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1.0 8UMNaRT

Samples of four SRS soils were tested for sorption behavior with

Hg 2+, Pb 2+, US22+, and Cs + ions. The purpose of the study was to

• determine the selectivity of the different soils for those ions

alone and in the presence of the competlng cations, H+ and Ca 2+
Distribution constants, Kd's, for the test ions in various
solutions have boon determined for the four soils. In general,

sorption by all of the soils appeared to be more complex than a
simple ion exchange or adsorption process. In paztlcular, the
presence of organic matter in loll increased the capaGity of the
soil due to it8 chelating ability. Similar soils did not react

• Hg 2+similarly toward each metal cation The "soft" metal ions,

and Pb 2+, were so,bed by sillca sand in the absence of clay,

whereas the mhard" Cs + and UO22+ Ions were not. _tltlon with

H+ and Ca 2+ in reacting solutions reduced the ability of each soil
to sorb the test metal ions. Sorption reactions were not easily
reversible, however, indicating that the use of Kd values for
modeling desorption is too simplistic an approach. Zeta potential,
pH, and particle size alas dictate the sorption behavior of soils•

2 • 0 IilTRODUCTZON

To date, the method of managing contaminated soils at the 8avannah
River Site +_(8R8) remains loading in a B-25 and transfer of the
soils to the burial ground. The volume of cont_natod and
suspect soil that must be dealt with in this way Oa an annual

basis in large and generates large costs, estimated at $5llft 3.
Several new technologies, such as sell washing, leaching, and
sl.ct,ell, tic migration, are heing considered to min4m4zO costs and
the aaount of soil that Hust be dug up and moved. Soouting

experiments doslgned to test the feasibility of loss o£ those new
technologies have shown that the composition of the soil, sell
swelling, and the nature of the ion impurities of concern are very
interdependent relative to sorption and desorption parameters.
This study represents an initial attempt tO quantify the behavior
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Hg 2+ Pb 2+ US22+ and Cs + withof four comRon contaminant ions, , , , ,

soils from four different site locations relative to the
selectivity of those soils for the metal ions and the ability of
the soils to desorb theN.

3 • 0 EZPRRZMINT_

Four soil samples were obtained from larger samples that had
already been collected on site for other studies. Two of these,
TFI and TF2, were soils taken from two different locations in the
SRS burial ground. A third, the TNX soil, was collected at a seep
line near the old TNX basin. The fourth, ETF, was collected near
the F/H Rffluent Treatment Facility. Soil samples were air-dried
before weighing. TFI, TF2, and THX soils were processed on sieves
and the 40-60"mesh and 80-100 mesh fractions were collected for
use in thls study. Kaolinite was separated from sand in these
samples by making slurry of the soil and making several
decantations of the: inor kaolinite particles. The heavier sand

particles remained behind in the slurry vessel. The ETF soil was
not sieved because it had a residual activity of 4000 dpm _ at

one inch and would have contaminated the sieves. All work with
the ETF soil was done in a radioactive hood.. Although @vex7 effort
was made to try to generate ETF samples that appeared as
physically similar to each other as possible, sore variablility is
to be expected in these relative to the other sell samples that
were sieved.

Samples of each soil were sent for characterlzatAon by X-ray
diffraction.

3.1 Bulk Density Doterminetion

The bulk density, Ps, is defined as the mass of dry material per

unit volume of wetted material. Air-dried sell samples of 40-60

mesh TFI, TF2, and TMX soils and unsieved ETF soil were weighed
and placed in a I0 mL graduate cylinder. The solutions used for
determining distribution constants (Section 3.2) were added to the
cylinder such that the soil was thoroughly wetted and an excess Of
about 5 _ of solution remained above the Jell sample. The sell
was then allowed to stand in the solution for 24 bourse after
which time the volume of the sell sample was _|u_ed.

3.2 Distribution Constant, Ed, Determinakton of 8orption

Weighed samples of air-dxiod soil were shaken for 48 houze with a
measured amount of solution. Solutions used were:

• Pb 2. - 125 pl;B, 100 Plm, 75 ppR, 50 Pll al Ph(N03) 2

Pb 2+ and !i + - 100 pp Pb2+ at pH 1,2,3,4
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Pb 2+ in 2M Ca 2+ - 125 ppm Pb 2+, 100 ppm Pb 2+, 75 ppm Pb2+,

50 ppm Pb 2+ all in 2M Ca(NS3)

pb 2+ in IN Ca 2+ - 125 ppm Pb 2+, i00 ppm Pb 2+, 75 ppm Pb2+,

50 ppm Pb 2+ all in lM Ca(NS3) 2

• Hg 2+ - ippm, 2ppm, 3ppm, 5ppm as Hg(HO3) 2

Hg 2+ and Ii + - 5 ppm Hg2+ at pH 1,2,3,4

Hg 2+ in 2N Ca 2+ - 1 ppm Hg 2+' 2 ppm Hg 2+, 3 ppm Hg 2+,

5 pp= Hg 2+ all in 2M Ca(NS3) 2

Hg 2+ in IN Ca 2+ - 1 ppm Hg 2+' 2 ppm Hg 2+, 3 ppm Hg 2+,

5 pp_ Hg 2+ all in IN Ca(NS3) 2

• Cs + - lM, 0.lM, 0.0SM, 0.0lM CsNO 3 (non-radioactive) and

2.80 E-3 _Ci/mL C8-137 as Cs(NS3) 2

• US2 2+ - 2,245 ppm U as UO2(NO3) 2

The soil was then separated from the equilibrium solution by
filtration and the filtrate was sent for analysis to deterLtne

equilibrium concentrations of ions of interest. These were
compared with concentrations of the same ions in the feed
solutions. Kd value8_ which have units of mL/g, were calculated
from the following relationship.

Kd - [(Co-C)/C][V/m] (1)

where Co - initial concentration of the ion
C - equilibrium concentration of the ion
v - mL of solution used

m - grams of dry soil

Distribution constants for silica sand were determined in the same

manner using C8 +, U022+, Hg 2+, and Pb 2+ solutions.

3.3 Desozp4_ton 84_udies

weighed samples of air-dried soils were soaked for 48 hours in
measured volumes of solutions containing known concentrations of

Hg 2+, Pb 2+, Cs + , and UO22+ ions. The soils were separated from

the liquor by filtraton. The precipitate was washed with I0 _ of
deionized water and the wash was mixed in with the equilibrium

liquor. Thl8 mixture was analyzed for the remaining concentration
of the ion of interest and a correction was made for the
additional volume of water added. The amount of ion 8orbed by the
soil was determined by difference between the concentrations in
the original solution before contacting the soil and the volmne-
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corrected equilibrium solution. The milligrams of ion of interest
per gram of soil was calculated.

The air-dried, contaminated soil was then divided into smaller,
weighed samples which were shaken vigorously for 48 hours with

measured volumes of 0.lM HNO 3 or lM Ca(NO3) 2. At the end of that

time, the soil was again separated from the liquid by filtration
and the filtrate was analyzed for the concentration of the ion of
interest in order to quantify the amount of ion desorbed in the
process.

3.4 Detez"mination _f organic Content of TN 'r Soil

The physical 9ppeara_ :e of the TNX soil, w_ch was black and
contained leave8 and _uher organic matter that _ade it amorphous,
was different froa the other three soils. The TFI, TF2, and ETF
soils were reddish brown, granular materials. A weighed sample of
40-60 mesh TNX sell was heated 2 hours at 90°C in a crucible in an

oven to drive off any interstitial water. After weighing to
constant weight, the soil was transferred to a smaller, weighed
crucible and then heated to 150°C to drive off bound water. The

sample was brought to constant weight and heated again to 600°C
for 16 hours to burn away organic matter. The difference between
the weights of the sample heated to 150°C and heated to 6000C was
used to determine the per cent organic matter associated with the
TBX soil.

4.0 RltSULT8

4.1 General Soil Charactez'isa_ion

As noted earlier, the TF1, TF2, and ETF soil samples wore reddish
brown, granular soils that contained no measurable organic
component. The TNX soil was black, less crystalline, and
contained organic debris. X-ray diffraction patterns for the 40-
60 mesh TF1, TF2, and TBX samples revealed kaolinite and silicon
oxide (sand), in different ratios for each soil. A small fraction
of organia matter would not generate a crystalline pattern and
could not be recognized in the spectra found in Appendix I. The
X-ray analysis of the ETF soil showed trace amounts of illite,
kaolinite, and rutile clays in greater than 99% silicon oxide.

