

and Grade
Chemical Volume 2645 mL (Levitronix), 3072 mL (Iwaki), 2722 mL (Innomag)
Temperature 21-23 °C

Sample Times

Background, 40 minutes, 2 hours, 8 hours, 2 days, 10 days

Results

Surface contamination
Table II shows the major contributors to surface contamination in each test. The raw data are
found in Appendix A. Iron was either highest or second highest surface contaminant in all three
tests. In the Levitronix test, iron, aluminum and calcium accounted for more than 75% of the
In the Iwaki test, sodium and iron accounted for nearly 70% of the
surface contamination; while in the Innomag test, iron alone accounted for more than 60% of the
surface contamination. A variety of other elements contributed the remainder of the surface
contamination in each test. The surface contamination extracted from all elements was 0.9, 869,
and 875 pg for the Levitronix, Iwaki, and Innomag pumps, respectively.

surface contamination.

Table II. Surface contamination (ug) measured during test

BPS—4000 Iwaki Innomag

Mass % of Mass % of Mass % of
Element| Extracted | Total |Element| Extracted | Total [Element| Extracted | Total
(ug) (%) (ug) (%) (ug) (%)

Fe 0.35 39.8 Na 371.5 42.7 Fe 534.4 61.0
Al 0.17 19.3 Fe 2349 27.0 Bi 59.6 6.8
Ca 0.15 17.0 K 97.5 11.2 Ca 45.8 5.2
Cu 0.07 8.0 Ca 52.1 6.0 Cu 40.9 4.7
Na 0.07 8.0 7n 20.8 24 Al 39.4 4.5
Mg 0.05 5.7 Mg 15.7 1.8 Sn 23.9 2.7
Misc. 0.02 2.3 Ti 14.7 1.7 /n 23.9 2.7
Cu 12.8 1.5 Ni 23.8 2.7

Misc. 493 5.7 Misc. 83.7 9.6

Total 0.88 100.0 | Total 869.3 100.0 Total 875.4 100.0
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Bulk contamination

Figures 2-4 show the mass of selected elements extracted from the bulk material of the pumps
over time. The data are plotted on a log-log scale as a function of time. All figures exclude
surface contamination.

Like the surface contamination, a variety of elements contributed to the bulk contamination
during each test. In the Levitronix test, iron and aluminum accounted for nearly 50% of the bulk
contamination. In the Iwaki test, sodium accounted for more than 50% of the bulk
contamination; while in the Innomag test, bismuth, iron and tin accounted for more than 50% of
the bulk contamination. A variety of other elements contributed the remainder of the bulk
contamination in each test. The total bulk contamination from all elements extracted during the
tests was 2.9, 388, and 516 ng for the Levitronix, Iwaki, and Innomag pumps, respectively.

Figure 5 presents the mass extracted from the bulk material of each pump over time for all
measured elements on a log-log scale. Since theory predicts that the extraction data can be fit by
a power law equation, the data should follow a straight line when plotted in this format [1]. A
simple regression analysis of the data in this format is also presented in Figure 5.

Figure 2. Mass extracted for the primary contributing elements from the Levitronix pump
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Figure 3. Mass extracted for the primary contributing elements from the Iwaki pump
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Figure 4. Mass extracted for the primary contributing elements from the Innomag pump
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Figure 5. Total mass extracted from the Levitronix, Iwaki, and Innomag pumps
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The mathematical model used to predict the cumulative mass extracted as a function of time is an
equation of the type:

m=k*t" (1)
where:
t = time (days)
m = cumulative mass extracted (png) at time t
k = proportionality constant
n = exponent

Taking the log of both sides of the equation gives:

log(m) = log(k) + n*log(t) 2)
The parameters in equation (1) for total metals are given in Table III. These values were
obtained from the linear regression analysis illustrated in Figure 5, where n is the slope and log k

is the intercept as shown in equation (2).

