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Bettie Margaret Smith Chair of Environmental Health Engineering
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To: Caryn Kiehl-Simpson

Parsons

From: Danny Reible and Anthony Smith, University of Texas

Re: Phase IV Addendum 2 Report —Isotherm Experiments with Organic Contaminants of Concern
with Sand, Organoclay and Peat and for Mercury with Sand, Organoclay, Peat, and Activated Carbon

1.0 Executive Summary

Isotherm testing on Organoclay, Sand, Peat, and Activated Carbon (for mercury) was conducted in
compliance with the Phase IV Pre-Design Investigation (PDI) Addendum 2 Work Plan (Work Plan) with
changes as described below (Parsons, 2008). Isotherm testing for organics on activated carbon is
included in a separate report (Lowry, 2008). Representative porewater was generated from sediments
in Sediment Management Unit (SMU) 1 and a composite of SMUs 6 and 7. These studies were
performed at the University of Texas under the direction of Dr. Danny Reible.

Partitioning of selected organic and inorganic contaminants to various sorbents was measured under
conditions corresponding to both SMU 1 and SMU 6/7 porewater. The contaminants and sorbent media
evaluated in these studies are shown below in Table 1. Organic contaminants sorption onto sand,
organophyllic organoclays PM-199 and XB-1, and peat were studied. Mercury sorption was studied on
these materials with the exception of organoclay XB-1. Mercury sorption onto mercury sorbing
organoclays MR2/MR4 and activated carbon was also studied.



Table 1 - Sorbents and contaminants included in isotherm studies reported herein

Sand Organoclay Organoclay Peat Activated
PM-199/XB-1 MR2/MR4 Carbon
Contaminant
Organic X X X
Mercury X X X X X

Effective partition coefficients defined as the ratio of solid phase to water phase concentration for each
contaminant of interest and each sorbent were estimated over a range of initial solution concentrations.

1.1 Organic Contaminant Sorption Isotherm Experiments
Experimental Procedure

Sparged site water from SMUs 1 and 6/7 were received from TestAmerica as described in the Work Plan
and stored at 4°C. Sorptive media (Organoclays PM-199 and XB-1 from Cetco, Peat provided by Parsons)
was added to 50-mL vials, which were then filled with site water. With large masses of solids, this
volume was less than 50 mL, and the actual volume was documented for computation of the
contaminant mass balance. Tests with 10 g of organoclay were done in 55-mL vials while tests with all
other masses of organoclay were done in 50-mL vials. In each vial, aqueous volumes were negligibly
reduced by the presence of the solids (<5%), so 50 mL was assumed for partitioning computations. As
peat is less sorptive than organoclay, larger masses of solids were required to achieve target equilibrium
concentrations which reduced aqueous volumes to less than 50 mL in some isotherm vials, and the
actual volume was documented for computation of the contaminant mass balance. Vials were then
capped with Mininert™ valves. The contaminant spike solution (AccuStd, Inc.) was diluted in purge-and-
trap grade methanol (Sigma-Aldrich), and the diluted spike solution was added to the sample vial. Vials
were tumbled at 12°C for 7 days then centrifuged at room temperature for 15 minutes at 2000 rpm.
Caps were removed and aqueous samples were decanted directly to either 20-mL or 40-mL VOA vials.
Forty-mL vials were provided with 0.5 mL of 1:1 HCI, but 20-mL vials were provided without
preservative. Concentrated HCI (0.1 mL) was added to 20-mL vials before samples were decanted. VOA
vials were then stored at 4°C until picked up for analysis by DHL Analytical, Round Rock, TX. Samples
were analyzed using purge and trap GC/MS by a commercial lab (SW5030B/82608B).

Experiment Set-up

Isotherm experiments were conducted using spike dilutions and volumes and sorptive media masses
tabulated in Table 2. Two types of blanks were included, each in duplicate: site water was added
directly from storage bottles to VOA vials to verify site water residual concentration, and site water was
added to vials and tumbled for 7 days along with samples to demonstrate consistency in concentration
before and after tumbling. Control vials consisted of site water spiked with the same diluted spike
solution and volume used for samples. These controls were used to confirm spike concentration and to
account for losses to volatilization or sorption to the vial. For analysis of sample vials, CO was assumed
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to be equal to the average concentration measured in the control vials with the same spike dilution and
volume. Partition coefficients were then computed for each compound in each sample by equations 4 —
7. Data and analysis of samples are presented in Appendix B. Similar Kd values were computed with
SMU1 and SMU7 porewaters which had DOC concentrations of 760 and 70 mg/L, respectively. This
result suggested that sorbent fouling by organic carbon was not a concern for organoclay and peat and
testing with organic free water was not pursued.

Table 2a: Sorbent mass, spike dilutions and aqueous volumes in isotherm sample vessels — SMU 1

SMU 1
MassOC Spike
Soln
(mg) Diln  SpikeVol Agq Vol

Sample Media (1/x) (mL) (mL)
SMU1V1 | PM-199 10000 100 0.1 50
SMU1V2 | PM-199 1000 100 0.1 50
SMU1V3 | PM-199 1000 100 1 50
SMU1Vv4 | PM-199 100 100 1 50
SMU1V1 | PM-199 100 20 1 50
SMU1V5 XB-1 1000 100 0.1 50
SMU1Ve XB-1 1000 100 1 50
SMuU1v7 XB-1 1000 100 0.1 50
SMU1V8 XB-1 1000 100 1 50
SMU1V9 XB-1 10000 100 0.1 50
SMU1V10 | XB-1 1000 100 0.1 50
SMU1V11 | XB-1 1000 100 1 50
SMU1V12 | XB-1 100 100 1 50
SMU1V9 Peat 10000 400 0.1 315
SMU1V10 | Peat 2000 400 0.1 50
SMU1V11 Peat 1000 400 1 47
SMU1V12 | Peat 2000 400 1 47
SMU1V13 | Peat 500 20 1 50
SMU1V20 | Peat 2000 3 0.1 50
SMuU1v21 Peat 500 3 0.1 50




Table 2b: Sorbent mass, spike dilutions and aqueous volumes in isotherm sample vessels — SMU 6/7

SMU 6/7
Spike
Soln
MassOC Diln SpikeVol Aq Vol

Sample Media (mg) (1/x) (mL) (mL)
SMU6V19 | PM-199 10000 100 0.1 50
SMU6V20 | PM-199 1000 100 0.1 50
SMuU6v21 | PM-199 1000 100 1 50
SMU6V22 | PM-199 100 100 1 50
SMU6V1 | PM-199 100 3 0.1 50
SMU6V23 | XB-1 1000 100 0.1 50
SMU6V24 | XB-1 1000 100 1 50
SMU6V25 | XB-1 1000 100 0.1 50
SMU6V26 | XB-1 1000 100 1 50
SMU6V27 | XB-1 10000 100 0.1 50
SMU6V28 | XB-1 1000 100 0.1 50
SMU6V29 | XB-1 1000 100 1 50
SMU6V30 | XB-1 100 100 1 50
SMU6V23 Peat 10000 400 0.1 315
SMU6V24 | Peat 1000 400 0.1 50
SMU6V25 Peat 2000 3 0.01 47
SMU6V26 Peat 2000 3 0.1 47
SMU6eV27 Peat 500 3 0.1 50

Determination of Solid Masses and Contaminant Concentrations

Literature values for contaminant soil partitioning coefficients (Koc) and contaminant concentrations in
site water sparged for 15 minutes and measured by TestAmerica-Pittsburgh are reported in Table 3.
These partitioning coefficients were used for experimental design of the isotherm testing of organoclays
PM-199 and XB-1. The magnitude of the solid-water partitioning coefficient (Kd,clay) was expected to
be approximately equal to literature estimates of Koc {eqn. 1). For peat, the water content and fraction
organic matter were measured by loss on ignition (data and calculations in Appendix A). The organic
carbon fraction of peat (foc,peat) was calculated to be 30% by mass. Values of Kd,peat were expected
to be equal to the product of the fraction organic carbon and Koc (egn. 2).



