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‘Evaluation and Assessment

= according to same procedure as in the

last rounds

= assigned value from the formulation of the
samples (with an uncertainty budget)

= calculation of standard deviation using
Algorithm A from ISO 13528

= but! — limitation of the standard deviation

(as ‘fitness for purpose’ requirement)
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¥ Limits for standard deviation
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sulphate 10 % manganese |20 % /12 %
chloride 10 % aluminium |30 %
fluoride 12 % lead 40 % /25 %
nitrate 15 % copper 20 %
phosphate |10 % zinc 20 %
calcium 10 % chromium |25 %
magnesium |10 % nickel 25 %
sodium 10 % cadmium 30 %
potassium 10 % arsenic 30 %
iron 20% /12 % | | cobalt 20 %
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Elimination of gross outliers
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= Values < ref.-value/8 and > ref.-value*8
have been excluded before applying
statistical procedures
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¥ Sulphate
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Alg.A mean and ref.-value from weighings
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Quite good agreement

o ref.-value
@ mean

Exp. uncertainty of the ref.-value from an uncertainty budget
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Exp. uncertainty of the Alg.A mean is calculated according to 1ISO 13528:
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5 Sulphate
mean vs. ref.-value
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Average recovery: 99.6%; in 2007: 103.6%; in 2006: 106.5%
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" Sulphate
calculated standard deviation and limit

Sulphate
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No improvement over time
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* Sulphate
Percentage non-satisfactory results

Sulphate

Percentage non-satisfactory results

2005 2006 2007 2008
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'Individual performance development

= For all labs participating in 2008 and in 2007
(or 2006)

= Calculation of the mean of the absolute
values of z-scores of the 3 values

= Graphical display
= all values

= How man labs are
Consistently lower than 2.0 (good)
Consistently higher than 2.0 (bad)
Improving from > 2.0 to < 2.0
Getting worse from < 2.0to > 2.0 -
AQS G~
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Individual performance development
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values: 35
removed: 1
mean: 19,66
ref.-value: 18,72
recovery: 105,0%
std: 5,016
rstd: 26,8%
std limit: 10%
upper limit: 22,47
lower limit: 14,98
too high: 9
too low: 5
outside limits: 14
iswa
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Sulphate 2
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values: 36
removed: 1
mean: 43,61
ref.-value: 44,42
recovery: 98,2%
std: 11,227
rstd: 25,3%
std limit: 10%
upper limit: 53,30
lower limit: 35,54
too high: 6
too low: 8
outside limits: 14
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‘Sulphate 3
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values: 36
removed: 1
mean: 70,00
ref.-value: 70,13
recovery: 99,8%
std: 16,184
rstd: 23,1%
std limit: 10%
upper limit: 84,15
lower limit: 56,10
too high: 6
too low: 7
outside limits: 13
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‘Used methods
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Sulfate

60%

50% -

40% A

30% -
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frequency
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Turbidimetric Gravimetric

/Photometric

Other
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Comparison of methods

Sulfate

 Jdswa
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R
‘Summary Sulphate

= Good agreement between means and
ref.-values

= Standard deviation constantly higher
than limits

= High portion of outliers for the
gravimetrical method

 Jdswa
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¥ Choride
Alg.A mean and ref.-value from weighings
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Similar to 2006 data: means a little bit higher then ref.-values
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2% Chloride
mean vs. ref.-value
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reference value in mg/l

Average recovery: 101.0%; in 2007: 102.4%; in 2006: 101.6%
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* Chloride
calculated standard deviation and limit

Chloride

—t—1st PT
—8—2nd PT
3rd PT
—8— 4thPT
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—o—5thPT

rel. standard deviation
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No improvement over time; standard deviation increases dramatically for low values
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* Chloride
Percentage non-satisfactory results

