
OrganotinsOrganotins monitoring strategies in the European Water monitoring strategies in the European Water 
FrameWorkFrameWork Directive: Challenges and limitationsDirective: Challenges and limitations

O.F.X. O.F.X. DonardDonard, E. Tessier, M. , E. Tessier, M. MonperrusMonperrus, , 
J  C t  d D  J  C t  d D  AAJ. Castro, and D. J. Castro, and D. AmourouxAmouroux..

Laboratoire de Chimie Analytique Laboratoire de Chimie Analytique 
BioinorganiqueBioinorganique et Environnement, et Environnement, o o ga queo o ga que et o e e t,et o e e t,
UMR CNRS 5254 IPREM, UMR CNRS 5254 IPREM, 
UniversityUniversity of Pau, of Pau, HélioparcHélioparc, , 
Pau (France) 64053Pau (France) 64053 National Environmental Monitoring Conference, Washington USA August 6th 2012 



The The EuropeanEuropean Water Framework DirectiveWater Framework Directive

National Environmental Monitoring Conference, Washington USA August 6th 2012 



National Environmental Monitoring Conference, Washington USA August 6th 2012 



WhyWhy suchsuch lowlow levelslevels??
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EXPLOR OrganotinOrganotin detectiondetection statusstatus



T i l d t ti  li it  f  TBT f  t  l

Challenges in the Challenges in the accurateaccurate quantification of TBT in water quantification of TBT in water samplessamples

Matrix Sample preparation Separative method/Detection System 
type

Species LOD References

Fresh water Extraction: solvent                  GC-AED On-line MBT, DBT, TBT 7-12 ng l-1 Schubert et al., 2000

Typical detection limits for TBT for water samples

Pr

Fresh water Extraction: SPME                   
Eth

GC-ICP-MS On-line MBT, DBT, TBT 0.3-2 ng l-1 Moens et al., 1997

Natural water Extraction: SPME                   
Eth

GC-FPD On-line MBT, DBT, TBT 0.006-0.031 ng l-1 Aguerre et al., 1999

Fresh and seawater Extraction: HS-SPME GC-MIP-AES On-line MBT DBT TBT 5 ng l-1 Carpinteiro Botana et al 2002Fresh and seawater Extraction: HS SPME             
Eth

GC MIP AES On line MBT, DBT, TBT 5 ng l Carpinteiro Botana et al., 2002

Sea water Extraction: HS-SPME             
Eth

GC-MS On-line TBT, DPhT, TPT, 
TET

0.025 - 1 ng l-1 Segovia-Martinez et al., 2010

Sea water Eth GC-ICP-MS (IDMS) On-line MBT, DBT, TBT 0.04 – 0.27 ng l-1 Rodriguez-Gonzalez et al., 
2002

S E h GC MS (IDMS) O li MBT DBT TBT 0 18 0 25 l 1 C i l 2004Sea water Eth GC-MS (IDMS) On-line MBT, DBT, TBT 0.18 – 0.25 ng l-1 Centineo et al., 2004
Sea water Eth GC-ICP-MS (IDMS) On-line MBT, DBT, TBT 0.019 – 0.032 ng l-1 Monperrus et al., 2005b

• Following the  EWFD, the EQS for  TBT is 0.2 ng l-1 therefore  the LQ<0.06 ng l-1

• Only few GC-ICPMS methods able to reach such analytical performances

• Need for a validated measurement procedure for TBT in whole water 
samples at a concentration level required by the EUsamples at a concentration level required by the EU

• Need for a reference material for the validation
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Need for ultra low levels of Need for ultra low levels of detection: Biological tissuesdetection: Biological tissues

Sample 
Spiking

Derivatization

Adjust to 
H 5 0

0.8 mL 
Hexane 0.1 mL 

NaBEt

119Sn BuSn mix
119Sn TBT
119Sn DBT
119SnMBT

Sample 1g

3 mL
TMAH 

pH 5.0 NaBEt4
(20% w/w)

Sn MBT

Sample 1g 

Clean upGC/ICP MS A l i Clean-upGC/ICP-MS Analysis

Detection Limits
MBT 0.006 ng/g SnMBT 0.006 ng/g Sn
DBT 0.001 ng/g Sn
TBT 0.008 ng/g Sn

(Point et al., 2007)
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PreconcentrationPreconcentration techniques techniques appliedapplied for TBT for TBT analysisanalysis

Liquid liquid extraction 
techniques
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PreconcentrationPreconcentration techniques techniques appliedapplied for TBT for TBT analysisanalysis

Liquid liquid extraction 
techniques
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PreconcentrationPreconcentration techniques not techniques not yetyet appliedapplied for TBT for TBT analysisanalysis