Table 3: Contaminants of Interest, their log-K.. values, and concentrations measured in site porewater
by TestAmerica-Pittsburgh

Porewater

SMU 1 SMU 6/7

Compound log Koc®Conc (mglL), Conc (mgiL)

Benzene 1.92 0.50 0.013
Toluene 2.48 0.29 0.044
ethylbenzene 3.04 0.07 0.036
p-xylene® 2.38 0.29 0.009
chlorobenzene 2.52 1.20 0.050
1,2-DCB 3.23 0.55 0.091
naphthalene  2.97 2.70 0.120
m-Xylene® 2.48 0.29 0.009
o-Xylene 2.41 0.26 0.010
1,3-DCB 3.23 <0.20 0.033
1,4-DCB 3.23 0.49 0.022

*m-xylene and p-xylene eluted simultancously, so each compound was assumed to contribute one half of the peak area

*Reible. D.D. Fundamentals of Environmental Engineering. Lewis Publishers. 1999

Kd,clay & Koc (eqn. 1)

Ka,peat = foc X Koc (eqn. 2)

In order to estimate appropriate sorbent masses and contaminant spike concentrations to give the
desired range of equilibrium aqueous phase concentrations, approximate partitioning coefficientswere
used to compute theoretical aqueous phase concentrations at equilibrium with the sorptive media by a
contaminant mass balance. The total contaminant mass in the vial (M) was given by the product of
the spike solution concentration (Cqpie) and volume (V) plus the product of the residual contaminant
concentration in the site water (C,,) and the aqueous phase volume (V) (eqn. 3). The initial aqueous
phase concentration (CO) is the total mass divided by the aqueous phase volume (the addition of the
spike solution changed the aqueous volume less than 2%) (eqn. 4). CO or My, are used only to indicate
the total mass in the system. For isotherm calculations, only the aqueous concentration and mass
sorbed to the solid at the end of the equilibration time are relevant. After seven days, the mass was
allowed to settle (centrifuged for peat to aid solid separation) and the unfiltered equilibrium aqueous
phase concentration (Ce) was measured, and the contaminant mass in the agueous phase (Mag,equil) Was
found by the product of Ce with V,, (eqn. 5). The difference between the total contaminant mass and
the mass in the aqueous phase was assumed bound to the solid. The sorbed contaminant mass was

5



divided by the mass of dry solid sorptive media (Mqgjigmedia) tO give the contaminant weight fraction of
the solid media (W) (eqn. 6). The observed partitioning coefficient was computed by the quotient of
Wsoig @and Ce (eqn. 7). Filtration of the water samples was not conducted because the sorbent settled
rapidly in the equilibration vessels

Miotal = Cspike X Vipike + Csw X Vag (eqn. 3)
CO = Mygtal / Vaq (eqn. 4)
Mag,equi = Ce * Vyq (eqn. 5)
Wigiia = (Miota = Mg equit) / Msctiamedia (eqn. 6)
Kg = Weoig / Ce (eqn. 7)

Sorbent masses and contaminant spike volumes and concentrations were selected to produce
equilibrium contaminant concentrations of approximately 107, 107, 10?, 1, and 10 mg/L. The
concentrations in the undiluted spike solution are reported in Table 4.

Table 4: Analyte concentrations in spike solution

Spike
Concentrations
Compound (mglL)
benzene 1001
toluene 10000
ethylbenzene 30001
p-xylene 29910
chlorobenzene 30075
1,2-DCB 29955
naphthalene 29940
m-Xylene 30030
o-Xylene 29970
1,3-DCB 29955
1,4-DCB 30034

Results



A summary of computed partition coefficients is presented in Table 5, isotherm data and calculations
are presented in Appendix B. Sorption isotherms were linear with linear regression coefficients
generally in excess of 0.9. This was observed for both formulations of organoclay (i.e. PM-199 and XB-1)
as well as peat. Standard errors for peat samples were large presumably due to sample heterogeneity.
The two organoclay formulations performed comparably. There were also minimal differences between
the sorption characteristics from SMU 1 and SMU 6/7 porewater with organoclay PM-199. This suggests
that partitioning of the contaminants of concern was minimally influenced by the high dissolved organic
matter concentrations in the SMU 1 water, owing to the relatively low hydrophobicity of the
contaminants Sorption to Organoclay XB-1, was different between SMU 1 and SMU 7 but showed
sorption equivalent to or less than PM-199,

Table 5: Results of linear regression from isotherm data

SMu1 PM-199 XB1 Peat
Linear Isotherm Linear Isotherm Linear Isotherm

col Ka Std Error R? Kad Std Error R* Ka Std Error R*
Bz 64.9 9.7 0.919 50.1 24 0.984 16.1 5.7 0.572
Tol 1611 4.4 0.997 127.1 3.3 0.995 236 9.2 0.523
EtBz 290.2 5.8 0.998 278.6 8.3 0.993 23.7 6.6 0.683
Xyl 394.2 14.1 0.995 3555 10.6 0.994 27.7 6.7 0.742
CiBz 447.0 214 0.991 447 .4 14.3 0.993 282 6.0 0.787
12DCB 2412.3 96.2 0.994 3228.2 121.2 0.990 47.9 6.5 0.902
Naph 4140.7 160.9 0.995 3041.5 365.2 .0.908 59.2 8.2 0.897
13DCB 777.4 10.2 0.999 1084.3 2238 0.997 421 5.9 0.894
14DCB 218.1 4.9 0.998 384.6 13.5 0.992 36.1 6.2 0.869




Table 5: Results of linear regression from isotherm data (Cont.)

SMuU
6/7 PM-199 XB1 Peat
Linear Isotherm Linear Isotherm Linear Isotherm

col Ka Std Error R* Ka Std Error R? Ka Std Error R*

Bz 59.3 4.8 0.974 26.2 7.3 0.649 11.9 2.4 0.865

Tol 166.6 20.0 0.945 71.2 6.6 0.942 17.7 1.6 0.969

EtBz 231.3 31.6 0.930 110.4 9.2 0.954 20.0 0.5 0.997
) Xyl® 332.6 4.8 0.999 178.5 5.6 0.993 20.9 0.4 0.999

CiBz 357.5 31.4 0.970 273.9 5.0 0.998 25.8 1.6 0.984

12DCB 1611.3 120.0 0.978 | 1404.4 9.4 1.000 69.9 34 0.991

Naph® 1949.9 108.5 0.988 4543 299.1 0.248 61.2 5.5 0.968

13DCB 576.6 55.6 0.964 356.6 13.8 0.990 69.2 44 0.984

14DCB 212.8 31.6 0.919 92.0 142 0.857 71.4 4.5 0.984

* Total xylenes measured by DHL — isomers were not detected individually

® In many organoclay samples sorption of naphthalene was so hi gh that it was undetected in the aqueous phase. The values
reported for PM-199 and XBI were computed by assuming that the aqueos phase concentration was equal to the reporting limit
for naphthalene.

Initial assumptions of the sorpfion capacity of the organoclays and peat were tested by computing the
ratio of Ky and K, for each compound with the organoclays and peat (Table 6). The ratios are near unity
for the organoclays and around 0.05 for peat. These ratios are consistent with the fact that the
organoclays can absorb significantly more than expected from their organic carbon content (~35%)
while peat sorption is in approximate proportion to a fraction of its organic carbon content (~30%
organic carbon, 70% organic matter). This difference is due to the synthetic nature of the organic
sorbent matter in organoclay and the natural organic matter source of organic matter in the peat.



Table 6: Ratio of observed partition coefficient (K4) to organic-carbon based partition coefficient (K..)
(Table3 ).

SMu1 sSMue/7
Compound | PM-199 XB-1 Peat PM-199 XB-1 Peat
Bz 0.94 0.89 0.19 0.92 0.74 0.56
Tol 0.89 0.85 0.55 0.90 1.35 0.50
EtBz 0.81 0.80 0.45 0.78 0.67 0.43
Xyl 1.05 1.03 0.58 1.02 0.91 0.53
CiBz 1.05 1.05 0.57 1.01 0.9? 0.56
12DCB 1.05 1.09 0.52 0.99 0.97 0.57
Naph 1.22 1.17 0.59 NA NA 0.60
13DCB 1.17 1.22 0.65 1.11 1.03 0.74
14DCB 0.94 1.04 0.63 0.94 0.79 0.75

Porewaters with greater aromaticity may exhibit greater fouling of activated carbon and organoclay
sorbents {Sharma, 2008). The aromatic content of the site waters was determined by specific ultraviolet
absorbance (SUVA, EPA Method 415.3). Absorbance of the standard, potassium hydrogen phthalate
(KHP), was maximal at 275 nm rather than the 254 nm detailed in the EPA method, but literature
suggests that absorbance at this wavelength is appropriate for measuring phenolic content (Traina et al.,
1990). DOC in SMU1 and SMU6/7 porewaters was calculated to have 5.1% and 11.6% aromatic content,
respectively. The procedure is described in Appendix C. This was found to have limited impact on the
organoclay as a sorbent for the compounds of interest.

