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Abstract 

 

Laboratory Optimization and Field Demonstration of Diffusive 

Gradients in Thin Films for In-Situ Mercury Measurements of River 

Sediments 

 

 

 

 

Timothy William Chess, M.S.E. 

The University of Texas at Austin, 2010 

 

Supervisor:  Danny D. Reible 

 

Diffusive gradients in thin film (DGT) technique is applied to determine pore 

water mercury concentrations in river sediments.  DGT devices have been a useful 

indicator of dissolved metals in aqueous systems, although it is not as well developed for 

measuring mercury.  DGT devices were evaluated for three different ion exchange resins 

for adsorption of mercury.  After a series of laboratory experiments, 3-Mercaptopropyl 

Functionalized Silica Gel (3M) was chosen as an effective resin layer.  Laboratory 

experiments showed that the resin strongly associated with dissolved Hg
2+

.  DGT probes 

were tested with sediments from the South River (Virginia, USA) in the laboratory and 

the time dependent deployment verified an uptake of mercury to the probes and 

established an effective diffusion coefficient for site specific utilization.  Multiple piston 
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and sediment probes were deployed in the South River in-situ to determine overlying 

water Hg concentrations and sediment pore water Hg concentration profiles. The DGT 

devices were successful in measuring Hg concentrations in-situ.   

  



 viii 

Table of Contents 

LIST OF TABLES xi 

LIST OF FIGURES xiii 

1.  INTRODUCTION 1 

1.1 Background and Motivation ..................................................................1 

1.2 Objectives and Experimental Approach ................................................2 

1.3 Thesis Organization ...............................................................................3 

2.  LITERATURE REVIEW 4 

2.1 Mercury..................................................................................................4 

2.2    Mercury in the Aquatic Environment ....................................................4 

2.3    Pore Water Sampling Techniques..........................................................6 

2.4    Development and Principles of the DGT Sampling Technique ............8 

2.5    DGT Measurements in Natural Systems .............................................14 

3.  MATERIALS AND METHODS 16 

3.1 General Techniques .............................................................................16 

3.2 Fabrication of DGT Probes ..................................................................16 

3.3 Analytical Measurement Techniques ..................................................18 

3.4 Resin Adsorption and Elution Laboratory Experiment .......................19 

3.5 Diffusive Boundary Layer Determination ...........................................20 

3.6 Time Dependent DGT Batch Experiment ...........................................22 

3.7 Site Specific Sediment and DGT Characterization .............................23 

3.8 DGT Field Deployment .......................................................................26 

4.  RESULTS AND DISCUSSION 30 

4.1 Resin Gel Construction ........................................................................30 

4.1.1 Lewatit® Monoplus TP-214 Resin .............................................30 

4.1.2 Ambersep® GT74 Resin ............................................................30 

4.1.3 3-Mercaptopropyl-Functionalized Silica Gel Resin ...................32 

4.2 Adsorption and Elution Experiments...................................................33 



 ix 

4.2.1 Ambersep® GT74 Resin ............................................................33 

4.2.2 3-Mercaptopropyl-Functionalized Silica Gel Resin ...................38 

4.3 Diffusive Boundary Layer Experiment ...............................................41 

4.4 Time Dependent DGT Batch Experiment ...........................................42 

4.5  DGT Characterization in Site Specific Sediment ...............................45 

4.6 DGT Field Deployment in the South River .........................................48 

4.6.1 Site 1 Deployment ......................................................................49 

4.6.2 Site 2 Deployment ......................................................................50 

4.6.3 Site 3 Deployment ......................................................................53 

5.  CONCLUSIONS AND RECOMMENDATIONS 59 

5.1 Conclusions .........................................................................................59 

5.2 Recommendations for Future Work ....................................................61 

APPENDIX A.  ADSORPTION AND ELUTION EXPERIMENTS 62 

A.1 Ambersep® GT74 Resin .....................................................................62 

A.2 3-Mercaptopropyl-Functionalized Silica Gel Resin ............................63 

APPENDIX B.  DIFFUSIVE BOUNDARY LAYER EXPERIMENT 65 

B.1 DBL Raw Data ....................................................................................65 

APPENDIX C.  TIME DEPENDENT BATCH EXPERIMENT 66 

C.1 Trial 1 Raw Data ..................................................................................66 

C.2 Trial 2 Raw Data ..................................................................................67 

APPENDIX D.  DGT CHARACTERIZATION IN SITE SPECIFIC SEDIMENT 68 

D.1 Centrifugation and Filtration Measurements of Site Sediment ...........68 

D.2 Time Dependent DGT Sediment Measurements .................................68 

APPENDIX E.  DGT FIELD DEPLOYMENT DATA 70 

E.1 Overall DGT Parameters .....................................................................70 

E.2 DGT Sediment Probe Raw Data ..........................................................70 

APPENDIX F.  SOUTH RIVER SCIENCE TEAM DATA 73 

F.1 South River Science team total mercury pore water data ....................73 



 x 

REFERENCES 75 

VITA                                                                                                                                                        78 



 xi 

List of Tables 

Table 4.1: THg pore water concentration from centrifugation/filtration (ng/L). .............. 46 
 

Table 4.2: Average temperature and pH for the South River. .......................................... 48 
 

Table 4.3: Site 2 individual probe locations off eastern river shore. ................................ 50 

 

Table 4.4: Site 3 individual probe locations off eastern river shore. ................................ 53 

 

Table A.1: Ambersep® adsorption experiment results for exposure to 1000 – 7000 ng/L 

Hg
2+

 bulk water concentrations (plotted in Figure 4.1). ................................................... 62 
 

Table A.2: Ambersep® elution experiment results for exposure to 1000 – 7000 ng/L Hg
2+

 

bulk water concentrations (plotted in Figure 4.3). ............................................................ 62 
 

Table A.3: Ambersep® adsorption experiment results for exposure to 100 – 350 ng/L 

Hg
2+

 bulk water concentrations (plotted in Figure 4.2). ................................................... 63 

 

Table A.4: Ambersep® elution experiment results for exposure to 100 – 350 ng/L Hg
2+

 

bulk water concentrations (plotted in Figure 4.4). ............................................................ 63 
 

Table A.5: 3MFSG adsorption experiment results for exposure to 100 – 700 ng/L Hg
2+

 

bulk water concentrations (plotted in Figure 4.5). ............................................................ 63 
 

Table A.6: 3MFSG elution experiment results for exposure to 100 – 700 ng/L Hg
2+

 bulk 

water concentrations (plotted in Figure 4.6). .................................................................... 64 

 

Table B.1: Raw Hg
2+

 data of DBL experiment for 0.75, 1.0, and 1.5 mm diffusive gel 

layers (plotted in Figure 4.7). ............................................................................................ 65 
 

Table C.1: Overlying water Hg
2+

 data post time dependent batch experiment (trial 1). .. 66 
 

Table C.2: Resin Hg
2+

 mass measurements and Hg
2+

 mass based on the model using 

DHg,H2O and Deff (trial 1) (plotted in Figure 4.8) . ............................................................. 66 
 

Table C.3: Overlying water Hg
2+

 data post time dependent batch experiment (trial 2). .. 67 
 

Table C.4: Resin Hg
2+

 mass measurements and Hg
2+

 mass based on the model using 

DHg,H2O and Deff (trial 2) (plotted in Figure 4.9). .............................................................. 67 
 

Table D.1: Centrifugation and filtration of South River sediment and their pore water 

measurements of THg. ...................................................................................................... 68 



 xii 

Table D.2: THg measurements by DGT piston probes in site sediment over 4 days (1
st
 

measurement of the elution). ............................................................................................. 68 
 

Table D.3: THg measurements by DGT piston probes in site sediment over 4 days (2
nd

 

measurement of the elution). ............................................................................................. 69 
 

Table D.4: THg averaged mass measurements by DGT piston probes in site sediment 

over 4 days and their associated standard deviations (points plotted on Figure 4.10)...... 69 
 

Table E.1: Overall DGT parameters for all probes deployed to the South River. ............ 70 
 

Table E.2: DGT THg measurements from sediment probes #1 and #2 (site 2)................ 70 
 

Table E.3: DGT THg measurements from sediment probes #3, #4, #5, #6 and #7 (site 3).

........................................................................................................................................... 71 

 

Table E.4: DGT THg measurements from piston probes (all sites). ................................ 72 

 

Table F.1: THg Pore Water Concentrations from Henry samplers at Site 1 (0.1 RRM). . 73 
 

Table F.2: THg Pore Water Concentrations from Henry samplers at Site 2 (3.5 RRM). . 74 



 xiii 

List of Figures 

Figure 2.1: Two dimensional Figure of the DGT principles. ............................................. 9 

 

Figure 2.2: Piston-shaped DGT probe. ............................................................................. 10 
 

Figure 2.3: Profile designed DGT for sediment or soil use. ............................................. 11 
 

Figure 3.1: Experimental procedure for determining the DBL/uptake. ............................ 21 
 

Figure 3.2: Piston probe in site sediment experiment set-up. ........................................... 24 

 

Figure 3.3: Location of DGT probes along South River (Google Maps, 2010). .............. 28 
 

Figure 4.1: Ambersep® adsorption/removal % for 1000 – 7000 ng/L trial. .................... 35 

 

Figure 4.2: Ambersep® adsorption/removal % for 100 – 350 ng/L trial. ........................ 35 

 

Figure 4.3: Ambersep® elution efficiency for the 1000 – 7000 ng/L trial. ...................... 37 

 

Figure 4.4: Ambersep® elution efficiency for 100 – 350 ng/L trial. ................................ 37 

 

Figure 4.5: 3MFSG adsorption/removal % for 100 – 700 ng/L trial. ............................... 39 
 

Figure 4.6: 3MFSG elution efficiency for the 100– 700 ng/L trial. ................................. 40 
 

Figure 4.7: DBL determination graph; 1/M versus total diffusive layer thickness. ......... 41 
 

Figure 4.8: 3MFSG time dependent experiment, trial 1. .................................................. 43 

 

Figure 4.9: 3MFSG time dependent experiment, trial 2. .................................................. 44 

 

Figure 4.10: 3MFSG time dependent South River site sediment experiment. ................. 47 
 

Figure 4.11: Site 1 piston probe THg concentrations. ...................................................... 49 
 

Figure 4.12: Site 2 piston probe THg concentrations. ...................................................... 51 
 

Figures 4.13 and 4.14: Site 2 sediment probes #1 and #2 THg concentrations. ............... 52 

 

Figure 4.15: Site 3 piston probe THg concentrations. ...................................................... 54 

 



 xiv 

Figures 4.16 and 4.17: Site 3 (5 ft) sediment probes #3 and #4 THg concentrations. ...... 55 
 

Figures 4.18 and 4.19: Site 3 (10 ft) sediment probes #5 and #6 THg concentrations. .... 56 
 

Figure 4.20: Site 3 (15 ft) sediment probes #7 THg concentrations. ................................ 57 
 

 



 1 

1.  Introduction 

1.1 BACKGROUND AND MOTIVATION 

Mercury is a natural and anthropogenic distributed metal that has been linked with 

adverse health effects in humans; ranging from Alzheimer’s to learning disabilities in 

children (Haq et al., 2005).  The global cycle of mercury has only seen increases in 

mercury deposition, especially in natural water bodies, since the beginning of the 

industrial revolution (Fitzgerald et al., 2007).  The sediment in water bodies acts as the 

ultimate sink, where mercury in its various complexes is deposited.  The mercury can 

then be converted to its more toxic organic form, monomethyl mercury, through 

methylation by organisms.  The bioaccumulation and biomagnification can then continue 

up the food chain where humans, among other animals, consume the organic mercury. 

The availability and toxicity of mercury is thought to be better related with pore 

water concentrations than with sediment or overlying water concentrations (Ankley et al., 

1994).  Therefore, in order to better assess a known water body with mercury 

contamination, the pore water concentrations could be evaluated to understand the 

availability.  Currently, there are many forms of sampling techniques for pore water, 

grouped into two categories; active and passive.  Active sampling, which involves 

withdrawal of water or centrifugation to separate sediment and water can be effective; 

however, it can release colloidal material and contaminants that were previously bound to 

solids and therefore skewing the natural pore water concentrations.  Passive sampling, 

using sorbents inserted into the sediments, provides a method of measuring pore water 

concentrations while potentially minimizing disturbance of the natural conditions.  One 

current method of passive sampling, specifically engineered for metals, is diffusive 

gradients in thin films (DGT).   
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DGT, initially developed by Davison and Zhang of Lancaster University, has 

been developed over the last 20 years to passively measure the flux of metals in bulk 

water, sediment pore water, and soils (Davison et al., 2007).  The flux can then be used to 

estimate concentrations in the measured matrix.  The inherent advantage that DGT has 

over other passive sampling techniques is that it is a non-equilibrium technique which 

allows relatively rapid in-situ measurement.  However, the development of DGT for 

measuring mercury has been limited by the availability of ion exchange resins capable of 

adsorbing mercury.  A Spheron-Thiol resin was originally used for measuring mercury in 

DGT, but has since ceased production (Divis et al., 2005).  In this thesis, different ion 

exchange resins for use in DGT will be evaluated and characterized for measuring total 

dissolved mercury concentrations in bulk and sediment pore waters, both in the 

laboratory and field. 