Chloride
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2% Chloride

Chloride
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Individual performance development
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‘Chloride 1
values: 41
70
removed: 1
60 - o
= mean: 13,86
E 501 ref.-value: 12,60
s 401 recovery: 110,0%
8 30 ** || std: 3,857
§ 20 - X244 rstd: 30,6%
§ 10 | Sevesiiavyryeeye std limit: 10%
© . .
0 A e upper limit: 15,12
%Nwsgsm%m:ﬁﬂmaaﬁ:m%mawgmmsmmwmﬁa lower limit: 10,08
labcode too high: 12
too low: 4
outside limits: 16
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values: 41
100
90 | removed: 0
*|
s 801 * mean: 32,05
E ;g’ ref.-value: 31,55
< i i )
5 504 . recovery: 101,6%
£ 9 . std: 4,235
= [X1iAAAd
T 50 leeeeats rstd: 13.4%
S 101 std limit: 10%
[ B e o e e e upper limit: 37,86
NOMMDHN T CONLN LN MO O T M —HLN OO AT OO NO O NMOTO . .
SONMTTOAG | S0 ONHONHNGHATN S ONON S HNNS lower limit: 25,24
labcode too high: 4
too low: 3
outside limits: 7
~ Jswa
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‘Chloride 3

values: 40
160
removed: 0
_ 1404 <

En 120 | mean: 70,10
< 100 | - ref.-value: 69,67
* . 0,
% 80 | i recovery: 100,6%
5 60 IYSiiiddob AR R RA std: 7,456
g oot rstd: 10,7%

c . .
3 20 std limit: 10%
0+ upper limit: 83,61

OAMNONTT DAL MO <L LD —HOMNLO NN LDO I —HON DO —HNOMND—HT OO . .

NN ANAAA mﬂwmm <SAN OO NONOSTTNA A= NN |ower ||m|t: 55’74
labcode too high: 3
too low: 4
outside limits: 7
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Used methods
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Chloride

90%
80%
70%

60% -
50%

40%
30%

frequency

20% A

10%

Titrimetric / Colorimetric IC

Argentometric

0% [ |

Other
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Comparison of methods
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Chloride

Colorimetric

) \OQ\

Titrimetric / Argentometric

Problems with
endpoint detection?
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'Summary Chloride

= guite good agreement between mean
and reference value

= standard deviation to high for low values
— no improvement for higher values

 Jdswa
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L5 Fluoride
Alg.A mean and ref.-value from weighings
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Means significantly higher than ref. Value, especially for low concentration i “W‘_a_.
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M Fluoride
mean vs. ref.-value

‘ Universitat Stuttgart

y = 1,1201x
1,6
= 14 rad
=) 12 ~
1S
! —~
£ //
S ~
® 08 ~
E //
< 0,6
2 04 o =~
/
0’2 /
0 T T T T T
0 0,2 0,4 0,6 0,8 1,2 1,4
reference value in mg/I
Average recovery: 112.0%; in 2007: 98.2%; in 2006: 107.7% . iswa
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» Fluoride
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calculated standard deviation and limit

Fluoride
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For level 1 very high standard deviation — no improvement
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»® Fluoride

Percentage non-satisfactory results

Fluoride
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" Fluoride

Individual performance development

mean of absolute values of z-scores

Fluoride

2006 2007 2008
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‘Fluoride 1
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14 values: 20
' removed: 4
_ 2 ¢ *|| mean: 0,40
[=2]
e 17 ref.-value: 0,21
'c 081 . recovery: 195,1%
o
2 06 . ¢ std: 0,263
£ 04 . ¢ rstd: 128,0%
%02,' e stdlimi't:. 12%
o upper limit: 0,25
Yo 2R3IIdNe82 gy g g | lowerlmi 016
labcode too high: 11
too low: 2
outside limits: 13
No real consensus between the participants
 Jdswa
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Fluoride 2
; values: 21
. removed: 0
< %] mean: 1,09
(=)
£ 51 ref.-value: 0,98
c 4 recovery: 110,8%
o
= 3 o std: 0,229
s 51 rstd: 23,4%
gl,mvvaA--mvv“’ Stdllmlt 12%
o upper limit: 1,22
"HEYIRCR2BIBERINAINT 9y | lowerlimit: 0.75
labcode too high: 5
too low: 0
outside limits: 5
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Fluoride 3
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values:
8
o || removed:
- 77 .
Ey mean:
E ref.-value:
£ 54
c recovery:
S 4
g, std:
g, . rstd:
1 o L
§ 1iw¢—h‘—.—ﬁ—‘; std limit:
0 upper limit:
SHEIILIILR/IIIIEZeA~IISS Iower_I|m|t:
labcode too high:
too low:
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outside limits:

21

0
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At
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Fluoride