1.2 Mercury (Hg*") Sorption
Experimental Procedure

CETCO MR-2, CETCO MR-4, CETCO PM-199, peat, sand, and activated carbon were chosen as
sorbents in mercury isotherm experiments. The MR-2 and MR-4 formulations of organoclay are
designed specially to absorb mercury from water while the PM-199 was selected as typical of a
sorbent that might be used to absorb organic contaminants of interest. Peat and sand were
employed as per the organic contaminant isotherm experiments. Filtrasorb F-400 was included
to evaluate mercury sorption of activated carbon. To prevent any artifacts from heterogeneity
of sorbents, peats and sand were homogenized by using 2 mm and 425 um sieve, respectively.



The other sorbents were not sieved because the particle size distributions were relatively
homogeneous.

Sparged site water from SMUs 1 and 6/7 were received from TestAmerica as described in the Work Plan
and stored at 4°C. Midway through the experiment it was determined that the analytical method
employed for mercury on the isotherm samples from SMU 6/7 was not appropriate for the
concentrations levels observed. Initially mercury was being analyzed at Test America by low level
method 1631, this was modified to method 7471 and analysis was conducted at the University of Texas
as described below. This modification did result in the loss of SMU 6/7 porewater volume. As such
artificial porewater was generated by dissolving salts (CaCl,, MgCl,,NaCl, Na,SO,, KCl, (Na),CO;, NaHCO;)
to target the similar pH and concentrations of ions(calcium, potassium, magnesium, sodium, sulfate and
chloride) as measured in the SMU 6/7 porewater (See Table 7). Dissolved organic carbon was not

recreated in the artificial porewater since the concentration was only 10% of the DOC actually employed
in the SMU 1 tests.

Table 7 —SMU 1 and SMU 6/7 porewater characteristics (as measured by Test America)

SMuU1l SMU6/7
sparged | unsparged sparged unsparged
total alkalinity (mg/L) 2760 2730 1860 1950
DOC (mg/L) 795 761 69 69
TOC (mg/L) 776 755 76.9 73.7
chloride (mg/L) 2060 2060 2360 2080
nitrate as N (mg/L) 0 0.24 10.6 0
potential (mV) -81 -94 77 53
pH 12 12 7.5 7.5
phosphate as P (mg/L) 0 0 0 0
sulfate (mg/L) 276 279 16.2 18.6
TDS (mg/L) 8430 8460 3580 5580
Calcium (ug/L) 2100000 681000 212000 433000
Iron (ug/L) 22500 0 0 1210
Potassium (ug/L) 285000 392000 18200 36600
magnesium (ug/L) 117000 11.4 135000 159000
manganese (ug/L) 1760 0 116 887
sodium (ug/L) 1590000 | 1870000 925000 1090000

The site porewater has high concentration of dissolved organic carbon (DOCgpyi1 = 761 mg/L,
DOCsums/7 = 69 mg/L) and most of the water borne mercury (particularly in SMU 1) is expected
to be associated with DOC. In light of this, glass bottles were used to prevent mercury losses
due to adsorption of DOC to the bottle material.
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All glassware was cleaned by soaking in a detergent (Alconox®), rinsing with distilled water,
soaking again 1 M HNOj3 and rinsed with ultra high purity water. Glassware was then dried
sequentially at room temperature and at 90°C in an oven. Preliminary experiments ensured
that this cleaning process removed any residual mercury in the bottles to less than 2 ~ 5 ng/L.

The isotherm experiments were conducted with 100 mg sorbent in 50 mL of porewater which
yields 2 g/L suspension concentrations. Mercury stock solution (1000 ppm) was made by
dissolving mercury nitrate in 1M HNO; and further diluted to 1 and 100 mg/L in 0.1M HNO; for
spiking. The mercury stock for SMU 1 and the SMU 6/7 porewater was added volumetrically to
each 50 mL glass tube. Equal volumes of 0.1 M NaOH were added to neutralize acid added by
the mercury stock.

Post-equilibration concentrations in isotherm vials with SMU 6/7 porewater were initially in the
100-5,000 pg/L range, well above the actual concentration range for mercury in SMU 6/7
porewaters. The high concentrations resulted in relatively low effective partition coefficients,
likely associated with nonlinear sorption at these high concentrations. Experiments were
repeated using SMU 6/7 artificial porewaters (eliminating residual Hg which was present in the
actual sediment pore water) and allowed for complete experimental control of the amount of
Hg in each vial. Spiking vials with amounts of Hg lower than those in the experiment with actual
porewater (see column titled “Spiked Concentration” in Appendix D) yielded more realistic
post-equilibration concentrations (with the exception of sand) in the 0.001-100 pg/L range
were obtained. Results for organoclay and peat in SMU 6/7 were generated using the artificial
porewater and are discussed below and in Table 8. The post-equilibrium concentrations for
sand were 0.59-1,800 ug/L in the APW and 3.6-217 in the actual porewater. To best capture
the lower end of the concentrations range the APW and actual porewater results were used for
sand in SMU 6/7, results are summarized below and in Figure 1. Post-equilibration
concentrations in SMU 1 porewaters were in the 3-300 pg/L range. The mercury and sorbent
were mixed in an end-over-end tumbler for one day at 12°C. A preliminary kinetics experiment
showed that sorption equilibrium was reached within one day. After equilibration, particles
were allowed to settle for one hour before filtering the overlying water through a 0.5 um glass
fiber to remove any residual particles.

Analysis

The high concentrations in the SMU 1 and in the initial SMU 6/7 samples led to inconsistent
concentrations measured by Test America by EPA Method 1631E for dissolved low level Hg.
The low level mercury method required several thousand fold dilution of samples (up to a
dilution by a factor of 10000) and the resulting estimated concentrations were in error by as
much as a factor of 100 based upon simultaneous measurements by both TestAmerica and the
University of Texas using a high concentration method (EPA 7470) more appropriate for those
concentrations. The several thousand fold dilution required for analysis of the samples at
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TestAmerica apparently led to the introduction of substantial error compared with results
obtained at the University of Texas using much smaller sample dilution factors. Results from
TestAmerica were consistent with low level contamination of the diluted samples that when
multiplied by the large dilution factor to estimate actual concentration gave unrealistically high
estimated sample concentrations. These results are not included in the isotherm results
discussed below, but, for completeness, data are included in Appendix D and labeled “from
TestAmerica”.

All subsequent analyses were performed at the University of Texas. Concentrations above
approximately 1 ug/L were analyzed by cold vapor atomic absorption (AA), (EPA Method
7470A) as modified by AA manufacturer (Perkin Elmer)’s recommendation which included use
of sodium borate rather than stannous sulfate to reduce the sample immediately prior to
analysis. Required dilutions for analysis within the linear range of the AA instrument were no
higher than a factor of 10 in most samples. For SMU 1 samples, processing with excess KMnO,
oxidant to digest dissolved organic matter was compared to samples processed with no KMnOj,.
A small but not significant effect of oxidant was noted providing confidence that sufficient
oxidant was added. Low concentration (< 0.1 pg/L mercury) samples from SMU 6/7 porewater
were analyzed at University of Texas by Method 1631, a low level mercury method involving

oxidation, purge and trap, desorption, and cold-vapor atomic fluorescence spectrometry
(CVAFS).

Results

The measured linear sediment-water partition coefficient for SMU 1 and 6/7 is shown in Table
8. The partition coefficient is shown in log units £ a standard deviation. The standard deviation
gives an indication of uncertainty in the partition coefficient and indirectly indicates the
appropriateness of the assumption of a linear isotherm (constant partition coefficient). Results
from individual measurements are shown in the Appendix D.
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Table 8 —Average Mercury (Hg”) sorbent water partition coefficient, L/kg (logarithmic units)  log
standard deviation . SMU specific partition coefficients are shown in bold. The range of
concentrations shown below the partition coefficient represent the range of the measured post-
equilibration concentrations Standard deviations give an indication of variation in the data and since
most averages were based upon 4 data points, this also represents the approximate estimated
standard error of the mean.