 

1.2 OBJECTIVES AND EXPERIMENTAL APPROACH 

The ultimate objective of this study was to develop and demonstrate a practical-

DGT for in-situ measurements of mercury in pore water.  Central to the development was 

identification and evaluation of an appropriate resin to employ in the device.  The 

evaluation and optimization of the resins were conducted in four stages; first, the resins 

were evaluated on their ability to form a gel layer; second, the resins were evaluated on 

their mercury adsorbing capability and elution efficiency; third, time dependence in a 

bulk mercury solution was verified; and finally, the resin was evaluated under field-like 

conditions using actual site sediment to examine performance and adsorption.  For a resin 

to be successfully employed in DGT it had to be capable of forming a gel layer, 
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adsorbing mercury (laboratory and field situations), and it had to be possible to elute a 

consistently high percentage of mercury from the resin for analysis.  

After laboratory evaluations, the resins determined to be adequate were deployed 

in the South River (Virginia) at known mercury contaminated sites.  The DGT probes 

consisted of piston shaped and sediment profile shaped probes deployed to three separate 

locations.  The probes were then analyzed and processed at UT-Austin.  

 

1.3 THESIS ORGANIZATION 

The Literature Review, Chapter 2, includes a discussion of mercury and 

specifically, mercury contamination in natural water bodies.  It also includes further 

details on pore water sampling techniques and development and field applications of 

DGT.  The Materials and Methods, Chapter 3, provides details on experimental 

procedures, supplies, and equipment.  Chapter 4, Results and Discussion, includes 

experimental results and findings.  A summary and recommendations for future work in 

the area are located in Chapter 5, Conclusions and Recommendations.   
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2.  Literature Review 

2.1 MERCURY 

Mercury is a metal that disperses through the environment as a result of both 

natural and anthropogenic processes.  In a year, over 20,000 tons of mercury is released 

into the atmosphere as a result of anthropogenic processes, mainly coal burning, and 

10,000 tons are released from the degassing of earth’s crust (Morel et al., 1998).  Once 

the mercury enters the atmosphere, it begins to cycle through the environment in a similar 

fashion to that of the hydrological cycle.  Slow oxidation of Hg
0
 in the atmosphere to 

aqueous phase inorganic mercury, Hg
2+

, enables mercury to enter all environmental 

phases and media (Morel et al., 1998).  Hg
2+

 is transported to both the soil and water 

bodies via rain from the atmosphere.  Within the various types of water bodies (lakes, 

streams, groundwater, etc.), the sediment acts as sink for the Hg
2+

 (Haq et al., 2005). 

 

2.2       MERCURY IN THE AQUATIC ENVIRONMENT 

Within the sediment, the inorganic mercury can be biologically transformed by 

microorganisms into one of its organic forms, monomethyl mercury.  The monomethyl 

mercury, MMHg, can then bioaccumulate in the natural food chain where higher trophic 

level organisms such as large fish and piscivorous mammals become exposed to elevated 

Hg levels (Haq et al., 2005).  The unique toxicity of MMHg can be linked to various 

adverse human health effects.  The lipid solubility of MMHg enables the passage of the 

brain’s blood barrier; studies have shown that even low levels of mercury in the blood to 

be associated with  Alzheimer’s, Parkinson’s, sensory disturbances, decreases in motor 

function and muscular strength, multiple sclerosis, atopic eczema, a decrease in fertility, 

and a diminished immune system (Haq et al., 2005). 
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The availability of mercury in sediment for methylation and eventual 

bioaccumulation is the product of various geochemical factors.   Some of the factors 

affecting metal availability are the redox conditions, particulate and dissolved organic 

carbon (POC and DOC), and acid volatile sulfides (AVS) to name a few.  A small 

increase in the redox potential of particular sediment can cause the metal-sulfide complex 

to oxidize and therefore release the metal into the pore water (Chapman et al., 1998).  

The POC/DOC in natural water systems has shown a strong affinity for metals and its 

presence could alter the mobilization of metals in the sediment (Morel et al., 1998).  AVS 

and simultaneously extracted metals (SEM) measurements can be used to predict 

availability of many of the common heavy metals.  If the SEM/AVS ratio is less than or 

equal to 1, the trace metal has been shown to be unavailable because the metals are tied 

up in an insoluble metal-sulfide complex that is generally unavailable to benthic 

organisms (Allen & Bufflap, 1995).  For mercury, however, the SEM/AVS paradigm is 

less useful since even low levels of mercury solubility may lead to significant methyl 

mercury production.   

The pore water metal concentration has been shown to be a good indicator of 

bioavailability and toxicity (Ankley et al., 1994).  Historically, the sediment and 

overlying water concentrations have been used in order to determine the availability at a 

particular site.  However, sediment concentrations have not been directly linked to 

availability and the main pathway for available metals is not necessarily ingestion of 

particulate associated metals (Chapman et al., 1998).  The pore water concentration is a 

function of water chemistry and the sediment concentration; the pore water has been 

shown to be better correlated with the biological effects (Chapman et al., 1998).  In 

regards to mercury methylation, pore water availability, as well as speciation and sulfate 

reduction, was shown as one of the controlling factors in production (Johnson, 2009).   
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An accurate pore water concentration measurement of a particular metal contaminant of 

interest could provide a better prediction of availability to benthic organisms and its 

related toxicity. 

 

2.3       PORE WATER SAMPLING TECHNIQUES 

Measuring pore water metal concentrations, and specifically Hg
2+

, can be done 

using two types of methods: active and passive.  Active pore water sampling techniques 

include methods such as core squeezing, centrifugation and filtration, and displacement.  

Of the listed methods, centrifugation and filtration is one of the most widely used and has 

demonstrated similar values for divalent metals to that of the passive sampling technique 

dialysis (Allen & Bufflap, 1995).  However, as with most active sampling techniques, 

there is a complicated and tedious procedure that presents many opportunities for error.  

The sediment must first be collected from the site where the disturbance of removing the 

sediment can cause re-suspension of particles and the release of additional metals from 

the solid phase (Chapman et al., 1998).  The sediment must then be maintained in an inert 

atmosphere, nitrogen or argon, until the sediment can be acidified in order to avoid the 

oxidation of Fe
2+

 to Fe
3+

, where the newly precipitated ferric iron could scavenge other 

metals and therefore decrease their pore water concentration (Allen & Bufflap, 1995).  In 

addition, the exposure to oxygen can also affect the speciation of other trace metals 

(Benoit et al., 1998).   

Following the removal of the sediment, studies have shown that when 

centrifuging the sediment, speeds should be maintained above 11,000 rpm in order to 

obtain good results (Allen & Bufflap, 1995).  The supernatant collected from 

centrifugation should then be filtered in order to measure the dissolved metal 
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concentration.  Depending on the type of filter material used, studies have shown 

anywhere from a 35% to 63% loss in trace metals during filtration (Allen & Bufflap, 

1995).  The other forms of active sampling, core squeezing and displacement, also 

involve numerous procedural steps that inherently contain sources of error; one study 

demonstrated 90% loss of Hg
2+

 to the plastic syringes over 4 hours during squeezing 

(Benoit et al., 1998).  The complexity and associated error with active sampling has 

driven recent research to focus on passive sampling techniques as an alternative 

measurement method. 

Passive sampling techniques for trace metal pore water measurements are 

engineered to capture data that is representative of the actual pore water concentrations in 

undisturbed sediment.  Current passive sampling technologies include dialysis (peepers), 

microelectrodes, diffusive equilibrium in thin films (DET), and diffusive gradients in thin 

films (DGT).  DET and peepers are an equilibrium based measurement technique where 

deployment time can last over a week and in general should be used in locations of high 

metal concentrations (Benoit et al., 1998; Davison et al., 2007).  Microelectrodes include 

techniques such as anodic stripping voltammetry and are useful for distinguishing labile 

species from organic complexes in pore water (Chapman et al., 1998; Johnson et al., 

2010).   

DGT is a recent passive sampling technique, developed in the early 1990’s by 

William Davison and Hao Zhang at Lancaster University in the United Kingdom (1995).  

DGT is unique to the other passive sampling techniques as it effectively measures the 

flux of the solute of interest and therefore the rate of mass uptake can be controlled by the 

geometry of the diffusion layer and deployment time (Davison & Zhang, 1995).  

Additionally, techniques such as DGT and peepers offer the capability of fine spatial 

resolution measurements of metals from 1 centimeter increments for peepers to 1.25 
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millimeter increments for DGT (Chapman et al., 1998; Davison et al., 1995).   Passive 

sampling offers an alternative to some traditional environmental monitoring techniques in 

the pursuit of more reliable pore water concentrations. 

2.4       DEVELOPMENT AND PRINCIPLES OF THE DGT SAMPLING TECHNIQUE 

The original development of DGT by Davison and Zhang as an environmental 

monitoring application was for measuring labile metal species in bulk water.  The metal 

species originally measured were Zn, Cd, Cu, Ni, Fe, and Mn utilizing a Chelex®-100 

based ion exchange resin (Davison & Zhang, 1995).  The DGT sampling technique is 

based upon Fick’s 1
st
 Law of Diffusion which quantifies molecular diffusion in terms of 

flux (Davison & Zhang, 1995).  The equation that represents Fick’s 1
st
 law can be written 

as   

      
  

  
                                                    (Equation 2.1)  

           

 where J = flux (M L
-2 

 T
-1

), 

          D = diffusion coefficient (L
2
 T

-1
), 

          δC = change in concentration (M L
-3

), 

          δx = change in distance (L) (Logan, 1999). 

 

In the case of DGT, the equation reflects the molecular diffusion of metal ions 

through the diffusion layer.  Figure 2.1 demonstrates the concentration gradient that is 

formed in the diffusive layer and diffusive boundary layer, where diffusion is purely by 

molecular diffusion (Davison & Zhang, 1995).  At the surface of the resin, the 

concentration is effectively zero, assuming the resin is a strong binding agent for the 

metal and is not saturated (Davison & Zhang, 1995).  The distance on the abscissa is the 
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distance from the bulk solution to the surface of the resin gel; this distance includes the 

filter, diffusive boundary layer, and the diffusive gel layer.   

 

                            

Figure 2.1: Two dimensional Figure of the DGT principles.  

Using Equation 2.1, the characteristics described by Figure 2.1, and flux equals 

mass divided by the area it diffuses through multiplied by time, a new equation is derived 

specifically for DGT.  The equation can be written to solve for both mass adsorbed to the 

resin or the concentration in the bulk solution; 

 

   
     

  
                                                      (Equation 2.2) 

      
   

   
                                                      (Equation 2.3) 

 

where M = mass of metal adsorbed to resin (M), 

           Cb = concentration of metal in bulk liquid (M L
-3

), 

           D = diffusion coefficient of metal (L
2
 T

-1
), 

           t = deployment time of the device (T), 
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           A = exposure area of the device to the bulk solution (L
2
), 

           Δg = distance from the resin layer to the bulk solution (L) (Davison & 

Zhang, 1995). 

In both Equations 2.2 and 2.3, the concentration change that is in Equation 2.1 is 

reduced to one term, Cb, because the concentration at the surface of the resin is assumed 

to be zero.  The diffusion coefficient, D, is the diffusion coefficient associated with the 

metal ion in solution.  The diffusive layer, normally composed of a polyacrylamide based 

gel, was found to have a pore size ranging from 2 – 5 nm, whereas hydrated cations 

possess a radii of 0.2 – 0.3 nm (Davison & Zhang, 1995).  Additionally, the diffusive gel 

is comprised of 95% water, which is available for diffusion (Davison & Zhang, 1995).  

When using the DGT devices in bulk water, the diffusion coefficient is therefore assumed 

to be the same as that in the bulk solution as verified by Davison and Zhang (1995).   

 The DGT sampling device itself is comprised of five separate parts: probe base, 

resin or ion exchange gel layer, diffusive gel layer, filter, and probe cap.  Figure 2.2 and 

2.3 show the general composition of a DGT probe; Figure 2.2 is a piston-shaped probe 

utilized more often for bulk water measurements and Figure 2.3 is a profile probe 

designed for sediment and soil use (Davison et al., 2007).  

 

 

Figure 2.2: Piston-shaped DGT probe. 
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Figure 2.3: Profile designed DGT for sediment or soil use. 

The diffusive and resin layers originally designed by Davison and Zhang are 

comprised of an acrylamide and agarose cross-linker solution with an ammonium 

persulfate initiator and a N,N,N’,N’-tetramethlethylendiamin (TEMED) catalyst (Davison 

& Zhang, 1995).  Additionally, the resin layer includes a specific ion exchange resin 

chosen for the specific metal of interest.  The layers are manufactured by mixing the 

aforementioned constituents and casting to a desired thickness between two glass plates 
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(Davison & Zhang, 1995).  Finally, a filter is placed on top of the diffusive layer facing 

outwards, which is a 0.45 µm Millipore cellulose nitrate membrane that serves to prevent 

particles from binding to the outside of the diffusive layer (Davison & Zhang, 1995).  As 

operationally defined, the filter should also prevent the diffusion of particles that are not 

dissolved.  

The temperature and pH characteristics of an aquatic environment can potentially 

alter the results of DGT associated measurements.  The relationship between temperature 

and diffusivity is related through water viscosity; as the temperature changes so does 

diffusivity (Davison & Zhang, 1995).  The diffusion coefficient can be corrected by using 

Davison and Zhang’s (1995) diffusion correction equation, which is a derivative of the 

Stoke – Einstein equation;  

 

        
                                

     
    

          

   
            (Equation 2.4) 

where Dt = diffusion coefficient at temperature t (L
2
  T

-1
), 

           D25 = diffusion coefficient of ions in water at 25 °C (L
2
 T

-1
), 

           t = temperature (°C).  