The results of separation by slurrying gives a better picture of
the ratios of sand to kaolinite in the TF1, TF2, and TNX samples.
These are shown graphically in Figure I for 40-60 mesh and 80-100
mesh for those soils. Because of its residual radioactivity,
apparently due to naturally occurring thorium and uranium,
corresponding data was not generated for the ETF soil.
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% CLAY

70. BIB %SAND

Figuze 1. Sand and Zao_inite Pezcentage8 in Three $1_
Soils of Mesh Sizes 40-60 and 80-100
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Data for the determination of percent organic matter in the TNX

soil are presented in Table I.

Table i. Percent Water and Organic Matter in TNX Soil (40-60 mesh)

Soil weights.g

Conditions _ __ weight % material

2 hours at 90 °c 5.00 4.94 1.2% interstitial
water

2 hours at 150 °C 4.93 4.85 1.6% bound water
m

16 hours at 600°C 4.85 4.49 7.2% organic matter

4.2 Bulk Densities 0£ S0418 4n Sevezal 801ut40n8

Bulk densities of the soils in most of the solutions used for Kd

determinations are recorded in Tables 2 and 3. The purpose in using

two tables for this data is to separate sieved (more uniformly

sized, Table 3) soil data from unsieved soil (ETF) data, Table 2.

Table 2. Bulk Densities of ETF Soil

Medium pH g. Dry Soil mL Wet Soil

Deionized water 4.45 0.99 0.90 I.I0

2 Nitric acid 3.02 1.00 0.90 i.II
3 NaOH I0.01 1.07 0.80 1.34

4 KOH I0.00 1.03 0.80 1.29

5 lM CsNO 3 6.60 I. 04 0.80 i. 30

6 0.01M UO22+ 3.00 1.03 1.00 1.03

7 I0 pm Hg 2+ 2.27 1.05 0.90 1.17

3 2M Ca (NO3) 2 5.40 1.00 0.90 i. Ii

." p
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Table 3. Bulk Densities of Three SRS Soils - 40-60 mesh

Soil Medium pH g Dry Soil mL Wet Soil Bulk Density

TF1 1 Delonized Water 6.33 1.03 1.10 0.94

TF1 2 Nitric Acid 1.22 1.01 1.10 0.92

TF1 3 Nitric Acid 3.02 1.02 1.20 0.85

TF1 4 Nitric Acid 5.05 1.01 1.20 0.84

TF1 5 NaOH 8.30 1.01 1.15 0.88

TF1 6 NaOH 10.01 1.03 1.00 1.03

TF1 7 KOH 10.00 1.00 1.10 0.91

TFI 8 i0 ppn%Hg(NO3)2 2.27 1.03 1.80 0.57
TF1 9 lM CsNO3 6.60 1.01 1.00 1.01

TF1 10 0.0lM UO2 2+ 3.00 1.00 1.10 0.91

TF1 11 2M Ca(NO3)2 5.40 1.01 1.20 0.84

TF1 12 20 ppm Ph2+ 5.63 1.01 1.00 1.01

TF2 1 Deionized Water 6.33 1.02 1.01 1.01

TF2 2 Nitric Acid 1.22 1.01 0.85 1.19

TF2 3 Nitric Acid 3.02 1.00 1.00 1.00

TF2 4 Nitric Acid 5.05 1.02 1.01 1.01

TF2 5 NaOH 8.30 1.02 0.90 1.13

TF2 6 _aOH 10.01 1.01 0.d5 1.19

TF2 7 KOH I0.00 1.00 1.00 1.00

TF2 8 10 ppm Hg(NO3)2 2.27 1.03 1.20 0.86
TF2 9 lM CsNO3 6.60 1.00 1.10 0.91

TF2 10 0.0lM UO2 2+ 3.00 1.01 0.90 1.12

TF2 11 2M Ca (NO3)2 5.40 1.03 1.00 1.03

TF2 12 20 ppm Pb2+ 5.63 1.00 0.80 1.25

TNX 1 Deionized Water 6.19 1.02 1.70 0.60

TNX 2 Nitric Acid 1.22 1.01 1.80 0.56

TNX 3 Nitric Acid 3.02 1.01 1.80 0.56

TNX 4 Nitric Acid 5.05 1.02 1.90 0.54

TNX 5 NaOH 8.30 1.02 1.85 0.55

TNX 6 NaOH i0.01 1.00 I.80 0.56

TNX 7 KOH 10.00 1.03 1.70 0.61

TNX 8 10 ppm Hg(NO3)2 2.27 1.03 0.90 1.14
TNX 9 lM CsNO3 6.60 1.00 1.50 0.67

TNX 10 0.0lM UO2 2+ 3.00 1.00 1.80 0.56

TNX 11 2M Ca(NO3)2 5.40 1.01 1.70 0.59

TNX 12 20 ppm Ph2+ 5.63 1.00 1.40 0.72
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4.3 DISTRIBUTION CONSTANTS-Kd

4.3.1 Soil Kd's foe Hg 2+

The Kd values derived for sorption of mercuric ion on two mesh sizes
of TF1, TF2, and TNX soils and on ETF soil are presented in Tables
4-7. The notation for all duplicate samples in following tables is:
The first sample in a set of duplicates will have the number
1,2,3,...n associated with its name. The duplicate sample will have
the number designation 11, 21, 31,...nl associated with it.
Duplicate samples differ slightly in the number of grams of soil
used, but experienced the same initial solution in the experiments.

e

Table 4. Kd Values for 1-6 mg/L Mercuric Ion With
TF1 Soil - 40-60 and 80-100 Mesh

Ha i.ma/L Ha eq.ma/L _

40-60 Mesh

TFI-1 1. 0800 0. 0229 0.2029 3.41E+03
TF1-11 1. 0800 0. 0103 0.2038 7.64E+03
TFI-2 2.3292 0.8600 0.2003 1.28_+02

TF1-21 2.3292 0.8333 0.2092 1.29E+02
TF1-3 3.2919 2.2167 0.2173 3.35E+01

TF1-31 3.2919 1.8500 0.2119 5.52E+01
TFI-4 6. 6000 4. 0645 0.2005 4.67E+01
TF1-41 6.6000 3.1290 0.2220 7.50E+01

80-100 Mesh
TFI-5 1.0516 0.0112 0.2243 6.21E+03

TF1-51 1.0516 0.0112 0.2159 6.45E+03
TF1-6 2.3179 0.3944 0.2030 3.60E+02

TF1-61 2.3179 0.3766 0.2020 3.83E+02
TF1-7 3. 0380 1. 4873 0.2092 7.48E+01

TF1-71 3.0380 1.5190 0.2269 6.61E+01
TF1-8 5.8228 4.2722 0.2045 2.66E+01

TF1-81 5.8228 4.0190 0.2048 3.29E+01

i = Initial concentration

eq = Equilibrium concentration
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Table 5. Kd Values for 1-6 mg/L Mercuric Ion With
TF2 Soil - 40-60 and 80-100 Mesh

Hg i.mg/L Hg ea. mg/L g__

40-60 Mesh

TF2-1 1.0800 0.0994 0.2140 6.91E+02

TF2-11 1.0800 0.0697 0.2141 1.02E+03
• TF2-2 2.3292 0.0413 0.2134 3.89E+03

• TF2-21 2.3292 0.9355 0.2155 1.04E+02
TF2-3 3.2919 " 2.1613 0.2064 3.80E+01
TF2-31 3.2919 2.0000 0.2161 4.48E+01
TF2-4 6.6000 3.5161 0.2235 5.89E+01

TF2-41 6.6000 4.4194 0.2195 3.37E+01

80-100 Mesh

TF2F-5 1.0516 0.0392 0.2025 1.91E+03

TF2F-51 1.0516 0.0278 0.2287 2.42E+03
TF2F-6 2.3179 0.6899 0.2247 1.58E+02

TF2F-61 2.3179 0.5380 0.2137 2.32E+02
TF2F-7 3.0380 1.6772 0.2129 5.72E+01

TF2F-71 3.0380 1.1709 0.2100 1.14E+02
TF2F-8 5. 8228 3. 9873 0.2256 3.06E+01

TF2F-81 5.8228 3.6709 0.2135 4.12E+01

i = Initial concentration

eq = Equilibrium concentration
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Table 6. Kd Values for 1-6 mg/L Mercuric Ion With
TNX Soil - 40-60 and 80-100 Mesh