60%

50%

40% +—

30% -+

frequency

20% +—

10% +—

0% T

Colorimetric ISE IC

ICP Other
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Y
Comparison of methods

Fluoride

~ Jswa
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Y .
Summary Fluoride

= mean values higher than reference
values

= standard deviations too high, especially
for low concentrations — no
improvement

= colorimetric values not reliable (as in the
last years!)
Jdswa
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¥ Nitrate
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Alg.A mean and ref.-value from weighings

70
60 I
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30 ==
20
N
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1 2 3

o ref.-value
mmean

Means slightly lower than reference values
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¥ Nitrate
mean vs. ref.-value
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Average recovery: 92,0%; in 2007: 85.9%; in 2006: 90.6%
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* Nitrate
calculated standard deviation and limit
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rel. standard deviation

50%
45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

Nitrate

—4—1st PT
==—2nd PT)|
3rd PT
—0— 4thPT
e Limit
—8—5thPT

concentration in mg/I

Highest standard deviation ever!!
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" Nitrate
Percentage non-satisfactory results
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Percentage non-satisfactory results

Nitrate

2005

2006

2007 2008
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L Nitrate
Individual performance development

Nitrate
. 12
» 7
g
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EE
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‘Nitrate 1
»s values: 37
removed: 4
= 20 A ee | mean: 9,58
(=)
£ ref.-value: 9,97
£ 15 ot
p * recovery: 96,1%
o A
2 104 vosnsee®® std: 4,559
= X
g RALLAA rstd: 45,7%
(5} . .
S 59 " std limit: 15%
© o 000 upper limit: 12,96
IR RBBRRTRIL O UNYIINBRV ISR ege g | lower limit: 6,98
labcode too high: 7
too low: 9
outside limits: 16

most probably reported as NO;-N instead of NO;
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Nitrate 2

140 values: 36
removed: 4
_— +/ | mean: 26,77
g 1001 ref.-value: 28,05
E 80 1 recovery: 95,4%
£ 60| std: 10,001
S a0 o® rstd: 35,7%
g 0l P A ——— std limit: 15%
UOF”"rH‘H‘HHHHHHHHHH upper limit: 36,47
BUREN8BLLIRGYVEYURSEIRATICO~EETg | lower limit: 19,64
labcode too high: 4
too low: 11
outside limits: 15
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Nitrate 3

values: 36

500
250 removed: 3

L 4

S, 400 1 mean: 51,74
E 3501 ref.-value: 56,82
< ggg: recovery: 91,0%
£ oo ] std: 24,121
§ 1501 * rstd: 42 4%
g 100 4 std limit: 15%
B AR upper limit: 73,87
RRCRISBLIBRIYBICRINRVIGOgegIpesg | lower limit: 39,78
labcode too high: 4
too low: 12
outside limits: 16
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Used methods
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Nitrate

80%

70%

60% -
50%

40% A
30% -

frequency

20%

10%

0% :

Colorimetric IC Other

ISE

Many different methods hidden behind “colorimetric” — see separate presentation
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Comparison of methods
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Nitrate
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Summary Nitrate
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some values obviously again reported in
wrong units

high number of outliers

average quality is very bad! — no
improvement!

parameter needs more emphasis
harmonization of methods?

iswa
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3" Phosphate
Alg.A mean and ref.-value from weighings

25

L

Means lower than reference values ! iswa
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»* Phosphate
mean vs. ref.-value

25
y = 0,8361x
> 20| _
£ —~
c _ ~ /
= 15
3 ~
E _ /
< 10 *
. ~
o ~
< 5| _ -~
=
0 ‘ ‘ ‘ ‘
0 5 10 15 20 25
reference value in mg/l

Average recovery: 83,6%; in 2007: 95.0%; in 2006: 96.1% 1swa
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¥ Phosphate
calculated standard deviation and limit

Phosphate
60%
50% —
40% .,/‘\\. i 2nd PT
3rd PT
30% —o—4thPT

rel. standard deviation

e Limnit
20% ———— 7/ SthPT

10%

0%

0 5 10 15 20 25 30

concentration in mg/I

worse than in the last years iswa
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" Phosphate
Percentage non-satisfactory results

Phosphate
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" Phosphate
Individual performance development

