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Results for Metals

A. Dabrin, J-P. Ghestem, J-L. Gonzalez, M. Coquery




10 expert laboratories AQUAREF

® 5 French and 5 other European countries laboratories
(Italy, Spain, United Kingdom, Sweden, Norway)

® Various strategies :

- Standard commercial or home-made passive samplers (PSs) :
DGT open pores, DGT restrictive pores, Chemcatcher

- With home-made exposure systems
- Analytical treatment

- Using diffusion coefficients/uptake rates from literature



} Passive samplers and exposure durations AQUAREF
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8 metals devices

- Cadmium* « DGT (Diffusive  ;

- Chromium* Gradient in Thin films)

. Lead* Open pores

N - Restrictive pores
Nickel Chelex-100

- Manganese
. Zinc* * Chemcatcher

- Copper* Empore chelating disk

- Cobalt

= 7/ days

*Priority substances (WFD)

*Substances of the ecological status

- Tools were exposed in triplicates and field blanks (brought to
the field but not exposed in waters) were used ‘



} Sampling sites AQUAREF
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- 2 contrasted environments

Former site of oyster farming

Continental Rhéne River
environment Ternay site

17-24 June 2010




Mean £ SD (ug/L)

Spot sampling concentrations A(PU AREF
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3 spot sampling :
Start, during and at the end of the PSs deployment

7 | Ternay (Continental Environment) - ICPMS

Thau (Coastal environment) - Chelation-Extraction (Danielson et al., 1982)- ICP-MS

0 ==/ ‘ | ‘ ‘ _T—l‘ "'"I‘

Cd*10 Cr*10 Co*10 Cu Mn Ni Pb*10 Zn



Comparison of passive sampling
concentrations from various tools and A(pUA-REF

laboratories = i T e cemaore
Thau
Number of participants 6
Nb results/ nb tools (%)
Number of Tools 7
Metals Number of results Ternay Thau
Cd "/ 92 100
NI 4 100 100
Pb 6 92 86
Cu 7 100 100
Cr 7 85 100
Zn 5 77 71
Co 6 62 86
Mn 7 85 100

- Two times more results were obtained for the exercise at Ternay site
than Thau

- Tools were lost or some laboratories did not give results for some metals

- Percentage of results compared with the number of tools :
Ternay : from 62 to 100 %
Thau : from 71 to 100% /



Statistical data treatment and

AQUAREF
methodology (P
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® Arithmetic means and reproducibility standard deviations S,
(ISO 5725-2)

e Robust statistics: ISO 5725-5

No exclusion from laboratories with outliers results
Data was processed to minimize the weight of suspect values

® Comparison of:

= Arithmetic means and S, with data of all lab.
= Arithmetic means and S, after elimination of QC outliers

= Robust means (x*) and S, with data of all lab.



Water concentrations (ug/L) for
metals - passive samplers AQUAREF
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® Ternay site:
[ Means and standard deviations (all participants)

11 10
I Means and standard deviations (without QC outliers)
6 -
[_IRobust statistic (all participants)
10 9
0.18 12 11
10 11 11 11 i
12

0.12 1

Zn

0.06 1

0.6 1

- Robust approach allows to decrease
the means and the standard deviations

9



Data dispersion of passive samplers AQUAREF
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Passive sampler data SWIFT-WFD proficiency Testing
Ternay Thau Exercise (2006)
Metals Robust mean Robust mean LQ Robust mean
x* + SD RSD n x* + SD RSD n Water x* + SD RSD n
(Hg/L) % (Hg/L) % Hg/L (bg/L) %
Cd 0.005+0.003 | 68 |12 0.027 + 0.025 92 | 7 0.010 0.09 +0.08 89 27
Cr 0.076 +0.070 11 0.036 + 0.029 80 | 7 0.050 1.73 +157 91 36
Cu 0.367 +0.153 | 42 |13 0.233 + 0.1089 47 | 7 0.050 415 +166 40 42
Mn  3.47 £0.99 11 7.48 + 2.646 7 0.100 154 +17 47
Ni 0.392 +0.139 | 356 13 0.261 + 0.1265 48 | 7 0.050 1.85 +1.40 75 32
Pb 0.063 +0.070 | 112 |12 0.021 +0.012 b8 | 6 0.010 120 +0.83 69 31
Zn 140 +1.10 79 |10 3.15+3.13 99 | 5 0.500 123 +2.8 23 39

- Comparison with a classical proficiency testing exercise (analytical) :

e Higher dispersion of PSs data for Pb, Zn, Mn
e Similar dispersion of PSs for Cd, Cr, Cu

- However, much lower concentrations determined by passive samplers

- Moreover, reproducibility for PS includes both analytical and sampling steps
Since analytical variability was low in this exercise (from 8 to 25%, from 4 to
44%), the dispersion was mainly due to PS step



Comparison of passive sampling results
from various tool and lab

® For Ternay site:

Aberrant values

AQUAREF
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Qc @ (Cochran test) within-laboratory variability
@ (Grubbs test) between-laboratory variability
(Cochran test) within-laboratory variability
PSs DATA
@ (Grubbs test) between-laboratory variability

10132-DGT
10126-Chemcatcher
10103-DGT
10111-DGT

10125-DGT
10123-DGT
10127DGT
10116-DGT
10138-DGT (rest.)
10118-DGT
10140-DGT (rest.)