Table I11. Mass extraction parameters

Pump k n
Levitronix 1.028 0.376
Iwaki 244.9 0.212
Innomag 383.7 0.140
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The values for constants k and n can be used to calculate the total mass extracted from each
pump at different times using equation (1). In addition, the rate of extraction can be determined
by taking the derivative of equation (1) with respect to time:

Rate of extraction = dm/dt = n*k*t™! 3)

Based on equation (3) and the calculated curve fit parameters listed in Table III, the rates of
extraction for total metals at 1, 7, and 14 days are shown in Table IV.

Table IV. Calculated rates of extraction for 37 metallic elements

Extraction Rate (ug/day)
Pump 1 day 7 days 14 days
Levitronix 0.39 0.11 0.07
Iwaki 51.9 11.2 6.5
Innomag 53.7 10.1 5.6

The mass extraction rates were calculated to be 0.11, 11.2, and 10.1 pg/day at 7 days for the
Levitronix, Iwaki, and Innomag pumps, respectively. The total contamination from all elements
extracted during the tests was 3.8, 1257, and 1391 pg for the Levitronix, Iwaki, and Innomag
pumps, respectively.

Conclusions

Three pumps (Levitronix BPS-4000, Iwaki magnetic drive pump (model #: MDM-1518PKK07),
and an Innovative Mag-Drive (Innomag) pump (model # U-MAG.U1)) were tested for trace
metal extraction using a dynamic extraction test method in 35% HCI. The surface contamination
extracted from all elements was 0.9, 869, and 875 pg for the Levitronix, Iwaki, and Innomag
pumps, respectively. The surface contamination measured from the Iwaki and Innomag pumps
was approximately 1,000 times higher than measured from the Levitronix pump. The mass
extraction rates were calculated to be 0.11, 11.2, and 10.1 pg/day at 7 days for the Levitronix,
Iwaki, and Innomag pumps, respectively. Thus, the mass extraction rates from the Iwaki and
Innomag pumps were approximately 100 times higher than from the Levitronix pump. The total
bulk contamination from all elements extracted during the tests was 2.9, 388, and 516 pg for the
Levitronix, Iwaki, and Innomag pumps, respectively.
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.
Appendix A
Dynamic Extraction Study - Test Results and Data Analysis
Test Material: BPS-4000 Serial Numbers:
Model No:

Leachate Type: 35% HCI
Initial Fill Volume: 2.645 liters
Sample+Rinse Volume 0: 0.170 liters
Sample+Rinse Volume 1: 0.172  liters
Sample+Rinse Volume 2: 0.167 liters

Sample+Rinse Volume 3: 0.170 liters
Sample+Rinse Volume 4: 0.176 liters
Date 02/22/11  02/22/11  02/22/11  02/22/11  02/24/11 03/04/11
Time 13:12 13:53 15:12 20:54 14:19 845 Cumulative Metal Extraction (ug)
Time Detection % of
(hours) Limit Control 0.00 1.32 7.02 48.43 234.87 Day>>> 0.055 0.292 2018 9.786 Total Total
% of
Concentration (ppb) Surface  Surface Extracted