_A_ Hu i.ma/L Ha eq. ma/L g__

40-60Mesh

TNX-I 1.0800 0.0103 0.2028 7.68E+03
TNX-11 1.0800 0.0103 0.2099 7.42E+03

TNX-2 2.3292 0.0103 0.2027 1.67E+04
TNX-21 2.3292 0.0103 0.2027 1.67E+04

TNX-3 3.2919 0.0103 0.2024 2.36E+04
TNX-31 3.2919 0.0103 0.2144 2.23E+04

TNX-4 6.6000 0.1349 0.2086 3.45E+03

• TNX-41 6.6000 0.0960 0.2013 5.05E+03

80-I00 Mesh

TNX-5 1.0516 0.0119 0.2028 6.46E+03

TNX-51 1.0516 0.0119 0.2136 6.14E+03
TNX-6 2.3179 0.0119 0.2156 1.35E+04
TNX-61 2.3179 0.0119 0.2231 1.30E+04

TNX-7 3,0380 0.0119 0.2023 1.89E+04
TNX-71 3.0380 0.0119 0.2155 1.77E+04

TNX-8 5.8228 0.0758 0.2057 5.53E+03
TNX-81 5.8228 0.0671 0.2028 6.34E+03

i = Initial concentration

eq = Equilibrium concentration

Table 7. Kd Values for 1-5 mg/L Mercuric Ion With ETF Soil

_ _ H a i.mg/L Ha eq_ma/L

ETF-5 3.030 0.1977 5.0311 2.3099 8.94E+01

ETF-3 3.580 0.2040 3.5093 1.8129 6.88E+01
ETF-2 3.760 0.1978 2.1273 0.5731 2.06E+02

ETF-I 4.120 0.2028 1.0621 0.0468 , 1.60E+03

i = Initial concentration

eq = Equilibrium concentration
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Hg 2 + Kd '4.3.2 Mercury, , 8 When IM or 2M Ca 2+ is Present

Solutions were tested in which mercuric nitrate and calcium nitrate
were both present. Calcium ion was either lM or 2M in concentration
and was added to determine whether its presence would inhibit
sorption of mer_._-ic ion. The Kd values for these systems are in
Tables 8-11.

Table 8. Kd Values for Mercuric Ion in the
Presence of lM and 2M Calcium Ion-
40-60 Mesh T_I Soil

i

SAMPLE Hg i,'mg/L Hg eq, mg/L g Soil Kd, mL/g

1MCa(NO3)2

?F1-HG-1M Ca-1 1.0191 0.3759 0.2016 1.27E+02
TF1-HG-1M Ca-ll 1.0191 0.3652 0.2026 1.33E+02

TF1-HG-1M Ca-2 1.9745 1.2910 0.2082 3.81E+01
TF1-HG-1M Ca-21 1.9745 1.2060 0.2022 4.73E+01

TF1-HG-1M Ca-3 3.0255 2.1280 0.2144 2.95E+01
TF1-HG-1M Ca-31 3.0255 2.2340 0.2170 2.45E+01

TF1-HG-1M Ca-4 5.7325 5.3900 0.2110 4.52E+00
TF1-HG-1M Ca-41 5.7325 4.1460 0.2258 2.54E+01

2M Ca(NO3)2

TF1-HG-2M Ca-1 1.0191 0.4459 0.2277 8.47E+01

TF1-HG-2M Ca-11 1.0191 0.5796 0.2140 5.32E+01
TF1-HG-2M Ca-2 2.1338 1.4268 0.2081 3.57E+01
TF1-HG-2M Ca-21 2.1338 1.4522 0.2063 3.41E+01
TF1-HG-2M Ca-3 3.3758 2.4841 0.2044 _.63E+01

TFI-HG-2M Ca-31 3.3758 2.4841 0.2003 2.69E+01
TF1-HG-2M Ca-4 5.1911 4.7771 0.2040 6.37E+00

TF1-HG-2M Ca-41 5.1911 4.7134 0.2027 7.50E+00

i = Initial Hg concentration

eq = Equilibrium Hg concentration
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Table 9. Kd Values for Mercuric Ion in the
Presence of lM and 2M Calcium Ion-

40-60 Mesh TF2 Soil

SAMPLE Hg i,mg/L Hg eq, mg/L g Soil Kd, mL/g

1N Ca (w03) 2
TF2-HG-1M Ca-1 1.0191 0.3987 0.2157 1.08E+02

TF2-HG- lM Ca-ll 1.0191 0._051 0.2077 1.09E+02
TF2-HG-1M Ca-2 1. 9745 1.4062 0.2254 2.69E+01

TF2-HG-1M Ca-21 1. 9745 1.4399 0.2182 2.55E+01
TF2-HG-1M Ca-3 3.0255 2.3266 0.2108 2.14E+01

TF2-HG-1M Ca-31 3.0255 2.4684 9.2199 1.54E+01
TF2-HG-1M Ca-4 5.7325 5.0633 0.2076 9.55E+00

TF2-HG-1M Ca-41 5.7325 5. 1582 0.2004 8.33E+00

2M Ca (NO3) 2
TF2-HG-2M Ca-1 1.0191 0.7389 0.2107 2.70E+01

TF2-HG-2M Ca-ll 1.0191 0.7516 0.2068 2.58E+01
TF2-HG-2M Ca-2 2. 1338 i. 6879 0.2227 1.78E+01
TF2-HG-2M Ca-21 2.1338 1.7516 0.2106 1.55E+01

TF2-HG-2M Ca-3 3.3758 2.7704 0.2137 1.53E+01
TF2-HG-2M Ca-31 3.3758 2.3885 0.2011 3.08E+01

TF2-HG-2M Ca-4 5.1911 4. 6178 0.2139 8.71E+00
TF2-HG-2M Ca-41 5.1911 4.7452 0.2046 6.89E+00

i = Initial Hg concentration

eq = Equilibrium Hg concentration
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Table 10. Kd Values for Mercuric Ion in the
Presence of IM and 2M Calcium Ion-

40-60 Mesh TNX Soil

SAMPLE Hg i,mg/L Hg eq, mg/L g Soil Kd, mL/g

is Ca(NO3)2
TNX-HG-IM Ca-I 1.0191 0.0"100 0.2033 7.45E+03
TNX-HG-IM Ca-ll 1.0191 0.0100 0.2008 7.54E+03

TNX-HG-IM Ca-2 1.9745 0.0100 0.2117 1.39E+04
TNX-HG-IM Ca-21 1.9745 0.0100 0.2179 1.35E+04
TNX-HG-IM Ca-3 3.0255 0.0681 0.2114 3.08E+03

TNX-HG-IM Ca-31 3.0255 0.0780 0.1998 2.84E+03
TNX-HG-IM Ca-4 5.7325 0.4043 0.2024 9.77E+02
TNX-HG-IM Ca-41 5.7325 0.4184 0.2034 9.37E+02

2M ca(Ho3)2
TNX-HG-2M Ca-I 1.0191 0.0107 0.2030 6.96E+03
TNX-HG-2M-Ca-II 1.0191 0.0107 0.2103 6.72E+03
TNX-HG-2M-Ca-2 2.1338 0.0160 0.2039 9.74E+03

TNX-HG-2M-Ca-21 2.1338 0.0102 0.2066 1.51E+04
TNX-HG-2M Ca-3 3.3758 0.1401 0.2113 1.64E+03

TNX-HG-2M Ca-31 3.3758 0.1783 0.2121 1.27E+03
TNX-HG-2M Ca-4 5.1911 0.7134 0.2087 4.51E+02

TNX-HG-2M Ca-41 5.1911 0.8662 0.2088 3.59E+02

i = Initial Hg concentration

eq = Equilibrium Hg concentration
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Table 11. Kd Values for Mercuric Ion With ETF Soil
in the Presence of lM and 2M Calcium, Ion

SAMPLE Hg i,mg/L Hg eq, mg/L g Soil Kd, mL/g

• IMCa(_o3)2
ETF-HG-1M Ca-1 3.8562 4.2466 0.2243 -6.15E+00
ETF-HG-1M Ca-ll 3.8562 4.4863 0.2165 -9.73E+00
ETF-HG-1M Ca-2 4.2810 4.6667 0.2174 -5.70E+00

ETF-HG-1M Ca-21 4.2810 5.1852 0.2170 -1.21E+01
ETF-HG-1M Ca-3 1.0327 0.1747 0.2123 3.47E+02
ETF-HG-1M Ca-31 1.0327 0.1918 0.2161 3.04E+02

ETF-HG-1M Ca-4 0.9150 0.3259 0.2075 1.31E+02

ETF-HG-1M Ca-41 0.9150 0.2333 0.2023 2.17E+02

2M ca (wo3)2
ETF-HG-2M Ca-1 1.7974 1. 4247 0.2012 1.95E+01
ETF-HG-2M-Ca-ll 1.7974 1.3288 0.2061 2.57E+01
ETF-HG-2M-Ca-2 2.1569 1.4658 0.2025 3.49E+01

ETF-HG-2M-Ca-21 2. 1569 1. 3973 0.2065 3.95E+01
ETF-HG-2M Ca-3 1.0621 2.3151 0.2109 -3.85E+01

ETF-HG-2M Ca-31 1. 0621 0. 8296 0.2041 2.06E+01
ETF-HG-2M Ca-4 2.7451 2.5856 0.2109 4.39E+00

ETF-HG-2M Ca-41 2.7451 2.3116 0.2033 1.38E+01

i = Initial Hg concentration

eq = Equilibrium Hg concentration
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Hg 2+ Kd's With Added H+ Present4. :3.3 Mercury,

Solutions containing about 5 mg/L Hg 2+ and varying amounts of acid
were contacted with the four soils to determine the effect of

hydrogen ion on the ability of the soils to sorb mercuric ion. The
Kd's resulting from these tests are found in Tables 12-15.