10124- DGT

x* + S,

0.0053 + 0.0031 wg/L (TWAC, robust mean)

RSD 587%

0.013 £ 0.002 pg/L (spot sampling)

Cd

0.02

0.63 0.64 0.65
ug/L

0.06 0.07

0.08
11

0.09



Comparison of passive sampling results
from various tool and lab AQUAREF

® For Ternay site:
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Aberrant values

Qc @ (Cochran test) within-laboratory variability
@ (Grubbs test) between-laboratory variability

(Cochran test) within-laboratory variability

PSs DATA
. (6rubbs test) between-laboratory variability

@ 10126-Chemcatcher
@10111-DGT
@10125-DGT
.10132-DGT

@ 10138-DGT (restrictive)
@10103-DGT
10127-DGT

10118-DGT

10123-DGT

10140-DGT (restrictive)
10116-DGT

10128-DGT

LOQ

Pb

x* + Sy
, 0.063 + 0.070 ug/L (TWAC estimates)
RSD 112%

0.367 + 0.629 ug/L (spot sampling)

0 0.05 0.1

0.15 0.2 0.25 0.3 0.35
Hg/L 12

0.4



Comparison of passive sampling results
from various tool and lab AQUAREF
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Aberrant values

° For' Ter'nay site. Qc @ (Cochran test) within-laboratory variability
. (6rubbs test) between-laboratory variability
(Cochran test) within-laboratory variability
PSs DATA . (6rubbs test) between-laboratory variability
10125-DGT ' f
@® 10111-DGT |
10103.DGT . ;
10136-DGT (rest) mm—
10126-Chemcatcher
10132-DGT Ni
10127-DGT
10124-DGT i
10118-DGT xX* S,
10140-DGT (rest) ; © 0.392 £ 0.139 pg/L (TWAC estimates)
10128-DGT ; . RSD 25%
10123-DGT : :
10116-DGT . 0.733 + 0.118 pg/L (spot sampling)
0 l 0,2 0,4 0,6 0,8 1
-9 (Hg/L) -



Comparison of passive sampling results
from various tool and lab A(pUA-REF
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Aberrant values

[ For‘ Thqu site: Qc @ (Cochran test) within-laboratory variability

@ (Grubbs test) between-laboratory variability

(Cochran test) within-laboratory variability

PSs DATA
. (6rubbs test) between-laboratory variability
1032067 I ——
10124-DGT _
10103067 | X" & Sy
' ' 0.027 + 0.025 ug/L (TWAC estimates)
10140-DGT (rest.) | RSD 92%
10116-DGT 0.014 + 0.003 pg/L (spot spmpling)
10111-DGT - Cd
10118-DGT F

0 10,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16 14
LOQ (Hg/L)



Comparison of passive sampling results
from various tool and lab

® For Thau site:
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Aberrant values

QcC

@ (Cochran test) within-laboratory variability
@ (Grubbs test) between-laboratory variability

PSs DATA

(Cochran test) within-laboratory variability

. (6rubbs test) between-laboratory variability

10132-DGT

10103-DGT

10140-DGT (rest.)

10111-DGT

10116-DGT [

10118-DGT

Pb

S R
I O =
10124007 | ———

0.021 + 0,012 pg/L (TWAC estimates)

RSD 58% |

0. 019 + 0. 002 ug/L (spo’r samplmg)

0 0,006 O (110 0,015 0,020 0,025 0,030 0,035 0,040 0,045

LOQ

Hg/L
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Comparison of passive sampling results
from various tool and lab

® For Thau site:

Aberrant

AQUAREF
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values

QC

@ (Cochran test) within-laboratory variability
@ (Grubbs test) between-laboratory variability

PSs DATA

(Cochran test) within-laboratory variability

. (6rubbs test) between-laboratory variability

® 10103067 I
10116-DGT [
| é i Ni
©10111-0GT |
10140-DGT (rest.) [
10132-067 [ESSS=———— é
| g x* + 5,
10124-0cT T 0.261 £ 0.126 pg/L (TWAC estimates)
i ; RSD 48%
10118-DGT — 0.454 + 0.152 pg/L (spot sampling)
0 1 0,1 0,2 0,3 0,4 0,5 0,6 0,7 1¢0,8
LOQ (Hg/L)