Solid phase extraction 
techniques Micro extraction by packed sorbent MEPS
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Preconcentration techniques not yet applied for TBT analysis

Solid phase extraction 
techniques Stired bar sorptive extraction SBSEStired bar sorptive extraction SBSE
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SimultaneousSimultaneous speciationspeciation of of organoorgano-- Hg and Sn compounds by Hg and Sn compounds by isotopicisotopic
dilution, dilution, micorextractionmicorextraction in in solidsolid phase (SPME) in phase (SPME) in headspaceheadspace and and detectiondetection

GCGC--ICPMS for watersICPMS for waters

2-Spiking with enriched 
standards

1-Enriched Stadards 3-Derivatization 4-Extraction
ANALYTICAL PROCEDUREANALYTICAL PROCEDURE

Spiked 
201MMHg

Spike 199IHg

16000

Standard  solution 1 ng/l

GCGC ICPMS for watersICPMS for waters

201MMHg 199IHg 117TBT
PDMS 
Fiber , 100 
µm

Spike 117TBT

1000000

100000
0

8000

Determination of the relative 
abundances by reverse isotopic 

dilution Elliptic agitation 10 min.

45 mL matrice
+ 5 mL  acetate buffer

0.1M, pH=5, 

NaBR4, 50 µL at 1%

R= Propyl- or  Ethyl- Time (s)
200 300

0

500000

METHODE PERFORMANCEMETHODE PERFORMANCE

D t ti  li it


I t  f 

MeHg IHg

15

MBT DBT TBT

11 10 8 20RSD (%) pic areas 
(n=4)

RSD (%) isotopic 
ratio (n=4)

3 2,3 2,2 1,4 2,4

Reproductibility Detection limits
IHg MBT DBT TBT

DL SPME 
(pg(Sn).l-1)

DL LLE 
( (S ) l 1)

MeHg

220 480 600 350 300

136 36 1,2 0,6 0,6



Improvment of 
the method by 

a factor of 5

Improvments of 
detection limits for 

bytltins



Poor  extraction by 
SPME for organo Hgratio (n=4) (pg(Sn).l-1) SPME for organo Hg
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LimitationsLimitations

14000
Propylation 

(NaBPr4 GALAB)
Ethylation 

(NaBEt4 STREM)
Ethylation 

(NaBEt4 GALAB)

• Blanc contamination

Pr2Hg

co
un

ts •• IsotopicIsotopic dilutiondilution allowsallows toto
improveimprove bothboth thethe precisionprecision
andand accuracyaccuracy ofof thethe

600000

Et2Hg
Et2Hg

DBT

TBT

andand accuracyaccuracy ofof thethe
methodmethod..

•• SMPESMPE preconcentrationpreconcentration??

TBT

DBT

MBT
DBT

MBT

TBT

DBTMBT

co
un

ts

•• SMPESMPE preconcentrationpreconcentration??

•• QualityQuality ofof thethe supportsupport

• Low efficiency for Hg
MeHg IHg MBT DBT TBTg g

Slope 
(counts/pg) 90 350 14500 28000 28500
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EnvironmentalEnvironmental limitationslimitations

Sn
C

H
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OrganotinsOrganotins in in DutchDutch waterswaters
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EnvironmentalEnvironmental limitationslimitations

AirAir

Variable point sourcesVariable point sources
PhotochemistryPhotochemistry

ParticulateParticulate DissolvedDissolved

Microlayer

VolatilisationVolatilisation
PhotochemicalPhotochemical degradationdegradationddl

oa
d

loa
d

ityity
us

pe
nd

ed
us

pe
nd

ed
Tu

rb
idi
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idi

KK
SalinitySalinity
DOMDOM

BacteriaBacteriaSettlingSettling / / resuspensionresuspension
Passive diffusionPassive diffusion

SuSu KKpp pHpH
SuspendedSuspended MatterMatter
MethylationMethylation

SedimentSediment BiogeochemicalBiogeochemical
factorsfactors

HydrodynamicHydrodynamic
factorsfactors
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Conditions Salinity (g/L) Susp. Matter Kp
EnvironmentalEnvironmental limitations: limitations: partitioningpartitioning variabilityvariability KpKp

y (g ) p
(mg/L) Kp

Field 10-30 10-50 2020
Field 35 6 3 283 28Field 35 6 3.283.28
Field 35 50 0.340.34
Field 35 2 39.3539.35
Field 35 9 4.614.61

Mesocosm 35 0.7 7171
Laboratory 32 60 1 41 4Laboratory 32 60 1.41.4
Laboratory 0 60 0.20.2
Laboratory 0 3 000-30 000 88
Laboratory 24 3 000-30 000 4.24.2
Laboratory 5 1 000 1.51.5
Laboratory 35 10 1 9001 900

