Ofganotins monitoring strategies in the European Water
FrameWork Directive: Challenges and limitations
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Water Framework Directive

The @ Water Framework Directive commits European Union member
states to achieve good ecological status of all inland and coastal

water bodies by 2015. The Water Framework Directive changed \
European water management fundamentally. First, management is O

coordinated at the level of entire river basins - countries need to 3 i
cooperate now in cross-border basins. Second, assessment accounts = Y =
for © ecological quality and includes the status of aguatic animal and
plant communities: phytoplankton, phytobenthos and macrophytes,
benthic invertebrates and fish. And third, the ecological status is '1" - v <
expressed as the deviation of the current conditions from L j e o

undisturbed @ reference conditions.

Monitoring programmes account for these aspects and were

developed and published by 2007. At present, © rver basin management plans are being finalised and prepared
for publication at the end of 2009. In parallel, programmes of measures are developed to deliver environmental
objectives in each river basin district.

Despite considerable progress that has been made since 2000, significant knowledge gaps still hinder
implementation. Monitoring schemes still do not cover all relevant organism groups and lack for some regions.
These gaps also affect the European @ intercalibration exercise that aims at ensuring the comparability of
monitoring results.
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DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

on environmental quality standards in the field of water policy and amending Directive
2000/60/EC

(presented by the Commission)

{COM(2006) 398 final}
{SEC(2006) 947}

PART A: Environmental Quality Standards (EQS) for Priority Substances in surface
water

AA: annual average;

MAC: maximum allowable concentration.

CUnit: [ug/1]))
e —

€))] (2 (3 (4 &) 6 €)]
Ne Name of substance CAS AA-EQS™ AA-EQS™ MAC- EQS * | MAC-EQS™
number
Inland surface Other surface | Inland surface | Other surface
waters waters waters waters
(1) Alachlor 15972-60-8 0.3 0.3 0.7 0.7
(2) Anthracene 120-12-7 0.1 0.1 0.4 0.4
(3) Atrazine 1912-24-9 0.6 0.6 2.0 2.0
(4) Benzene T1-43-2 10 B8 50 50
(5) Pentabromodiphenylether™ 32534-81-9 0.0005 0.0002 not not
applicable applicable
(6) Cadmium and its 7440-43-9 = 0.08 (Class 1) 02 =0.45 (Class 1)
compounds
0.08 (Class 2) 015 Lo Lo
(29) Simazine 122-34-9 1 1 4 4
— —
(30) | Tributyltin compounds 688-73-3 0.0002 0.0002 0.0015 0.0015 >
(31 Trichlorobenzenes 12002-48-1 0.4 0.4 not not
(all isomers) applicable applicable
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Why such low levels?
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Organotin detection status
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J

Typical detection limits for TBT for water samples

Challenges in the accurate quantification of TBT in water samples

Matrix

Fresh water

Fresh water

Natural water

Fresh and seawater

Sea water

Sea water

Sea water
Sea water

Sample preparation

Extraction: solvent GC-AED

Pr

Extraction: SPME GC-ICP-MS

Eth

Extraction: SPME GC-FPD

Eth

Extraction: HS-SPME GC-MIP-AES

Eth

Extraction: HS-SPME GC-MS

Eth

Eth GC-ICP-MS (IDMS)
Eth GC-MS (IDMS)

Eth GC-ICP-MS (IDMS)

Separative method/Detection

System
type
On-line
On-line
On-line
On-line
On-line

On-line

On-line
On-line

Species

MBT, DBT, TBT
MBT, DBT, TBT
MBT, DBT, TBT

MBT, DBT, TBT

TBT, DPhT, TPT,

TET
MBT, DBT, TBT

MBT, DBT, TBT
MBT, DBT, TBT

LOD

7-12ng I1

0.3-2ng I

0.006-0.031 ng I

5ng It

0.025-1ng I

0.04-0.27ng I

0.18-0.25ng I1
0.019-0.032 ng I*

References

Schubert et al., 2000

Moens et al., 1997

Aguerre et al., 1999
Carpinteiro Botana et al., 2002
Segovia-Martinez et al., 2010
Rodriguez-Gonzalez et al.,