Ag 0.1 0.1 0.1 0.1 0.1 0.1 0.1 Ag 000 00% 0.00 0.00 0.00 00 0.0% 0.00 0.0%
Al 0.05 0.12 0.19 0.19 0.23 0.3 0.57 Al 0.17 19.7% 0.00 0.09 0.22 07 243% 0.88 23.2%
As 0.1 0.1 0.1 0.1 0.1 0.1 0.1 As 000 00% 0.00 0.00 0.00 00 0.0% 0.00 0.0%
Au 0.1 0.1 0.1 0.1 0.1 0.1 0.1 Au 000 00% 0.00 0.00 0.00 00 0.0% 0.00 0.0%
B 0.05 0.21 0.2 0.19 0.18 0.22 0.22 B -0.02 -28% -0.02 -0.04 0.03 00 12% 0.01 0.3%
Ba 0.001 0.009 0.011 0.012 0.016 0.018 0.03 Ba 000 06% 0.00 0.01 0.01 00 12% 0.04 1.1%
Be 0.01 0.01 0.01 0.01 0.01 0.01 0.01 Be 000 00% 0.00 0.00 0.00 00 0.0% 0.00 0.0%
Bi 0.001 0.003 0.002 0.002 0.003 * 0.003 ° 0003 | Bi 000 -0.3% 0.00 0.00 0.00 00 01% 0.00 0.0%
Ca 0.05 0.64 0.7 0.81 0.76 0.77 0.84 Ca 015 16.9% 0.25 0.15 0.17 03 10.0% 0.44 11.6%
Cd 0.001 0.01 0.01 0.01 0.01 0.01 0.01 Cd 000 00% 0.00 0.00 0.00 00 0.0% 0.00 0.0%
Co 0.001 0.001 0.002 0.001 0.001 0.001 0.003 Co 000 03% 0.00 0.00 0.00 00 0.0% 0.00 0.1%
Cr 0.02 0.03 0.04 0.04 0.06 0.05 0.08 Cr 002 28% 0.00 0.04 0.02 0.1 26% @ 0.10 2.7%
Cs 0.001 0.001 0.001 0.001 0.001 0.001 0.001 Cs 000 00% 0.00 0.00 0.00 00 0.0% 0.00 0.0%
Cu 0.01 0.01 0.04 0.04 0.04 0.05 0.06 Cu 007 84% 0.00 0.00 0.02 00 13% 0.1 3.0%
Fe 0.05 0.13 0.27 0.25 0.29 0.37 0.66 Fe 035 39.3% -0.05 0.04 0.20 0.7 246% 1.06 28.0%
Ga 0.001 0.001 0.001 0.001 0.001 0.001 0.002 Ga 000 0.0% 0.00 0.00 0.00 00 0.1% 0.00 0.0%
In 0.001 0.001 0.001 0.001 0.001 0.001 0.002 In 000 0.0% 0.00 0.00 0.00 00 0.1% 0.00 0.0%
K 0.05 0.05 0.05 0.09 0.07 0.08 0.16 K 000 00% 0.09 0.05 0.07 02 73% 021 5.6%
Li 0.001 0.001 0.001 0.001 0.001 0.001 0.001 Li 000 00% 0.00 0.00 0.00 0.0 0.0% 0.00 0.0%
Mg 0.005 0.07 0.09 0.09 0.12 0.18 0.32 Mg 0.05 56% 0.00 0.06 0.18 04 149% 048 12.7%

Mn 0.001 0.002 0.002 0.002 0.003 0.003 0.004 Mn 000 0.0% 0.00 0.00 0.00 00 0.1% 0.00 0.1%
Mo 0.005 0.005 0.005 0.005 0.005 0.005 0.007 Mo 000 0.0% 0.00 0.00 0.00 00 0.1% 0.00 0.1%
Na 0.01 0.06 0.09 0.13 0.11 0.12 0.18 Na 0.07 84% 0.09 0.05 0.07 02 61% 025 6.6%
Nb 0.001 0.001 0.001 0.001 0.001 0.001 0.001 Nb 0.00 0.0% 0.00 0.00 0.00 00 0.0% 0.00 0.0%
Nd 0.001 0.001 0.001 0.001 0.001 0.001 0.001 Nd 000 0.0% 0.00 0.00 0.00 00 0.0% 0.00 0.0%
Ni 0.01 0.01 0.01 0.01 0.02 0.02 0.03 Ni 0.00 0.0% 0.00 0.02 0.02 00 14% 0.04 1.0%
Pb 0.001 0.001 0.004 0.004 0.004 0.005 0.005 Pb 0.01 0.8% 0.00 0.00 0.00 00 01% 0.01 0.2%
Rb 0.001 0.001 0.001 0.001 0.001 0.001 0.001 Rb 000 00% 0.00 0.00 0.00 0.0 0.0% 0.00 0.0%
Re 0.001 0.001 0.001 0.001 0.001 0.001 0.001 Re 000 00% 0.00 0.00 0.00 0.0 0.0% 0.00 0.0%

Sn 0.01 0.03 0.02 0.02 003 0.04 003  Sn  -002 -28% 0.00 0.02 0.04 00 0.8% 0.00 0.0%
Sr 0.001 0.001 0.002 0.002 0.002 0.002 0.004 Sr 000 03% 0.00 0.00 0.00 00 01% 0.01 0.2%
Ti 0.01 0.01 0.01 0.01 0.01 0.02 0.04 Ti 0.00 0.0% 0.00 0.00 0.02 0.1 1.9% 0.06 1.5%