Type of sorbent SMU1 SMUs &/7
Actual Porewater Artificial Porewater
Log Kd + Equilibrium [Log Kd £ STDEV| Equilibrium
STDEV Concentration Concentration
Range, pg/L Range, ug/L
Sand 2,90 £0.28 229-314 See below See below
Organoclay PM-199 2.99+0.28 17.2-291 4,01 +0.22 0.005 - 130
Organoclay MR-2 4,54 +0.47 3.0-5.5 4.21 +0.64 0.009 - 148
Peat 4,09 +0.62 7.6-131 4.01 £ 0.69 0.006 - 475
Activated carbon 3.73+£0.32 7.3-125 4.69 +0.84 3.3-265

Isotherms for sand were generated using both the APW and the actual porewater. In doing so
additional data points at the low end of the concentration range were incorporated into
parameter development. Given the limited sorption capacity of sand compared to the other
amendments evaluated a Freundlich isotherm was generated for the data which allows a better
estimate of the Kd at the lower concentrations observed in porewater in SMU 6 and 7, see
Figure 1.
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Figure 1 — Mercury Isotherm for Sand
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Discussion

Sorption onto the sand was weakest with an effective sand-water partition coefficient in SMU 1
of 794 L/kg (=10*° ) and SMU 6/7 of 8227 L/kg at 1 ug/L. Due to the comparatively low sorption
onto sand, the post-equilibrium water concentrations were all > 22 pg/L in SMU 1 porewaters
and >0.59 pg/L in SMU 6/7 porewaters. At higher concentrations, the comparatively small
number of sites for sorption onto sand are expected to be nearly saturated and nonlinear
sorption isotherms would be expected to result. Reflecting this behavior, the sorption onto the
sand from SMU 6/7 porewaters is far greater at 0.59 pg/L than at the higher concentrations
(Kg=10"%(=15,800 L/kg). Thus use of the Kd at 1 ug/L is expected to be conservative estimate of
sorption onto sands in SMU 6/7 outside of the ILDW where the dissolved mercury
concentrations are generally low, the maximum mercury concentration from the PDI is 1.5 ug/L
with an average concentration 0.13 ug/L.

Sorption of mercury onto organoclay, peat and activated carbon all showed mercury partition
coefficients generally in excess of 10,000. Lower sorption of mercury onto activated carbon
and organoclay PM-199 in SMU 1 as compared with SMUs 6/7 outside the ILDW is likely
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associated with the high dissolved organic matter load in those waters as well as the relatively
high concentrations of mercury evaluated in the SMU 1 porewaters. The sorption of mercury
onto these materials is likely associated with the sorption of the organic matter to which it is
complexed. The somewhat greater sorption of mercury onto the MR-2 organoclay in SMU 1
waters compared to SMU 6/7 may be the result of direct mercury sorption as well as organic
sorption in this formulation.

2.0 Deviations from Work Plan

Cetco organoclays PM-199 and XB-1 were tested, not PM-200. PM-200 uses an identical chemical
formulation as PM-199 although the particle size is larger. Thus equilibrium sorption is expected to be
identical.

The organic contaminant spike solution was the same standard used for the activated carbon isotherms
not the concentrations described in Table 8 of the Work Plan. Mercury analyses were conducted at the
University of Texas as opposed to at TestAmeria as discussed in Analysis Section above.

Preliminary testing with organic free water was not conducted. Similar Ky values were computed with
SMU1 and SMU7 porewaters which had DOC concentrations of 760 and 70 mg/L, respectively. This
result suggested that sorbent fouling by organic carbon was not a concern for organoclay and peat and
testing with organic free water was not pursued.

3.0 Future Work

No additional isotherm work is recommended. Column Studies are currently underway on sediments
mercury specific columns from SMU 1, 4, and 7. The results from the isotherm studies will be compared
to the column studies results to develop a final recommended partitioning coefficient for mercury.

4.0 Conclusions

A review of the measured sorption isotherms shows that organoclays adsorb organic contaminants with
a Kq~Kq with very little difference between the PM-199 (or PM-200) and XB-1. Peat was somewhat less
sorbing with an average K,~55% of the K,.. Sorption isotherms for both sorbents were effectively linear
over the concentration range studied although some variability was noted with peat, presumably due to
sample heterogeneity. Mercury sorption to sand was best described by a Freundlich isotherm

Mercury was effectively sorbed by all cap materials but especially by organoclays, peat, or activated
carbon.
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Appendix A: Loss on Ignition for Determination of Water and Organic Carbon Content of Peat

The moisture content of the peat was determined by measuring the mass lost from three peat samples
after drying in a 105 °C oven for five days. The volatile fraction was determined by measuring the loss
on ignition for the dry samples after ignition in a

550 °C oven for six hours. The volatile fraction is assumed to be organic matter of the formula CH,0
(MW =30 g/mol). The carbon fraction of organic matter was computed by the product of the volatile
fraction with the ratio of molecular weights of C and CH,0 (i.e. 12/30 = 0.4). Results are reported in
Table A1,

Table Al. Moisture content and volatile fraction of peat

Dry peat | Fixed solids Moisture Volatile foc
Sample | Peat(g) (9) (9) Content Fraction
1 8.8412 | 3.1002 0.6552 64.9% 0.789 0.316
2 10.1024 | 3.5294 0.7744 65.1% 0.781 0.312
3 10.1254 | 3.5354 0.8044 65.1% 0.772 0.309
Average - - - 65.0% 0.781 0.312
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CarnegieMellon ENGINEERING

Greg Lowry
Carnegie Mellon University
5000 Forbes Ave.
Pittsburgh, Pennsylvania 15213-3890
(412) 268-2048
May 28, 2010 Fax: {(412) 268-7813

http:/fiwww.ce.cmu.edu/~glowry

To:  Caryn Kiehl-Simpson
Parsons

From: Greg Lowry and Julian Fairey

Re:  Phase IV Addendum 2 Report — Preliminary and full isotherm studies with organic
contaminants of concern and activated carbon

1.0 Executive Summary

Activated Carbon isotherm testing was conducted in compliance with the Phase IV Addendum 2
Work Plan (Work Plan) with changes as described below (Parsons, 2008). Representative
porewater was generated from sediments in SMU 1 and a composite of SMU 6 and 7. The activated
carbon studies were performed at Carnegie Mellon under the direction of Dr. Gregory Lowry.
TestAmerica Pittsburgh conducted the initial generation of porewater and preliminary porewater
analysis. DHL in Austin, Texas performed the analysis on samples generated following the
experiments.

Prior to full isotherm development, preliminary isotherms were collected for four types of activated
carbon (AC) in SMU 1 porewater, to identify the best candidate AC to study in detail. The
preliminary isotherm experiments were designed to obtain the necessary information for executing
the full isotherm experiment. This involved evaluating site-specific Freundlich adsorption isotherm
parameters for each of the nine target compounds (eight individual compounds and total xylenes,
which was the sum of three isomers) on each of the four activated carbons from Calgon Carbon
including TOG, Centaur, and Filtrasorb (F-400), and a regenerated carbon DSR-A. Spec sheets for
each carbon are provided in Appendix B. These experiments were also designed to indicate the
activated carbon most resistant to fouling by natural organic matter through a comparison of
isotherm results in organic free water with those results obtained from SMU 1 porewater. The
preliminary experiments identified F-400 as the best AC to conduct full isotherm studies. This
conclusion was discussed with the New York State Department of Environmental Conservation
(NYSDEC) in a September 2008 meeting and the full scale isotherm experiments were executed in
accordance with the work plan using F-400 as the carbon.

1.1 Preliminary Isotherms

Preliminary isotherm data was collected for four types of activated carbon. The AC used included
TOG., Centaur, F400, and DSR-A which is a regenerated product available from Calgon. Five point
isotherms were collected for these carbons in SMU 1 porewater generated by Test America in
Pittsburgh. The range of initial concentrations of each VOC of concern in the isotherms fell within
the ranges specified in Table 4 of the Work Plan.



The porewater concentrations of the nine VOCs following 15 minutes of sparging were not
significantly reduced, and were at levels which would have interfered with the analysis for the
isotherms. As such, the porewater was sparged at Carnegie Mellon for an additional six hours using
nitrogen to remove all VOCs initially present in the porewater. Nine VOCs of interest were then
re-introduced into the porewater to provide the desired range of initial and ultimately equilibrium
VOC concentrations.