Table 12. Hg Kd Values for 5 mg/L Mercuric Ion and Different pH
With TF1 Soil - 40-60 Mesh

Sample Hg i,mg/L [HI i Hg eq,mg/L [H] eq g Soil Hg Kd

TF1-PH1 5.20" 7.08E-02 4.35 6.76E-02 0.2205 1.33E+01

TF1-PHll 5.20 7.08E-02 5.00 6.76E-02 0.2061 2.91E.00

TF1-PH2 5.86 1.05E-02 4.09 9.77E-03 0.2100 3.10E+01

TFI-PR21 5.86 1.05E-02 4.28 9.77E-03 0.2077 2.66E+01

TF1-PH3 5.53 3.39E-03 4.02 2.63E-03 0.2106 2.68E+01

TFI-PH31 5.53 3.39E-03 4.44 2.45E-03 0.2118 1.73E+01

TF1-PH4 5.59 3.24E-03 3.99 2.29E-03 0.2100 2.87E+01

TF1-PH41 5.59 3.24E-03 4.15 2.40E-03 0.2043 2.55E+01

i = initial

eq = equilibrium

Table 13. Hg Kd Values for 5 mg/L Mercuric Ion and Different pH
With TF2 Soil - 40-60 Mesh

sample Hg i,mg/L [H] i Hg eq,mg/L [HI eq g Soil Hg Kd

TF1-PH1 5.20 7.08E-02 4.35 6.76E-02 0.2205 1.33E+01

TF1-PHll 5.20 7.08E-02 5.00 6.76E-02 0.2061 2.91E+00

TF1-PH2 5.86 1.05E-02 4.09 9.77E-03 0.2100 3.10E+01

TFI-PH21 5.86 1.05E-02 4.28 9.77E-03 0.2077 2.66E+01

TF1-PH3 5.53 3.39E-03 4.02 2.63E-03 0.2106 2.68E+01

TFI-PH31 5.53 3.39E-03 4.44 2.45E-03 0.2118 1.73E+01

TF1-PH4 5.59 3.24E-03 3.99 2.29E-03 0.2100 2.87E+01

TF1-PH41 5.59 3.24E-031 4.15 2o40E-03 0.2043 2.55E+01

= initial

eq w equilibrium
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Table 14. Hg Kd Values for 5 mg/L Mercuric Ion and Different pH
With TNX Soil - 40-60 Mesh

Sample Hg i,ppm [S] i Hg eq,ppm [H] eq g Soil Hg Kd

TMX-PHI 5.20 7.08E-02 1.17 6.92E-02 0.2040 2.53E+02

_X-PBII 5.20 7,08E-02 1.33 6.61E-02 0.2138 2.04E+02

TMX-PH2 5.86 1.05E-02 1.17 8.91E-03 0.2077 2.89E+02

TMX-PH21 5.86 1.05E-02 1.60 9.12E-03 0.2000 2.00E+02

TMX-PH3 5.53 3.39E-03 0.60 2.45E-03 0.2003 6.16E+02

TMX-PH31 5.53 3.39E-03 0.47 2.63E-03 0.2123 7.54E+02

TNX_PH4 5.59 3.24E-03 0.76 2.45E-03 0.2014 4.76E+02

TNX-PH41 5.59 3.24E-03 0.54 2.45E-03 0.2013 6.97E+02

i - initial

eq - equilibrium

Table 15. Hg Kd Values for 5 mg/L Mercuric Ion and Different pH
With ETF Soil

Sample Hg i,mg/L [H] i Hg eq,mg/L [HI eq g Soil Hg Kd

ETF-HgH-I 4.941 7.24E-02 3.856 6.08E-02 0.2654 1.59E+01

ETF-BgH-I 1 4.941 7.24E-02 4.379 6.07E-02 0.2324 8.28E+00

ETF-HgH-2 4.941 7.59E-03 4.381 6.21E-03 0.2351 8.16E+00

ETF-HgH-21 4.941 7.59E-03 4.673 6.43E-03 0.2439 3.53E+00

ETF-HgH-3 4.762 8.32E-04 2.843 4.24E-04 0.2213 4.58E+01

ETF-HgB-31 4.762 8.32E-04 1.895 5.63E-04 0.2464 9.21E+01

ETF-HgH-4 5.06 3.63E-03 3.758 1.45E-03 0.2663 1.95E+01

ETF-HgB-41 5.06 3.63E-03 4.248 1.45E-03 0.2470 1.16E+01

i

i = initial

eq - equilibrium
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4.3.4 Soil Kd' s foe Lead, Pb 2+

The Kd values derived for sorption of lead ion on 40-60 mesh samples
of TF1, TF2, and TNX soils and on ETF soil are presented in Tables
i6-19.

Table 16. Kd Values for 50-125 mg/L Lead Ion With

TF1 Soil - 40-60 Mesh

Sample Pb i,mg/L _b eq, mg/I g Soil Kd, mL/g

,| i

TFI-PI 47.428 <0.020 0.5145 _6.91E+04

TFI-Pli 47.428 <0.020 0.5138 _6.92E+04

TF1-P2 71.654 <0.020 0.5127 zl.05E+05

TFI-P21 71.654 <0.020 0.4997 _1.08E+05

TFI-P3 97.935 <0.020 0.5089 _I.44E+05

TF1-P31 97.935 <0.020 0.5025 _1.46E+05

TF1-P4 121.400 0.241 0.5051 1.49E+04

TFI-P41 121.400 0.466 0.5000 7.79E+03

i = initial

eq - equilibrium

Table 17. Kd Values for 50-125 mg/L Lead Ion With

TF2 Soil - 40-60 Mesh

Sample Pb i, mg/LPb eq,mg/L g Soil Kd, mT./g

TF2-P1 47.428 2.772 0.5010 4.82E+02

TF2-PII 47.428 1.459 0.5110 9.25E+02

TF2-P2 71.654 10.982 0.5089 1.63E+02

TF2-P21 71.654 13.372 0.5026 1.30E+02

TF2-P3 97.935 24.212 0.5100 8.96E+01

TF2-P31 97.935 17.797 0.5135 1.32E+02

TF2-P4 121.400 37.444 0.5143 6.54E+01

TF2-P41 121.400 38.651 0.5125 6.27E+01

i - initial

eq - equilibrium
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Table 18. Kd Values for 50-125 mg/L Lead Ion With
TNX Soil - 40-60 Mesh

Sample PD i,mg/L Pb eq,mg/L g Soil Kd, mL/g

TNX-PI 47.428 <0.02 0.5010 >7.03E+03

TNX-PII 47.428 <0.02 0.5110 >6.95E+03

TNX-P2 71.654 0.037 0.5089 5.71E+04

TNX-P21 71.654 0.028 0.5026 7.63E+04

TNX-P3 97.935 <0.02 0.5100 >1.42E+05

TNX-P31 97.935 <0.02 0.5135 >1.46E+05

• TNX-P4 121.400 0.025 0.5143 1.42E+05

TNX-P41 121.400 <0.02 0.5125 >1.77E+05

i i initial

eq - equilibrium

Table 19. Kd Values for 5-50 mg/L Lead Ion With ETF Soil

Pbi. mg/L pb KCt,_mLL

ETF-1 35.370 0.203 0.1020 2.42E+06

ETF-11 35.370 0.823 0.1066 5.61E+05

ETF-2 12.276 <0.02 0.1077 _8.11E+06

ETF-21 12.276 <0.02 0.1014 _8.61E+06

ETF-3 6.916 <0.02 0.1056 _4.65E+06

ETF-31 6.916 0.027 0.1067 3.41E+06

ETF-4 3.150 <0.02 0.1031 _2.16E+06

ETF-41 3.150 <0.02 0.1028 _2.17E+06
..