 

In order to properly understand how the DGT would perform, Davison and Zhang 

(1995) measured the diffusive flux of Cd over a temperature range of 5 – 35 °C.  Their 

results showed good agreement between actual measurements and the model prediction 

correcting for the change in temperature.  Additionally, Davison and Zhang’s (1995) 

results demonstrated that the diffusive gel properties and structure remained consistent 

throughout the temperature range, and therefore DGT measurements can be made in 

aqueous solutions between 5 and 35 °C. 
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Ionic strength effects were evaluated by exposing DGT to a CdCl2 solution with a 

NaNO3 concentration ranging from 10 nM to 1 M (Davison & Zhang, 1995).  Davison 

and Zhang (1995) found that the DGT and the direct measurement technique, atomic 

absorption spectroscopy, were in good agreement over the entire ionic strength range.  

Additionally, they demonstrated through equation derivations that flux is independent of 

the activity coefficient and therefore ionic strength (Davison & Zhang, 1995). 

The effects of pH on DGT measurements were investigated by measuring both Cd 

and Zn spanning a pH range of 2.3 to 8.3 (Davison & Zhang, 1995).  The experiments 

were conducted by measuring the bulk liquid solution concentrations of Cd and Zn 

utilizing the mass adsorbed to the DGT probes and by direct measurement using atomic 

absorption spectroscopy  (Davison & Zhang, 1995).  The results showed good agreement 

by the two methods within the pH range of 5 to 8.3, with recoveries from the DGT resin 

decreasing rapidly with a pH lower than 5 (Davison & Zhang, 1995).  The operational pH 

range for the DGT probe should be appropriate for most natural fresh and salt waters, as 

their pH is generally within this range. 

The external mass transfer resistance, which can be characterized as a diffusive 

boundary layer (DBL) that forms at the surface of a solid object in a flowing solution, can 

affect the DGT measurements (Davison & Zhang, 1995).  The DBL, could therefore add 

to the total distance that metal ions must diffuse in order to reach the resin layer.  In the 

development of equations 2.2 and 2.3, the DBL was not included in the distance from the 

bulk solution to the resin layer, Δg.  The reason for neglecting the DBL in the 

development of the equations was that various estimates have showed that in natural fast-

flowing water bodies such as rivers and well-mixed water bodies such as lakes, the DBL 

is in the range of 10 to 100 µm (Davison & Zhang, 1995).  With a normal diffusion layer 

and filter combined thickness ranging from 0.75 to 1.0 mm, the variation in measured 
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flux would only amount to about 10%  (Davison & Zhang, 1995).  The DBL, however 

should not be ignored when performing laboratory experiments in which case the bulk 

solution is generally mixed at low stirring rates, in which case the DBL becomes 

significant compared to the diffusive layer thickness (Davison & Zhang, 1995).    Thus, 

this is a consideration when using DGT in the laboratory. 

 

2.5       DGT MEASUREMENTS IN NATURAL SYSTEMS 

DGT has shown to be an effective passive sampling technique in both natural 

bulk waters and sediment pore waters.  The initial field trials performed by Davison and 

Zhang demonstrated the potential for measuring Zn, Mn, Fe, and Cu in bulk seawater.  In 

order to test the significance of the DBL, they used 6 piston probes with different 

diffusive layer thicknesses all for 5.33 hours (Davison & Zhang, 1995). The results 

demonstrated that the diffusive layer thickness dominated mass transport; therefore the 

DBL could be regarded as negligible and that mixing by the currents, 0 to 4 knots in this 

case, is sufficient (Davison & Zhang, 1995).  There were differences in the measured 

concentrations of Zn, with a lower concentration measured by DGT versus separate 

measurements made by anodic stripping voltammetry (ASV).  However, the differences 

are not completely unexpected as DGT does not measure kinetically inert organic species 

and large colloids which may contain zinc (Davison & Zhang, 1995).   

  Davison and Zhang, after applying their new sampling technique to natural 

waters, developed a sediment specific probe for analyzing sediment pore water.  Their 

initial experiments were conducted in fresh water lake sediments where they sought to 

characterize the depth profiles of Zn, Cd, Ni, Cu, Fe, and Mn fluxes and concentrations 

(Davison et al., 1995).  Additionally, they performed measurements with different 



 15 

diffusion layer thicknesses in order to determine if the metals were in constant resupply 

or depleting with time (Davison et al., 1995).  Their results demonstrated that in this 

particular sediment, Zn and Cd measurements could be interpreted as concentrations, 

while the other metal’s measurements were better interpreted as the maximum flux from 

solid to solution phase, due to slow resupply kinetics (Davison et al., 1995).  DGT has 

been less well developed for sediments than that for natural waters as a result of the 

difficulty in quantifying the resupply kinetics and the fine colloidal particles carrying 

metals that can diffuse through the device, but at slower diffusivities.  Whether 

measuring the flux or pore water, DGT provides a perturbation device and local sink that 

can estimate the in situ metal availability.    

Since its initial development, DGT has been shown to measure up to 55 different 

elements utilizing the original Chelex®-100 resin gel (Davison et al., 2007).  However, 

the Chelex®-100 resin does not demonstrate a high affinity for mercury ions (Divis et al., 

2005).  The DGT technique for in situ mercury measurements has not been well 

developed, but there has been on-going work in the area over the last decade.  Initial 

work by Divis et al. showed that a Spheron-Thiol based resin had a strong affinity for 

mercury (2005; 2009).  The resin, unfortunately, was produced by one company in the 

Czech Republic and it no longer produces the resin.  Clarisse and Hintelmann (2006) 

demonstrated that a 3-mercaptopropyl-functionalized silica gel based resin could be used 

within DGT to measure MMHg in solution.  Currently, there is no widely used or 

developed resin for the measurement of total mercury within the DGT sampling platform.  

Identifying and testing an appropriate resin for mercury measurement is the focus of this 

thesis.     
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3.  Materials and Methods 

3.1 GENERAL TECHNIQUES 

All solutions were prepared by dissolving analytical reagent grade or equivalent 

analytical purity chemicals in deionized water (DI) (18 MΩcm,
-1

 Millipore). All the 

experimental procedures regarding anoxic sediments and chemicals were conducted 

under 97% N2(g) and 3% H2(g) atmosphere in an anaerobic chamber (Coy Laboratory 

Products Inc.).  Additionally, all probes were de-aerated for 1 day in DI water with N2(g) 

and then maintained in anoxic vessels prior to deployment in sediment. All glass and 

plastic-ware were soaked in a 1M HNO3 (Fisher Scientific) solution for more than 1 day, 

rinsed several times with DI water and dried in a dust-free clean environment for 1 day 

before use.  Analytical measurements for mercury were performed in a separate Class-

100 clean room (Servicor-CPI) constructed with all non-metal components.      

    

3.2 FABRICATION OF DGT PROBES 

Preparation of resin-embedded gels followed the procedure used by Davison and 

Zhang (1995).  The polyacrylamide gel solution was prepared by mixing aqueous 

solutions of 15% of 40% acrylamide/Bis solution 37.5:1 (Bio-Rad Laboratories, Inc) and 

0.3% patented cross-linker (DGT research Ltd.).  A variety of ion-exchange resins, 

including Ambersep® GT74 (Sigma-Aldrich), Lewatit® Monoplus TP-214 (Sigma-

Aldrich) and 3-Mercaptopropyl-Functionalized Silica Gel gel (Sigma-Aldrich), were 

tested as mercury sorbing resins.  The original Chelex®-100 resin used in DGT was not 

evaluated because it had already demonstrated poor mercury adsorption (Divis et al., 

2005).  Two grams of resin were added per 10 mL of the polyacrylamide gel solution.  

Polymerization was initiated by adding 60 µL of freshly prepared ammonium persulfate 
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(0.1 g in 1.0 g of DI water) (Bio-Rad Laboratories, Inc.) and catalyzed with 20 µL N, N, 

N,’ N’-tetra-methylethylenediamine (TEMED) (Bio-Rad Laboratories, Inc.) in 10 mL of 

resin-gel solution.  The resin-gel solution mixture was well mixed in a clean glass syringe 

and cast between two glass plates separated by PVC side spacers and a rubber gasket 

(Cole Palmer) and allowed to sit at room temperature (25
o
C) for 45 minutes.  After the 

casting, the gels were hydrated and stored in 0.01M NaNO3 solution for more than 24 

hours.  The diffusive gel was based on an agarose solution, instead of the traditional 

polyacrylamide solution used by Davison and Zhang, due to the affinity of mercury ions 

for the amine groups in polyacrylamide (Divis et al., 2009).  A diffusive gel containing 

2.0 grams of agarose in 100 mL of DI water was heated to 80
o
C.  The hot agarose 

solution was then cast between two glass plates separated by spacers and a gasket and left 

to cool down to room temperature (25
o
C) until the agarose gel solidified.  The agarose 

gel, after solidification, was immediately cut and applied to the DGT holders.    

Both resin and agarose gels were properly cut to fit into the piston and sediment 

type DGT holders, which were purchased from DGT Research Ltd.  The piston holder 

requires a 2.5 cm diameter disk and the sediment holder requires a 16 cm length by 2.8 

cm width rectangle.  The resin gel was covered by the diffusive gel and by a 0.45 µm 

pore size polysulfone membrane filter (Pall Life Science—Supor® and Millipore—

Durapore®).  When placing the resin gel, the side which contained a plane of resin beads 

were arranged to face outward.  The probe covers were then placed on top and secured 

into place.  The completed probes were then immediately used in laboratory experiments 

or sealed and maintained at 4°C until deployed in the field. 
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3.3 ANALYTICAL MEASUREMENT TECHNIQUES 

All DGT probes, water, and sediment samples were analyzed for total dissolved 

mercury using EPA Method 1631 (2002).  All field samples were filtered with 0.45 µm 

polyethersulfone membrane filters (Whatman, Inc.) prior to analysis and all probes used 

filters as previously described, therefore, all total dissolved mercury concentrations are 

defined as those that have passed through the filter.  Samples were digested for 1 day in a 

1% bromine monochloride solution for clean laboratory samples and 2% for field 

samples with hydroxylamine hydrochloride added prior to analysis (volume added is 1/3 

of the BrCl concentration) to reduce any further BrCl oxidation.  The samples were then 

analyzed for total dissolved mercury using stannous chloride (Fisher Scientific) reduction 

and measurements were made using cold vapor atomic fluorescence spectrometry 

(CVAFS).  The analyses were performed utilizing a Tekran® CVAFS model 2600 

mercury analytical system with a model 2610 pump module and 2620 auto sampler 

module.  The lower detection limit for the Tekran® is less than 0.5 ng/L Hg
2+

 with 

sensitivity to variation less than 0.05 ng/L Hg
2+

 (Tekran® Instruments Corporation, 

2006).    

The laboratory experiments involving bulk water were measured for pH levels 

after each experiment.  According to Davison and Zhang (1995), the ideal operating 

range for a Chelex®-100 DGT is between pH 5 – 8.3, although Chelex®-100 was not 

evaluated as a resin, neutrality was maintained to avoid diminishing recoveries and to 

reflect the planned use in near neutral freshwater systems.  To ensure that the mercury 

spiked buffer solutions were maintaining a roughly neutral pH, a gel-filled pH meter was 

employed (sympHony electrodes, VWR International).  The pH measurements followed 

both the instructions provided by VWR and EPA Method 150.1 (1982).  A 3 buffer 

solution calibration curve was used for all measurements consisting of pH 4, 7, and 10 
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solutions (Fisher Scientific).  The pH probe was rinsed with DI water between all 

measurements and stored in the provided storage solution.   

3.4 RESIN ADSORPTION AND ELUTION LABORATORY EXPERIMENT 

In order to fulfill the fundamental assumption of DGT, the formation of a linear 

concentration gradient, the resin must strongly adsorb aqueous phase Hg
2+

.  The resins 

were examined both for their affinity for aqueous phase Hg
2+

 and their associated elution 

efficiency utilizing concentrated trace metal HCl.  Resin gel disks, same dimensions as 

per the piston shaped design, were added to 50 mL glass tubes (Kimax®) with Teflon® 

lined tops and filled with 40 mL of buffer solution containing 10
-2

 M NaNO3 and 10
-4

M 

NaHCO3.  A 1000 mg/L mercury stock solution was prepared by dissolving mercury 

nitrate (Hg(NO3)2) in a 1 M HNO3 aqueous solution.  The mercury stock was added 

volumetrically to the glass tubes to make different mercury concentrations of 100, 200, 

300, 400, 500, 600, and 700 ng/L (any variation listed in Chapter 4) in the buffer 

solution.  The same volume of 1 M NaOH was added to neutralize any acid added with 

the mercury stock.  The glass tubes were then tightly sealed with Parafilm® and well 

mixed in an end-over-end tumbler until mercury partitioning reached equilibrium (1 day) 

under room temperature (25
o
C) (Davison & Zhang, 1995).  After equilibration, the 

overlying water was transferred to 50 mL polypropylene centrifuge tubes (VWR 

International) and 1% bromine monochloride was added to stabilize dissolved Hg.  A 

portion of the overlying water was also measured for pH levels, to ensure neutrality was 

retained.  The mercury concentration in the overlying water was then measured by 

CVAFS and a mass balance performed to determine the theoretical adsorption of the 

dissolved Hg to the resin. 
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  The resin gel disks were removed after equilibrium and eluted with concentrated 

trace metal HCl to a total volume of 2 mL in 2 mL polypropylene centrifuge vials (VWR 

International) for 1 day.  The HCl/elution solution was then removed and dilutions were 

made with 1% bromine monochloride and analyzed via CVAFS.  The mass in the resin is 

then determined from the measured concentration in the elution and the total elution 

volume (2 mL).  The actual mass measured in the resin can then be compared to the 

theoretical mass adsorbed from the overlying water measurements to provide elution 

efficiency.   