Five point isotherms for eight VOCs in sparged SMU 1 pore water are shown in Figure 1 and the
results are summarized in Table 1. The benzene and toluene data were excluded because the spiked
concentrations were too low (<0.10 mg/L) relative to the equilibrium water concentrations, C,, due
to a calculation error in the order for the spike solution from AccuStandard. Freundlich parameters
for the eight VOCs and total xylenes were calculated and are provided in Table 1. Based on these
data, Centaur was the poorest VOC sorbent; the other three activated carbons performed equally as
well. When both performance and cost are considered, DSR-A is the most practical option.
However, there could be more performance variability with DSR-A from batch to batch relative to
the other activated carbons because it is a regenerated product — it is made using various activated
carbons sent back to Calgon Carbon from water treatment plants. Therefore, F400 was chosen as
the AC to collect full isotherm parameters in SMU 1 and SMU 6/7. However, DSR-A may be
included in future design evaluations as a cost effective carbon option.
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Figure 1. VOC isotherms for sparged SMU 1 porewater on the four activated carbons.



Table 1. Freundlich parameters for the VOCs on the four activated carbons.

TOG CENTAUR F400 DSR
Ke Ke Ke Ke

(mg/g)(Umg)™™ 1 (mglg)Limg)"" 1n  (mgig)Umg)™ 1n  (mgig)Limg)" 1/n

1,2-dichlorobenzene 12.96 0.77 10.57 0.91 13.41 0.75 13.10 0.62

1,3-dichlorobenzene 13.81 0.78 11.20 0.86 14.55 0.77. 14.31 0.63

1,4-dichlorobenzene 13:27 0.72 10.89 0.79. 13.56 0.51 15.95 0.92
Benzene

Chlorobenzene 2.49 0.44 1.55 0.37 2.42 0.43 2.68 0.37

Ethylbenzene 5.10 0.66 3.67 0.67: 5.53 0.66 5.35 0.57

Naphthalene 19.45 0.47 16.26 1.06 19.04 0.36 23.29 0.37

Toluene 0.98 0.42 0.26 0.08 0.48 0.27 0.49 0.10

Total Xylenes 8.83 0.67 6.26 0.72: 9.94 0.67 10.40 0.58

[

1.2 Full Isotherms for F-400

Materials. Based on the results from the scoping study, Filtrasorb 400 (F400) from Calgon Carbon
Corporation (Pittsburgh, PA) was selected for developing complete isotherms in SMU 1 and

SMU 6/7 porewater. The activated carbon was crushed with a mortar and pestle and dry-sieved to
generate the 80x100 mesh fraction. The small particle size helped to ensure rapid equilibration
between dissolved and adsorbed contaminants (see results of effect of equilibrium time below). The
ground activated carbon was washed repeatedly with distilled-deionized (DDI) water to remove
fines and oils. After washing, the activated carbon was dried for 24 hours at 105°C to remove
residual water and then stored in a 40 mL amber glass vial sealed with a PTFE-lined screw cap until
use in the isotherm experiments.

The nine organic chemicals studied were 1.2-dichlorobenzene (12DCB), 1.3-dichlorobenzene
(13DCB), 1,4-dichlorobenzene (14DCB), benzene (B), chlorobenzene (CB). ethylbenzene (EB),
naphthalene (N), toluene (T), and total xylenes (TX) which was the sum of o-xylene, p-xylene, and
m-xylene. One methanol solution containing all eleven chemicals, each at approximately

50.000 mg/L, was obtained from AccuStandard (New Haven, CT). Spike solutions needed for the
isotherm experiments were made by preparing serial dilutions of the stock standard in pesticide-
grade methanol.

The three background waters used in the isotherm experiments were organic-free water (OFW), and
sediment pore water designated as SMU 1 and SMU 6/7. OFW was made by amending DDI water
with 0.01 M CaCl,. SMU 1 and SMU 6/7 pore waters were generated by Test America (Pittsburgh,
PA) by centrifuging sediment samples from these locations and decanting the water.

Isotherm Experiments. Isotherm experiments were conducted in 200 mL glass centrifuge bottles
with PTFE-lined screw caps. Precisely 200 mL of organic free water or porewater was added to
each bottle. Next, spike solution containing the eleven target chemicals was added to a series of the
200 mL glass centrifuge bottles - the target equilibrium aqueous phase concentration range for each
chemical was 0.01-10 mg/L to cover the range of contaminant concentrations observed in
Onondaga porewater, Lastly, approximately 25 mg of 80x100 mesh F400 activated carbon was
added to the sample bottles. The precise weight of AC (to the nearest 0.1 mg) was recorded. All
samples contained 25 = 1 mg. Bottles without activated carbon were prepared to serve as blanks
and were used to directly account for losses by assuming mass losses (i.e. to glass wall and cap
liner) were proportional to the final (equilibrium) aqueous concentrations. These loses were
determined to be negligible in samples containing activated carbon. Samples and blanks were
swirled on a rotary shaker at 120 rpm for 7-, 14-, or 28-days at room temperature (22 + 2°C). After
completion of the experiment, the samples were taken off the shaker. The AC in the samples was
allowed to settle and then three 40 mL aliquots from each bottle were transferred with a glass



pipette to 40 mL VOA bottles that contained approximately 1 mL of 1+1 HCIL. The VOA bottles

were sealed with PTFE-lined screw caps. packed in ice, and shipped overnight to DHL Analytical
(Round Rock, TX) for analysis.

Data Analysis. Concentrations of the target chemicals obtained from DHL Analytical were
analyzed to determine isotherm-fitting parameters. DHL Analytical reported the aqueous phase
concentration, Cy, for the nine chemicals (eight individual compounds and total xylenes. which was
the sum of three isomers) in each sample and blank. The solid phase concentration, q.. was
determined using equation 1:

M CrlleaV;

M

AC

spiked wadspace S ]711 )

q, = (1)

In equation 1, Mgpyikeq Was the mass of VOC added, K,y is the air-water partition coefficient

(Table 2), Vicadspace Was the headspace volume (if any) in the isotherm bottle, Vi was the aqueous
phase volume (200 mL), and Ma¢ was the mass of activated carbon added (approximately 25 mg).
For each background water and chemical, a non-linear least-squares regression was conducted on ge
and Cy and a best fit was produced according to the Freundlich isotherm equation:

1
q.= KI“CH’A (2)
In equation 2, Ky and 1/n are model-fitting parameters that describe the data.

The precision of Ky and 1/n was determined by calculating the 95% joint confidence region. Itis a
Joint confidence region because it considers the fitting parameters as a pair. If we were to repeat the
experiment many times with the same number of observations, 95% of the pairs of the estimated
parameter values would be expected to fall within the joint confidence region. Comparison of joint
confidence regions permits inferences regarding the relative sorption strength of each contaminant.
If a joint confidence interval for Data Set #1 contains the mean of Data Set #2, then their respective
values of Ky and 1/n are indistinguishable; if the joint confidence regions do not overlap, values of
Kr and 1/n are dissimilar; if the regions overlap, but not the means, no inference regarding Ky and
1/n can be made. Generally, the smaller the confidence region, the better the mean values of Ky and
1/n in describing the data.

Isotherm Results. Sorption isotherms and their corresponding 95% joint confidence regions in the
three background waters for 12DCB, 13DCB, 14DCB, B, CB, EB. N, T. and TX are shown in
Appendix A Figures A1-A18. The fitting parameters for the isotherms, applicable ranges for C,
and number of observations (i.e.. count) are summarized in Table 2.



Table 2. Mean values of the Freundlich parameters (Kr and 1/n) for the nine target VOCs in three
background waters.