2002

Centineo et al., 2004
Monperrus et al., 2005b

Following the EWFD, the EQS for TBT is 0.2 ng |-1 therefore the LQ<0.06 ng I-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 EU

Need for a reference material for the validation
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) N Need for ultra low levels of detection: Biological tissues

Sample 1196, BuSn mix Derivatization
. p 11560 TBT 0.8 mL
Spiking / "'°Sn DBT Adjustto  Hexane O-1mL
119
Sn MBT NaBEt,

PRS0 — |7 (20% w/w)

sampie 1 — —
N

GC/ICP-MS Analysis Clean-up

14300040
b After Clean-up
1200000 300°C

Detection Limits J—
MBT 0.006 ng/g Sn

DBT0.001ng/gSn § _ ]
TBT0.008ng/gSn & /Lﬂs’/ |

(Point et al., 2007)

Intensity (cps)
&
=1

o 15 3 45 - 7.5
Time (min)
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) Preconcentration techniques applied for TBT analysis

microsyringe ——

Contents lists available at ScienceDirect

Journal of Chromatography A microdrop

ELSEVIER journal homepage: www.elsevier.com/locate/chroma

sample solution

Speciation of butyltin compounds in environmental and biological samples
using headspace single drop microextraction coupled with gas
chromatography-inductively coupled plasma mass spectrometry

Qin Xiao, Bin Hu*, Man He

Department of Chemistry, Wuhan University, Wuhan 430072, China Flg‘ 1. Schematic of expenme ntal set-u P of HS-5DME.

magnetic bar

Bd, UL €L UL
ARTICLE INFO ABSTRACT

Available online at www.sciencedirect.com

scuNc:@umIcT' JOURNAL OF
CHROMATOGRAPHY A

Journal of Chromatography A, 1048 (2004) 81-88

www.elsevier.com/locate/chroma <4— Microsvri nge

Liquid-phase microextraction of tributyltin and triphenyltin coupled with S bt
gas chromatography—tandem mass spectrometry R i
1a m

Comparison between 4-fluorophenyl and ethyl derivatizations
q_.-_ | Organic solvent
Hirotaka Shioji?, Shinji Tsunoi®*, Hiroya Harino®, Minoru Tanaka? d47]
* Research Center for Environmental Preservation, Osaka University, Yamada-oka 2-4, Suita, Osaka 565-0871, Japan 5 "Aql'":c"']'s Salnple
® Osaka City Institiite of Public Health and Environniental Sciences, Tewnaji, Osaka 543-0026, Japan Q; 7
Received 31 March 2004; received in revised form 7 July 2004; accepted 9 July 2004 “—I (o] I ] ¢ Magnctic stirrer

Available online 8 August 2004

Fig. 2. LPME apparatus.
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) Preconcentration techniques applied for TBT analysis

Journal of Chromatography A, 1193 (2008) 19-25

Contents lists available at ScienceDirect

Journal of Chromatography A

¥
F1. SEVIER journal homepage: www.elsevier.com/locate/chroma

Speciation of butyl and phenyltin compounds using dispersive liquid-liquid
microextraction and gas chromatography-flame photometric detection

Afsoon Pajand Birjandi®P®, Araz Bidari*®, Fatemeh Rezaei®®,
Mohammad Reza Milani Hosseini®:?, Yaghoub Assadi?->-*

* Department of Analytical Chemisery, Faculty of Chemistry, Iran University of Science and Technology.

