Gellyfish:

An In-Situ Equilibrium-Based Sampler
for Determining Multiple Free Metal lon Concentrations
in Aquatic Systems

Zhao Dong, James Shine, Christopher Lewis,
Jennifer Galvin, David Senn, Robert Burgess

Harvard School of Public Health
Department of Environmental Health

Exposure, Epidemiology and Risk Program
May 19, 2011

Funded by: NIEHS Superfund Basic Research Program



Outline

e |ntroduction & Background
e Major features of the Gellyfish

- Design & structure
- Preparation
- Laboratory validations & tests
- Correlation with biomonitors
- Reusability & cost

e Applications

- Case |: Spatial & temporal measurements of free metal ions
in Boston Harbor
- Case lI: Metal-specificity of natural organic ligands



Why do we need the Gellyfish?

e |mportance of metal speciation
— Controls bioavailability, transport & fate
— Free ions can be as low as <0.1% of the total
— This fraction varies in space & time
— Typical concentration in water: pM ~ nM
— Focus of new generation EPA water quality criteria

e Current techniques to determine Me?*:
— ASV, CSV, ISE, DGT, etc.
— Labor-intensive, expensive, requires experience
— Can measure ONE metal at a time

— Gellyfish: an inexpensive, rapid, in-situ, equilibrium-
based, multi-metal sampler



Biotic Ligand Model
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Equilibrium Sampler (Gellyfish) : Design Criteria

Polyacrylamide gel Toyopearl AF Chelate-650M resin
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GelBond Polystyrene Film
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50 mm

- Metal binding resin held within a polyacrylamide wafer
- binding sites: Iminodiacetate (IDA)

- IDA sites equilibrate with free metal ions in the surrounding solution
- Metals back extracted into 5% Nitric Acid
- Metal analysis by ICP-MS

- Knowledge of IDA affinity for metal allows calculation of free metal ion in
surrounding solution



Structure of A Gellyfish Sampler

e Thickness of the gel disc: 100 pm

e Diameter of the gel disc: ¥~ 50 mm

e Diameter of beads (Tosoh Bioscience): 65 um

* Weak affinity for major ions (Na*, Mg?*, Ca?*, etc.)
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Apparent Stability Constants

* K values of IDA from Martel & Smith, 1974

e300 *Limit of Detection (pH=7.8):
‘_ R=N_ Y Me Cu: 3.9x10M  Zn: 2.9x10° M
Ncoo” Pb: 1.5x10 1M Ni: 2.0x10°° M
Cd: 2.0x1072 M



Accounting for metal-metal competition
within the Gellyfish

Cd Only Cd + Cu




The GELLYMOD (Module A)
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The GELLYMOD (Module B)
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Concentration within

Gellyfish (ppb)

Equilibration

Time: hours to a day
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Time to reach 90% equilibrium:

Cu: 22 hours
Zn: 3 hours
Pb: 3 hours
Ni: 62 hours
Cd: 18 hours



[Cu-Td] (M)

Laboratory Validation:
Multiple Metal Competition Experiments

Zn-Cu Competition
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Culd measured (M )

Gellyfish is inert to salinity change.

Salinity Range: 5 - 35 °/__

1.E-03 ¢
; |Og(cu’dmea5ured) =092" log(cu[dmodeled) -0.45

- =0.96
1.E-04 |

1.E-05 3

1.E-06 |

1.E-07 |

1.E-08 sl
1.E-08 1E07 1E-068 1E-05 1.E-04 1.E-03

Culd modeled (M)



Mean Mussel Cu (ug/g)

Gellyfish measurements are correlated with
metal uptake into marine bivalves.
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Compared with mussels, Gellyfish is:
e cheaper: at least 10 times lower in cost
e faster: days vs. months
e less labor-intensive



[Cu-Id] (uM)

Gellyfish samplers are reusable.
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Material cost per each assembled sampler ~ S8:

- 2 x Gelbond films: $1 each
- 2 x Supor polysulfone membrane filters: $S2 each
- Gel matrix & beads: about $2



Sampling Locations:
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Dissolved and Free Cu at All Locations
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Data for All Metals

Location: Fort Point Channel
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Key Questions:
-Correlations between metals
-Relative importance of space vs. time

-Similar effect of environmental factors on speciation
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Natural Organic Ligands:
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NOT metal-specific.
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Future Research

e Parallel comparison with other free metal ion
determination techniques (e.g. voltammetry, DGT)

e Application to sediment pore water

e Temperature and pH effects



Summary

e Gellyfish is an effective tool for determining free ion
concentrations in agquatic environment.

— Can measure multiple metals
— Rapid & in-situ

— Reusable & low cost

— Easy to make and use

— Can generate massive datasets

e Can serve as a biomimic in biomonitoring programs.
e Diverse application potentials
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