CW
Kg Range
Chemical Water (mg/g)(L/mg)"™ 1/n (mg/l) -logK,,  Count
OFW 51.47 0.31 0-11 10
12DCB SMU1 27.80 0.36 0-6 1.04 9
SMU67 52.09 0.34 0-11 9
OFW 57.66 0.33 0-10 10
13DCB SMU1 32.07 0.37 0-5 0.86 9
SMU67 57.27 0.36 0-10 9
OFW 55:57 0.32 0-10 9
14DCB SMUI 30.84 0.36 0-6 1.04 8
SMU67 55.56 0.35 0-10 7
OFW 28.00 0.38 0-15 9
B SMU1 13.96 0.49 0-18 0.65 9
SMU67 20.41 0.44 0-16 9
OFW 31.90 0.23 0-17 8
CB SMU1 13.55 0:37 0-20 0.80 10
SMU67 28.69 0.28 0-17 8
OFW 40.27 0.27 0-14 10
EB SMU1 18.33 0.30 0-9 0.50 9
SMU67 42.55 0.24 0-15 9
OFW 49.24 0.34 0-11 10
N SMUI1 24.60 0.65 0-11 1.74 9
SMU67 91.87 0.24 0-8 6
OFW 32.27 0.27 0-15 9
T SMU1 14.36 0.35 0-19 0.60 10
SMU67 38.81 0.20 0-17 9
OFW 92.93 0.26 0-42 10
TX SMU1 43.26 0.30 0-25 0.58 9
SMU67 117.74 0.26 0-40 9

"Source: Schwarzenbach RP, Gschwend PW, and Imboden DM. Environmental organic chemistry,
2" edition, John Wiley & Sons (2003).



All VOCs were strongly adsorbed to F-400. Ky values ranged from a low of approximately 14 for
Benzene, Chlorobenzene, and Toluene in SMU 1 to as high as 118 for xylenes in OFW (Table 2),
As expected for activated carbon, the mean values of 1/n for each sorbate were less than 1. In
general, the adsorption parameters measured in OFW and SMU 6/7 were indistinguishable,
indicating that SMU 6/7 did not foul the activated carbon and decrease sorption to a significant
extent relative to deionized water. Only benzene showed slightly lower adsorption in SMU 6/7
porewater compared to OFW. However, adsorption was always lower in SMU 1 compared to
SMU 6/7 and OFW. This is consistent with the findings from the preliminary study and with the
high DOC levels in SMU 1 water (~600-1000 mg/L) compared to SMU 67 (~50 mg/L).

Effect of sparging and equilibration time. The solid symbols in the isotherm figures were collected
from data using unsparged pore water from anoxic sediment cores. On balance, these data are
similar to their corresponding sparged pore water, indicating that sparging or exposure to oxygen
did not impact VOC sorption to activated carbon. DOC, pH, alkalinity, cations, anions, TDS did
not change significantly with sparging.

Preliminary experiments indicated seven days was sufficient to achieve apparent equilibrium
conditions with 80x100 mesh F400 activated carbon. Prior published studies suggest that
equilibration times less than three days are sufficient for VOC adsorption equilibrium on activated
carbon. The majority of the bottles in this study were sacrificed after Day 7; the remaining bottles
were sacrificed after Days 14 and 28 (Table 3) . These data (which were not distinguished but were
included in the isotherm figures) indicate that a seven day equilibration time was sufficient to
achieve adsorption equilibrium.

Table 3. Water Source, Initial VOC Concentration and Equilibration Time of F400 Activated Carbon

Initial VOC
Concentration for each
Water Source Parameter(mg/L) Day Sampled (day)
OFW 125 Fi
OFW 87.5 Vi
OFW 50 28
OFW 32.5 7
OFW 1.6 Fi
OFW 5 14
OFW 3.25 Fi
OFW 1.25 7
OFW 0.5 i
OFW 0.325 Vi
OFW D425 7
SMU67 125 7
SMU67 e Tg%] 7
SMUG7 50 28
SMU67 325 7
SMU67 125 7
SMUG7 5 14
SMUG7 3.25 7
SMU67 1.25 7
SMUGB7 0.5 7
SMU67 0.325 7




SMU67 0.125 /
SMU1 125 7
SMU1 81.5 7
SMU1 50 28
SMU1 32.5 7
SMU1 12.5 7
SMU1 3] 14
SMU1 928 7
SMU1 1.25 7
SMU1 0.5 7
SMU1 0.325 7
SMU1 0.125 )
SMU6B7_11E 50 7
SMU6G7_11E ) 4
SMU1_11E 50 7
SMU1_11E § i

2.0 Deviations from work plan.

We were not able to obtain samples of Aquaguard activated carbon for analysis. As such, Calgon
F400 was substituted as an affective adsorbent for chlorinated organic contaminants.

Isotherms for mercury were generated independently at the University of Texas.

3.0 Future Work

There 1s no additional isotherm work recommended at this time.

4.0 Conclusions

All VOCs of interest adsorb strongly to the Calgon Filtrasorb F-400 activated carbon. The presence
of high levels of DOC in SMU 1 (600 to 1000 mg/L) decreases the adsorption Freundlich
parameter, K, for each VOC typically by a factor of 2. Performing the SMU 1 isotherm studies
with pore water with DOC concentrations at the high end of the range measured in the ILWD was
done to provide conservative results for the ILWD isotherm values. The DOC in SMU 1 did not
significantly increase 1/n in all cases. Summary statistics for DOC levels in SMU 1 porewater are
provided below. The effect of DOC in SMU 6/7 (on the order of 50 mg/L) on VOC adsorption was
significantly less than for SMU 1. Adsorption isotherms for SMU 6/7 were similar to those
observed in organic free water.

SMU1 DOC STATISTICS

Value DOC (mg/L)
Maximum 1340
Minimum 1

Average 362
90" Percentile 783
95" Percentile 925

Note:DOC Values in porewater for 0-3 meter
sample interval in SMU 1
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Figure Al. 1.2-dichlorobenzene adsorption isotherms for OFW, SMUT, SMUI1 _11E, SMU67, and
SMU67_11E and the corresponding Freundlich model fits using spiked concentrations for the initial
aqueous phase concentration, Cy. SMU1 _11E and SMU 67_11E are isotherm points determined in
samples specially handled to avoid any exposure to air during handling.
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Figure A2. K and 1/n means and their 95% joint confidence intervals for 1,2-dichlorobenzene with
OFW, SMUI, SMU1_11E, SMU67, and SMU67_11E using spiked concentrations for the initial
aqueous phase concentration, Co. SMU1_11E and SMU 67_11E are isotherm points determined in
samples specially handled to avoid any exposure to air during handling.
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Figure A3. 1,3-dichlorobenzene adsorption isotherms for OFW, SMUI1, SMUI 11E, SMU67, and
SMU67_T1E and the corresponding Freundlich model fits using spiked concentrations for the initial
aqueous phase concentration, Co. SMU1_11E and SMU 67 11E are isotherm points determined in
samples specially handled to avoid any exposure to air during handling.

| ‘ ! 1‘,3-dich|0robenzene
Y I 4
s |
s |
E
2 a0 ;
e |
o
E
L A— S IS T Y
et ; | ! —— ofw_95% Cl
A smul_mean
i —— smu1_95% Cl
© smub7_mean
i —— smub7_95% Cl
0.0 0.2 0.4 0.6 0.8 1.0

1/n

Figure A4. Kr and 1/n means and their 95% joint confidence intervals for 1,3-dichlorobenzene with
OFW, SMUL, SMUI _11E, SMU67, and SMUG67_11E using spiked concentrations for the initial
aqueous phase concentration, Co. SMU1_11E and SMU 67 11E are isotherm points determined in
samples specially handled to avoid any exposure to air during handling.
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and the corresponding Freundlich model fits using spiked concentrations for the initial aqueous
phase concentration, Cy. SMU1_11E and SMU 67 11E are isotherm points determined in samples
specially handled to avoid any exposure to air during handling.
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Figure A8. Ky and 1/n means and their 95% joint confidence intervals for benzene with OFW,

SMUI, SMUI1_11E, SMU67, and SMU67_11E using spiked concentrations for the initial aqueous
phase concentration, Co. SMU1_11E and SMU 67_11E are isotherm points determined in samples
specially handled to avoid any exposure to air during handling.
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Figure A9. Chlorobenzene adsorption isotherms for OFW, SMUI, SMU1_11E, SMU67, and