Tl 0.001 0.001 0.001 0.001 0.001 0.001 0.001 Tl 0.00 0.0% 0.00 0.00 0.00 0.0 0.0% 0.00 0.0%

U 0.001 0.001 0.001 0.001 0.001 0.001 0.001 u 0.00 0.0% 0.00 0.00 0.00 0.0 0.0% 0.00 0.0%

\Y% 0.01 0.01 0.01 0.01 0.01 0.01 0.01 v 0.00 0.0% 0.00 0.00 0.00 0.0 0.0% 0.00 0.0%

w 0.01 0.01 0.01 0.01 0.01 0.01 0.01 w 0.00 0.0% 0.00 0.00 0.00 0.0 0.0% 0.00 0.0%

Zn 0.03 0.03 0.04 0.06 0.06 0.06 0.06 Zn 002 28% 005 0.05 0.05 00 16% 007 1.9%

Zr 0.001 0.001 0.001 0.001 0.001 0.003 0.003 Zr 0.00 0.0% 0.00 0.00 0.00 00 01% 0.00 0.1%
Total  0.88 0.41 0.53 1.13 291 3.79

Extraction Rates (ug/day)

Day
K= 1.028016 1 0.39
N= 0.376 7 0.11
N-1= -0.624 14 0.07
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Dynamic Extraction Study - Test Results and Data Analysis
Test Material: Iwaki Serial Numbers: 1011162190
Model No: MDM-1518PKK07

Leachate Type: 35% HCI
Initial Fill Volume: 3.072 liters
Sample+Rinse Volume 0: 0.304 liters
Sample+Rinse Volume 1: 0.176 liters
Sample+Rinse Volume 2: 0.162 liters

Sample+Rinse Volume 3: 0.160 liters
Sample+Rinse Volume 4: 0.161 liters
Date 12/21/10°  12/21/10  12/21/10  12/21/10  12/23/10 12/31/10
Time 13:38 14:16 15:37 22:17 11:07 9:31 Cumulative Metal Extraction (ug)
Time  Detection % of
(hours) Limit Control 0.00 1.35 8.02 44.85 235.25 Day>>> 0.056 0.334 1.869  9.802 Total Total
% of
Concentration (ppb) Surface  Surface Extracted