 

3.5 DIFFUSIVE BOUNDARY LAYER DETERMINATION 

As discussed previously, during laboratory experiments involving the DGT probe, 

the diffusive boundary layer (DBL) that forms on the outside of the probe can 

significantly extend the diffusive thickness of the probe.  In order to determine this 

thickness, an experiment was performed similar to that performed by Davison and Zhang 

(1995) where DGT piston probes with different diffusive layers are deployed for a known 

time.  Probes were constructed with 0.75, 1.0, and 1.5 mm thicknesses.  A 200 mL of 

buffer solution (10
-2

 M NaNO3 + 10
-4 

M NaHCO3) was added to a 250 mL glass 

Erlenmeyer flask.  Then a 1000 mg/L mercury stock solution was added to the flask 

volumetrically to make a 20 µg/L mercury concentration in the buffered solution.  The 

same volume of 1 M NaOH was added to neutralize any acid added with the mercury 

stock and pH was measured post-experiment.  The DGT probes were then placed on top 

of the 250 mL Erlenmeyer flasks.  Only the filter side of the DGTs was exposed to the 

mercury solution, therefore minimizing the probe casing exposure to the mercury 
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solution.  Then, the probes and flasks were sealed using tape and Parafilm® and placed 

on a shaker table upside down and mixed at 200 rpm for 6 hours (see Figure 3.1).  

  

 

Figure 3.1: Experimental procedure for determining the DBL/uptake. 

After the deployment, the Hg was eluted from the resin by concentrated HCl and 

measured as previously described via CVAFS.  The thickness of diffusive boundary layer 

outside of the filter membrane can be estimated by Equation 3.1 proposed by Davison 

and Zhang (1995);  

 

 
 

 
 

  

     
 

 

     
                                        (Equation 3.1) 

 

where δ = diffusive boundary layer (L), 

 All over variables as previously defined. 

 

After analysis, the inverse of the mass adsorbed by the resin is plotted versus the 

diffusive layer and filter thickness.  A best fit line is then established; the intercept 

divided by the slope of the line produces the DBL for the piston shaped probe under those 
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particular experimental conditions.  The DBL is then used in all future experiments under 

those laboratory conditions in order to calculate the overall diffusive layer thickness, Δg. 

 

3.6 TIME DEPENDENT DGT BATCH EXPERIMENT 

According to the original DGT theory set forth by Davison and Zhang, the mass 

transfer should follow a linear uptake trend over different times (1995).  Two separate 

trials were performed to confirm results.  The first trial consisted of 6 DGT piston probes 

evaluated in pairs at 2 hour increments.  The second trial consisted of 7 DGT piston 

probes each evaluated at 1 hour increments.  The piston probes were created as 

previously described, each with a 0.75 mm diffusion layer thickness.  The same buffered 

solution as previously described was utilized in each 250 mL glass Erlenmeyer flask; the 

mercury stock was volumetrically added to make both a 1000 ng/L (trial 1) and a 600 

ng/L (trial 2) mercury concentration in the buffered solutions.  The concentration was 

chosen so that significant mass loss did not occur during the experiment.  The setup of 

the experiment follows the description in Figure 3.1 and at the 2, 4, and 6 hour times for 

trial 1 and at the 2, 3, 4, 5, 6, 7, and 8 hour times for trial 2 the flasks were taken off the 

shaker table operating at 200 rpm.  The overlying water concentration was measured to 

ensure that there was not a significant mass loss during the experiment and to compare 

the model of DGT (using Equation 2.2) to the actual mass measured in the resin.  

Additionally, all overlying water samples were measured for any pH changes.  The 

overlying water concentration and mass in the resin were measured using CVAFS.  

Comparing the mass measured in the resin with the theoretical mass in the resin 

(using Equation 2.2 and the overlying water concentration) also allows the comparison of 

the diffusion coefficient of aqueous phase mercury with that actually exhibited in the 
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experiment.   An effective diffusion coefficient may need to be determined if the data 

does not fit the model; the mercury associated diffusion coefficient could be altered by 

the adsorbing capability of the particular resin, internal and external mass transfer 

resistance, fine colloidal transport, and the DBL.  In this experiment, all the variables that 

encompass Equation 2.2 are known except the diffusion coefficient.  The diffusion, D, 

variable can be adjusted so that the measured mercury mass in the resin fits the model 

uptake trend line, and therefore an effective diffusion coefficient, Deff, can be used for a 

particular resin.  The time dependent batch experiment should demonstrate if a resin 

possesses a linear uptake of dissolved mercury and its corresponding effective diffusion 

coefficient. 

 

3.7 SITE SPECIFIC SEDIMENT AND DGT CHARACTERIZATION 

The different complexes of mercury in natural sediment present a difficulty when 

using DGT in the field to measure pore water, as the diffusion coefficient of mercury can 

range from 1.9 x 10
-6

 cm
2
/s as a fulvic acid complex to 8.97 x 10

-6
 cm

2
/s as that 

associated with pure water and agarose gel (Zhang & Davison, 2000; Divis et al., 2009).  

A site specific diffusion coefficient in pore water can be estimated by using collected 

sediment from the site of interest.  The sediment used in the experiment was provided in 

a 2.5 ft long and 6 in diameter plastic core with a PVC cap on each end.  The sediment is 

from a known mercury contaminated site along the South River in Virginia.  The 

sediment was maintained in the sealed core inside the 4°C storage room until opened.  

The core was then transferred to an anoxic chamber for handling.  The sediment’s ends 

were discarded because of the possibility of atmospheric exposure and oxidation.  The 
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sediment was well mixed and poured into a large, clean sediment cap and allowed to 

settle for 24 hours. 

After 24 hours, 12 piston shaped probes (constructed as previously described) 

with 0.75 mm diffusive layers were deployed into the top 2 cm of the sediment (see 

Figure 3.2).  The probes were de-aerated for 24 hours prior to deployment into the 

sediment.  Throughout the experiment, the probes and sediment were maintained in an 

anoxic environment and without any exposure to sunlight in order to recreate natural 

conditions.   

 

 

Figure 3.2: Piston probe in site sediment experiment set-up. 

 

At 1, 2, 3, and 4 day time periods 3 probes were removed from the system at 

random locations.  The resins were removed and eluted and measured using CVAFS as 

previously described.  Each probe elution was also measured twice in order to ensure 
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quality control during the analytical measurement process.  The mass of mercury 

measured each day from the 3 separate probes was plotted versus deployment time.  The 

final step of the validation and characterization requires a pore water measurement taken 

from an alternative method in order to fit the measured results to the model.  

 Centrifugation and filtration were used to obtain a pore water concentration 

measurement other than DGT.  Although centrifugation and filtration disturb the natural 

environment, it is still a widely used method for trace metal analysis and provides an 

estimate of the mercury pore water concentration for the purpose of diffusivity estimation 

(Allen & Bufflap, 1995).  The sediment was collected from the same core as the one used 

for the DGT probes and processed in an anoxic environment.  The sediment was placed 

into 6 separate 50 mL polypropylene centrifuge tubes (VWR International) and sealed.  

The centrifuge tubes were then placed into a centrifuge (International Clinical Centrifuge, 

model: 81707H) and centrifuged for 25 minutes at 4000 rpm.  The centrifuge tubes were 

then transferred back into the anoxic chamber and the supernatant was removed and 

filtered through 0.45 µm polyethersulfone membrane filters (Whatman, Inc.) to remove 

un-dissolved particles.  The filtered supernatant was then digested with 2% bromine 

monochloride and measured via CVAFS.  The results were averaged to provide an 

overall average pore water dissolved mercury concentration. 

The mercury concentration determined by centrifugation and filtration was then 

used as the Cb variable in Equation 2.2 and the resulting model line in terms of mass was 

plotted against the measured data points from DGT.  The diffusion coefficient was then 

adjusted so that the DGT data fit the linear line created by the model, and therefore an 

effective diffusion coefficient could be found for site sediment. 
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3.8 DGT FIELD DEPLOYMENT 

The laboratory experiments presented many opportunities for a particular mercury 

adsorbing resin to be validated for use in the field.  Validation was qualified in the sense 

that a resin adsorbed essentially all exposed mercury, mercury was easily eluted, and the 

resin demonstrated linear uptake over time.  If a resin could satisfy the criteria under 

laboratory conditions, then it was prepared for a field deployment.  The site for the 

deployment is located along the South River in Waynesboro, Virginia, which is a 

freshwater body.  The stretch of river is downstream from a former DuPont fabric fiber 

manufacturing plant that used mercury in its processes for over 20 years.    Although 

mercury has not been used in the plant since 1950, the mercury residuals have been 

monitored and documented since 1970 and more closely since 2000 with the 

establishment of the South River Science Team (South River Science Team).  To 

potentially better understand the pore water mercury concentrations in the river and 

validate a new resin, DGT was deployed in the South River from 15 to 17 June 2010. 

Prior to the field deployment, 13 piston and 7 sediment DGT probes were 

produced in the laboratory as previously described.  Each probe was labeled with a 

specific tracking number and the sediment probes had a horizontal line marked across the 

side for the sediment-water interface.  The sediment probes would measure up to 10 cm 

in depth, depending on the media at the deployment site, as the probes cannot penetrate 

hard packed sediment, clay or bedrock.  The probes were then de-aerated for 24 hours 

with N2 gas and sealed inside clean polyethylene bags inside an anoxic chamber.  The 

bags containing the probes were further sealed inside a 5 liter clean Nalgene® bottle 

filled with DI water to further protect the probes from contact with oxygen.  The 5 liter 

bottle was sealed with Parafilm® and tape and stored in the 4 °C room until transport to 
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the site.  During transportation, the 5 liter bottle was kept inside a clean cooler with wet 

ice until deployed on-site. 

The probes were deployed on the morning of 15 June 2010 at three separate sites 

along the river.  The probes were kept in their anoxic polyethylene bags until submerged 

in the river and then they were quickly opened and deployed.  Each probe was placed a 

certain distance from the eastern shore of the river.  The time, distance, and type of each 

probe were recorded at the time of deployment.  Additionally, at certain locations, the 

piston shaped probes were deployed in pairs with one having its membrane facing into 

the water column while the other was faced down into the sediment.  Figure 3.3 depicts 

the probe type and distance from shore at each site along the river.  Each site also has a 

corresponding relative river mile (RRM) from the source of the original mercury 

contamination.   
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Figure 3.3: Location of DGT probes along South River (Google Maps, 2010). 

The probes were left in-place until 17 June 2010; each probe remaining for almost 

48 hours, with exact times of retrieval recorded.  After removal from the sediment or 

water column, each probe was rinsed on-site with DI water and sealed in a clean 

polyethylene bag and placed back into the 5 liter bottle and into a clean cooler with wet 
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ice.  DGT probes were transported back to the laboratory at UT-Austin for immediate 

processing. 

The probes were again rinsed with DI water and the cover, filter, and diffusive 

layers were removed.  The piston shaped probes were processed, eluted, and analyzed 

using CVAFS as previously described.  The sediment probes were cut with a Teflon® 

coated razor blade (Electron Microscopy Sciences) at the sediment-water interface and 

transferred to a clean glass plate for sectioning.  The sediment exposed portion of the 

resin gel was cut every 2 cm in depth to provide average pore water concentrations for 0-

2, 2-4, 4-6, 6-8, and 8-10 cm depths.  The portion of the probe exposed to the overlying 

water column was sectioned for the 0-2 cm height.  Each section of resin gel comprised 

of 3.6 cm
2
 in total exposed area (2 cm in height and the sediment probe has an exposure 

window width of 1.8 cm).  The resin was then eluted and analyzed according to the 

aforementioned procedure using CVAFS and pore water concentrations were estimated 

using the mass measured and Equation 2.3.  

A separate piston probe was exposed to only the transfer equipment; to include 

the polyethylene bag, 5 liter bottle, and cooler.  The purpose of the 13
th

 piston probe was 

to monitor any possible mercury source during transportation to and from the site.  The 

probe was removed from the probe casing and eluting and analyzed via CVAFS as 

previously described.  The result was used to calculate an estimated concentration with 

Equation 2.3 and was compared to the other 22 analyzed probes.  
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4.  Results and Discussion 

4.1 RESIN GEL CONSTRUCTION 

The general construction of a resin gel layer consists of 2 g of resin in 10 mL of 

gel solution regardless of resin type.  Although, this was the original concentration for 

Chelex®-100 resin used by Davison and Zhang (1995), this ratio was initially maintained 

for all other resins unless experimental results facilitated a reason to change. 