Phosphate

mean of absolute values of z-scores

2006 2007 2008
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Phosphate 1

concentration in mg/l

most probably reported in PO,*-P instead of PO,*
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values:
removed:
mean:
ref.-value:
recovery:
std:

rstd:

std limit:
upper limit:
lower limit:
too high:
too low:
outside limits:

32

2,73
3,20
85,3%
1,212
37,8%
10%
3,84
2,56

12
16

 Jdswa
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Phosphate 2

40
35
30 4
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20
15

PPN X

10 — e

concentration in mg/l
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values:
removed:
mean:
ref.-value:
recovery:
std:

rstd:

std limit:
upper limit:
lower limit:
too high:
too low:
outside limits:

32

10,14
11,34
89,4%
4,817
42,5%
10%
13,61
9,07

11
15
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‘Phosphate 3
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concentration in mg/|
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values:
removed:
mean:
ref.-value:
recovery:
std:

rstd:

std limit:
upper limit:
lower limit:
too high:
too low:

outside limits:

32

3
17,43
21,28
81,9%
7,590
35,7%
10%
25,53
17,02
2

14

16
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At
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Phosphate

80%
70%
60%

50%

40%

30% -
20%

frequency

10%

0%

Colorimetric Other
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H 3" .

‘Comparison of methods

Phosphate

| iswa_.
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Summary Phosphate

= values in wrong units
= very high standard deviation

 udswa
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¥ calcium
Alg.A mean and ref.-value from weighings

70

60

50

40
o ref.value
mmean

30

20

) ’—_—-

0

1 2 3

consensus mean close to ref.value

61 Koch, M.: PT evaluation — SADCMET PT Workshop 2008 Kampala

i ’ Universitat Stuttgart

% calcium
mean vs. ref.-value

=1,0164x
70 y

60 /
50

40 -

30 A
20

Alg. A mean in mg/|

10 A

0 T T T T T T
0 10 20 30 40 50 60 70

reference value in mg/l

Average recovery: 101,6%; in 2007: 102.2%; in 2006: 97.2%
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P Calcium
calculated standard deviation and limit

Calcium

40%

35%
< 30%
S ——1st PT
% 25% el 2nd PT
2 20% 3rd PT
_}g =8 A4thPT
& 15% —— Limit
2 —o—5thPT
2 10%

5%

0%

0 10 20 30 40 50 60 70 80 90

concentration in mg/I

worse than in the last years, especially for low concentrations
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Baden-
Wirttemberg

M Calcium
Percentage non-satisfactory results

Calcium
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AQS
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Calcium

mean of absolute values of z-scores
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Individual performance development

15

s
~1Swa |
AQS \%n?ﬁ?uw berg

%

Calcium 1

35

concentration in mg/l

30
25 1
20 A
15 A
10
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values: 36
removed: 1
mean: 10,05
ref.-value: 8,35
recovery: 120,4%
std: 3,044
rstd: 36,5%
std limit: 10%
upper limit: 10,01
lower limit: 6,68
too high: 15
too low: 2
outside limits: 17

«1swa

AQS \‘i\"i:'ctl‘.-lmr berg
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values: 36
100
%0 | .o removed: 0
= 80 mean: 25,80
j=2)
E 70 ref.-value: 25,43
c 4
= gg recovery: 101,5%
) 1 .
% a0 .o std: 5,375
£ 301 o0 rstd: 21,1%
E 20 | —Foveesst std limit: 10%
10 1 . .
° g g upper limit: 30,51
BIBISNOFINNNEB YRGB RERINALISIRRY G | lower limit: 20,34
labcode too high: 7
too low: 6
outside limits: 13
~ Jswa
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-
‘Calcium 3
values: 35
120
removed: 0
5 1001 o[ | mean: 61,02
E &0 o® ref.-value: 60,23
5 6o "“““““.,.....o' recovery: 101,3%
g oste®®? std: 7,832
5 rstd: 13,0%
g 20 4 std limit: 10%
o upper limit: 72,28
BYONIIRNCE TORESHRGOIIYINGILREHERERs | lower limit: 48,19
labcode too high: 4
too low: 3
outside limits: 7
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Used methods

Calcium

60%

50%

40%

30%

20%

frequency

10%

0%
AAS Titrimetric ICP-AES IC

dswa
AQS ¥iitinbery
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Comparison of methods

Calcium

dswa |
AQS iy
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‘Summary Calcium