•i = Initial Pb concentration

eq = Equilibrium Pb Concentration
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4 3 S Lead, Pb 2+ Kd'. . , s When lM or 2M Ca 2+ i_ Present

The Kd values observed for sorption of lead ion from solutions of
lead nitrate in the presence of lM or 2M calcium nitrate are
presented _n Tables 20-23.

Table 20. Kd Values for Lead Ion in the Presence
of lM and 2M Calcium Ion
40-60 Mesh TFI Soil

r

SAMPLE Pb i, mg/tPb eq, mg/L g Soil Kd, mg/L

Ca ( O3)2
TFI-5 42.600 14.100 0.5093 5.96E+01

TFI-51 42. 600 20.300 0.5070 3.26E+01

TFI-6 66.800 31.400 0.5159 3.28E+01
TFI-61 66.800 31.100 0.5124 3.36E+01
TFI-7 86.288 48.041 0.5042 2.37E+01

TFI-71 86.288 54.417 0.5127 1.71E+01
TFI-8 153.810 114.330 0.5139 1.01E+01

TF1-81 153.810 105.240 0.5098 1.36E+01

2M Ca(NO3}2
TFICA-1 35.488 12.269 0.5061 5.61E+01
TFICA-I1 35.488 14.944 0.4999 4.13E+01

TFICA-2 55.976 26.229 0.5197 3.27E+01
TFlCA-21 55.976 30.426 0.5101 2.47E+01
TFlCA-3 77.028 43.999 0.5037 2.24E+01

TFICA-31 77.028 45.530 0.5002 2.07E+01
TFlCA-4 96.556 60°878 0.5121 1.72E+01

TFICA-41 96.556 56.138 0.5256 2.05E+01

i = initial

eq = equilibrium
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Table 21. Kd Values for Lead Ion in the Presence of

lM and 2M Calcium Ion - 40-60 Mesh TF2 Soil

SAMPLE Pb i, mg/L Pb eq, mg/L g Soil Kd, mg/L

o lM ca (H03)2
• TF2-5 42.60 " 31.34 0.5136 1.05E+01

TF2-51 42.60 33.64 0.5133 7.79E+00
TF2-6 66.80 53.26 0._059 7.54E+00

TF2-61 66.80 51.30 0.5070 8.94E+00
TF2-7 86.29 76.88 0.5023 3.66E+00

TF2-71 86.29 71.80 0.5148 5.88E+00
TF2-8 153.81 135.09 0.5099 4.08E+00
TF2-81 153.81 133.40 0.5450 4.21E+00

2M Ca (1403)2
TF2CA-1 35.49 31.48 0.5110 3.74E+00
TF2CA-11 35.49 31.88 0.5086 3.34E+00

TF2CA-2 55.98 50.99 0.5415 2.71E+00
TF2CA-21 55.98 62.26 0.5030 1.00E+00
TF2CA-3 77.03 74.75 0.5084 9.00E-01

TF2CA-31 77.03 75.96 0.5270 4.02E-01
TF2CA-4 96.56 105.02 0.5067 1.00E+00

TF2CA-41 96.56 97.68 0.5013 1.00E+00

i = initial

eq = equilibrium
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Table 22. Kd Values for Lead Ion in the Presence of
lM and 2M Calcium Ion - 40-60 Mesh TNX Soil

SAMPLE Pb i, mg/LPb eq, mg/L g Soil Kd, mg/L

IMca(sO3)_
TNX-5 42.60 30.25 0.5038 1.22E+01

% TNX-51 42.60 29.00" 0.5046 1.39E+01
• TNX-6 66.80 ". 46.74 0.4960 1.30E+01

TNX-_I 66.80 46.74 0.5135 1.25E+01

TNX-7 86.29 64.65 0.5198 9.66E+00
TNX-71 86.29 63.39 0.5138 1.05E+01
TNX-8 153.81 114.83 0.5074 1.00E+01

TNX-81 153.81 115.22 0.5106 9.84E+00

2N Ca(W03)2
TNX2CA-1 35.488 31.989 0.5175 3.17E-03

TNX2CA-11 35.488 31.981 0.5041 3.26E-03
TNX2CA-2 55.976 50.885 0.4914 3.05E-03
TNX2CA-21 55.976 50.492 0.4960 3.28E-03

TNX2CA-3 77.028 69.138 0.5018 3.41E-03
TNX2CA-31 77.028 68.905 0.5100 3.47E-03

TNX2CA-4 96.556 98.819 0.5183 -6.63E-04
TNX2CA-41 96.556 95.264 0.5025 4.05E-04

i = initial

eq m equilibrium
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Table 23. Kd Values for Lead Ion in the Presence o_

lM and 2M Calcium Ion - ETF Soil

SAMPLE Pb i, mg/LPb eq, mg/L g Soil Kd, mg/L

1M Cs(N03)2
w

• ETF-5 42.60 • 20.36 0.5040 3.25E+01
ETF-51 42.60 18.77 0.5057 3.77E+01

ETF-6 66.80 29.92 0.5082 3.64E+01
ETF-61 66.80 34.23 0°4953 2.88E+01

ETF-7 86.29 52.28 0.5038 1.94E+01
ETF-71 86.29 52.67 0.5066 1.89E+01
ETF-8 153.81 120.14 0.5080 8.28E+00

ETF-81 153.81 118.33 0.5077 8.8_E+00

2M Ca(NO3)2
ETF2CA-1 41.96 24.14 0.5069 2.19E+01
ETF2CAoll 41.96 27.86 0.5014 1.51E+01

ETF2CA-2 57.95 38.50 0.5070 1.49E+01
ETF2CA-21 57.95 45.29 0.5094 8.23E+00
ETF2CA-3 89.61 56.58 0.5084 1.72E+01

ETF2CA-31 89.61 65.62 0.4997 1.10E+01
ETF2CA-4 144.99 116.30 0.5067 7.30E+00

ETF2CA-41 144.99 123.48 0.5056 5.17E+00

i., initial

eq = equilibrium
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4.3.6 Lead, Pb 2+, Kd'8 With Added H + Present

Solutions containing about 100 mg/L Pb2+ an'd varying amounts of acid
were contacted with the four soils to determine the effect of

hydrogen ion on the ability of the soils to sorb lead ion. The Kd's
resulting from these tests are found in Tables 24-27.

Table 24. Pb Kd 4alues for 100 mg/L Lead Ion and Different pH
With TF1 Soil - 40-60 Mesh

Sample Pb i, mg/L [HI i Pb eq, mg/L [HI eq g Soil Pb Kd

TFIPH-1 97.21 3.50E-CI 94.21 4.79E-01 0.5163 9.27E-01
TFIPH-II 97.21 3.50E-01 94.80 5.25E-01 0.5335 7.17Eo01

TFIPH-2 105.06 3.09E-02 99.01 8.32E-02 0.5123 1.79E+00

TFIPH-21 105.06 3.09E-02 98.39 5.75E-02 0.5163 1.97E+00
TFIPH-3 108.67 1.66E-03 65.38 1.35E-04 0.5139 1.93E+01
TFIPH-31 108.67 2.43E-03 62.50 2.04E-04 0.5009 2.21E+01

TFIPH-4 104.70 2.45E-05 <0.02 5.75E-07 0.5098 _1.54E+05
TFIPH-41 104.70 2.45E-05 <0.02 4.07E-07 0.5316 _1.48E+05

i = initial

eq = equilibrium

Table 25. Pb Kd Values for 100 mg/L Lead Ion at Different pH Values
With TF2 Soil - 40-60 Mesh

Sample Pb i, mg/L [HI i Pb eq, mg/L [HI eq g Soil Pb Kd

TF2PH-1 97.21 3.50E-01 93.67 5.50E-01 0.5163 4.43E+01

TF2PH-11 97.21 3.50E-01 93.98 6.03E-01 0.5335 4.42E+01

TF2PH-2 105.06 3.09E-02 100.40 8.13E-02 0.5123 5.08E+02
TF2PH-21 105.06 3.09E-02 100.38 2.88E-02 0.5163 5.08E+02

TF2PH-3 108.67 1.66E-03 93.34 8.51E-04 0.5139 1.05E+04
TF2PH-31 108.67 1.66E-03 93.52 8.32E-04 0.5009 1.05E+04

TF2PK-4 104.70 2.45E-05 36.04 4.27E-06 0.5098 1.78E+06

TF2PH-41 104.70 2.45E-05 32.74 3.02E-06 0.5316 1.96E+06

i = initial

eq = equilibrium
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Table 26. Pb Kd Values for i00 mg/L Lead Ion at Different pH Values
With TNX Soil - 40-60 Mesh

