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The Effect of Iodide and pH on the Adsorption of Mercury (11) to Illite 

Recent technological developments have precipitated further investigation into the chemistry 
of mercury and halides. Mercury forms strong associations with halides, with solubilities and 
complex formation constants varying over several orders of magnitude. Because of the 
ubiquitousness of chloride in natural systems, chloride-mercury interactions have been 
thoroughly investigated; yet information on the interactions of mercury with other halides is 
lacking. Due to a new soil washing technique empIoying the use of an 1-/12 Iixiviant, questions 
have arisen concerning the consequences of residual I- on the mobility of mercury in the 
environment. 

Research has begun at Oak Ridge National Laboratory (ORNL) and the University of 
Tennessee to investigate the effects of microgram concentrations of I- on the adsorption of 
mercury to illite. Previous investigations indicated that U- reduces adsorption to clays and 
that pH is an important parameter, affecting both the surface charge of the adsorbent (clay) 
and the speciation of the adsorbate (mercury complexes). In addition, studies show that 
organic matter may effect the mobility of mercury, even in the presence of strong inorganic 
complexors such as chloride, either by forming strong complexes with the soluble organic 
fraction or adsorbing to particulates. 

Results from studies incorporating th radiotracer *@Hg show, in contrast to the chloride system, 
that iodide enhances adsorption of mercury. Additionally, the presence of iodide appears to 
reduce the loss of mercury by strongly binding it in the aqueous phase as Hg120. It is possible 
that this complex is an important part of the adsorption reaction, either because it enables a 
surface reaction to proceed, or because iodide has its own affinity for the clay. 

The effects of pH and organic matter are being investigated currently, and further experiments 
will be conducted to better explain the processes involved in the adsorption of mercury in an 
iodide environment. 
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This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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Abdrnct The effect of r concentration on the mobility of H g O  in clay suspensions was studied over an 
environmentally significant pH range. The addition of decreased the adsorption of HgO, except at very low 
(50 pgL) I' concentrations. In suspensions of gnater r concentration (1.5 and 50 mgL), H g O  adsorption 
incnlsed with increasing pH. presumably duc to the f o d o n  of Hg-OH complexes; at low concentrations, 
H g O  adsorption decreased with increasing pH, presumably due to competition from hydrocomplexes for surf= 
adsorption sites. r was an effective extractant for H g ( Q  olrtperforming all other halides in extraction efficiency. 

1. Iatmduction 

The effect of complex formation on the transport and fate of inorganic 
mercuy(II) has been thoroughly reviewed (Gilmour, 1971; Elliott and Huang, 1979; 
Schuster, 1991). It is generally accepted that chloride is the most significant inorganic 
ligand responsible for increasing the mobility of Hg, due in part to the abundance, 
mobility and persistance of C1' and in part to the low a f f i t y  of Hg-Cl complexes for the 
soil surface (Farrah and Pickering, 1978). Hahne and Kroontje (1973a, b) considered C1' 
concentration to be as important a parameter as pH in determining the mobility of Hg. 
Experimental results of several researchers qualitatively c o n f i  these results (Newton, 
et al, 1976; Feick, et al, 1972; Barrow and Cox, 1992a, b). Due to the abundance of Cr, 
little research on the effect of other, less prevalent ligands has been performed. It is 
possible that other ligands, particularly other halides, could also cause significant increase 
in Hg mobility at concentrations much lower than those required of C1- (Hepler and 
Olofsson, 1974). 

A lixiviant composed of and I, is currently under investigation for use in the 
removal of Hg from contaminated soil and sediments (Faust, 1994; Shoesmith, et al, 
1994). While initial tests  indicate that this lixiviant effectively removes Hg from 
contaminated soils, the potential for more widespread Hg contamination exists if soils 
with residual 1- are returned to their original sites or disposed of in unlined landfills, or 
if the lixiviant is used in situ. The residual 1- in treated soils has the potential to complex 
residual Hg or, due to its mobility, complex any other Hg down-gradient from the treated 
soil or disposal site. No information exists on the interactions of Hg and I' in soils; the 
aim of this research is to asses the impact of low concentrations of I' on the adsorption 
of Hg. The clay mineral illite was chosen as a substrate due to its abundance in the soils 
of Eastern Tennessee. 
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2. Matelids and Methods 