= mean values close to reference values
= standard deviations very high

AQS
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5" Magnesium
Alg.A mean and ref.-value from weighings

50

45 4

40

35

30 +

o ref.-value
25
m mean

20

15 4

10 —
[ m—
0 T

1 2 3

consensus mean close to ref.value

AQS
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2 Magnesium
mean vs. ref.-value

=1,0021x
45 y
_ 40
\g’ 35 /
£ 30 //
g 25
E 20 ~
<
& 15 //
< 10
5 /
0 T T T T
0 10 20 30 40 50
reference value in mg/l
Average recovery: 100,2%; in 2007: 101.7%; in 2006: 99.6% iswa
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5% Magnesium
calculated standard deviation and limit

Magnesium

45%

40% 4

3506 1

20% —a—1st PT
; —#—2nd PT

25% A 3rd PT

20% | —o—4thPT

/\ e it
15% \ ——5thPT
10%

5%

rel. standard deviation

0%

0 10 20 30 40 50 60

concentration in mg/l

Much worse than in the last years
 Jdswa
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¥ Magnesium
Percentage non-satisfactory results

Magnesium

45%

40%

35%

30%

25%

20%

15%
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5%

Percentage non-satisfactory results

0%
2005 2006 2007 2008
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" Magnesium
Individual performance development

Magnesium

mean of absolute values of z-scores

2006 2007 2008
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Magnesium 1

‘ Universitat Stuttgart

o values: 33
o+ | removed: 2
- 509 mean: 12,35
£ 501 ref.-value: 11,44
< 401 recovery: 108,0%
S 30| o || std: 4,303
;E: 20 4 PP rstd: 37,6%
g 10,m-0—0-‘-‘-0-h0-‘-=—'ﬂ— std limit: 10%
”O,” upper limit: 13,73
BOBINYOBYNLTIRRSIGRNINBHN NI gL | lower limit: 9.15
labcode too high: 9
too low: 5
outside limits: 14

iswa
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Magnesium 2

’ Universitat Stuttgart

% values: 34
7 +°*| removed: 1
S s mean:. 19,44
S 60 1
E o . ref.-value: 18,85
c 501
N recovery: 103,1%
S 40
B 504 . std: 7,693
b= ee? rstd: 40,8%
3 204 oo VWYY YY %4 .
S 1o PP R std limit: 10%
b * .
° olt* upper limit: 22,62
PESNORTSENNINYSHHERYINSGNTOaggTor | lower limit: 15,08
labcode too high: 8
too low: 7
outside limits: 15
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‘Magnesium 3
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values: 34
140
o/ | removed: 1
< %0 mean: 39,44
£ 1001 . ref.-value: 39,87
£ 804 * recovery: 98,9%
T 60 . std: 9,843
§ 40 4 FWYX X X XA A4 e rstd: 24,1%
S 20 eee std limit: 10%
o0le upper limit: 47,85
PLRSHYSIBRSINYARSREIBRIONGO I THRR | lower limit: 81,90
labcode too high: 6
too low: 7
outside limits: 13
~ Jswa
AQS e =
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Used methods
Magnesium
50%
45%
40%
35%
.. 30%
S 25%
S o0
3 20%
2 15%
10%
5% '—
0% |
AAS Titrimetric ICP-AES IC
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Y .
Comparison of methods

Magnesium

 Jdswa
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R
Summary Magnesium

= mean values around reference values
= standard deviations much too high
= titrimetric values not reliable

 Jdswa
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¥ Sodium
Alg.A mean and ref.-value from weighings
100
90
80
70
60
] ]
| mean
40
30
20 +
e
0 T
1 2 3
similar to 2007 : iS_W_a__
83 Koch, M.: PT evaluation — SADCMET PT Workshop 2008 Kampala : e

[———

* ’ Universitat Stuttgart
2% Sodium
mean vs. ref.-value

90

80 -

70 /

60

50 . /

40 /

30 /

20

10 o

0 ‘ ‘ ‘ ‘
0 20 40 60 80 100

Alg. A mean in mg/I

reference value in mg/l

Average recovery: 100,3%, but too high for low conc. and low for high conc.
In 2007: 103.3%; in 2006: 104.4%

iswa.
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-:‘.Sodium

‘ Universitat Stuttgart

calculated standard deviation and limit

60%

50%

40%

30%

rel. standard deviation

0%

20%

10% -

Sodium

'\ —t—1st PT
—=—2nd PT

3rd PT

e it
Py —0—4thPT
‘V‘ —e=SPT
0 10 20 30 40 50 60 70 80 90

concentration in mg/l

Very high for lowest conc.
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Percentage non-satisfactory results

