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Introduction  &  Background 
Major  features  of  the  Gellyfish 

Design  &  structure
 
Preparatiion
 
Laboratory  validations  &  tests
 
Correlation  with  biomonitors
 
Reusability  &  cost
 

Applications 
Case  I:  Spatial  &  temporal  measurements  of  free  metal  ions  

in  Boston  Harbor  
Case  II:  Metal‐specificity  of  natural  organic  ligands 
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WhyWhy  dodo  wewe  needneed  thethe  Gellyfish?Gellyfish? 

Importance  of  metal  speciation 
 Controls  bioavailability,  transport  &  fate
 
Fre  e  ions  can  be  as  low  as  <0.1%  of  the  total
 

 Thiss  fractactioon  v a riesa e   s in  
 spacespace  &&  timet e 

Typica  l  concentration  in  water:  pM  ~  nM
 

 Focus  of  new  generation  EPA  water  quality  criteria
 

•
–
–
–
–
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• Current  techniques  to  determine  Me2+: 
ASV,  CSV,  ISE,  DGT,  etc.
 
Lab ro  ‐ intensive,  expensive,  requires  experience 
Ca  n  measure  ONE  metal  at  a  time 
Gellyfish:Gellyfish: anan  inexpensiveinexpensive , rapidrapid,  inin‐situsitu,  equilibriumequilibrium‐
based,  multi‐metal  sampler 

– 
–
–
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Biotic Ligand Model
 

Different ions compete for 
binding sites in a metal mixture 



‐

Equilibrium Sampler (Gellyfish) : Design Criteria
 

Polyacrylamide gel Toyopearl AF Chelate-650M resin 

100 µm 
2 mm 

GelBond Polystyrene FilmGelBond Polystyrene Film 

40 mm
 

50 mm 

Metal  binding  resin  held  within  a  polyacrylamide  wafer 
bindingbinding  sitsites:es:   IminodiaceIminodiacettaattee  (ID(IDAA)) 

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  

‐
‐

‐
‐

‐

 

         



• 2L = infinite solution 

StructureStructure  ofof  AA  GellyfishGellyfish  SamplerSampler
 
• Thickness  of  the  gel  disc:  100  µm 
• Diameter  of  the  gel  disc:  ~  50  mm 
• Diameter  of  beads  (Tosoh  Bioscience):  65  µm 
• Weak  affinity  for  major  ions  (Na+,  Mg2+,  Ca2+,  etc.) 
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Species  log K  log K'  95%  Confidence Interval 

Cu‐Id 10.57 10.94 (10.64,13.31) 

Zn‐Id 7.24 8.71 (8.58,8.87) 

Pb‐Pb IdId 7.457.45 7.887.88 (7.85,7.91)(7.85,7.91) 

Ni‐Id 8.13 9.71 (9.56,9.96) 

Cd‐Cd IdId 5.735.73 7.967.96  (7.92,(7.92, 8.00)8.00) 

ApparentApparent  StabilityStability  ConstantsConstants 
*  K  values  of  IDA  from  Martel  &  Smith,  1974 

     
          
            

   

COO *Limit of Detection (pH=7.8): 
Cu: 3.9x10‐13 M Zn: 2.9x10‐9 MMeeRR NN 

COO Pb: 1.5x10‐11 M Ni: 2.0x10‐10 M 
Cd: 2.0x10‐12 M 



                

                            

     
   

 Accounting for metal‐metal competition 
w ti hin theh G l y ie l f si hi G ll fi hh 

Cd Only Cd + Cu 
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     The GELLYMOD (Module A)
 



     The GELLYMOD (Module B)
 



 
 

         Equilibration Time: hours to a day
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Time  to  reach  90%  equilibrium: 
Cu:  22  hours 
Zn:  3  hours 
Pb:Pb:  33  hourhourss 
Ni:  62  hours 
Cd:  18  hours 
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Laboratory Validation:
 
MM lul ipleti l  i
MMetall CCompetitiion EExperiiments 

Zn‐Cu Competition 
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GellyfishGellyfish isis inertinert toto salinitysalinity change.change.
 

Salinity Range: 5 – 35  o/oo 
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Gellyfish measurements are correlated with 
metalt l upt k  i ttake into mariine bibivallves. 

15 

12 
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66 

Mussel Mean Cu = 4.71 Gellyfish Mean Cu + 7.64 
R2 = 0.52; p = 0.02 

3
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0.16 0 32  0.48 0 64  0.80 

Mean Gellyfish Cu (µg) 

Compared  with  mussels,  Gellyfish  is: 
• chheaper:  at  lleast  10  times  llower  in  cost 
• faster:  days  vs.  months 
• less  labor‐intensive 
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Gellyfish samplers are reusable.
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Material  cost  per  each  assembled  sampler  ~  $8:
 
‐ 2  x  Gelbond  films:  $1  each
 
‐ 2  x  Supor  polysulfone  membrane  filters:  $$2  each
 
‐ Gel  matrix  &  beads:   about  $2 
 



Marina Bay

 Sampling Locations:
 

Mystic RiverMystic River 

Inner HarborInner Harbor 

Fort Point ChannelFort Point Channel 

Savin Hill CoveSavin Hill Cove 

Marina Bay 



           DissolvedDissolved andand FreeFree CuCu atat AllAll LocationsLocations
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Total  vs.  Free  metal  concentrations:
 
• One  vs.  multiple  exceedances
 
•• BothBoth  incrincreaseease  significsignificanantlytly  overover  summersummer  monmontthshs 
(inverse  U‐shape)

• Timing  of  peaks 



KeKeyy  QuesQuestions:tions: 

‐Correlations  between  metals  

‐Relative  importance  of  space  vs.  time 

‐Similar  effect  of  environmental  factors  on  speciation 

2
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NaturalNatural  OrganicOrganic  Ligands:Ligands:
NOT  metal‐specific.
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FutureFuture  ResearchResearch
 

• ParallelParallel  comparisoncomparison  withwith  otherother  freefree  metalmetal  ionion  
determination  techniques  (e.g.  voltammetry,  DGT) 

• Application  to  sediment  pore  water 

• Temperature  and  pH  effects 



SummarySummary
 

• GellyfishGellyfish  isis  anan  effectiveeffective  tooltool  forfor  determiningdetermining  freefree  ionion  
concentrations  in  aquatic  environment. 
– Can  measure  multiple  metals
 
– Rapi  d &   in‐situ
 

– Reusabl  e &   low  cost
 
– Easy  to  make  and  use
 

– Ca  n  generate  massive  datasets
 

• CCan  serve  as  a  bibiomi imi ic  iin  bibiomoniitoriing  programs. 
• Diverse  application  potentials 
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