Ag 0.1 0.1 0.1 0.1 0.1 0.1 0.1 Ag 000 00% 0.00 0.00 0.00 00 0.0% 0.00 0.0%
Al 0.05 0.08 3.98 4.71 4.84 6.04 7.04 Al 1080 1.2% 1.89 221 4.93 70 18% 17.84 1.4%
As 0.1 0.1 0.1 0.1 0.1 0.1 0.1 As 0.00 0.0% 0.00 0.00 0.00 00 0.0% 0.00 0.0%
Au 0.1 0.1 0.1 0.1 0.1 0.1 0.1 Au 0.00 0.0% 0.00 0.00 0.00 00 0.0% 0.00 0.0%
B 0.05 0.21 3.72 8.92 9.88 9.94 16.1 B 9.72 11% 1348 15.81 1595 288 7.4% 3855 3.1%
Ba 0.001 0.001 2.06 2.95 3 3.43 3.82 Ba 570 07% 231 243 3.40 42 11% 993 0.8%
Be 0.01 0.01 0.01 0.01 0.01 0.01 0.01 Be 0.00 0.0% 0.00 0.00 0.00 00 0.0% 0.00 0.0%
Bi 0.001 0.001 0.01 0.01 0.01 0.02 0.02 Bi 0.02 0.0% 0.00 0.00 0.02 00 0.0% 0.05 0.0%
Ca 0.05 1.8 20.6 224 22.0 22.8 223 Ca 5208 6.0% 451 3.76 5.44 43 11% 56.39 4.5%
Cd 0.001 0.001 0.01 0.01 0.02 0.03 0.03 Cd 0.02 0.0% 0.00 0.02 0.05 00 0.0% 0.07 0.0%
Co 0.001 0.001329 0.28 0.38 0.35 0.36 0.38 Co 077 01% 0.26 0.19 0.21 03 01% 1.02 0.1%
Cr 0.02 0.03 1.76 2.81 2.64 2.77 2.49 Cr 479 06% 272 2.31 2.60 20 05% 6.80 0.5%
Cs 0.001 0.001 0.001 0.001 0.001 0.001 0.001 Cs 0.00 0.0% 0.00 0.00 0.00 00 0.0% 0.00 0.0%
Cu 0.01 0.02 4.63 5.52 5.36 6.64 6.92 Cu 1276 15% 231 1.92 4.82 54 14% 18.18 1.4%
Fe 0.05 0.15 850 © 8 8 8 8 ' Fe 23491 270% 000 000 000 00 00% 23491 187%
Ga 0.001 0.001 0.18 0.26 0.27 0.39 0.42 Ga 050 0.1% 021 0.23 0.50 06 01% 1.06 0.1%
In 0.001 0.001 0.001 0.001 0.002 0.002 0.003 In 000 00% 0.00 0.00 0.00 0.0 0.0% 0.00 0.0%
K 0.05 0.05 353 41.9 43.4 53.8 57.4 K 9751 112% 1726 2093 4442 521 134% 149.60 11.9%
Li 0.001 0.001 0.01 0.01 0.01 0.01 0.01 Li 002 00% 0.00 0.00 0.00 0.0 0.0% 0.02 0.0%
Mg 0.005 0.03 5.7 6.86 7.29 9.25 10.32 Mg 1570 1.8% 3.01 4.05 8.50 108 28% 2645 2.1%
Mn 0.001 0.01 0.85 0.9 0.78 0.87 0.96 Mn 233 03% 0.13 -0.16 0.04 02 01% 256 0.2%
Mo 0.005 0.005 0.13 0.23 0.24 0.31 0.38 Mo 035 0.0% 0.26 0.28 0.44 06 02% 094 0.1%
Na 0.01 0.14 134.3 157.1 168.2 207.0 227.4 Na 37150 42.7% 59.13 8590 174.07 217.0 56.0% 588.47 @ 46.8%
Nb 0.001 0.001 0.02 0.05 0.05 0.06 0.07 Nb 005 00% 0.08 0.08 0.10 0.1 0.0% 017 0.0%
Nd 0.001 0.001 0.16 0.15 0.13 0.15 0.16 Nd 044 01% -003 -0.07 -0.03 00 00% 043 0.0%
Ni 0.01 0.01 1.81 2.16 1.91 1.94 1.8 Ni 498 06% 091 0.30 0.37 0.1 0.0% 5.06 0.4%
Pb 0.001 0.001 0.54 0.57 0.49 0.48 0.44 Pb 149 02% 0.08 -0.12 -0.14 02 -01% 1.27 0.1%
Rb 0.001 0.001 0.01 0.01 0.01 0.01 0.02 Rb 0.02 0.0% 0.00 0.00 0.00 00 0.0% 0.05 0.0%
Re 0.001 0.001 0.001 0.001 0.001 0.001 0.001 Re 0.00 0.0% 0.00 0.00 0.00 00 0.0% 0.00 0.0%
Sn 0.01 0.01 0.16 0.18 0.5 0.72 0.87 Sn 042 0.0% 0.05 0.83 1.33 16 04% 206 0.2%
Sr 0.001 0.001 0.16 0.18 0.18 0.21 0.21 Sr 044 01% 0.05 0.05 0.12 0.1 0.0%  0.56 0.0%
Ti 0.01 0.01 533 13.21 16.33 18.22 20.5 Ti 1473  1.7% 2043 28.01 3230 371 9.6% 51.83 4.1%