Comparison of TWAC and spot sampling
(Dissolved concentrations) A(PUA'REF
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| Ternay B TWAC

7 [ Dissolved concentrations - 100 % of total
30 | (Spot sampling) dissolved Mn was
sampled by PSs

- 2.0 |
S - Onlr 35% of Cu was
3 10 ﬂ H_‘ ﬂ samp ed by PSs
ol ol il
<
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8 Cd*100 Cr*10 Co*10 Cu Mn/10 Ni F
£ 40 etals, PSs only « see » a part of
S Thau otal dissolved concentrations,
§ 30 | pends on the metal and on the
| vironmental conditions (DOM)
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e
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Cd*100 Cr*10 Co*10 Cu Mn/10 Ni Zn



Field blanks for metals (ng/tool)

Ternay : 2 lab. substracted field blanks
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10140 DGT(Rest.) #
10138-DGT(Rest.)

10132-DGT

10128-DGT =
10127-DGT
10126-Chemc.
10125-DGT
10124-DGT
10123-DGT
10118-DGT
10116-DGT
10111-DGT &
10103-DGT

0e

Cd

= e

Co

1V

1z 14 10 0

10140 DGT(R :st.)
10138-DGT(R :st.)
10132-DGT
10128-DGT P
10127-DGT b
10126-Ch¢mc.
10125-HGT
10124-HhGT
10123-hGT
10118-DHGT
10116-DGT

10111-DGT L 2

10103-[)GT
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n [~a}

100 1EN 20N 26N 200N

»)

[Nala

1000

1500

2000 2600 N

10140 DGT(Rest.)
10138-DGT(Rest.)
10132-DGT h

10128-DGT

10127-DGT p &
10126-Chemc.
10125-DGT
10124-DGT p
10123-DGT
10118-DGT p
10116-DGT g
10111-DGT
10103-DGT

Zn

10 15 20 25 30 35 40

0

1000

2000

3000

4000 5000

150 200 260 200 260

| Field blanks

¢ Samples (mean)

18



Field blanks for metals (ng/tool)
Thau : 1 lab. substracted field blanks

10140-DGT(rest.)
10132-DGT
10124-DGT
10118-DGT
10116-DGT
10111-DGT
10103-DGT

10140-DG (rest.)
10132-DGT
10124-DGT
10113-DGT
10115-DGT
10111-DGT
10103-DGT

10140-DGT(rest.)
10132-DGT
10124-DGT
10118-DGT
10116-DGT
10111-DGT
10103-DGT

A(pUA-REF
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ng/tool (field blanks)

ield blank |
Field blanks for metals A(pUA-REF
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Field blanks for metals
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- Field blanks are partly responsible for PSs TWAC variability in these
exercises:

Cr,Zn : Ternay

Cr, Cd : Thau

- In other cases, field blanks are high but there is no relationship

- For all metals, there is a need to better determine contamination
origin : by discriminating field blanks and lab-blanks



Conclusions and perspectives A(PU AREF
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W Estimation of water concentrations by passive sampling for me‘rals shows
low and satisfying variability, considering various lab, strategies and tools.

B RSD are comparable to analytical interlab. Exercise (SWIFT)

B Since analytical interlab. variability was low in this exercise (from 8 to
44%), the variability was mainly due to PS step

B PSs allow to measure low concentrations

B PSs allow to facilitate the measurement of some metals in saline matrix

B After this exercice, difficult to conclude for use a better tool since only
one chemcathcer and two DGT with restrictive pores were used

B For metals, PSs only see a part of total dissolved concentrations, and
depends on the metal and the environment

B Contamination of field blanks (in particular for Cr, Cd, Zn, Pb) is par"rly
responsible for DGT TWAC variability




Conclusions and perspectives A(PU AREF
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B Need to discriminate sources of PS uncertainties for each lab
(including steps of assembly, deployment, dismantling, elution, ...)

- by obtaining lab-blanks for each laboratory and to compare with
field blanks

B Need to compare more precisely Chemcatcher, DGT open and
restrictive pores

B Considering WFD:

- A need of detailed protocols for non expert lab. (o better control
blanks)

- A need fo clarify the fraction which is sampled by these tools in
contrasted environment and during contrasted conditions



Thanks to the participant lab AQUAREF
ALS Scandinavia AB (SW)

AZTI-Foundation (ES)

BRGM (FR)
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Cemagref (FR)
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IFREMER (FR),

NIVA (NO)

Universita di Cagliari (IT)



Thanks to central lab for water analysis
Y AQUAREF

BRGM, Cemagref,
IFREMER, INERIS et LNE

 |IFREMER (metals and physico-chemical parametersin Th  au
site)

 Cemagref of Lyon (metals and physicochemical paramete rs
at Ternay site)

* |neris for data treatment
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Thank you for your attention