Tehran, Iran
® Electroanalytical Chemistry Research Center, Iran University of Science and Technolegy,
Tehran, Iran
Table 1
Enrichment factor of different extraction solvents evaluated for extraction of butyl and phenyltins by DLLME*
Tnject
Compounds Enrichment factor Withdraw
Chlorebenzene, mean (SD", n=3) Tetrachloroethylene, mean (SD, n=3) Carbon tetrachloride, mean (SD", n=3) +
MBT 611 (16) 759 (20) 923 (25)
DBT 672 (15) 820 (19) 987 (18)
TBT 739(19) 803 (23) 1036 (23)
MPhT 760 (25) 684 (26) 825(31) 1 mL syringe
DPhT 803 (28) 717 (27) 874 (29)
TPHT 865 (23) 744 (22) 951 (28)

2 Extraction conditions: water sample volume, 5.00ml; disperser solvent (ethanol) volume, 500 pL; extraction solvent volumes, 10.5 pL chlorobenzene, 7.5 L tetra-
chloroethylene and 11.5 pl carbon tetrachloride; sedimented phase volume, 5.0+ 0.2 pL: amount of NaBEts, 0.25mg; pH 5; concentration of each butyl and phenyltins,
20ngL" (as Sn).

b sp, standard deviation.

Table 3

Analytical characteristics of DLLME-GC-FPD for determination of butyl and phenyltins in water sample?® belvent droplet

Compounds RSDP (%, n=7) RSD (%,n=7) EF? LR® (ngL™") rr e LOD" (ngL~') Centrifuge

MBT 37 64 923 2-1000 0.9992 0.9990 05 Fampl:sokien — > 3

DBT 2.8 4.1 987 1-1000 0.9995 0.9989 0.3

TBT 23 5.0 1036 0.5-500 0.9997 0.9993 02 Cloudy state ~

MPHT 59 88 825 21000 0.9992 0.9984 10 Sotusd phase
DPhT 4.5 8.1 874 1-1000 0.9990 0.9988 0.5

TPhT 32 73 951 2-1000 09993 0.9991 0.7 (B) (C) (D)
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) Preconcentration techniques not yet applied for TBT analysis

Adsorbant

Micro extraction by packed sorbent MEPS

Absorption
bed

/ -

Sampling

Washing Elution Injection i

Figure 3.1 Automated GC SPME analysis with expansion of the
solvent  test equipm SPME injection. Reproduced with permission from GERSTEL
GmbH & Co. KG

Fig. (5). Automated MEPS process. Reprinted with permission from reference [94]. (© 2004 Elsevier Science).
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) N Preconcentration techniques not yet applied for TBT analysis

Stired bar sorptive extraction SBSE

o 1em
TTELTRT T PR

Figure 3.6 Twister bar being placed into the thermal desorption
unit. Reproduced with permission from GERSTEL GmbH &
Co.KG

Fig. (6). Principle of SBSE. 1. Twister, 2. transfer to the thermal
desorption tube, 3. thermal desorption unit, 4. programmed-
temperature-vaporization injector. Reprinted with permission
from reference [57]. (© 2002 Springer-Verlag). National Environmental Monitoring Conference, Washington USA August 6th 2012



N

Simultaneous speciation of organo- Hg and Sn compounds by isotopic

dilution, micorextraction in solid phase (SPME) in headspace and detection

ANALYTICAL PROCEDURE
1-Enriched Stadards 2-Spiking with enriched
standards

201VMHg 199IHg WITBT

Determination of the relative
abundances by reverse isotopic
dilution

I

45 mL matrice
+5mL acetate buffer
0.1M, pH=5,

METHODE PERFORMANCE

Reproductibility
MeHg  Hg MBT  DBT  TBT

"y

RSD (%) pic areas

15 11 10 8 20
(n=4)

RSD (%) isotopic
ratio (n=4)

W

GC-ICPMS for waters

o ) Standard solution 1 ng/l Spike 1%IHg
3-Derivatization 4-Extraction Spked P77
60p0  “UIMMHg A

PDMS
Flber 100

e
/!