 

4.1.1 Lewatit® Monoplus TP-214 Resin 

The Lewatit® Monoplus TP-214 (Sigma-Aldrich) ion exchange resin has no 

previous documented DGT applications, however, it was chosen as a possible resin 

because of its known affinity for mercury (Sigma-Aldrich Inc., 2010).  The resin gel was 

created as previously described and casted between two glass plates with 0.75 mm 

spacers.  The gel was allowed to set at room temperature (25°C) for 45 minutes.  After 45 

minutes, the glass plates were removed; however the gel had not solidified.  The process 

was repeated two more times, allowing the resin to set for 2 and 6 hours.  The resin never 

solidified and the gel solution partially evaporated when allowed to set for 6 hours.  The 

gel solution was examined separately and formed a solid gel layer in under an hour.  The 

resin seems to interfere with the TEMED and ammonium persulfate which initiate and 

catalyze the polymerization.  The Lewatit® Monoplus TP-214 resin was no longer 

considered as a viable DGT resin alternative. 

 

4.1.2 Ambersep® GT74 Resin 

The Ambersep® GT74 resin (Sigma-Aldrich) is the currently available alternative 

of the Duolite® GT73 and Amberlite® GT73 resins formally supplied by Sigma-Aldrich.  
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The original Duolite® demonstrated a linear uptake of dissolved mercury mass over an 8 

hour period in DGT by Divis et al. (2009).  The resin has been used in the past to remove 

heavy metals in industrial processes (Divis et al., 2009).  The previous results from the 

Duolite® resin provided the possibility that Ambersep® could be a viable resin in DGT.  

The resin was provided in a large diameter (16 – 50 mesh) and had to be ground to a 

powder using a stone mortar.  The resin and gel solution mixture was made in the same 

manner as previously described; after 45 minutes at room temperature, the gel was 

solidified.  The gel was then transferred to a 0.01M NaNO3 solution and allowed to 

hydrate for 24 hours. 

  After the resin demonstrated that it could form a gel, the next step was to 

determine if and how well it could adsorb mercury and if the adsorbed mercury could be 

recovered for analysis.  However, before further experiments were conducted, the 

theoretical capacity of the resin was determined.  Using the capacity of the resin provided 

by the manufacturer of 0.7 mmol/g, the concentration in the resin of 2 g/10 mL, the 

volume of 1 resin disk (0.75 mm thick) of 0.5 mL, and the molecular weight of mercury 

of 200.59 g/mole the mass of mercury that 1 resin disk could adsorb was calculated.  The 

mass was calculated using Equation 4.1; 

 

                             (Equation 4.1) 

 

where  M = mass, 

            Cresin = concentration of resin in gel solution (M L
-3

), 

 Vdisk = volume of 1 resin disk (L
3
), 

 Ccap = capacity of resin provided by manufacturer (M M
-1

), 

 M.W. = molecular weight (M M
-1

). 
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The theoretical mass of mercury adsorbed by the resin disk when it has reached its 

loading capacity was 14.04 mg.  In order to better quantify the maximum mercury mass, 

this value was used with Equation 2.2 and solved in terms of time, providing a theoretical 

maximum deployment time.  For this theoretical time, it was assumed that the probe was 

exposed to a bulk water concentration of 1 mg/L, with a diffusive thickness of 0.75 mm, 

a DBL thickness of 0.4 mm, and a diffusion coefficient of mercury in pure water of 8.97 

x 10
-6

 cm
2
/s.  The theoretical time for reaching the resin’s capacity was 1.98 years.  

Future experiments will involve considerably less deployment time and mercury 

concentrations, therefore, the resin appeared to be a good choice for use in DGT. 

 

4.1.3 3-Mercaptopropyl-Functionalized Silica Gel Resin       

The 3-Mercaptopropyl-Functionalized Silica Gel resin (Sigma-Aldrich) was used 

previously by Clarisse and Hintelmann in DGT to measure MMHg in coastal seawater 

(2006).  The 3-Mercaptopropyl-Functionalized Silica Gel resin (3MFSG) demonstrated a 

linear uptake of MMHg, an elution efficiency average of 91%, and an optimal pH range 

of 3 – 9 (Clarisse & Hintelmann, 2006).  The resin has also demonstrated an affinity for 

THg in batch experiments (Shade & Hudson, 2005).  The 3MFSG resin has demonstrated 

the potential for MMHg use; however, its ability to measure THg in DGT remained 

untested. 

The 3MFSG resin was made following the same steps as previously discussed and 

after settling for 45 minutes, solidified.  The resin was then hydrated for 24 hours in a 

0.01 NaNO3 solution.  The resin, although sturdy enough to produce probes, tends to tear 

somewhat easily and often produces gel strips with disproportional particle distribution.  
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The resin did solidify and therefore further testing was conducted for mercury adsorption 

and elution efficiency.   

As with the Ambersep® resin, the 3MFSG’s theoretical capacity was calculated 

in order to better predict its long-term deployment.  The theoretical maximum mass that 1 

piston 3MFSG resin could adsorb was calculated using the capacity provided by the 

manufacturer, 1.2 mmol/g, the concentration in the resin of 2 g/10 mL, the volume of 1 

resin disk (0.75 mm thick) of 0.5 mL, the molecular weight of mercury of 200.59 g/mole 

and Equation 4.1.  The theoretical capacity of 3MFSG resin in terms of mass of mercury 

was 24.07 mg.  A theoretical maximum deployment time was calculated using Equation 

2.2 solved in terms of time and assumed values of D = 8.97 x 10
-6

 cm
2
/s, Cb = 1 mg/L, 

and Δg = 0.125 cm for a time of 3.39 years.  The 3MFSG resin has an even longer 

potential for deployment than the Ambersep®.  The ability of 3MFSG to form a stable 

and solidified gel layer, its previous use in DGT, and its theoretical capacity for mercury 

provided a basis for further experimentation.   

 

4.2 ADSORPTION AND ELUTION EXPERIMENTS            

4.2.1 Ambersep® GT74 Resin 

Two separate trials were run in order to evaluate the Ambersep® resin; the first 

consisted of mercury solutions ranging from 1000 ng/L to 7000 ng/L by 1000 ng/L 

increments and the second trial used mercury solutions ranging from 100 ng/L to 350 

ng/L by 50 ng/L increments.  The concentrations were lowered to observe if the resin 

responded better to lower concentrations due to the first trial’s less than optimal results.  

Additionally, the overlying water pH was measured for each trial and found to remain 

between 6 and 8.  A blank resin was measured and found to have a negligible background 
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Hg concentration.   In order to calculate the adsorption of the resin, a mass balance was 

conducted using Equation 4.2; 

 

                                                      (Equation 4.2) 

 

where Mresin,theor = theoretical mass adsorbed by the resin during equilibrium (M), 

Vo.w. = volume of the overlying water (L
3
), 

Co.w.,before = concentration of overlying water before equilibrium (M  L
-3

), 

Co.w., post = concentration of overlying water post equilibrium (M  L
-3

). 

 

The theoretical mass adsorbed by the resin can be compared to the mass initially 

in the overlying water (first part of Equation 4.2) to demonstrate the percentage of 

mercury adsorbed by the resin/removed from the system.  The adsorption of the resin 

ranged from 43% to 86% with an average of 60.2 ± 14.5% and is depicted in Figures 4.1 

and 4.2 for both trials. 
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Figure 4.1: Ambersep® adsorption/removal % for 1000 – 7000 ng/L trial. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2: Ambersep® adsorption/removal % for 100 – 350 ng/L trial. 
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The elution efficiency was quantified by comparing the mass measured in the 

resin versus the theoretical mass adsorbed by the resin from Equation 4.2.  The mass 

measured is derived using Equation 4.3 with the elution/resin volume and the 

concentration in the elution measured by CVAFS; 

 

                                  (Equation 4.3) 

 

where Mresin,eluted = mass eluted from resin with HCl (M), 

 Cacid = concentration in elution, HCl (M L
-3

), 

 Vacid+resin = total volume of elution and resin (L
3
). 

 

The elution efficiency was even more inconsistent between the two separate trials 

than adsorption.  An ideal resin should have a slope near 1, demonstrating that the 

theoretical mass in the resin is almost the same as the actual value measured in the 

elution.  The slopes were not close to 1, and if viewed as a percentage the average 

efficiency for both trials was 47.8 ± 25.4%.  Figures 4.3 and 4.4 depict the elution 

efficiency of the resin for both trials. 
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Figure 4.3: Ambersep® elution efficiency for the 1000 – 7000 ng/L trial. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4: Ambersep® elution efficiency for 100 – 350 ng/L trial. 
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The trials demonstrated that the Ambersep® GT74 resin produced non-ideal 

results over a range of dissolved mercury concentrations; neither complete adsorption nor 

elutions were achieved. The resin was no longer considered as a viable resin alternative 

for use in DGT.  The raw data is located in Appendix A.       

 

4.2.2 3-Mercaptopropyl-Functionalized Silica Gel Resin       

The 3MFSG resin adsorption and elution experiment was conducted as described 

in Chapter 3.  The pH was measured after the 24 hours equilibrium with results ranging 

between 7 and 8, thereby maintaining neutrality.  Additionally, a blank resin was 

measured for any background Hg, with a negligible result.  Raw data for adsorption and 

elution are located in Appendix A.  Measuring the overlying water concentrations before 

and after equilibrium using CVAFS allowed the theoretical mass adsorbed to the resin to 

be calculated using Equation 4.2; the percentage of adsorbed mercury is shown in Figure 

4.5. 
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Figure 4.5: 3MFSG adsorption/removal % for 100 – 700 ng/L trial. 
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water to determine elution efficiency.  The elution efficiency is shown in Figure 4.6. 
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Figure 4.6: 3MFSG elution efficiency for the 100– 700 ng/L trial. 

 

The average elution efficiency was 96.5 ± 11.0% (from the individual values) and 

the slope of the best fit line (0.9967) was almost 1, demonstrating that the mass eluted 

almost equals the theoretical mass in the resin.  The elution efficiency was also used in 

future experiments as an ‘elution factor’ to obtain a better estimate of mercury mass by 
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4.3 DIFFUSIVE BOUNDARY LAYER EXPERIMENT  

The DBL experiment consisted of 3 complete piston shaped probes of 0.75, 1.0, 

and 1.5 mm diffusion gel thicknesses.  After 6 hours of exposure to 20 µg/L Hg
2+

, they 

were removed, eluted, and measured using CVAFS.  The pH was also measured for any 

changes, with none observed.  The speed on the shaker table was kept constant 

throughout the experiment at 200 rpm.  The measured concentration in the elution was 

changed to a mass value using Equation 4.3.  The inverse of the mass was plotted against 

the diffusion layer and filter thickness to find the DBL using Equation 3.1.  Figure 4.7 

shows the 3 plotted measurements and the best fit line. 

 

   

 

 

 

 

 

Figure 4.7: DBL determination graph; 1/M versus total diffusive layer thickness.   
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was 0.33 mm.  For a comparison, if a 0.75 mm diffusive gel layer was used in a piston 

probe, the DBL comprises over 25% of the total diffusive distance (Δg) from the 

overlying water to the resin, therefore playing a significant part in model calculations.  

The raw data for the DBL is located in Appendix B.  All other laboratory experiments 

that involved piston shaped DGT probes, overlying water, and the shaker table (at 200 

rpm) incorporated the 0.33 mm DBL in their total diffusive distance. 

 

4.4 TIME DEPENDENT DGT BATCH EXPERIMENT 

The purpose behind the time dependent experiment was to verify one of the 

fundamental principles of DGT; a linear uptake over time.  A secondary purpose was to 

verify the diffusion coefficient in the diffusive layer, which under ideal laboratory 

conditions should be equal to that of the metal in pure water.  The diffusion coefficient of 

Hg
2+

 in agarose gel has been reported by Divis et al. as 8.97 x 10
-6

 cm
2
/s (2005).  Two 

separate time dependent trials were performed; the first trial incorporated 3 different 

times, each with 2 separate probes, with a 1000 ng/L overlying water concentration.  The 

second trial used 7 probes at 7 different times in a 600 ng/L mercury solution.  The 

number of different time measurements was increased for the second trial to attain more 

accurate results.  Both trials utilized piston probes of the same dimensions listed in 

Chapter 3.  All solutions were measured for pH, with all samples within the 7 – 8 range.  

Details concerning the calculations are located in Appendix C.  The results from the first 

trial are located in Figure 4.8.     

 



 43 

 

Figure 4.8: 3MFSG time dependent experiment, trial 1. 

 

The points on Figure 4.8 depict the measured mercury mass in the resin from 

CVAFS and Equation 4.3 and the two lines depict the model using Equation 2.2.  The 

dashed line was produced by lowering the diffusion coefficient until the data fit the 

model.  The results from the first trial demonstrated that the data did not fit the model if 

the diffusion coefficient in pure water/agarose gel was used.  The effective diffusion 

coefficient used, 5.6 x 10
-6

 cm
2
/s, allowed the data to fit the model.  These results differ 

from those reported by Davison and Zhang when performing a similar experiment with 

other metals, as they were able to use the diffusion coefficient of those metals in pure 

water (1995).  To verify the results, a second trial was performed and is presented in 

Figure 4.9.      
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Figure 4.9: 3MFSG time dependent experiment, trial 2. 
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known effective diffusion coefficient, bulk water concentrations can be estimated using 

DGT. 