Tl 0.001 0.001 0.001 0.001 0.001 0.001 0.001 Tl 0.00 0.0% 0.00 0.00 0.00 0.0 0.0% 0.00 0.0%

u 0.001 0.001 0.001 0.002 0.001 0.002 0.002 u 0.00 0.0% 0.00 0.00 0.00 0.0 0.0% 0.00 0.0%

v 0.01 0.01 1.44 4.34 4.83 5.64 5.54 v 396 05% 752 8.71 1055 103 27% 1429 1.1%

w 0.01 0.01 0.06 0.1 0.1 0.12 0.15 \ 014 00% 0.10 0.10 0.15 02 01% 035 0.0%

Zn 0.03 0.03 7.54 7.84 6.88 7.61 7.7 Zn 2079 24% 078 -1.55 0.10 03 01% 21.08 1.7%

Zr 0.001 0.001 0.85 1.73 1.84 2.27 2.69 Zr 235 03% 228 255 3.52 44 11% 6.76 0.5%
Total 869.28 139.71 178.76 313.77 387.48 1256.8

Extraction Rates (ug/day)

Day
K= 244.9063 1 51.92
N= 0.212 7 11.20
N-1= -0.788 14 6.49
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Dynamic Extraction Study - Test Results and Data Analysis
Test Material: Innomag Serial Numbers: 16423
Model No: U-MAG.U1 (code: U11561102-UDO)

Leachate Type: 35% HCI
Initial Fill Volume: 2.722  liters
Sample+Rinse Volume 0: 0.175 liters
Sample+Rinse Volume 1: 0.171  liters
Sample+Rinse Volume 2: 0.169 liters

Sample+Rinse Volume 3: 0.171 liters
Sample+Rinse Volume 4: 0.181 liters
Date 01/18/11  01/18/11  01/18/11  01/18/11  01/20/11 01/28/11
Time 8:00 8:41 10:00 16:18 13:15 9:37 Cumulative Metal Extraction (ug)
Time  Detection % of
(hours) Limit Control 0.00 1.32 7.62 52.57 240.93 Day>>> 0.055 0317 2.190 10.039 Total Total
% of
Concentration (ppb) Surface  Surface Extracted

Ag 0.1 0.1 0.1 0.1 0.1 0.11 0.07 Ag 0.00 0.0% 0.00 0.00 0.02 00 0.0% -0.05 0.0%
Al 0.05 0.07 16 20 24 27 35 Al 3943 45% 1076 19.09 26.02 400 7.8% 79.41 5.7%
As 0.1 0.1 0.1 0.1 0.1 0.1 0.1 As 000 00% 0.00 0.00 0.00 00 0.0% 0.00 0.0%
Au 0.1 0.1 0.1 0.1 0.1 0.1 0.05 Au 000 00% 0.00 0.00 0.00 -0.1  0.0% -0.09 0.0%
B 0.05 0.13 1.3 4.0 7.2 11 11 B 295 03% 6.34 1354 2043 207 4.0% 23.60 1.7%
Ba 0.001 0.001 2.7 3.8 49 58 6.9 Ba 679 08% 259 5.04 6.93 90 17% 1578 1.1%
Be 0.01 0.01 0.01 0.01 0.01 0.01 0.01 Be 000 00% 0.00 0.00 0.00 00 0.0% 0.00 0.0%
Bi 0.001 0.011 23 65 74 85 97 Bi 5956 6.8% 9823 11864 141.03 163.3 316% 22284 16.0%
Ca 0.05 0.76 19 22 24 27 30 Ca 4580 52% 667 12.31 1720 232 45% 68.99 5.0%
Cd 0.001 0.002 0.31 1.00 0.94 1.90 0.71 Cd 079 01% 164 1.51 3.46 13 02% 205 0.1%
Co 0.001 0.001 0.25 0.30 0.31 0.31 0.34 Co 064 01% 013 0.14 0.15 02 00% 083 0.1%
Cr 0.02 0.05 8.6 9.3 10.9 10.6 9.8 Cr 2190 25% 164 4.99 4.51 30 06% 249 1.8%
Cs 0.001 0.001 0.001 0.001 0.001 0.001 0.001 Cs 000 00% 0.00 0.00 0.00 0.0 0.0% 0.00 0.0%
Cu 0.01 0.01 16 17 23 21 22 Cu 4089 47% 206 1448 10.37 136 26% 5452 3.9%
Fe 0.05 0.16 210 220 230 235 1 240 Fe 53443 61.0% 2375 4582 56.00 653 12.6% 599.69 43.1%
Ga 0.001 0.001 0.19 0.27 0.33 0.42 0.48 Ga 048 01% 0.19 0.33 0.50 06 01% 1.09 0.1%
In 0.001 0.001 0.37 0.45 0.48 0.56 0.43 In 094 01% 0.19 0.24 0.41 02 00% 112 0.1%
K 0.05 0.05 1.1 1.5 1.7 23 3.4 K 280 03% 0.78 1.23 241 45 09% 732 0.5%
Li 0.001 0.001 0.025 0.066 0.10 0.12 0.14 Li 006 00% 0.10 0.18 0.22 03 01% 032 0.0%
Mg 0.005 0.033 6.5 8.9 11 16 23 Mg 1640 19% 574 11.04 2000 345 6.7% 50.87 3.7%
Mn 0.001 0.001 1.3 1.5 1.4 1.5 1.4 Mn 341 0.4% 0.44 0.16 0.27 02 00% 366 0.3%
Mo 0.005 0.005 0.24 0.29 0.37 0.41 0.47 Mo 059 01% 0.3 0.31 0.38 05 01% 1.09 0.1%
Na 0.01 0.08 2.0 2.8 32 39 52 Na 496 06% 1.89 2.69 417 66 1.3% 1156 0.8%
Nb 0.001 0.001 0.021 0.034 0.063 0.081 0.091 Nb 0.05 0.0% 0.03 0.09 0.13 0.1 0.0% 0.20 0.0%
Nd 0.001 0.001 0.20 0.22 0.22 0.23 0.24 Nd 052 0.1% 0.04 0.04 0.06 0.1 0.0% 0.60 0.0%
Ni 0.01 0.01 9.4 9.6 11.1 10.4 12.2 Ni 2384 27% 063 3.90 245 58 1.1% 29.68 2.1%
Pb 0.001 0.001 1.5 1.6 1.6 1.6 1.7 Pb 383 04% 0417 0.32 0.26 04 01% 419 0.3%