Percentage non-satisfactory results

45%

40%

35%

30%

25%

20%

15%

10%

5%

0%

Sodium

0. Py

v

2005 2006 2007 2008
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"9 Sodium

Sodium

N
N

mean of absolute values of z-scores
IS

2006 2007 2008
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Individual performance development

12

s
~1Swa |
AQS \‘?\"inﬂ?limr berg

%

Sodium 1

25 -

20 -

15 A

10 A

" /—\
3
*

concentration in mg/l
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values:
removed:
mean:
ref.-value:
recovery:
std:

rstd:

std limit:
upper limit:
lower limit:
too high:
too low:

outside limits:

30

0

13,29

10,10

131,7%

4,987

49,4%

10%

12,12
©

15

lawa
AQS \‘i\"inﬂctlllmr berg
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values: 30
90
20 | removed: 1
< 704 oo || mean: 46,54
(=]
E 60 J o ref.-value: 43,72
£ ] — . N
gso vaAAAAA....o"' recovery: 106,4%
= 40+ s0 0 std: 8,489
= L d
g %09, rstd: 19,4%
s std limit: 10%
° upper limit: 52,46
I9€°BINANDIAGIRGTRUeIgVgne-gy | lowerlimit: 34,98
labcode too high: 6
too low: 3
outside limits: 9
 Jdswa
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B>
‘Sodium 3
values: 30
160
o/ | removed: 1
140
S 120 | S mean: 79,06
E ref.-value: 80,60
£ 100 4 R . 0
5 &0 ————— PP X recovery: 98,1%
g ol ———t std: 17,567
5 . rstd: 21,8%
© 409 o L
g 20ls std limit: 10%
o upper limit: 96,72
©393B3ERVANRIGRIRRIBVRB YN | lower limit: 64,48
labcode too high: 4
too low: 8
outside limits: 12
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Sodium

50%
45% A

40% —|
35% |

30% +—
25% +—

20% -
15% +—

frequency

10% -
5% -
0%

FAAS FEP ICP-AES

IC

Other
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‘Comparison of methods
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Sodium
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‘Summary Sodium

= consensus means close to ref.values
= standard deviations too high

= most probably calibration problems in
some labs

= many too high values with FEP
= unreliable data with AAS

AQS
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L Potassium
Alg.A mean and ref.-value from weighings

25

20 +

154

O ref.-value
@ mean

10 ——

1 2 3

AQS
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»¥ Potassium
mean vs. ref.-value

25 y = 0,9898x

20 -~

N _

10 A

Alg. A mean in mg/l

0 T T T T
0 5 10 15 20 25

reference value in mg/l

Average recovery: 99.0%; in 2007: 98.5%; in 2006: 96.9% 1swa

95 Koch, M.: PT evaluation — SADCMET PT Workshop 2008 Kampala

—_

‘ ’ Universitat Stuttgart

¥ potassium
calculated standard deviation and limit

Potassium

45%
40% A
35%

30% / \ —t—15t PT

/ \ —=—2nd PT|
25% N - 3rd PT

20% 4 i\ —8—4thPT

\ ‘\‘\‘ e Limit
15% —8—5thPT
10% 4 —.—=—

5%

rel. standard deviation

0%

0 5 10 15 20 25
concentration in mg/l

Standard deviations worse than in 2007 .
~ udswa
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" Potassium
Percentage non-satisfactory results

Potassium

45%

40%

35%

30%

25%

20%

Percentage non-satisfactory results

2005 2006 2007 2008

Jdswa |
AQS \?\faaﬂr:;mberg
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" Potassium
Individual performance development