Sample Pb i, mg/L [H] i Pb eq, mg/L [H] eq g Soil Pb Kd

TNXPH-I 97.21 3.50E-01 102.89 5.75E-01 0.5090 -2.37E+00

TNXPH-II 97.21 3.50E-01 I0_.87 5.23E-01 0.5184 -1.96E+00
TNXPH-2 105.06 3.09E-02 102.54 4.16E-02 0.5013 1.19E+01

TNXPHo21 105.06 3.09E-02 102.82 4.68E-02 0.5042 1.06E+01

TNXPH-3 i08167 1.66E-03 42.67 2.40E-04 0.5108 1.40E+04
TNXPH-31 108.67 1.66E-03 36.17 1.91E-04 0.5232 1.81E+04
TNXPH-4 104.70 2.45E-05 0.11 1.58E-06 0.5106 5.67E+08

TNXPH-41 104.70 2.45E-05 0.15 1.86E-07 0.5301 4.27E+08

i = initial

eq = equilibrium

Table 27. Pb Kd Values for I00 mg/L Lead Ion and

Different pH With ETF Soil

Sample Pb i, mg/L [H] i Pb eq, mg/L g Soil Pb Kd

ETFPH-I 99.07 1.00E-01 96.29 0.0920 4.71E+00

ETFPH-11 99.07 1.00E-01 95.93 0.1066 4.60E+00

ETFPH-2 99,53 7.94E-03 99.59 0.1043 -7.65E-02
- ETFPH-21 99.53 7.94E-03 99.81 0.0922 -4.48E-01

ETFPH-3 101.10 1.00E-03 96.57 0.1015 6.93E+00
ETFPH-31 101.10 1.35E-03 97.39 0.0137 4.17E+01

ETFPH-4 102.19 1.35E-03 94.83 0.0953 1.22E+01
ETFPH-41 102.19 1.35E-03 94.00 0.1016 1.29E+01

i = initial

eq = equilibrium



.°

• ,'°
°°

D.L. FISH WSRC-RP-92-326
March 20, 1992
Page 25 of 45

4.3.7 Soil Kd'll £o= Cesium Ion, Cs +

Four different concentrations of cesium nitrate solution were
contacted with 0.01 gram of each of the soils, 40-60 mesh fraction
except for the ETF soil which was not sieved. These solutions, IM,
0.lM, 0.05M, and 0.0lM CsNO3, were contacted with the soils for

three days on the shaker. Results of the Kd determinations appear
in Table 28.

Table 28. Kd Values for lM, 0.lM, 0.05M, and 0.0lM Cesium
Ion with Each Soil

e

Sample Cs i,mg/L Cs,eq, mg/L g Soil Cs Kd, mL/g

TTf Soll 40-60 mesh

TF1-CslM 120808 120573 0.1003 2.91E-01
TF1-Cs0.1M 9756 10807 0.1008 -1.45E+01

TFI-Cs0.05M 5946 5271 0.1009 1.90E+01
TFI-Cs0.01M 1235 998 0.1045 3.41E+01

TF2 Soll 40-60 mesh

TF2-CslM 120808 87498 0.1009 5.66E+01

TF2-Cs0.1M 9756 10833 0.1040 -1.43E+01
TF2-Cs0.05M 5946 4932 0.1003 3.07E+01
TF2-Cs0.01M 1235 985 0.1029 3.70E+01

TNX Soil 40-60 mesh

TNX-CslM 120808 125499 0.1000 -5.61E+00
TNX-Cs0.1M 9756 12744 0.1004 -3.50E+01

TNX-Cs0.05M 5946 5431 0.1047 1.36E+01
TNX-Cs0.01M 1235 1069 0.1019 2.29E+01

ETW Soll

ETFI-CslM 120808 123089 0.1098 -2.53E+00

ETF2-CslM 120808 121266 0.1096 -5.17E-01
ETFI-Cs0.1M 9756 11942 0.1090 -2.52E+01

ETF2-Cs0.1M 9756 11827 0.1059 -2.48E+01
ETFI-Cs0.05M 5946 5634 0.1006 8.26E+00

ETF2-Cs0.05M 5946 5778 0.1098 3.97E+00
ETFI-Cs0.01M 1235 1191 0.1055 5.25E+00

ETF2-Cs0.01M 1235 1176 0.1062 7.09E+00

i : initial

eq : equilibrium
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4.3.8 Uranyl Ion, UO22+, Ka's £o= Each Soil

The Kd values observed for sorption of uranyl ion from a 0.01 M

uranyl nitrate solution at pH 3 on 40-60 mesh samples of TF1, TF2,
and TNX soils and the unsieved ETF soil are found in Table 29.

Table 29. Kd Values for Uranyl Ion With Each Soil
(pH = 3)

Sample U i,mg/L U, eq, mg/L g Soil U Kd, mL/g

TF1 Soil 2245 2168 0.1005 5.30E+00
TF2 Soil 2245 2211 0.1004 2.30E+00

TNX Soil 2245 2108 0.1002 9.73E+00
ETF Soil 2245 2151 0.1027 6.38E+00

i = initial

eq - equilibrium

4.3.9 Siliaa Sand Kd'm

The results of contacting silica sand with solutions of UO22+,

Hg 2+ Pb 2+ and Cs + are found in Table 30f f •

Table 30. Kd Values for four Ions, UO22+, Hg 2+, Pb 2+, and Cs + With

Silica Sand

Contacting

Solution _ _etal i. mglL* Metal eq. mqlL* _d. mLla

CSNO 3 0.2033 8.08E-3 _Ci/mL 8.50E-3 _Ci/mL -7.17E+00

UO2 (NO3) 2 0.2017 2173 2226 -1.77E+00

Hg (NO3) 2 0.2010 5.69 4.94 1.13E+01

Pb (NO3) 2 0.2037 2.19 1.50 3.44E+01

$ Units except for Cs data which was analyzed by T-counting
i - initial metal concentration

eq - equilibrium metal concentration
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4.4 Soil Capaoitle8 and Zeothezme

Isotherms for mercury and lead were plotted for most of the soils.

4.4.1 TFI Soil Zsothezs8

Hg Isotherms for TF1 Soil - 2 Mesh Sizes
0.3

0.0
.01 .1 1 10

mg/L Hg at Equilibrium

Fig_ze 2. Hg 2 + on _1'1 Soil8

Pb Isotherm for TF1 Soil
4

m
m

o 3
u)

-- 40-60 Mesh
td

Ck

m 2 At instrument detection limit
E Ali initial Pb sorbed by soil

• • • • w • • • | • • • • • • • •

.01 .1 1

mglL Pb at Equilibrium

Figure 3. Pb 2+ on Tit1 Soils
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4.4.2 TF2 Soll Isotherms

Hg Isotherm for TF2 Soil

0.3

0.2 t

m 40-60 Mesh
_k 0
3= • 80-100 Mesh

0.1

0.0 , , , , .
0 1 2 3 4 5

mg Hg/L lit Equilibrium

Figuzs 4. Bg 2+ on TF2 Soils

Pb Isotherm for TF2 Soil
2.6

2.4 m

2.2 •
2.O

SS 40-6O MeshI eS

oi

1.6

1.4

1.2 ....
0 10 20 30 40

mg/L. Pb |t Equilibrium

Figuzo 5. Ph 2+ on TF2 Soll
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4.4.3 2h'_ 8o_I Zso_hez'ms

Only the mercury isotherms for TNX soils have significance. Lead

ion was sorbed so well by this soil that equilibrium concentrations

were below the detection limit of the ICPES instrument for nearly

every sample (Table 22).

Hg Isotherm for TNX Soil

0.8

Hg Isotherm for ETF Soil

0,3 li

O.2
Ot

Z
at
E o.1

0,0 ....... • ..............

.01 .1 "1" 10

mg Hg /L at Equilibrium

FiguzeT. Mezcuz:l.a Ion on ITF 8o_1
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As in the case of TNX soil, the ETF soil sorbed Pb 2+ so well that
the equilibrium ion concentration was less than the detection limit
of the instrument. (Table 19)

4.5 A Tabulation of Ion Exchanging Species

Table 31 contains data collected in an attempt to establish a mass
balance among ion exchanging species in solution and on the soil.

It was presumed that Pb 2+ or Hg 2+, and possibly H + in solution would

exchange for Na + in the kaolinite clay of the soils.