—

NaBR,, 50 L at 1%

Elliptic agitation 10 min. 200 ‘--! 300
R=Propyl- or Ethyl-

©

Improvments of

Detection limits
detection limits for

© MeHg  |Hg MBT  DBT  TBT bytltins
Improvment of DL SPME 136 36 12 06 06
the method by (pg(Sn).I") ’ ®
afactor of 5 _
DLLLE 220 480 600 350 300 Poor extraction b

(py(SN).1Y) SPME for organo Hg
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y Limitations

e Blanc contamination

Propylation Ethylation Ethylation
400 T (NaBPr, GALAB) (NaBEt, STREM)  (NaBEt, GALAB)
2 o » |sotopic dilution allows to
= r . . .
g o improve both the precision
g and accuracy of the
| 2
h | Et,Hg method.
N N S . | ,
600000 T |
TBT
- DBT » SMPE preconcentration?
2] MBT MBT
% oRT MBT TBT
8 i _
. /JBT iﬁ l | e Quality of the support
I [l ) | ‘ ‘ | |
U IR N VO VY | O N

» Low efficiency for Hg

MeHg IHg MBT DBT TBT
Slope

@ (counts/pg)

90 350 14500 28000 28500
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ik Environmental limitations
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T

stern Scheldt
Estuary

' Butyltin cﬁncantraﬁons.
{ng L™ (as Sn)j
=

O 'y e A Il L

0 10 20 30

Safinity (g L™}

Figure 10.4. Distribution of butyl-Sn compounds in filtered water samples from the Western
Scheldt (The Netherlands), October 1988, TBT was not present in any of the sample collected,
(Adapted from ref. 95)

400

Butyltin concentrations
[ng L™"(as Sn, dry weight)]

9-9 10-15  18-22  24-30
Salinity (0-35g L)

Figure 10.5. Distribution of butyl-Sn compounds in suspended matter collected by centrifugation
in the Western Scheldt (The Netherfands), October 1988, S ples were collected by anboard

continuous centrifugation, (Adapted from ref, 51 3
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ik Environmental limitations

Variable point sources _
Photochemistry

i

o v
© : Volatilisation

L - Particulate Dissolved Photochemical degradation
- = |

L O

e £ ) ——

:'%9_ = — Salinity

> K DOM

Z <2, P

Suspended Matter

Settling / resuspension Baéteria Methylation
Passive diffusion
Hydrodynamic Biogeochemical
factors factors

W
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JiL

Conditions Salinity (g/L) | Susp. Matter
(mg/L)

Field
Field
Field
Field
Field
Mesocosm
Laboratory
Laboratory
Laboratory
Laboratory
Laboratory

Laboratory

@ Laboratory

Environmental limitations: partitioning variability Kp

10-30
35
35
35
35
35
32

0
0
24
5
35
217

10-50
6
50
2
9
0.7
60
60
3 000-30 000
3 000-30 000
1000
10
15-57

3.28
0.34
39.35
4.61
/1
1.4
0.2
8
4.2
1.5
1900
0.12

Adapted from:

Tin speciation monotoring in estuarine and
coastal environments

Ph. Quevauviller & O.F.X. Donard
Element Speciation in Bioinorganic
Chemistry

Chemical Analysis Series,

John Wiley V. 135, pp 331 (1996)

National Environmental Monitoring Conference, Washington USA August 6th 2012



J Analytical strategies

 Differential sampling strategies

* Role of filtration

* Filtered versus non filtered

« 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,...)
» Kp values

* Improve the quality of reagents

 Selection of the best preconcentration strategy

» Implementation of isotopic dilution
* On the field versus in the laboratoy

« Computational approach
 Theoritical formulation/speciation — Kp — adsorptive behaviour and toxicity

 Investigation of time of « statilisation »

* Preparation of a reference materail for « TBT Water reference material »
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y ™ Instrumental development

APPLICATION NOTE S T g I 1

Li

BERERRE.