Rb 0.001 0.001 0.002 0.003 0.004 0.005 0.009 Rb 000 00% 0.00 0.00 0.01 0.0 0.0% 0.02 0.0%
Re 0.001 0.001 0.001 0.001 0.001 0.001 0.001 Re 000 00% 0.00 0.00 0.00 0.0 0.0% 0.00 0.0%

Sn 0.01 0.06 9.5 34 34 36 36 Sn 2392 27% 5862 5843 6241 624 121% 86.33 6.2%
Sr 0.001 0.001 0.17 0.19 0.21 0.24 0.26 Sr 043 00% 0.06 0.10 0.15 02 00% 063 0.0%
Ti 0.01 0.01 3.8 83 16 20 21 Ti 965 11% 1074 26,62 3594 375 7.3% 47.14 3.4%

Tl 0.001 0.001 0.001 0.001 0.001 0.001 0.001 Tl 0.00 0.0% 0.00 0.00 0.00 0.0 0.0% 0.00 0.0%

u 0.001 0.001 0.003 0.004 0.005 0.005 0.007 u 0.01 0.0% 0.00 0.00 0.00 0.0 00% 0.01 0.0%

v 0.01 0.01 1.8 3.9 6.7 8.1 8.1 v 459 05% 4.92 1120 14.05 140 27% 1863 1.3%

w 0.01 0.01 0.23 0.27 0.31 0.39 0.50 \ 057 01% 0.09 0.17 0.34 05 01% 111 0.1%

Zn 0.03 0.06 9.4 11 11 11 11 Zn 2387 27% 3.08 3.10 3.65 42 0.8% 28.08 2.0%

Zr 0.001 0.001 0.53 0.85 1.6 2.0 2.4 Zr 135 02% 075 246 3.24 39 08% 524 0.4%
Total 875.4 24240 358.18 437.15 515.96 1391.4

Extraction Rates (ug/day)

Day
K= 383.7072 1 53.72
N= 0.14 7 10.08
N-1=  -0.86 14 5.55
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