Potassium

7

@

@

mean of absolute values of z-scores
N @ s

o

Jdswa |
AQS \l?\fagr:;mberg
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-
o° Potassium 1
values: 34
45
0] +/ | removed: 0
S, 351 mean: 12,62
£ 30 ref.-value: 12,30
< 25 recovery: 102,6%
2 201 Lo || st 2,478
g 15 4 TTv e - rstd: 2011%
£ 1] vyt std limit: 10%
°O¢’ upper limit: 14,76
CBEHINTSCIIRILINTIRSABHEBENSB 9 Ngy | lower limit: 9.84
labcode too high: 5
too low: 4
outside limits: 9
iswa
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&
o°8 Potassium 2
o values: 34
removed: 0
- %0 *| mean: 17,30
g 501 ref.-value: 17,48
E 40 recovery: 99,0%
2 301 o || std: 3,024
§ 20 4 — - rstd: 17,3%
I e std limit: 10%
00“ upper limit: 20,97
©8RYIFIYINFRIIYB"ARETRRABRRG~HVQeY | lower limit: 13,98
labcode too high: 5
too low: 3
outside limits: 8
iswa
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Al
Y
Potassium 3
7 values: 34
e | removed: 0
< 60 - mean: 20,24
E 501 ref.-value: 20,72
c 40 recovery: 97,7%
g 30 K std: 3,191
8 20 | oottt 0. 0.2 0 T rstd: 15,4%
S 0] *° std limit: 10%
olee upper limit: 24,86
©8AgIINIFHANIIRANAG Y RLAgRYg KLy | lower limit: 16,57
labcode too high: 3
too low: 5
outside limits: 8
~ Jswa
AQS e
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Used methods
Potassium
40%
35% +—
30% -~
25% -
>
2 20% -
g
o 15% +—
®
= 10%
| [ ]
0%
AAS FEP ICP-AES Other IC
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‘Comparison of methods

Potassium

AQS
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‘Summary Potassium

= Mean values close to reference values

= standard deviations higher than last
year

= AAS values not reliable

AQS e
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iron
Alg.A mean and ref.-value from weighings

35
3
2,54
2
o ref.~value
| mean
15
14
0,5 1
0 -+
1 2 3

WISwa,
AQS e
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" ron
mean vs. ref.-value

y = 0,9994x

2,5 et

> —

1,5 4

Alg. A mean in mg/l

0,5 1

0 T T T T T
0 0,5 1 15 2 2,5 3

reference value in mg/l

Average recovery: 99.9%; in 2007: 92.9%; in 2006: 88.0%
But for lowest level mean a bit too high ISwa,

AQS i#enier
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Iron
calculated standard deviation and limit

Iron

—t—1st PT
==—2nd PT)|
3rd PT
—@— 4thPT
e Limit
—@—5thPT

rel. standard deviation

concentration in mg/l

s &

higher than in last years Wa
Eaden-di_"J
AQS e

107 Koch, M.: PT evaluation — SADCMET PT Workshop 2008 Kampala

’ Universitat Stuttgart

Iron
Percentage non-satisfactory results

Iron

40%

35%

30%

25%

20%

15%

10%

Percentage non-satisfactory results

5%

0%

2005 2006 2007 2008

s &

BWa
AQS e

108 Koch, M.: PT evaluation — SADCMET PT Workshop 2008 Kampala

54



‘ Universitat Stuttgart
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Individual performance development

Iron

mﬂm
LN
—
,‘

@

IS

w

~

mean of absolute values of z-scores

-

14

o

2006 2007 2008

s
~1Swa |
AQS \‘?\"inﬂ?limr berg

109 Koch, M.: PT evaluation — SADCMET PT Workshop 2008 Kampala

’ Universitat Stuttgart
N
values: 36
3,5 -
- emoved: 1
- 3 ean: 0,67
j=2)
£ 251 . ref.-value: 0,54
=4
s 2 /| recovery: 124,4%
o
= 15 * std: 0,236
2 g S/ rstd: 43,8%
o X X224 -
< i FOOUYYYX X XA AL std limit: 20%
o 05 TS AAAADAAS
o . .
ol upper limit: 0,75
NIR2LTREQIHIVRIFRARI R IV~ FIegIeny | lower limit: 0,32
labcode too high: 10
too low: 2
outside limits: 12
Jswa
AQS \‘i\ﬂﬂctf!w berg
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s values: 36
4l o | removed: 0
= 35 mean. 2,02
S 3
£ 3 . ref.-value: 2,03
£ *
2,5 - .-t recovery: 99,5%
S JOPPPTY T I LA y
=1 2 rSAA A std: 0,416
S PRTT L 0
s 151 v rstd: 20,4%
g O;’ x std limit: 12%
R upper limit: 2,52
HYIRORANNS YOI MO NR O NNHRINEBeIIHong | lower limit: 1,55
labcode too high: 5
too low: 5
outside limits: 10
~ Jswa
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. values: 36
removed: 2
s 5 ¢/ | mean: 2,72
E 4] . ref.-value: 2,74
< . 0,
5 5] T eeseet®® recovery: 99,2%
g YA A00000 std: 0,410
§ 217" rstd: 15,0%
S e std limit: 12%
o upper limit: 3,40
BISRECHBTRESN G2 REOINNISNIBISYTNy | lower limit: 2,08
labcode too high: 2
too low: 5
outside limits: 7
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Iron