Adapted from:
Tin speciation monotoring in estuarine and 
coastal environments
Ph. Quevauviller & O.F.X. Donard
Element Speciation in Bioinorganic Laboratory 35 10 1 9001 900

Laboratory 27 15-57 0.120.12
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Chemistry
Chemical Analysis Series, 
John Wiley V. 135, pp 331 (1996)



AnalyticalAnalytical strategiesstrategies

Diff ti lDiff ti l lili t t it t i•• DifferentialDifferential samplingsampling strategiesstrategies
• Role of filtration
• Filtered versus non filtered

C i f th  f  f d t t  (ICP/MS  PFPD)• Comparison of the performance of detector (ICP/MS versus PFPD)
• Precontration strategies
• Laboratory versus natural waters
• Particules effects (natural versus models :e g: humics  clays  colloids )• Particules effects (natural versus models :e.g: humics, clays, colloids,…)
• Kp values

•• ImproveImprove the the qualityquality of of reagentsreagents
•• SelectionSelection of the best of the best preconcentrationpreconcentration strategystrategySelectionSelection of the best of the best preconcentrationpreconcentration strategystrategy
•• ImplementationImplementation of of isotopicisotopic dilutiondilution

• On the field versus in the laboratoy
•• ComputationalComputational approachapproachpp pppp

• Theoritical formulation/speciation – Kp – adsorptive behaviour and toxicity
•• Investigation of time of «Investigation of time of « statilisationstatilisation »»
•• PreparationPreparation of a of a referencereference materailmaterail for «for « TBT Water TBT Water referencereference materialmaterial »»
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Instrumental Instrumental developmentdevelopment
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ImplementingImplementing molecularmolecular calculationscalculations

Chemical reactivity

DFT based descriptors have found immense usefulness in the 
prediction of reactivity of atoms and molecules.prediction of reactivity of atoms and molecules.

The prediction of the toxicity of chemicals requires the use of 
chemical descriptors that allow to understand how covalently 

reactive a given compound is. reactive a given compound is. 

For example, Chemical hardness (h) , Chemical potential (m) 
d l b l l t h li it  ( )  k   l b l ti it  and global electrophylicity (w) are known as global reactivity 

descriptors
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Thanks to Jean Marc SOTIROPOULOS and Laure TASTET



E l

ImplementingImplementing molecularmolecular calculationscalculations

Example :
Dichloro Dibutyl Tin Frontier Molecular Orbital

HOMO
SnC , nCl+

LUMO
ClCl

The LUMO in all chlorine derivatives are energetically more accessible  than in the 
other calculated compounds  which is coherent with a better electrophylicity (w) 
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eV) eV) eV)

ImplementingImplementing molecularmolecular calculationscalculations

eV) eV) eV)

DibutylTin -2,948 3,956 0,368

Dibutyl Dichloro Tin -4,201 3,276 2,693

Tributyl Tin 2 759 2 763 1 378Tributyl Tin -2,759 2,763 1,378

AcetateTriPhenyl Tin -3,687 3,006 2,261

TetraButyl Tin -2,647 3,933 0,891

TriPhenyl Tin -3 489 3 168 1 921TriPhenyl Tin 3,489 3,168 1,921

ChloroTriPhenyl Tin -3,899 2,992 2,541

National Environmental Monitoring Conference, Washington USA August 6th 2012 
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Real case situations: dredging of the Harbor of Real case situations: dredging of the Harbor of ArcachonArcachon
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Dredging of the port of Dredging of the port of ArcachonArcachon: : 
Environmental monitoring Environmental monitoring –– TBT in suspended mattersTBT in suspended mattersEnvironmental monitoring Environmental monitoring –– TBT in suspended mattersTBT in suspended matters
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Concentrations are in the same order of those measured in sediment

Concentrations in SPM are above the concentration measured before the dredging operations

National Environmental Monitoring Conference, Washington USA August 6th 2012 

Thanks to Christelle BENOIT



Dredging of the port of Dredging of the port of ArcachonArcachon: : 
Environmental monitoring Environmental monitoring –– TBT in the dissolved phase by GC/IPC/MSTBT in the dissolved phase by GC/IPC/MS

7,0
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Average before dredging Possible effect level

Environmental monitoring Environmental monitoring –– TBT in the dissolved phase by GC/IPC/MSTBT in the dissolved phase by GC/IPC/MS
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Concentrations > 2ng/L could imply biological effects (calcification anomalies)g y g ( )

Possible transfer of TBT from suspended particles to the dissolved phase
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