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Requirements for comparable mercury
speciation analyses in seawater




Analytical measurements need to be comparable in time and space
Traceability is the best way to achieve this

Traceability of
Traceability Chemical Measurements
Sl unit for amount of substance
“ ... the property of the result of a measurement or
the value of a standard whereby it can be related to va'ue Reference Standard
stated references, usually national or international P
standards, through an unbroken chain of comparisons value Working Standard

all having stated uncertainties.”

| <_;°< amount content of X
value . - .
—3 1% | compound in solution
SIIJE

(Papadakis, 2000)
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Measurement uncertainty

How to calculate uncertainty (u)?

Measurement uncertainty
* 1SO-GUM approach (bottom-up)
 Uncertainty contributions (x;)

« Matematical model i=1 i=1
» Additional sources



Comparison of the results from two methods

Determination of MeHg in seawater
Analysis performed by two different analytical methods

Method 1 Method 2
(Ethylation/CV AFS) (Hydration/CV AFS)
c (MeHg) = 4.81 pg/L c (MeHg) = 5.01 pg/L

Are these measurement results the same? @



Let’s compare results
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Analytical methods for Hg speciation analysis in seawater
« THg - US EPA method 1631
 DGM - purge and trap, double amalgamation, CVAFS
* MeHg - extraction, ethylation, preconcentration, CVAFS
* MeHg - hydride generation, preconcentration, CVAFS

Fraction Concentration U, (%) (k=2) Measurement uncertainty
level (pg L) . .
200 fioo 3C » The greatest confidence in the
400 — 500 16'8 highest concentrations with the
THg 600 — 800 12.0 lowest uncertainty
1000 — 2000 9.56 * Knowing the complete procedure
2040 21.9 « Determine the most important
DGM 80 - 100 15.7 contributions
150 — 300 13.2
, <10 21.3
MeHg (hz/.dru)je 20 — 30 150
generation > 80 11.1
<10 19.3

MeHg (ethylation)

20 — 30 18.2 @
> 80 15.8
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Strategy for proper sampling planning
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Strategy for proper sampling planning

Proper application of statistical tests for data interpretation and comparability

« Statistical methods
« Check data normality

« Data transformations

e Linear scale
» Log-scale

How to avoid reporting 0.40 + 0.60 ng L-"?

Geometric mean (GM) of 0.33 ng L'
with 95% Cl from 0.14—0.80 ng L'

Count

35

30 +

25 A

20 ~

15 -

10 -

5 4

0

Hlln=

o

]

T~
/

/
T/ T

I
200

400

600 800

THg (pg L)

I
1000

I I T
4.5 5.0 55 6.0 6.5 7.0

In [THg (pg L™)]

Statistics on log-scale @

7.5

25

- 20

- 15

- 10

Count



Venice

Croatia

Bologna

yyyyyyyyy

vvvvvvv

Zagreb

Sarajevo

|

m

iz
'nl

™
s
™
[
o
01

as
Ic.u
fans

Strategy for proper sampling planning

What is the natural variability of THg, MeHg, and

DGM in seawater? - Central Adriatic Sea

.
s
an
ans
a

i
ams
ans
a

Analyte  Station q Min — Max GM (GSD) 95% Cl
(pg/L) (pg/L) (pg/L)
Al 323 108 — 5575 492 (2.20) 102 — 2377
THe ST103 68 693 —5575 1783 (1.65) 655 — 4850
CJ008 119 108 — 834 354 (1.46) 165 — 759
CJO09 136 143 - 1101 345 (1.51) 151 — 787
All 323 19.9-606  89.1(2.10) 20.1 -394
DGM ST103 68 31.8 - 606 142 (1.92) 38.3 -523
CJ008 119 21.6 — 393 91.7 (1.94) 24.2 — 347
CJO09 136 19.9 — 245 68.9 (2.09) 15.7 — 302
Al 323 1.28—-34.3  8.90 (1.66) 3.21-24.7
MeHg ST103 68 2.21-343  11.8(1.75) 3.82 -36.3
CJO08 119 1.28-20.7  7.41(1.67) 2.65—20.7
CJ009 136 2.56-22.2  9.09 (1.50) 4.06 — 20.4




1000 3000

THg CJO09 DGM CJ009
800 4 2500 A
c power 0.95 c
0] — — —  power 0.90 @ 2000 4
M 600 \ power 0.80 %
‘;‘Ei 2 1500
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Sample size determination £
£ 200 - 8
500 -
0 0
GM vs. postulated value
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30
A (%) A (%)
* Only natural sample variability .
» Analysis performed on log-scale MeHg CJ008
800 +
« Sample size (n) ”
 Station CJO09 (open sea) PR
« A - expected difference in GM .
« Three statistical powers g
« One-sided t-test g 2
« a value of 0.05
0 4




What about the influence of measurement uncertainty?
Measurement uncertainty - normal distribution on linear scale