The experiment did demonstrate an uptake of mercury; however the values 

deviated at the later times adsorbing less increases in mercury mass during both trials.  

The uptake response of the resin and the identification of an effective diffusion 

coefficient (≈5.3 x 10
-6

 cm
2
/s) should allow for reasonable estimates of bulk water 

concentrations when using DGT in natural systems.  The bulk water effective diffusion 

coefficient, however, does not account for colloidal mercury transport or a significant 

DBL in natural systems; possibly lending towards lower mercury concentration estimates 

when used.     

 

4.5  DGT CHARACTERIZATION IN SITE SPECIFIC SEDIMENT 

The diffusion coefficient of mercury in sediment pore water is difficult to quantify 

for use in DGT.  The depletion of pore water metal concentrations due to desorption 

resistance, simultaneous diffusion of mercury complexes which have different 

diffusivities, and possible build up of mercury ions at the surface all add to the 

uncertainty.  The same concept that was applied with the time dependent batch 

experiment can be extended to site specific sediment in order to estimate an effective 

diffusion coefficient for use with DGT at that particular site. 

In order to fit the time dependent measurements from DGT, a model line was 

estimated with a separate pore water measurement for use in Equation 2.2.  The pore 

water was estimated using the centrifugation and filtration method described in Chapter 

3.  The results are listed in Table 4.1; note the wide range of values, however, not 

uncommon in sediment due to its heterogeneity. 
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Table 4.1: THg pore water concentration from centrifugation/filtration (ng/L).  

Sample 
THg Pore Water 

Concentration (ng/L) 

1 229.80 

2 388.82 

3 240.76 

4 108.86 

5 187.11 

6 303.94 

 

The average pore water concentration, 243.21 ± 96.20 ng/L, was then used as an 

estimate for the pore water concentration value, Cb, in Equation 2.2 to produce a model 

line.  The diffusion coefficient was varied in order to depict a best fit with the time 

dependent data points.  The time dependent experiment in the site sediment followed the 

description in Chapter 3; 12 – 3MFSG piston probes were deployed at 1 day intervals for 

4 days and each elution was measured twice.  The results are presented in Figure 4.10. 

 

 

 

 

 

 



 47 

 

Figure 4.10: 3MFSG time dependent South River site sediment experiment. 
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diffusion from fine colloidal matter are negligible.  This makes analysis of the pore water 

concentration in the sediment relatively straightforward.     

The resin did not demonstrate a linear uptake of mercury over time in either the 

bulk aqueous phase or sediment pore water; the uptake exhibited a systematic deviation 

from linearity during the later time measurements.  In addition, the effective diffusion 

coefficient in sediment through the agarose gel is identical to that measured in surface 

water.  Although, somewhat less than the diffusivity of mercury in pure water, perhaps 

due to the effect of internal and external mass transfer resistances and mercury mass 

accumulation at the resin surface, the effective diffusion coefficient provides a reasonable 

basis for concentration measurements when deploying the 3MFSG probes at the actual 

South River site.    

 

4.6 DGT FIELD DEPLOYMENT IN THE SOUTH RIVER  

The 3MFSG DGT probes were deployed in the South River (Northern Virginia) 

from July 15
th

 to July 17
th

, 2010.  The probes were deployed to 3 different sites; ranging 

from 0.1 to 11.6 miles downstream from the former DuPont facility.  The environmental 

parameters important when deploying DGT, pH and temperature, were provided by the 

South River Science Team and listed in Table 4.2. 

 

Table 4.2: Average temperature and pH for the South River. 

Temperature (°C) 20.91 ± 1.2 

pH 7.36 ± 0.32 
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With the knowledge that the pH was in the neutral range, the probes could be 

deployed with confidence.  The recorded temperature allowed the diffusion coefficient to 

be corrected when calculating the estimated mercury concentrations using Equation 2.4 

(Deff at 20.9°C = 4.73 x 10
-6

 cm
2
/s).  Both temperature and pH values were recorded 1 

week prior to deployment.  All details regarding raw data for the probes are located in 

Appendix E.   

4.6.1 Site 1 Deployment    

At site 1 (0.1 RRM), 3 piston shaped probes were deployed.  Piston probe #2 and 

#3 were deployed 2 ft from the eastern bank.  Piston probe #1 was placed 8 from the 

eastern shore.  All 3 probes were removed, rinsed, and processed as described in Chapter 

3.  The results are shown by depth and estimated overlying water or pore water 

concentration in Figure 4.11; the dashed line represents the surface/water interface. 

 

 

Figure 4.11: Site 1 piston probe THg concentrations.      
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Previously collected pore water data by the South River Science Team ranges 

from 0.83 to 512.19 ng/L of THg with an average of 29.84 ± 67.49 ng/L (data collected at 

various times over the past year).  The pore water data was collected using Henry 

samplers to extract up to 50 cm
3
 of pore water over various depths.  The data collected 

previously and the data from DGT are not necessarily comparable; they are from the 

same general part of the river but not from the exact same location.  The heterogeneity of 

sediments and different sampling techniques make it difficult to compare the two data 

sets (all Henry sampler raw data located in Appendix F).   

 

4.6.2 Site 2 Deployment 

Site 2 (3.5 RRM) contained 3 separate locations; 3, 6, and 9 ft from the eastern 

shore.  Individual probe locations are listed in Table 4.3.  The results from the piston 

probes are located in Figure 4.12 and the sediment probes’ results are located in Figures 

4.13 and 4.14. 

 

Table 4.3: Site 2 individual probe locations off eastern river shore. 

Location offshore (ft) Probe # Type 

3 

1 Sediment 

4 Piston 

7 Piston 

6 6 Piston 

9 

2 Sediment 

5 Piston 

8 Piston 
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Figure 4.12: Site 2 piston probe THg concentrations.   
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Figures 4.13 and 4.14: Site 2 sediment probes #1 and #2 THg concentrations.  

The results show higher concentrations than sites 1 and 3.  The data collected by 

the South River Science Team (Henry samplers) for pore water THg concentrations 

ranged from 5.98 to 1123 ng/L with an average of 138 ± 193 ng/L; the data was collected 

in the same general area (3.5 RRM), but not the exact same location.  Additionally, the 

Henry samplers extracted the pore water over a larger depth and exposed samples to the 

atmosphere; therefore, their data is presented as the results of another measurement 

technique and not a comparison.  At site 2, DGT and the South River Science Team 

measured the highest concentrations of THg for the two sites with both sources of data. 

The depth profiles measured by DGT do follow the same general trend, where it 

appears that the higher THg concentrations in the pore water exist between 6 and 8 cm in 

depth, and then gradually decrease towards the surface.  Unlike salt water environments 
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where the mercury concentrations have a tendency to increase towards the surface, the 

opposite is seen in freshwater sediment, possibly due to an absence of sulfate reducing 

conditions (Kongchum et al., 2006; Gilmour et al., 1992).   

 

  4.6.3 Site 3 Deployment 

Site 3 (11.6 RRM) was composed of three separate deployment areas that were 5, 

10, and 15 ft from the eastern shore.  Individual probe locations are listed in Table 4.4.  

The 15 ft location was comprised of only 9 cm or so of sediment before bedrock, and 

therefore the one sediment probe deployed there, #7, was only able to measure 8 cm in 

depth.  The results for the piston probes are located in Figure 4.15.  The sediment probe 

results are listed in Figures 4.16 through 4.20 and are grouped by deployment area. 

 

Table 4.4: Site 3 individual probe locations off eastern river shore. 

Location offshore (ft) Probe # Type 

5 

3 Sediment 

4 Sediment 

12 Piston 

10 

5 Sediment 

6 Sediment 

11 Piston 

15 

7 Sediment 

9 Piston 

10 Piston 

 

At the time of the DGT deployment, the South River Science Team had made no 

previous pore water measurements at the site and therefore there is no THg data available 

for comparison.  The 5 ft location demonstrated similar trends in the depth profiles for 
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sediment probes #3 and #4.  Their concentration ranges were slightly different, 98 – 425 

ng/L versus 592 – 914 ng/L, but their profiles generally decreased towards the surface 

with a spike in the 4 – 6 cm range.  The piston probe #12, which was deployed 2 cm 

down into the sediment, showed an odd result with a measurement over 1500 ng/L, 

however, such a result is not unexpected considering the heterogeneity of sediment.  

 

 

Figure 4.15: Site 3 piston probe THg concentrations.   
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Figures 4.16 and 4.17: Site 3 (5 ft) sediment probes #3 and #4 THg concentrations. 

 

The 10 ft location demonstrated the same general trend for THg concentrations 

over the depth of the probes.  The 8 – 10 cm sections of both probes #5 and #6 measured 

THg around 1500 ng/L and then decreased towards the surface.  The piston probe, #11, 

deployed into the sediment measured about the same as sediment probe #5 at the 0 – 2 

cm section.  All three probes were within a few hundred ng/L of each other at the 0 – 2 

cm sediment depth.   
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Figures 4.18 and 4.19: Site 3 (10 ft) sediment probes #5 and #6 THg concentrations. 

 

The 15 ft location, although only able to deploy sediment probe #7 down far 

enough to measure 8 cm, produced the highest THg concentrations of site 3.  The 

overlying water concentrations measured by the sediment probe #7 and piston probe #9 

were 225 and 820 ng/L respectively.  The 0 – 2 cm depth pore water concentrations 

measured by the sediment probe and the piston probe #10 were 619 and 1207 ng/L 
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Figure 4.20: Site 3 (15 ft) sediment probes #7 THg concentrations. 
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mercury concentrations larger than 20 ng/L without greater control over potential 

contamination sources.  

The field deployment of the 3MFSG resin-based DGT probes demonstrated that 

under field conditions, the probes could measure THg concentrations at various sediment 

depths and in the water column.  The general trend throughout all three deployment sites 

seem to be that the THg concentrations in pore water decreased as the sediment-water 

interface was approached.  This result is consistent with greater sediment water exchange 

in the near surface sediments due to hyporheic exchange processes and/or bioturbation.  

A lower bound to the mercury flux to the overlying water could be estimated using this 

concentration gradient and assuming steady state diffusion.  This flux was not calculated, 

however, because it is believed that the actual exchange processes are due to processes 

other than diffusion.    
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5.  Conclusions and Recommendations 

5.1 CONCLUSIONS  

The application of DGT to measure water concentrations for mercury required 

identifying and evaluating a new resin; Spheron-Thiol resin characterized by Divis et al. 

for THg is no longer available (2005).  Three separate resins were evaluated as a 

replacement; Lewatit® Monoplus TP-214, Ambersep® GT74, and 3-Mercaptopropyl-

Functionalized Silica Gel.  The 3MFSG resin demonstrated that it could be incorporated 

into a polyacrylamide gel layer, adsorb mercury ions, release mercury when eluted with 

concentrated HCl, and adsorb mercury increasingly with time and therefore was chosen 

for field deployment.   

The 3MFSG resin, however, does require characterization and optimization prior 

to deployment into the natural environment.  The resin demonstrated good adsorption of 

mercury; during adsorption experiments 91.6% of mercury in the bulk liquid was 

adsorbed by the resin.  However, during batch experiments, data was only able to fit the 

model after applying an effective diffusion coefficient (Deff,H2O = 5.3 x 10
-6

 cm
2
/s).  

Possibly, there were internal and external mass transfer resistances or mercury 

accumulation at the resin surface, which caused a non-zero concentration at the resin 

surface to develop.  The effective diffusion coefficient determined in the batch 

experiments was applied to the bulk water measurements in the field; however, colloidal 

diffusivities and potential DBL differences were ignored.   

Before applying DGT and the 3MFSG resin for sediment pore water 

measurements, it was optimized with actual site sediment from the South River.  

Optimization for pore water is essential due to the different mercury complexes and their 

associated diffusivities in pore water, possible mass transfer resistances, and 

accumulation of mercury at the resin.  The effective diffusivity was determined and 
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corrected for the on-site temperature of 20.9°C; Deff = 4.73 x 10
-6

 cm
2
/s was used for the 

DGT South River measurements.  The effective diffusivity should be able to compensate 

for the different complexes’ diffusivities and any non-zero concentration at the resin 

surface, therefore allowing for good estimates of mercury pore water concentrations.   

A total of 12 piston shaped and 7 sediment profile shaped 3MFSG probes were 

deployed at three separate locations of the South River in Waynesboro, Virginia.  The 

location is a known area of mercury contamination that has been studied and monitored 

for over 30 years.  The probes were deployed for nearly 48 hours, retrieved, and 

transported back to UT-Austin for processing  

Field measurements from DGT were taken at both Site 1 (0.1 RRM) and Site 2 

(3.5 RRM) where previous data existed from pore water extraction (Henry Samplers) by 

the South River Science Team.  The DGT and South River Science Team measurements 

demonstrated higher concentration for both data sets at site 2.  Site 3 (11.6 RRM) was 

only sampled using DGT, as there were no previous measurements using another 

sampling technique.  Overall, the depth profiles showed a general trend in the river of 

decreasing mercury pore water concentrations as the sediment-water interface was 

approached.   