Table 31. A Comparison of Milliequivalents of Ions Exchanged

Between Soil and Solution for 100 mg/L Pb 2+ at Four pH's

meq Na change meq Pb change meq H change

• SAMPLR Solution pH Der q soil Der q soil per q soil
• TFI-I 0.45 " 7.448-03 -2.168-03 9.628+00

TF1-11 0.45 7.608-03 -1.738-03 1.308+01

TF1-2 1.51 8.128-03 -4.218-03 3.778+00

TF1-21 1.51 8.018-03 -4.778-03 1.978+00

TFI-3 2.78 7.378-03 -2.928-02 -1.078-01

TF1-31 2.78 1.598-02 -3.088-02 -1.138-01

TF1-4 4.61 6.168-03 -7.208-02 -1.708-02

TF1-41 4.61 5.808-03 -6.738-02 -1.608-02

TF2-1 0.45 4.438-03 -2.548-03 1.498+01

TF2-11 0.45 4.49E-03 -2.318-03 1.888+01

TF2-2 1.51 5.148-03 -3.248-03 3.638+00

TF2-21 1.51 5.74E-03 -3.358-03 -1.568-01

TF2-3 2.78 4.488-03 -1.048-02 -5.648-02

TF2-31 2.78 4.488-03 -1.018-02 -5.718-02

TF2-4 4.61 3.668-03 -4.718-02 -1.448-03

TF2-41 4.61 3.398-03 -4.618-02 -1.438-03

TNX-1 0.45 6.458-02 0.008+00 1.758+01

TNX-ll 0.45 7.218-02 0.008+00 1.288+01

TNX-2 1.51 8.368-02 -1.768-03 2.358+00

TNX-21 1.51 8.368-02 -1.608-03 1.188+00

TNX-3 2.78 8.268-02 -4.468-02 -9.938-03

TNX-31 2.78 9.178-02 -4.848-02 -1.018-02

TNX-4 4.61 6.548-02 -7.188-02 -1.638-02

TNX-41 4.61 7.358-02 -6.738-02 -1.628-03

A - signifies lo8t from solution concentration-sorbedbysoll

A + signifies gained by solution - lo8t from sol1
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Table 32. A Comparison of Milliequivalents of

Ions Exchanged Between Soil and Solution
for Pb Ion in the Presence of IM Ca Ion

meq Na change meq Pb change meq Ca change Initial Pb

SAg_LE per q soil .Der q soil .Der q soil
TFI-I <0.I00 -6.90E-03 3.57E-01 42.60

TFI-II <0.100 -5.57E-03 3.07E-01 42.60

TFI-2 <0.I00 -4.48E-03 -1.75E-02 66.80

TFI-21 <0.i00 -5.49E-03 -5.53E-01 66.80

TF1-3 <0.100 -5.05E-03 -5.11E-01 86.29

TFI-31 <0.I00 -4.96E-03 -4.36E-01 86.29

• TFI-4 <0.100 -3.13E-03 1.16E+00 153.81
TF1-41 <0.I00 -4.04E-03 -1.35E-02 153.81

TF2-1 <0.100 -2.72E-03 2.28E-01 42.60

TF2-11 <0.I00 -2.67E-03 6.90E-01 42.60

TF2-2 <0.100 -2.04E-03 -1.49E-02 66.80

TF2-21 <0.100 -1.36E-03 -1.85E-01 66.80
TF2-3 <0.100 -2.21E-03 -4.40E-01 86.29

TF2-31 <0.100 -1.94E-03 -1.07N-01 86.29

TF2-4 <0.100 -1.26E-03 5.53E-01 153.81
TF2-41 <0.100 -1.58E-03 1.32E-01 153.81

TNX-1 3.62E-02 -5.46E-03 2.43E-01 35.488

TNX-11 3.65E-02 -5.52E-03 2.76E-01 35.488

TNX-2 3.41E-02 -3.25E-03 8.50E-01 55.976

TNX-21 3.52E-02 -3.07E-03 1.22E+00 55.9_6

TNX-3 3.56E-02 -2.98E-03 -3.70E-01 77.028

TNZ-31 3.51E-02 -2.92E-03 -3.70E-01 77.028

• TNX-4 3.35E-02 -1.93E-03 2.74E-01 96.556

TN][-41 3.29E-02 -1.75E-03 9.261-01 96,556

ETF-1 <0.100 -1.00E-02 1.50E+00 42.60
ETF-11 <0.100 -9.49E-03 7.40E-01 42.60

ETF-2 <0.100 -9.48E-03 1.30E+00 66.80
TN'X-21 <0.100 -9.59E-03 1.02E+00 66.80
ETF-3 <0.100 -9.18E-03 1.02E-01 86.29

ETF-31 <0.100 -1.04E-02 1.61E-01 86.29
ETF-4 <0.100 -6.17E-03 1.03E+00 153.81

ETF-41 <0.100 -6.26E-03 5.55R-01 153.81
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In Table 32., a (-) number signifies concentration lost f_om
solution to the soil and a (+) number signifies concentration lost
from the soil to the solution.

Samples cf TFI, TF2, and TNX soils were shaken with deionized water

to determine if H+ concentrations in solution would change in the

absence of Pb 2+. The results of this experiment are given in Table
33.

Table 33. The Change in Solution Hydrogen Ion Concentration on
Contacting Three Soils With Delonized Water.

_f_ Tnltial pE Final pR _ -m_=.N lom_/a Roll

TF1 5.69 6.35 1.0292 1.57B-6
TF2 5.69 6.10 1.0060 1.24B-6

: TMX 5.69 6.13 1.0299 1.263-6

Samples of the sa • soils were also shaken with delontsed water

which had been pH adjusted to 4.11 using mu) 3. The amount of Na +

liberated from the soils by the hydrogen ion is found for each sell
in Table 34.

Table 34. The Change in Solution Sodium Ion Concentration on
Contacting Three Soils With pH 4. II Water

meq_ Ma deaorbed/g Soil_ _ .mq.H morbed/g Sell

TF1 3.61E-3 1.0282 3.61R-3
TF2 1.47E-3 1.0160 1.47R-3
THX 2.62B-3 1.0229 2.26B-3

4.6 Removing Ions AlreadT 8orbed on |oils

Table 35 details the results of contacting soils, already containing

a known amount of Pb 2+, Hg 2+, U022+, and Cs + , with IN Ca(NO3) 2 and

0.01 Pl. HNO 3 in order to test the kinetics of the reverse of the

sorption reaction for those ions.
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5.0 DZSCU88ZOW

It must be remen_ered that this study was done with actual soils,
made as homogeneous as posslble by mixing and sieving, rather than
with pure kaolinite. Therefore, Kd's are less for these samples than
they would have been for the clay alone. Discrepencies in results
between duplicate samples can be attributed, for the most part, to
slightly different percentages of clay and sand in the samples.

5.1 PhTstcal Behavtoz o_ Soils in Dt£fezent 8elution8

Although the soils were all comprised of mostly kaolinite and sand,
their swelling behavior in different solutions was not uniform. For
example, TFI and TF2 soils exhibited the greatest swelling (smallest
bulk density) at very low pH in the presence of _rcurlc ion, though
they tended oth6rwlse to increase in wet volume as pH was increased.
The volume of the TNX soil, on the other hand, was at a nLtnlmum
(largest bulk density ) in the sasm mercury solution. Conversely, the
uranyl ion, at nearly the same pH as the mrcuric nitrate solution,
had little effect on TFI soil relative to delonlzod water but
generated a shrinking of TF2 sell and swelling for RTP (not shown in
Figure 8) and TNX soils. The bulk density of soils, thus appoa_s to
be related not only to the pH of the solution contacting the soil and
the soil itself but also the contacting ion in the solution.

Figure 8. Bulk Densities of T1'1, TF2, and TNZ 8oiln
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Although the X-ray diffraction data did not identify the presence of
iron in the soils, the rust colored appearance of TF1, TF2 and the
ETF soils would indicate that iron is, indeed, present, lt Nay exist
as an amorphous Fee(oH) species that would not generate any peaks in
the X-ray spectrum. Or, the concentration of a crystalline compound
may be too small to detect.