GC/ICP-MS

Authors
Joaudimir Castro
Emmanuel Tessier
Olivier EX. Donard

Institut des Sciences Analytiques et de Physico-
chimie pour 'Environnement et les Matériaux
(IPREM)

Laboratoire de Chimie Analytique Bio-
inorganique et Environnement (LCABIE)
UMR 5254 CNRS

Université de Pau et des Pays de FAdour
Héliopare, France

Intensity (cps)

Kenneth Neubauer

PerkinElmer, Inc.
Shelton, CT USA
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Tifms gmis}

L. ) . : WILT

MEI'CUI'Y Sp eciation Introduc-tlon . . Pr_gur.e 4. G_C,-‘ICF' ]'l..{S chromatogram for . Hg* for 1 ng/mL standard
The chemical determination of mercury (Hg) species solution of Mfﬁ{Hg I; 1.2 ng_.-’mL} and H'g'z' I; 1.7 ]'Jg_.'rl'n L:l_

]..1.1 Blologlcal Tlssue in the environment is gaining increasing interest

- both for improved understanding of their reactional

alld Sednnel‘lts by pathways and also to meet regulation limits in .
both Europe and the U.S. Mercury species play an Aﬂalﬂl ':al Per‘ﬁ:lﬂ'ﬂ ance

GC /ICP-MS important role in environmental pollution because
they can result from anthropogenic activites, Once the optimization of the operational parameters for

as well as natural biomethylation processes.’

the GC transfer line was achieved, the analytical response
characteristics were determined for MMHg and Hg** using
standard solutions. The calibration curves were generated
for the **Hg* peak areas for MMHg and Hg** through
1 triplicate 1 pl injections across a concentration range
o from 0 {i.e. analytical blank)} to 2 ng/mL. Good linearity
1 and satisfactory coefficients of correlation (R? values) were
observed for the ®Hg* response functions (Figure 5). The
limits of detections (LODs = 3oy,wn, where “n” is the
et number of readings) were determined from each calibration
response function, and absolute LODs of 4 and 5 fg were
obtained for MMHg and Hg** as ***Hg*, respectively.

Figure 1. Clarus 580 GC (right) connected to NexION 300D ICP-MS ( left)

wia GC transter line.
[ Be

PerkinElmer’

instruments.
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Implementing molecular calculations

Chemical reactivity

DFT based descriptors have found immense usefulness in the
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.

For example, Chemical hardness (h) , Chemical potential (m)
and global electrophylicity (w) are known as global reactivity
descriptors
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Jid Implementing molecular calculations

Example :
Dichloro Dibutyl Tin Frontier Molecular Orbital

HOMO
Osncr Ng™

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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il Implementing molecular calculations

I R I

DibutylTin -2,948 3,956 0,368
Dibutyl Dichloro Tin -4,201 3,276 2,693
Tributyl 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 1,921
ChloroTriPhenyl Tin -3,899 2,992 2,541

@ Thanks to Jean Marc SOTIROPOULOS and Laure TASTET
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y Real case situations: dredging of the Harbor of Arcachon
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) Dredging of the port of Arcachon:

Environmental monitoring — TBT in suspended matters

—o— Exit
800,0 - E1 .
s ED End of dredging
700,0 =
600,0 - —— Average before dredging
500,0
(=]
S 400,0
c
300,0 -
200,0 -
100’0 | i} x A "\V
0,0 T T T T T T . , :
Ff & & ¢ & ¢ & & & &
Q\\/ \/\'\/ ,1/\'» ,b\\r ,\\'\/ Q)\'» 0)\'\, Q\N ‘b\» b‘\'\’ b‘\'&
k¢ hé e v N N N D) P B; N
Time (days)

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

||~ Concentrations are in the same order of those measured in sediment

W
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Dredging of the port of Arcachon:

Environmental monitoring — TBT in the dissolved phase by GC/IPC/MS

8,0 -
75 -
70 -
65 -
6,0 -
55 -
50 -
45 -
S 4,0 -
35 -
30 -
25 -
2,0 -
15 -
10 -
05 -
0,0

—e—Ext-1 —a—FExt-2
Exit —>¢—Inside channel T
Awerage before dredging - === = Possible effect level L

End of dredging

© o ©
© © © © X © © © ©
N N \9\\/ v v Vv
days

||~ Concentrations > 2ng/L could imply biological effects (calcification anomalies)

||~ Possible transfer of TBT from suspended particles to the dissolved phase
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