The 3MFSG DGT probes did demonstrate that they can adsorb mercury mass in 

the field.  The mass, concentration, and the effective diffusion coefficient can provide 

useful information regarding sediment pore water and overlying water contamination and 

availability.   
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   5.2 RECOMMENDATIONS FOR FUTURE WORK 

The 3MFSG resin has demonstrated an ability to measure THg within the DGT 

probe mechanism and was previously characterized for use in measuring MMHg by 

Clarisse and Hintelmann (2006).  Initial laboratory experiments have demonstrated a 

linear affinity for MMHg over time, but further adsorption, elution and time dependent 

trials are necessary for more complete characterization.   Concurrently, 3MFSG is being 

utilized to measure MMHg at the South River sites; however results are still pending 

analysis by a third party laboratory and further evaluation.   

Future deployments should seek to fully characterize the sediment and overlying 

water at each probe deployment location, therefore allowing for a more complete 

understanding of the geochemical processes that contribute to mercury methylation at 

each site.  Voltammetry would allow for the assessment of the redox conditions; 

indicating the species present in pore water (Johnson et al., 2010).  This understanding 

might enable a more thorough explanation of the mercury depth profiles measured in the 

sediment and the bioavailability.   

Additionally, a major advantage of DGT over traditional sampling techniques is 

the resolution of measurements.  The depth profiles in the South River were at 2 cm 

intervals; smaller intervals with DGT are possible down to a couple millimeters.  Future 

work should utilize the advantages of DGT and create finer resolution depth profiles. 
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Appendix A.  Adsorption and Elution Experiments 

A.1 AMBERSEP® GT74 RESIN 

Table A.1: Ambersep® adsorption experiment results for exposure to 1000 – 7000 ng/L 

Hg
2+

 bulk water concentrations (plotted in Figure 4.1). 

 
 

 

Table A.2: Ambersep® elution experiment results for exposure to 1000 – 7000 ng/L Hg
2+

 

bulk water concentrations (plotted in Figure 4.3). 

 
 

 

 

 

 

 

 

Sample Peak Area

Initial 

Concentration 

(ppt)

Concentration 

based on STD (ppt)

Concentration 

compensated for 

Dilutions (ppt)

%  residual 

post equil

Mass 

(initial) 

ng

Mass 

(post) 

ng

Mass should 

be in Resin 

(ng)

Adsorption 

Efficiency 

%

Blank O.W. 1374.2 0.0 0.5 1.5 0.0

1ppb O.W. 33916.1 1000.0 88.4 265.1 26.5 40.0 10.6 29.4 73.5

2ppb O.W. 63653.5 2000.0 168.7 506.0 25.3 80.0 20.2 59.8 74.7

3ppb O.W. 61853.2 3000.0 163.8 491.4 16.4 120.0 19.7 100.3 83.6

4ppb O.W. 14892.2 4000.0 37.0 1110.1 27.8 160.0 44.4 115.6 72.2

5ppb O.W. 14480.5 5000.0 35.9 1076.8 21.5 200.0 43.1 156.9 78.5

6ppb O.W. 24213.1 6000.0 62.2 1865.1 31.1 240.0 74.6 165.4 68.9

7ppb O.W. 44016.3 7000.0 115.6 3469.2 49.6 280.0 138.8 141.2 50.4

Samples Peak Area

Concentration in 

Resin based on 

STD (ppt)

Concentration 

compensated for 

Dilutions (ppt)

Mass actual in Resin 

(ng)

Elution 

Efficiency 

(% )

blank resin 1123.0 -0.2 -260.2 -0.5

1ppb resin 2920.1 4.7 7018.2 14.0 47.7

2ppb resin 3238.5 5.5 8307.5 16.6 27.8

3ppb resin 4305.8 8.4 12630.4 25.3 25.2

4ppb resin 5273.5 11.0 16549.4 33.1 28.6

5ppb resin 4661.4 9.4 14070.4 28.1 17.9

6ppb resin 6241.4 13.6 20469.4 40.9 24.8

7ppb resin 4911.4 10.1 15082.9 30.2 21.4



 63 

Table A.3: Ambersep® adsorption experiment results for exposure to 100 – 350 ng/L 

Hg
2+

 bulk water concentrations (plotted in Figure 4.2). 

 
 

 

Table A.4: Ambersep® elution experiment results for exposure to 100 – 350 ng/L Hg
2+

 

bulk water concentrations (plotted in Figure 4.4). 

 
 

A.2 3-MERCAPTOPROPYL-FUNCTIONALIZED SILICA GEL RESIN 

Table A.5: 3MFSG adsorption experiment results for exposure to 100 – 700 ng/L Hg
2+

 

bulk water concentrations (plotted in Figure 4.5). 

 

Sample Peak Area

Initial 

Concentration 

(ppt)

Concentration 

based on STD (ppt)

Concentration 

compensated for 

Dilutions (ppt)

%  

residual 

post equil

Mass 

(initial) 

ng

Mass 

(post) 

ng

Mass should 

be in Resin 

(ng)

Adsorption 

Efficiency 

%

100ppt O.W. 10006.929 100.0 28.6 57.1 57.1 4.0 2.3 1.7 42.9

150ppt O.W. 14415.448 150.0 41.8 83.6 55.7 6.0 3.3 2.7 44.3

200ppt O.W. 15845.312 200.0 46.1 92.1 46.1 8.0 3.7 4.3 53.9

250ppt O.W. 19488.191 250.0 57.0 114.0 45.6 10.0 4.6 5.4 54.4

300ppt O.W. 28531.479 300.0 84.1 168.3 56.1 12.0 6.7 5.3 43.9

350ppt O.W. 27763.971 350.0 81.8 163.7 46.8 14.0 6.5 7.5 53.2

Samples Peak Area

Concentration in 

Resin based on 

STD (ppt)

Concentration 

compensated for 

Dilutions (ppt)

Mass actual in 

Resin (ng)

Elution 

Efficiency 

(% )

100ppt resin 3133.4617 7.9 793.8 1.6 92.6

150ppt resin 3898.0513 10.2 1023.2 2.0 77.0

200ppt resin 3315.5923 8.5 848.4 1.7 39.3

250ppt resin 5806.1985 16.0 1595.6 3.2 58.7

300ppt resin 7747.5742 21.8 2178.0 4.4 82.7

350ppt resin 7601.045 21.3 2134.1 4.3 57.3

Sample Peak Area

Initial 

Concentration 

(ppt)

Concentration 

based on STD 

(ppt)

Concentration 

compensated 

for Dilutions

%  residual 

post equil

Mass 

(initial) 

ng

Mass 

(post) 

ng

Mass should 

be in Resin 

(ng)

Adsorption 

Efficiency 

(% )

100ppt OW 1173.807 100.00 4.92 4.92 4.92 4.00 0.20 3.80 95.08

200ppt OW 3162.530 200.00 15.66 15.66 7.83 8.00 0.63 7.37 92.17

300ppt OW 3441.156 300.00 17.16 17.16 5.72 12.00 0.69 11.31 94.28

400ppt OW 6447.595 400.00 33.40 33.40 8.35 16.00 1.34 14.66 91.65

500ppt OW 4828.556 500.00 24.65 24.65 4.93 20.00 0.99 19.01 95.07

600ppt OW 21527.086 600.00 114.83 114.83 19.14 24.00 4.59 19.41 80.86

700pptOW 10588.274 700.00 55.76 55.76 7.97 28.00 2.23 25.77 92.03
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Table A.6: 3MFSG elution experiment results for exposure to 100 – 700 ng/L Hg
2+

 bulk 

water concentrations (plotted in Figure 4.6). 

 
 

 

  

Samples Peak Area

Concentration 

in Resin based 

on STD (ppt)

Concentration 

compensated for 

Dilutions (ppt)

Mass actual in 

Resin (ng)

Elution 

Efficiency 

(% )

100ppt Res 1862.476 8.64 1727.23 3.45 90.83

200ppt Res 3196.427 15.84 3167.90 6.34 85.92

300ppt Res 5427.616 27.89 5577.59 11.16 98.60

400ppt Res 6791.598 35.25 7050.69 14.10 96.16

500ppt Res 7867.838 41.07 8213.02 16.43 86.39

600ppt Res 10895.405 57.41 11482.80 22.97 118.34

700ppt Res 12071.279 63.76 12752.74 25.51 98.97
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Appendix B.  Diffusive Boundary Layer Experiment 

B.1 DBL RAW DATA  

Table B.1: Raw Hg
2+

 data of DBL experiment for 0.75, 1.0, and 1.5 mm diffusive gel 

layers (plotted in Figure 4.7). 

 
 

 

  

deployment

time (hr)

diffusion layer

thickness + filter (mm)

concentraion 

(ppb)
mass (ng) 1/M (ng-1)

6 1.6 2.132 42.633 0.023

6 1.1 2.757 55.147 0.018

6 0.85 3.559 71.177 0.014
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Appendix C.  Time Dependent Batch Experiment  

C.1 TRIAL 1 RAW DATA 

Table C.1: Overlying water Hg
2+

 data post time dependent batch experiment (trial 1). 

 

 

 

 

Table C.2: Resin Hg
2+

 mass measurements and Hg
2+

 mass based on the model using 

DHg,H2O and Deff (trial 1) (plotted in Figure 4.8) .  

 
 

 

 

 

 

 

 

 

Sample Time (hr) Peak 

Concentration 

Adjusted by 

Standard (ppt)

Concentration 

Adjusted for 

Dilutions (ppt)

Concentration 

Initial (ppt)

 OW 2hr 2 7704.26 37.84 1135.13 1000

 OW 4hr 4 7491.67 36.73 1101.97 1000

 OW 6hr 6 7580.37 37.19 1115.81 1000

 OW 2hr 2 7586.91 37.23 1116.83 1000

 OW 4hr 4 7699.87 37.81 1134.45 1000

 OW 6hr 6 7459.38 36.56 1096.93 1000

Average (ppt) 1116.85

Standard Deviation 15.90

Sample Time (hr) Peak

Concentration 

Adjusted by 

Standard (ppt)

Concentration 

Adjusted for Dilutions 

(ppt)

Mass in Resin 

(ng)

Mass in Resin 

based on Model 

(ng) (Deff=5.6E-6)

Mass in Resin 

based on Model 

(ng) (D=8.97E-6)

 res 2hr 2 2590.3 11.25 685.96 1.42 1.20 1.92

 res 4hr 4 3748.16 17.27 1053.23 2.18 2.40 3.84

 res 6hr 6 5394.27 25.83 1575.37 3.27 3.59 5.76

res 2hr 2 3199.1 14.41 879.07 1.82 1.18 1.92

 res 4hr 4 4668.85 22.05 1345.27 2.79 2.35 3.84

 res 6hr 6 5174.93 24.69 1505.80 3.12 3.53 5.76
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C.2 TRIAL 2 RAW DATA 

Table C.3: Overlying water Hg
2+

 data post time dependent batch experiment (trial 2). 

 

 

 

 

Table C.4: Resin Hg
2+

 mass measurements and Hg
2+

 mass based on the model using 

DHg,H2O and Deff (trial 2) (plotted in Figure 4.9). 

 
 

 

  

Sample Time (hr) Peak
Concentraion 

Adjusted by STD 

(ppt)

Concentraion Adjusted 

by Dilutions (ppt)

Concentration 

Initial (ppt)

OW 2 hr 2 16622.4 37.45 561.71 600

OW 3 hr 3 17440.1 39.41 591.14 600

OW 4 hr 4 17483.7 39.51 592.71 600

OW 5 hr 5 16874.4 38.05 570.78 600

OW 6 hr 6 15251.8 34.16 512.36 600

OW 7 hr 7 16315.9 36.71 550.67 600

OW 8 hr 8 15796.4 35.46 531.97 600

Average (ppt) 558.76

Standard Deviation 29.69

Sample Time (hr) Peak

Concentration 

Adjusted by STD 

(ppt)

Concentration 

Adjusted by 

Dilutions (ppt)

Mass 

Measured in 

Resin (ng)

Mass in Resin 

Model  (ng) 

(Deff=5.0E-6)

Mass in Resin 

Model  (ng) 

(D=8.97E-6)

res 2 hr 2 3201.86 5.24 319.50 0.66 0.54 0.96

res 3 hr 3 3575.81 6.14 374.25 0.78 0.80 1.44

res 4 hr 4 4502.1 8.36 509.86 1.06 1.07 1.92

res 5 hr 5 5401.94 10.52 641.60 1.33 1.34 2.40

res 6 hr 6 4960.08 9.46 576.91 1.20 1.61 2.88

res 7 hr 7 6822.96 13.93 849.63 1.76 1.87 3.36

res 8 hr 8 6703.03 13.64 832.08 1.72 2.14 3.84
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Appendix D.  DGT Characterization in Site Specific Sediment 

D.1 CENTRIFUGATION AND FILTRATION MEASUREMENTS OF SITE SEDIMENT  

Table D.1: Centrifugation and filtration of South River sediment and their pore water 

measurements of THg. 

 

 
 

 

 

D.2 TIME DEPENDENT DGT SEDIMENT MEASUREMENTS 

Table D.2: THg measurements by DGT piston probes in site sediment over 4 days (1
st
 

measurement of the elution). 