Natural variability - normal distribution on log-scale

Conversion of uncertanty from
linear to log scale is possible

Conversion of data variability
(natural) from log to linear scale
is usually not possible

Determination of sample size
should be performed on log-scale

We show here that the log-normal distribution can be well
approximated by the normal distribution when the relative
standard uncertainty is small. Let us consider a random
quantity X which follows the log-normal distribution with
parameters 7] and 0. If we name f,(X) the distribution of
X we have

1 _ l1nfx)—mnp

H(X) = € 20
V2TmoX

where we have assumed, for simplicity, the linear-to-log

(A.1)

transformation Y = In(X), where ‘In" is the natural loga-
rithm. The parameters of the log-normal distribution can be
linked to the expected value of X, E{X}, and the variance of
X, Var{X} as follows [4, invert equations (4) and (5)}

n = In(E{X}) — éln(L + V;r(f)}) (A.2)
A Var{X}
o= ln(l +—E_,{X} ) (A.3)

Since the relative standard uncertainty of X is small, we have

V Var{ X}VE{X} << 1, then

1 Var{X}
2 EA(X)

n = In(E{x}) — (A.4)

3 Var{X}

E{X}
Substituting (A.4) and (A.S) into (A.l) we obrtain, after
manipulation,

(A.5)

ln([ _,\'—E{.\'I')_L var{.\'}J'
| E{x} | Ex} /2 E{x}
f\(X) = e }Vﬂr{,\'}
V2mvar{x} X “Ei
(A.0)

The multiplying term E{X}/X at the right-side of can be
safely approximated by 1 and the logarithm in the argument
of the exponential by (x — E{x})/E{x}. Further, taking
intoaccount that 1/2(Var{ X }/E*{X}) << |X — E{X}|/E{X}
and rearranging we have from (A.6)

L (x—E{x}

fx(X) = € vy
. Voavar{x} Ve

(A.7)

which is the normal distribution having expected value
E{X} and standard deviation \V Var{X}. Note that, when
the relative dispersion is low, E{X} is accurarely estimated
by both the arithmetic and geometric mean, and V Var{X}
by the standard deviation and by x{.\.[:r&(X) — 1], where %, is
the geometric mean and #,(X) is the geometric standard
deviation as given by (3) and (6), respectively.

(Carobbi, 2010: The Use of Logarithmic Units in the Q
Uncertainty Evaluations of EMC Measurements; IEEE)



Sample size determination

Example for CJO09; GM vs. postulated value: 5% difference; statistical power 0.95, a = 0.05

Sample variability +

Sample variability uncertainty

THg 773 805
DGM 2483 2511
MeHg 739 781

Example for CJO09; GM vs. postulated value: 20% difference; statistical power 0.95, a = 0.05

Sample variability +

Sample variability uncertainty

THg 56 58
DGM 178 180
MeHg 53 56
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What is the influence of different results
obtained by various laboratories?
Interlaboratory comparisons:
Variability between methods/laboratories
2015 GEOTRAgeEdSiallltfgzcglib'ﬁtigpofx:riiﬁ :ﬂrﬂggtal mercury & wnw-lars-aric.com
1,31 1'i9 . 1,36
E 0,95 1024 49 0,89 3 M .79 | E | L |
é ;.‘ ; Iu,ss ‘g I é
2015 GEOTRACES Intercalibration exercise for total methylmercury
median = 0.362 pM mean = 0.326pM geomean = 0.272 pM
© www.lars-eric.com

Strategy for proper sampling planning
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Planning of the interlaboratory comparisons
ISO 17 043
ISO/REMCO standardi

median = 1,02 £ 0,31 pM; min = 0,11 pM; max = 1,75 pM; RSD = 30%

9 measurements within 20% precision band (grey)

median = 0,362 + 0,129 pM; min = 0,046 pM; max = 0,509 pM; RSD = 39 %
13 measurements within 20% precision band (grey)

(Heimburger-Boavida et al., 2015) Q



Sample size determination

Example for CJO09; GM vs. postulated value: 5% difference; statistical power 0.95, a = 0.05

Sample variability +

Sample variability + i )
uncertainty + interlab

Sample variability uncertainty

comparison
THg 773 805 850
DGM 2483 2511 2779
MeHg 739 781 832

Example for CJO09; GM vs. postulated value: 20% difference; statistical power 0.95, a = 0.05

Sample variability +

Sample variability + ] .
uncertainty + interlab

Sample variability uncertainty

comparison
THg 56 58 61
DGM 178 180 200

MeHg 53 56 60




Few things to think about...

Importance of measurement uncertainty

Metrological treaceability

Individual data alone are not enough for data comparison

Data variability is important for proper interpretation and study design

Uncertainty and not only SD from small number of measurements

« Data not comparable and/or trustworthy, measurement uncertainty has to be
taken into an account

Intelaboratory comparison for comparison of models
« Determination of spatial and time trend
* Interpretation of data for models for future trends
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