Fitian illite was ground with a mortar and pestle to recover the < 32 pm fraction, and 
then was saturated with potassium by repeatedly suspending and centrifuging in 0.01 M 
KNO,. Twelve, 100-mL stock suspensions of 1 g/L were prepared in 0.01 M KNO, and 
stored in polypropylene bottles. Appropriate volumes of 0.0 1 N HNO, and 0.0 1 N NaOH 
were added to produce stock suspensions with pH values in the range of 4 to 10. Ten- 
milliliter subsamples of each stock suspension were transfered into 14-mL polypropylene 
culture tubes and spiked with solutions of mHg(N0,)2 and NaI to achieve initial 
suspension concentrations of 0 and 100 pg/L Hg, and 0 and 50 mg/L I'. After the 
completion of a one day equilibration period, a 1-mL aliquot was drawn from each of the 
suspensions, transfered to a 7-mL vial, and preserved in I-mL of 4 N HNO,. These 
samples were analyzed to determine the equilibrium Hg concentration (CJ in the 
suspension. A 3-mL aliquot of the suspension was filtered through a 0.4 pm 
polycarbonate membrane. The filter containing the solids was transferred into a 7-mL 
vial and analyzed to determine Hg adsorbed (CA. A I-mL. aliquot of the filtrate was 
transferred into a 7-mL vial, preserved in 1 -mL of 4 N HNO,, and analyzed to determine 
aqueous Hg concentration (CJ The pH of each sample was measured and recorded. 
Samples were analyzed for a period of 2 to 15 minutes using a 3" x 3" Bicron NaI deep- 
well crystal and a Nuclear Data Accuspec gamma spectrometer. Mass balance was 
checked by comparing aqueous and solids Hg concentrations to initial Hg concentrations. 
Adsorption percentages were determined from the measured solids and suspension phase 
concentrations: 

% adsorption = C, (pg/g) C, (pg/L) x illite concentration in suspension @/I,) 

3. Results and Discussion 

3.1 EFFECT OF IODIDE AND pH ON Hg ADSORPTION 

Hg was lost from some of the samples, especially at higher pH and lower I' 
concentrations. Hg losses were approximately 20% to 30% when I' = 0 and 50 pg/L, but 
losses were less than 5% when I' = 1.5 mgL and 1- = 50 mg/L. We explained these 
losses as being due to Hg adsorption to container walls; similar observations have been 
made by Newton and Ellis (1974). We used the equilibrium activity (CJ as the total Hg 
concentration, and reported concentrations as pg/L or pg/g of clay in suspension. 

Typical results for the sorption of Hg on illite (1 g/L) in the presence of I' (0 - 
50 mg/L) are presented in Figure 1. The maximum adsorption of Hg in the absence of 
I' was in the range of 80 to 85% and was generally independant of pH. With I' = 50 
pgL, maximum adsorption was still around 85% and it was generally independant of pH, 
up to a pH of 8.5; at pH values above 8.5, which is close to the maximum likely to be 
encountered in the environment, adsorption decreased, due to a competition between 
hydroxide ions and Hg complexes for adsorption sites (Elliott and Huang, 1979). 

At greater I- concentrations, adsorption significantly decreased to 25% when 1- 
= 1.5 mg/L, and less than 20% at 1- = 50 mg/L. In addition, the pH of maximum 
adsorption shifted to higher pH values in suspensions of greater I' concentration. 
Although adsorption was relatively independant of pH when I' concentration was low (I- 
< 50 pg/L), adsorption increased with increasing pH for suspensions of greater I' 
concentration. 



Fig. 1. Effect of varying NaI concentdon on the adsorption of Hg@) to W w a function of pH 

The effect of increasing I' concentration on Hg adsorption is illustrated in Figure 
2. Clearly, concentrations of 1- greater than 50 p g L  significantly altered the adsorptive 
behavior of Hg, and the effect of pH was relatively insignificant. 

3.2 DESORPTION OF Hg FROM ILLITE 

The ability of 1- to desorb Hg from contaminated soils was also investigated. Soils from 
a mercury-contaminated floodplain in Oak Ridge, Tennessee were treated With three 
concentrations of halide salt solutions to assess their ability to remove Hg. The results 
are tabulated in Table 1. Clearly, 1- was the most effective desorbing agent. The smallest 
I' concentration tested (0.001 M) performed better than the other halides at the highest 
concentration tested, with the exception of 0.1 M F. In addition, 1- was the only halide 
that removed a significant fraction of Hg from the soils. Even at 0.1 M, F, Cl; and Bi 
extracted little Hg; on the other hand, I' removed about 6% of the adsorbed Hg. 

Fig. 2. Adsorption of Hg@) to illite as a function of r concentdon (iitial Hg = 20 pgL) 



TABLE I 
Efficiency of ditrerent halide solutions at extracting mercury fiom contaminated soils 

Solution Percent Desorbed (%) 
Concentration (M) F C1' Br- I' 

0.00 1 0.0056 0.0073 0.013 0.04 1 

0.0 1 0.010 0.012 0.023 1.1 

0.1 0.12 0.017 0.040 5.9 

4. Conclusions 

Hg adsorption to illite decreased at high I' concentrations (2 1.5 mg/L). I- also 
desorbed significant concentrations of Hg from contaminated soils, especially when large 
(0.1 M) concentrations were used. The ability of I' to both prevent adsorption and cause 
desorption of Hg from illite may influence the use of I' as a lixiviant in soil 
decontamination. 
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Fig. 1.  Effect of varying NaI concentration on the adsorption of HgQI) to illite as a 
function of pH 
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Fig. 2. Adsorption of Hg(lI) to illite as a function of I- concentration (initial Hg = 20 
Pa) 
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