 

Sample Peak
Concentration adjusted 

by STD (ppt)

Concentration Adjusted 

by Dilutions (ppt)

PW 1 13676.8 34.47 229.80

PW 2 22511.2 58.32 388.82

PW 3 14285.4 36.11 240.76

PW 4 6957.68 16.33 108.86

PW 5 11304.7 28.07 187.11

PW 6 17795.3 45.59 303.94

Concentration Avg (ppt) 243.214

Standard Deviation 96.202

Sample Time (d) Peak
Concentration 

Adjusted by STD (ppt)

Concentration Adjusted 

For Dilutions (ppt)

Mass in 

Resin 

(ng)Day 1-1 1 14212.3 44.2 2255.3 4.5

Day 1-2 1 14550.4 45.3 2310.4 4.6

Day 1-3 1 12488.2 38.7 1973.9 3.9

Day 2-1 2 27634.1 87.2 4445.7 8.4

Day 2-2 2 42392.9 134.4 6854.3 13.0

Day 2-3 2 22493.4 70.7 3606.7 6.9

Day 3-1 3 46257.5 146.8 7485.0 14.2

Day 3-2 3 34500.6 109.1 5566.3 10.6

Day 3-3 3 21898.8 68.8 3509.7 6.7

Day 4-1 4 50584.3 160.6 8191.2 15.6

Day 4-2 4 35143.4 111.2 5671.2 10.8

Day 4-3 4 39448.6 125.0 6373.8 12.1
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Table D.3: THg measurements by DGT piston probes in site sediment over 4 days (2
nd

 

measurement of the elution). 

 
 

 

 

Table D.4: THg averaged mass measurements by DGT piston probes in site sediment 

over 4 days and their associated standard deviations (points plotted on 

Figure 4.10). 

 
 

 

 

  

Sample Time (d) Peak
Concentration Adjusted 

by STD (ppt)

Concentration Adjusted 

For Dilutions (ppt)

Mass in 

Resin (ng)

Day 1-1 1 6193.05 15.1 2277.5 4.6

Day 1-2 1 6111.81 14.9 2245.6 4.5

Day 1-3 1 6138.95 14.9 2256.3 4.5

Day 2-1 2 12354.2 31.1 4696.4 8.9

Day 2-2 2 16956.4 43.1 6503.2 12.4

Day 2-3 2 9801.06 24.5 3694.0 7.0

Day 3-1 3 19440 49.5 7478.2 14.2

Day 3-2 3 14541.9 36.8 5555.2 10.6

Day 3-3 3 9562.08 23.8 3600.2 6.8

Day 4-1 4 23687.2 60.6 9145.7 17.4

Day 4-2 4 16895.9 42.9 6479.4 12.3

Day 4-3 4 19016.7 48.4 7312.1 13.9

Day
Average Mass 

(ng)

Standard 

Deviation

1 4.44 0.03

2 9.44 2.70

3 10.51 3.68

4 13.67 2.59
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Appendix E.  DGT Field Deployment Data 

E.1 OVERALL DGT PARAMETERS 

Table E.1: Overall DGT parameters for all probes deployed to the South River. 

 

 

 

E.2 DGT SEDIMENT PROBE RAW DATA 

Table E.2: DGT THg measurements from sediment probes #1 and #2 (site 2). 

 

D (cm
2
/s), H20 8.97E-06

Deff (cm
2
/s), H20 5.30E-06

Deff (cm
2
/s), Sediment 5.30E-06

Deff (cm
2
/s), temp 

adjusted
4.73E-06

Exposure A (cm
2
), sed. 3.6

Exposure A (cm
2
), pist. 3.14

Filter Thickness (mm) 0.1

Diffusion Layer (mm) 0.75

Δg (cm) 0.085

Average Temp (°C) 20.9

Elution Factor 0.965

Sample Time (d) Site Peak
Conc. Adjusted by 

STD (ppt)

Conc. Adjusted 

For Dilutions (ppt)

Mass in Resin 

(ng)

Conc. In O.W./P.W. 

from DGT Eqn (ppt)

Sediment #1, OW 1.96 2 69830.40 173.49 13185.10 27.33 804.29

Sediment #1, 0-2 cm 1.96 2 46363.71 114.82 17338.03 35.93 1057.62

Sediment #1, 2-4 cm 1.96 2 21918.93 53.71 8110.12 16.81 989.44

Sediment #1, 4-6 cm 1.96 2 36526.92 90.23 13624.64 28.24 831.10

Sediment #1, 6-8 cm 1.96 2 68859.38 171.06 25830.14 53.53 3151.28

Sediment #1, 8-10 cm 1.96 2 120192.44 299.39 45208.37 93.70 2757.71

Sediment #2, OW 1.96 2 13861.61 33.57 2551.03 5.29 155.56

Sediment #2, 0-2 cm 1.96 2 60553.41 150.30 22694.64 47.04 1383.88

Sediment #2, 2-4 cm 1.96 2 33448.45 82.53 12462.52 25.83 1519.89

Sediment #2, 4-6 cm 1.96 2 71150.50 176.79 26695.04 55.33 1627.82

Sediment #2, 6-8 cm 1.96 2 59365.32 147.33 22246.13 46.11 2713.07

Sediment #2, 8-10 cm 1.96 2 73112.44 181.69 27435.67 56.86 1672.99
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Table E.3: DGT THg measurements from sediment probes #3, #4, #5, #6 and #7 (site 3). 

 

 

 

 

 

 

 

 

 

 

 

Sample Time (d) Site Peak
Conc. Adjusted by 

STD (ppt)

Conc. Adjusted 

For Dilutions (ppt)

Mass in Resin 

(ng)

Conc. In O.W./P.W. 

from DGT Eqn (ppt)

Sediment #3, OW 1.94 3 14623.67 31.31 1596.83 3.31 98.28

Sediment #3, 0-2 cm 1.94 3 16229.07 35.32 5333.92 11.05 328.27

Sediment #3, 4-6 cm 1.94 3 20415.71 45.79 6914.38 14.33 425.54

Sediment #3, 8-10 cm 1.94 3 7237.56 12.85 1939.63 4.02 119.37

Sediment #4, OW 1.94 3 52930.30 131.24 9974.08 20.67 613.85

Sediment #4, 0-2 cm 1.94 3 25936.88 63.75 9626.90 19.95 592.48

Sediment #4, 2-4 cm 1.94 3 15182.04 36.87 5566.95 11.54 685.23

Sediment #4, 4-6 cm 1.94 3 39786.10 98.38 14854.98 30.79 914.25

Sediment #4, 6-8 cm 1.94 3 17227.28 41.98 6339.03 13.14 780.27

Sediment #4, 8-10 cm 1.94 3 32543.95 80.27 12121.07 25.12 745.99

Sediment #5, OW 1.95 3 13570.43 28.68 1462.55 3.03 89.85

Sediment #5, 0-2 cm 1.95 3 45572.08 108.68 16410.91 34.01 1008.20

Sediment #5, 4-6 cm 1.95 3 51379.05 123.20 18603.04 38.56 1142.88

Sediment #5, 8-10 cm 1.95 3 55946.24 134.62 20327.15 42.13 1248.80

Sediment #6, OW 1.95 3 21477.59 52.61 3998.06 8.29 245.62

Sediment #6, 0-2 cm 1.95 3 22546.11 55.28 8346.88 17.30 512.79

Sediment #6, 2-4 cm 1.95 3 13764.38 33.32 5031.78 10.43 618.26

Sediment #6, 4-6 cm 1.95 3 34641.94 85.52 12913.06 26.76 793.31

Sediment #6, 6-8 cm 1.95 3 26716.51 65.70 9921.21 20.56 1219.02

Sediment #6, 8-10 cm 1.95 3 73729.01 183.23 27668.43 57.34 1699.81

Sediment #7, OW 1.93 3 30618.25 71.30 3636.14 7.54 224.91

Sediment #7, 0-2 cm 1.93 3 28594.70 66.24 10001.95 20.73 618.66

Sediment #7, 4-6 cm 1.93 3 113928.57 279.57 42215.48 87.49 2611.20

Sediment #7, 6-8 cm 1.93 3 132346.38 325.62 49168.21 101.90 3041.25
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Table E.4: DGT THg measurements from piston probes (all sites). 

 

 

  

Sample                     
Time 

(d)
Site Peak

Conc. Adjusted 

by STD (ppt)

Conc. Adjusted For 

Dilutions (ppt)

Mass in Resin 

(ng)

Conc. In O.W./P.W. 

from DGT Eqn (ppt)

Piston #13 1 n/a 2645.97 5.55 283.06 0.35 20.87

Piston #1 1.98 1 9881.56 25.81 1316.30 2.73 91.41

Piston #2 1.98 1 5054.72 12.29 627.03 1.30 43.47

Piston #3 1.98 1 10179.09 26.64 1358.79 2.82 94.19

Piston #4 1.96 2 119355.08 332.34 50182.68 104.01 3509.59

Piston #5 1.96 2 65121.99 180.48 27252.93 56.48 1905.30

Piston #6 1.95 2 11784.06 31.14 4701.65 9.74 330.34

Piston #7 1.94 2 143596.48 400.21 20410.79 42.30 1445.36

Piston #8 1.95 2 115455.53 321.42 16392.26 33.97 1156.24

Piston #9 1.95 3 82145.12 228.15 11635.53 24.12 820.72

Piston #10 1.96 3 41486.90 114.30 17260.01 35.77 1206.68

Piston #11 1.95 3 21500.93 58.34 8809.95 18.26 620.53

Piston #12 1.95 3 53721.57 148.56 22432.83 46.49 1579.49
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Appendix F.  South River Science Team Data 

F.1 SOUTH RIVER SCIENCE TEAM TOTAL MERCURY PORE WATER DATA 

Table F.1: THg Pore Water Concentrations from Henry samplers at Site 1 (0.1 RRM). 

Sample 
THg 

(ng/L) 
Sample 

THg 

(ng/L) 
Sample 

THg 

(ng/L) 
Sample 

THg 

(ng/L) 
Sample 

THg 

(ng/L) 

1 15.6 26 2.37 51 18.02 76 56.21 101 2.77 

2 3.3 27 2.4 52 19.77 77 15.48 102 4.75 

3 2.06 28 7.54 53 6.76 78 10.97 103 5.68 

4 3.19 29 4.27 54 3.91 79 2.88 104 2.12 

5 4.87 30 3.03 55 3.79 80 15.18 105 21.37 

6 144.01 31 6.56 56 36.54 81 6.2 106 5.5 

7 172.46 32 3.19 57 72.76 82 5.26 107 1.22 

8 38.32 33 4.06 58 43.91 83 95.5 108 1.81 

9 6.19 34 2.89 59 3.13 84 14.38 109 8.42 

10 1.55 35 4.73 60 4.27 85 25.32 110 11.45 

11 61.85 36 28.34 61 8.15 86 512.19 111 293.67 

12 88.65 37 10.85 62 14.49 87 5.6 112 1.46 

13 2.32 38 7.1 63 10.67 88 4.04 113 5.23 

14 11.51 39 0.83 64 15.28 89 14.97 114 9.05 

15 12.14 40 1.81 65 2.61 90 34.49 115 6.04 

16 42.39 41 12.2 66 9.04 91 14.47 116 68.13 

17 87.09 42 6.93 67 2.89 92 14.93 117 2.5 

18 28.22 43 14.78 68 2.44 93 5.2 118 3.68 

19 2.11 44 6.91 69 4.46 94 58.73 119 14.84 

20 3.52 45 6.83 70 1.96 95 4.26 120 2.56 

21 19.7 46 296.87 71 3.36 96 252.5 

  22 53.78 47 124.33 72 1.74 97 94.83 

  23 7.87 48 7.97 73 8.82 98 90.68 

  24 7.24 49 10.46 74 7.51 99 2.95 

  25 22.4 50 5.83 75 2.05 100 17.34 

  
 

 

 

 

 

 



 74 

Table F.2: THg Pore Water Concentrations from Henry samplers at Site 2 (3.5 RRM). 

Sample 
THg 

(ng/L) 
Sample 

THg 

(ng/L) 
Sample 

THg 

(ng/L) 
Sample 

THg 

(ng/L) 
Sample 

THg 

(ng/L) 

1 38.11 26 362.63 51 8.92 76 151.43 101 119.96 

2 168.96 27 350.42 52 32.78 77 57.87 102 23.48 

3 243.1 28 348.63 53 48.5 78 86.5 103 31.47 

4 555.52 29 300.67 54 20.56 79 269.04 104 43.33 

5 970.03 30 185.97 55 105.69 80 24.95 105 63.59 

6 35.64 31 422.68 56 14.67 81 39.47 

  7 39.41 32 102.89 57 36.47 82 430.03 

  8 41.11 33 5.98 58 221.69 83 14.71 

  9 55.98 34 20.39 59 188.69 84 71.87 

  10 133.45 35 46.55 60 330.03 85 68.28 

  11 162.73 36 52.95 61 58.17 86 32.53 

  12 58.11 37 19.26 62 40.83 87 30.13 

  13 46.4 38 29.26 63 44.93 88 50.63 

  14 502.23 39 114.83 64 34.12 89 79.43 

  15 1123 40 169.54 65 53.55 90 74.75 

  16 11.15 41 30.6 66 125.84 91 17.32 

  17 22.81 42 48.78 67 6.33 92 68.65 

  18 24.8 43 35.94 68 84.06 93 95.02 

  19 59.77 44 29.02 69 20.84 94 272.49 

  20 794.62 45 85.48 70 17.52 95 137.88 

  21 64.5 46 62.41 71 139.76 96 20.02 

  22 411.9 47 67.44 72 10.99 97 28.71 

  23 413.47 48 27.83 73 39.35 98 76.24 

  24 535.86 49 40.05 74 339.39 99 36.05 

  25 239.08 50 51.85 75 89.59 100 56.51 
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