SMU67_11E and the corresponding Freundlich model fits using spiked concentrations for the initial
aqueous phase concentration, Cyp. SMU1_11E and SMU 67_11E are isotherm points determined in

samples specially handled to avoid any exposure to air during handling,
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Figure A10. Ky and 1/n means and their 95% joint confidence intervals for chlorobenzene with
OFW, SMUI1, SMU1_11E, SMU67, and SMU67_11E using spiked concentrations for the initial
aqueous phase concentration, Co. SMU1_11E and SMU 67 11E are isotherm points determined in
samples specially handled to avoid any exposure to air during handling.
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Figure A11. Ethylbenzene adsorption isotherms for OFW, SMU1, SMUI 11E, SMU67, and
SMUG67_11E and the corresponding Freundlich model fits using spiked concentrations for the initial
aqueous phase concentration, Co. SMU1_11E and SMU 67 11E are isotherm points determined in
samples specially handled to avoid any exposure to air during handling.
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Figure A12. Kr and 1/n means and their 95% joint confidence intervals for ethylbenzene with OFW,
SMUI, SMUL _11E, SMU67, and SMU67 _11E using spiked concentrations for the initial aqueous
phase concentration, Cyp. SMU1_11E and SMU 67_11E are isotherm points determined in samples
specially handled to avoid any exposure to air during handling.
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Figure A13. Naphthalene adsorption isotherms for OFW, SMU1, SMU1 11E, SMU67, and
SMU67_11E and the corresponding Freundlich model fits using spiked concentrations for the initial
aqueous phase concentration, Cy. SMU1_11E and SMU 67 _11E are isotherm points determined in
samples specially handled to avoid any exposure to air during handling.
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Figure A14. Ky and 1/n means and their 95% joint confidence intervals for Naphthalene with OFW,
SMUI1, SMUI1_11E, SMU67, and SMUG67_11E using spiked concentrations for the initial aqueous
phase concentration, Co. SMU1_11E and SMU 67 _11E are isotherm points determined in samples
specially handled to avoid any exposure to air during handling.
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Figure A15. Toluene adsorption isotherms for OFW, SMU1, SMU1 11E, SMU67, and
SMU67_11E and the corresponding Freundlich model fits using spiked concentrations for the initial
aqueous phase concentration, Cy. SMU1_11E and SMU 67 11E are isotherm points determined in
samples specially handled to avoid any exposure to air during handling.
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Figure A16. Kr and 1/n means and their 95% joint confidence intervals for toluene with OFW,
SMUI, SMUI1_11E, SMU67, and SMU67_11E using spiked concentrations for the initial aqueous
phase concentration, Co. SMU1_11E and SMU 67_11E are isotherm points determined in samples
specially handled to avoid any exposure to air during handling.
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Figure A17. Total xylenes adsorption isotherms for OFW, SMU1, SMU1_11E, SMU67, and
SMU67_11E and the corresponding Freundlich model fits using spiked concentrations for the initial
aqueous phase concentration, Co. SMU1_11E and SMU 67 _11E are isotherm points determined in
samples specially handled to avoid any exposure to air during handling.
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Figure A18. Kr and 1/n means and their 95% joint confidence intervals for total xylenes with OFW,
SMUI, SMU1_11E, SMU67, and SMUG67_11E using spiked concentrations for the initial aqueous
phase concentration, Co, SMU1_11E and SMU 67 11E are isotherm points determined in samples
specially handled to avoid any exposure to air during handling.
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CALGON CARBON CORFORATION

Making Water and Air Safer and Cleaner

Description

CENTAUR® 12x40 is a liquid phase virgin activated carbon
that has been manufactured to develop catalytic functionality,
The product is unique in that it concentrates reactants via
adsorption and then pramotes their reaction on the surface
of the pores. CENTAUR® 12x40 is produced from bituminaus
caal using a patented process. Although it is not impregnated
with metals or alkalis it displays the catalytic functionality of
these materials. In most cases it can be reactivated and

does not present the disposal concerns associated with
impregnated carbons.

Applications

CENTAUR® 12x40 can be used in liquid phase applications for
the promotion of oxidation, reduction, decomposition,
substitution, and elimination reactions. Specific applications
include chioramine, hydrogen sulfide, bromate reduction, and
iron removal from drinking warter. This product is particularly
suited for use in residential and commercial water filters, for
treatment of process water in the bottling and soft drink
industries, and for aquarium water treatment. CENTAUR®
12x40 combines a fine pore structure for enhanced adsorption
of trace contaminants with high catalytic activity for their
elimination. Thermal reactivation is an option for recycle and
reuse of this product to minimize operating costs and
eliminate disposal concerns.

Design Considerations

CENTAUR® [2x40 is intended primarily for use in liquid phase
Systems to promote catalytic reactions. Depending on the
reactant concentrations the required contact time is usually
less than five minutes. The backwashed and drained density of
the product Is typically 33 Ib./f¢, For additional information
please contact the Calgon Carbon sales office in your region,

Granular Activated Carbon

Specifications
Peroxide no., (max)
lodine no., mglg, (min)
Ash, by weight%, (max)

Moisture, wt%, as packed, (max)

Abrasion no., (min)
Apparent Density, g/ce, (min)
Mean Particle Diameter, mm

19
825

75
0.56
09 - L1

Screen Size, US Sieve Series, (max)

Percent on 12 mesh
Percent through 40 mesh

Features

+ Camalytic Activity

* Not Impregnated

* Improved Trace
Organic Capacity

* High Hardness

*Works at Low
Oxidant Levels

* Simple Equipment Design
{no pumps or addition of
chemicals required)

* Reduced Carbon
Requirements

* Enhanced Performance

5
4

Benefits

* Smaller system size,
lower capital requirements

« No safety concerns with
exotherms or toxicity

* More capacity per unit
volume; lower use rates

* Reduced fines and
handling losses

» Wide applicability; can
eliminate chemical addition

* Reduced operating costs

= Achieves greater degree of
contaminant removal at
reduced costs

= Reliable; handles spikes in
concentration; no metering
of chemicals

Carbon and Process Media

Visit our website at www.calgoncarbon.com, or call B00-422-7266
to learn more about our complete range of products and services,
and obtain local contact information.

CPM-PB1072-0304




Granular Activated Carbon

Pressure Drop Curve

Nominal Pressure Drop
Liquid Downflow through CENTAUR® | 2x40
(Based on Backwashed and Segregated Bed)

Superficial Velocity, (cm/sec.)
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Packaging Limitations of Liability
33 Ib. (15.0 kg) Kraft Bag The Supplier’s liability and the Purchaser’s exclusive remedy
1,000 [b. Super Sack for any cause of action arising out of this transaction,
225 Ib. Fiber Drum including, but not limited to, breach of warranty, negligence
Bulk and/or indemnification, is expressly limited to a maximum
Purchase of this product from Calgon Carbon Corporation of the purchase price of spare parts or equipment sold
includes a license under the following U.S. Patents: hereunder. All claims of whatsoever nature shall be deemed
Numbers 5356849 and 5494869, waived unless made in writing within forty-five (45) days of

the occurrence giving rise to the claim. In no event shall the
Supplier for any reason or pursuant to any provision of the
warranty be liable for incidental or consequential damages,
or damages in excess of the purchase price, nor shall the
supplier be liable for loss of profits or fines imposed by
governmental agencies,

Safety Message

Wet activated carbon preferentially removes oxygen from
air. In closed or partially closed containers and vessels,
oxygen depletion may reach hazardous levels. If workers

are to enter a vesse| containing carbon, appropriate sampling
and work procedures for potentially low oxygen spaces
should be followed, including all applicable federal and

state requirements.

Visit our website at www.calgoncarbon.com

. Your local office
Chemviron
CALGQON CARBDN CORPORATION carbon
Calgon Carbon Corporaton European Operations of Calgon
PO.Box 717 Carbon Corporation
Pittsburgh, PA USA 15230-0717 Zoning Industriel C de Feluy
1-800-422-7266 B-7181 Feluy, Belgium
Tel: 412-787-6700 Tek:+ 32 (0) 6451 18 1)
Fx: 412-787-6713 Fx:+ 32 (0) 64 54 15 91t

CPM-PB1072-0304
©Copyright 2004 Calgon Carbon Corporation, all rights reserved.




CALGON CARBON CORPORATION

Making Water and Air Safer and Cleaner

Granular Activated Carbon

Description

DSR-A is a grade of reactivated carbon designed for the
removal of organic contaminants from industrial wastewarer.
The carbon is manufactured by the reactivation of bituminous
coal-based products to produce a high-density, high surface
area and durable product capable of withstanding repeated
cycles of use and reactivation.

DSR-A is effective in a wide range of applications and
fluctuating flows providing reliable removal of dissolved
organic compounds. It is also screened prior to packaging
to Insure consistent performance and low pressure drop.