5.2 The Kd Values

Kd values, when an ion was removed frol solution by the soil, were
positive numbers, when the ion concentration change on contact with
the soil was negligible, the sign of Kd was negative. Very small or
negative Kd'8 indicated little or no attraction for the ion by the
soil.

e

In general, it may be said that the magnitude of the sorption Kd
could be controlled for any given metal ion by the concentration of

competing ions, such as H+ or Ca 2+. Kd'o for heavy metal ions wore

reduced as the concentration of H + or Ca 2+ was increased in the sum
solution because of competition for sorption sites. For exaRple, Kd

for Pb 2+ on TFI sell was lowered by a factor of 1,000 in the presence

of lM Ca 2+ and varied fron 8Bol mL/g to zlE+5 mL/g at pH 0.46 and

4.6, respectively. Figure 9. graphically show8 the differences in

Pb 2+ Kd that coNpoting ions can impose on sorption. Zt also shows,
since Kd is much lover (2 aL/g) in 0.Lq H_O 3 than in IN Ca(I)3) 3 (120

mL/g), that concentration is not the only paraneter involved. The
Law of Mass Action for equilibria is meat certainly at work in

10 5

100 ppm Pb In each oolutlon ali

10 4

10 3

_ 10 2
L

10 1

10 ° , • , - ,
Pl) Pb + lM C8 Pb + 0.1 MH

Contacting tk)lutlen

Figure 9. The Effect on Pb 2+ Kd W4q:h Competing Ions Presen_

thls effect:, but other factors such as se_a potential, 8ele_tivity,
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and swelling of the matrix may also play a role in the ability of the
soil to sorb certain ions. It is of interest to note that, even in

the presence of a large excess of H+ or Ca 2+, all four soils showed a

selective preference for Hg 2+ and Pb 2+.
Decreasing the particle size of a soil increased its ability to sorb

ions from solution. (See Figures 2,4, and 6) This result is expected

because increased surface area for smaller particles means more

sorption sites. However, the sell samples of smaller particle size

also contained 20-40 percent more kaolinite, the expected primary

sorbing coaponent of the soils, and should exhibit greater capacity

and larger Kd's for that reason as weil. The relationship between

amount of kaolinite and Kd was not linear, however. Kd values did

not increase 20-40t on going from 40-60 mesh to 80-100 mesh soil

particle size.

Kd's measured for pure silica sand {Table 31), the other soll
component, showed that the "hard", i.e. smell, slightly polarlzable,

ions, Cs + and UO22+ were not sorbed. The larger, msre polaxlzable,

or "soft" Lewis acids I , Hg2+ and Pb 2+, however exhibited F_'8 of 13
and 34 IL/g, respectively. Such sorption of _alllc ions by silica

sand is well-documented in the llterature. 2,3 Thls study did not
determine whether the uptake of metal ion on the sand was due to true
adsorption on the surface of the sand or to preoIpltatlon of an oxy-
or hydroxy-metal species at the solvated surface.

Sorption Kd values for all four ions were larger with Tr[ soil than

for the other soils. This may, in part, be attributed to the fact
that TRX soil was often composed of a l_rger percentage of kaolinite

than the other soils (Figure I). A comparison of Hg 2+ Kd'8, however,
between 80-100 mesh TF1 soil (65t kaolinite) and 40-60 mesh TRX soil
(45t kaolinite) shows that the TRX sell sorbed more mercuric lea at
equilibrium than the TFI soil. Similarly, 40-60 mesh T_[ sell

generated larger Kd values for Hg 2+ than the 80-100 mesh T_2 soil
(50% kaolinite). Thus, the amount of kaolinite in the 8011 cannot be
the only factor in metal ion uptake by the soil. The T_[ sell was
the only soil with any residual organic matter associated with it and
the added capacity of TBX soil for metal ions is attributed to the
chelating ability of that organic matter.

Another factor that appeared to have an effect on the Kd'o for these
soils was the zeta potential, a measure of the net charge on the
surface of the soil particles. The i8oelectric point for $IO 2 in

nitrate solutions occurs at a pH of about 2.78. 4 Kaollnlte's

Isoeleatric point is reported to range from 3.3 to 4.6. 5 In pm-



J

0

D.L. FISH WSRC-RP-92-326
March 20, 1992
Page 37 of 45

regulated experiments in this study, all ions tested (UO22+ was not

tested) registered greater Kd values as the pH increased. This has

already been discussed as the result of a competition with H+, but it
is important to note that a decided elevation in the Kd value

occurred at pH 3-4. Figure 10 shows the change in Pb 2+ Kd as a
function of pH for TF1, TF2, and TNX soils.

109 KaoliniteIsoeleot_
108

107

los

105 TF1

104 _. TF2103 TNX

: £ 2
101

10 o

10 -1
0 1 2 3 4 5

pN

Figuze 10. Pb 2+ Kd foe Three Soil8 8howlng Xsoele¢tzi¢

Regions _oz Kaolinite and SiO 2

In the region of the isoelectric point (at the zeta potential), the
surface of the soil, which had been positively charged, achieves a
net negative charge. This leads to greater attraction for and more
sorption of the metal cations onto the surface. It may also lead to
precipitation of the cation at the surface. In either case, the ion
was removed from solution and became associated with the soil. The

pH of the contacting solution can be directly regulated by addition
of a known amount of acid or base or it can be indirectly regulated
by hydrolysis of salts dissolved in it.

It would appear that sorption of counterions by these soils is also a
function of the cation concentration in the contacting solution. The
greater the total cation concentration in the solution, the lower the
observed value for Kd. Although the Kd was less, the isotherms
indicate that, for lead and mercuric ions, the amount of ion sorbed
continued to increase with initial metal ion concentration until the

soil was saturated. This appeared to he the case for the Cs + Kd's
for all of the soils. Kd values for the more concentrated lM and
0.lM solutions were negative whereas the more dilute 0.0SM and 0.0lM
solutions were positive. But, no sorption of cesium ion occurred at
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the two higher solution concentrations. A rationale suggested for

that observation is that, for the more concentrated Cs+ solutions,
the surface of the soil may have become quickly saturated with a
small amount of counterion, screening any further sorption.

S. 3 Zea Izchange

Kaolinite is not known as a good ion exchanger. Studies with lead

ion (Tables 32 and 33) indicate that Na + is readily exchanged for H+,

though the milliequivalents of Na + released did not equal the

milliequivalents of PM2+ _nd H+ sor_. Further, the amount of Na+
was essentially constant __r TFI, TF2, and TNX soils while the amount

of Pb2+ sorbed varied as a function of solution pH. When a largeJ

, amount of Ca2+ was present initillly, the amount of Pb2+ 8orbed was

constant. Measurable Na+ given up by sell was noted only for the TRX
samples. It is expected that this sodlm ion was primarily
associated with the organic matter in the THX sell rather than with
the clay portion. TFI and TF2 soils did liberate small quantities of

Na+ in weakly acidic delonized water, and that small amount may have

been difficult to detect in the presence of lH Ca 2+. The Na +
liberated did not result from dissolution of the soil.

S. 4 Desorption

Equilibrium sorption studies do not generate data that can be
reproduced for the reverse, desorption, process. The four ions
studied can be easily kept from nothing on the soils by decreasing

the pH or adding Ca2+ ion. Using H+ or Ca2+ to remove ions already

sorbed on the soils showed that only H+ was effective and it was

efficient for US22+ and Cs+ only (Table 35).

6.0 COIICLUBZOIIIJ

Results of this study indicate that sorption of ions by these soils
is not accomplished by a single mechanism. Several sorption
processes appeared to be simulatneously at work, those being
adsorption, chelation (for TNX soil), and a small amount of ion
exchange. Regulating these processes were competing ions and their
concentrations, surface area, pH, the nature of the sorbing ions, and
the presence of organic matter. Although it was not addressed in this
study, the effect of iron oxides or iron o1_hydroxide8 present in
some soils may also be significant.

Sorption of mercuric and lead Ions b_, the hydrated sand in these
soils should not be ignored. Thl8 indicates that the sand cannot be
considered uncontaminated after exposure to solutions of certain
metal cations.
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_he use of equilibrium data from Ed exper_nts should not be used to
predict the desorption of ions from these soils. The kinetics of the
reverse of the sorption processes must be understood before any a
prlorl predictions cen be made.

?. 0 QOaLX11 aJaupJLmC|

AI1 dat= fron this study are recorded in WSl_C-iB-90-345 and WSRC-iB-
90-346. Standard solutions were prepared with reagent grado
chemicals to check analytical /rhode. Reagent grado cheatcals veto
used for ali pE adJustaents. Analyses were pe=fo_ed by the 8BL
Analytical Developunt Section (ADS) for the following Rcustoir
assisted" analyses: gamma counting for Cs-137, cold vapor ato_c
absorption for /rcury and cesium, total uranium, and inductively
coupled pla_/ a.t_c e_sston spectromt_ for lead, calcium, and
sodium. An Orion pH intor, m_del 701&, wsm used to measure hycL_ogen

" ion concentration. .
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APPENDIX 1

X-RAY SPECTRA FOR FOUR SRS SOILS
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SPECTRUM FOR TF1 SOIL
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SPECTRUM FOR TF2 SOIL
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SPECTRUM FOR TNX SOIL

,;DIFFRAC-6000mm _ mum s mm,:.o.w
qP

11.

Ir/I.&
I . I ]w

lm
Z
l-4

;I
";I-i

.ge

- THETA (OBMES)



.. T

I •

D.L. FISH WSRC-RP-92-326
March 20, 1992

Page 44 of 45

SPECTRUM FOR ETF SOIL
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