Applications
* Point source treatment to remove chemicals
* Pre-treatment to biological waste treatment systems
* Product recovery from wastewater
+ Recycling wastewater
* Polishing effluent from biological waste treatment systems
» Providing total wastewater treatment

Pressure Drop Curve

Superficial Velocity (cm/sec.)
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Liquid down-flow through DSR-A 8x40 carbon

Design Considerations

The design of an activated carbon adsorption system is
dependent on the adsorbate type, influent cancentration,
temperature, flow rate, performance objective, and other
factors. Calgon Carbon has experience designing custom
systems and can help evaluate the suitability of DSR-A o
satisfy specific needs and assist in the design of an adsorption
system. In addition to the supply of activated carbon, Calgon
Carbon offers a complete line of standardized, pre-engineered
adsorption systems. For additional information on adsorption
capacity of organic compounds, please contact the Calgon
Carbon Technical Sales Representative in your area.

Specifications
lodine Number, mg/g (min) 750 -
Ash, welght % (max) 9
Moisture, weight % {max) - N2 2
Apparent Density, g/cc (max) 0.60
Screen Size, US Sieve Series, weight %

Smaller than 40 mesh (max) 5

Product Options

in addition to DSR-A, Calgon Carbon offers a variety of
products and services to meet your treatment requirements:

Granular Carben Products

+ FILTRASORB® 300 & 400 - virgin liquid phase products

* React pH - for pH sensitive applications

* React AW - for acid purification

Equiprnent Products

» Standardized, pre-engineered adsorption systems capable
of treatment flows from | gpm o 1400 gpm

+ Custom engineered systems - to meet unique treatment
requirements

Service Products

» Technical services including design assistance, calculations of
carbon use rates, laboratory and pilot studies, start-up and
operatlons assistance

» On-site exchange services and reactivation service reduce
labor requirements and minimize disposal cost

. DRS-A is not for use in potable water or food grade applications.

Carbon and Process Media

Visit our website at www.calgoncarbon,com, or call 800-422-7266
to learn more about our complete range of products and services,
and obtain local contact information.

CPM-LC60(-0804



Features

Raw Material: _
» Metallurgical grade, bituminous coal based .

Miscellaneous:
= Reactivated product

* Recyclable product

+ High surface arealpore structure

* Product is screened prior to packaging

Packing
1,000 Ib. (453.6kg) Super Sack
Bulk Truck

Safety Message

Wet activated carbon preferentially removes oxygen from
air. In closed or partially closed containers and vessels,
oxygen depletion may reach hazardous levels. If workers
are to enter a vessel containing carbon, appropriate -
sampling and work procedures for potentially low oxygen
spaces should be foliowed, including all applicable Federal
and State requirements.

If at any time our products or services do not meet your
requirements or expectations, or if you would like to suggest
any ideas for improvement, please call us at [-800-548-1999,
From outside the U.S. please call +(-412-787-6700.

Granular Activated Carbon

Benefits

» Produces a strongly adsorbing pore structure far a broad
‘range of contaminants and concentrations

= Economical alternative to virgin carbon

* Provides ultimate disposal of pollutants

+ Eliminates landfill costs and concerns

+ Propagates the cycle of responsible resource utilization

« Efficient in removing a wide range of dissolved organic
compounds

« Reliable - accommodates variations in flows or
concentrations

» Results in less fines and lower pressure drop

« Minimizes backwashing

Limitations of Liability

The Supplier’s liability and the Purchaser’s exclusive remedy
for any cause of action arising out of this transaction,
including, but not limited to, breach of warranty, negligence
and/or indemnification, is expressly limited to a maximum
of the purchase price of spare parts or equipment sold
hereunder. All claims of whatsoever nature shall be deemed
waived unless made in writing within forty-five (45) days of
the occurrence giving rise to the claim. In no event shall the
Supplier, for any reason or pursuant to any provision of the
warranty, be liable for incidental or consequential damages
or damages in excess of the purchase price, nor shall the
Supplier be liable for loss of profits or fines imposed by
governmental agencies.

DRS-A is not for use in potable water or food grade applications.

Visit aur website at www.calgoncarbon.com

Chemviron
Carbon

European Operadons of Calgon

CALGUN CARBON CORPORATION
Calgon Carbon Corporation

PO.Box 717 Carbon Corporation
Pittsburgh, PA USA 15230-0717 Zoning Industriel C de Feluy
1-800-422-7266 B-7181 Feluy, Belgium

Tel: 412-787-6700

Tel: + 32 (0) 64 51 18 11
Fx: 412-787-6713

P+ 32 (0) 64 54 |15 91

CPM-LC601-0804
©Copyright 2004 Calgon Carbon Corporation, all rights reserved.

Your local office




FILTRASORB 400

Granular Activated Carbon

Product Specification

Specification

Test Calgon Carbon
Min Max Test Method
IODINE NUMBER, mg/g 1000 - TM-4, ASTM D4607
MOISTURE (AS PACKAGED), wi% ) 2 TM-1,ASTM D2867
ABRASION NUMBER 75 - TM-9,AWWA B604
EFFECTIVE SIZE, mm : 0.55 0.75 TM-47 ASTM D2862
UNIFORMITY GOEFFICIENT . 1.9 TM-47,ASTM D2862
US SIEVE SERIES ASTM D 2862
12 US MESH [1.70 mm] - 5 T™-8
wi% - 4 ASTM D2862
< 40 US MESH [0.425 mm] (PAN) T™-8
wt% ASTM D2862

Calgon Carbon Corporation's activated carbon products are continuously being improved and changes
may have taken place since this publication went to press. (2030-10/22/2008)

Safety Message

Wet activated carbon preferentially removes oxygen from air. In closed or partially closed containers and
vessels, oxygen depletion may reach hazardous levels. If workers are to enter a vessel containing carbon,
appropriate sampling and work procedures for potentially low oxygen spaces should be followed, including all
applicable Federal and State requirements.

: Your Local Representative
[ cé‘;grgg“ ) Making Water and Air Safer and Cleaner P

27-267-11/90

Calgon Carbon Corporation Chemviron Carbon Calgon Carbon Asia PTE LTD
P.O. Box 717 European Operations of 9 Temasek Boulevard
Pittsburgh, PA USA 15230-0717 Calgon Carbon Corporation #08-01A Suntec Tower Two
1-800-422-7266 Zoning Industriel C de Feluy Singapore 038989

Tel: 1-412-787-6700 B-7181 Feluy, Belgium Tel: + 65 6 221 3500

Fx: 1-412-787-6713 Tel: + 32 (0) 64 51 18 11 Fx: + 65 6 221 3554

Fxi + 32 (0) 64 54 159N

Copyright & 201 algon Carbon Corporation, all rights reserved. wwwicalgoncarbon.com




TOG 20x50

Activated Carbon

CALGON CARBON CORPORATION

Specification
Test Calgon Carbon
Min Max Test Method

I0DINE NO., mg/g 850 - TM-4 or ASTM D 4607
ASH, Wt% - 8 ™5
MOISTURE, wt%, as packed - 2 TM-1 or ASTM D 2867
ABRASION NO. 70 - T™-9
US SIEVE SERIES ASTM D 2862

+20 . 3

-50 - 1

Safety Message

Wet activated carbon preferentially removes oxygen from air. In closed or partially closed containers and
vessels, oxygen depletion may reach hazardous levels. If workers are to enter a vessel containing carbon,
appropriate sampling and work procedures for potentially low oxygen spaces should be followed, including all

applicable Federal and State requirements.

Making Water and Air Safer and Cleaner

CALOON CARBON CORPORATION

Calgon Carbon Corporation Chemviron Carbon Calgon Carbon Asia PTE LTD
P.0. Box 717 European Operations of 9 Temasek Boulevard
Pittsburgh, PA USA 15230-0717  Calgon Carbon Corporation #08-01A Suntec Tower Two
1-800-422-7266 Zoning Industriel C de Feluy Singapore 038989

Tel: 1-412-787-6700 B-7181 Feluy, Belgium Tel: + 65 6 221 3500

Fx: 1-412-787-6713 Tel: + 32 (0)64 5118 11
Fx: + 32 (0) 64 54 15 91

Fx: + 65 6 221 3554

Copynght© 2008 Calgon Carbon Corporation, all rights reserved.

Your local representative

www.calgoncarbon.com
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