60%
50%
40%
30%

20%

frequency

10%

0%
AAS Colorimetric ICP-AES

Other
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“Comparison of methods
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Iron

Other
ICP-AES
Colorimetric

AAS
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Summary Iron

= means close to reference values
= standard deviations too higher
= many outliers with colorimetric method

AQS
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¥ Manganese
Alg.A mean and ref.-value from weighings

6

5 4

44

3 o ref.-value
m mean

m B

1 2 3

AQS
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2 Manganese
mean vs. ref.-value

y = 0,9672x

Alg. A mean in mg/l
w

0 T T T T T
0 1 2 3 4 5 6

reference value in mg/l

Average recovery: 96.7%, mostly caused by the highest level .
in 2007: 96.0%; in 2006: 95.4% 15Wwa
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N Manganese
calculated standard deviation and limit

Manganese

30%

25% -
s
2 0m | ——1st PT
< —#—2nd PT
o 3rd PT
3 % —— 4thPT

o

° -~ — 9
g — —— Limit
2 10% —¢ —e—5thPT
[

5%

0% T

0 1 2 3 4 5 6
concentration in mg/I

higher than in 2007 iswa
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" Manganese

Percentage non-satisfactory results

Manganese

30%

25%

20%

15%

10%

5%

Percentage non-satisfactory results

2005 2006 2007 2008
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" Manganese
Individual performance development

mean of absolute values of z-scores

Manganese
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‘Manganese 1
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concentration in mg/l
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labcode
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values: 31
removed: 2
mean: 0,92
ref.-value: 0,90
recovery: 102,4%
std: 0,176
rstd: 19,6%
std limit: 20%
upper limit: 1,25
lower limit: 0,55
too high: 2
too low: 4
outside limits: 6

.
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‘Manganese 2

3

_ 25
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E 5l
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S 15 R XX S
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labcode
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values: 31
removed: 1
mean: 1,50
ref.-value: 1,50
recovery: 100,1%
std: 0,232
rstd: 15,4%
std limit: 12%
upper limit: 1,86
lower limit: 1,14
too high: 2
too low: 5
outside limits: 7
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Manganese 3
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concentration in mg/l
w
A

labcode
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values:
removed:
mean:
ref.-value:
recovery:
std:

rstd:

std limit:
upper limit:
lower limit:
too high:
too low:
outside limits:

31

3

4,92
511
96,2%
0,680
13,3%
12%
6,34
3,88

2

7

9

iswa
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Manganese

70%

60%

50%

40%

30%

frequency

20%

10%

1]

o L
AAS ICP-AES Other

Colorimetric
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Comparison of methods

Manganese

Colorimetric
Other
ICP-AES

iswa_
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LY
Summary Manganese
= mean values close to reference values
= standard deviation higher than in 2007

| iswa .
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5% Aluminium
Alg.A mean and ref.-value from weighings
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5

4.5

4

3

3,5

25

2

15

1

0,5 4

H

1

o ref.~value
| mean

consensus means a bit lower than ref.-values
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2% Aluminium
mean vs. ref.-value
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Alg. A mean in mg/l

y = 0,9391x

1A\

T T T

1 2 3

reference value in mg/l

Average recovery: 93.9%; in 2007: 96.1%; in 2006: 85.7%
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™ Aluminium
calculated standard deviation and limit

Aluminium

—t—1st PT
==2nd PT
3rd PT
e Limit
—0—4thPT
——5thPT

rel. standard deviation

concentration in mg/|

Standard deviation higher

s &

W3
AQS ey
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’ Universitat Stuttgart

* Aluminium
Percentage non-satisfactory results

Aluminium

25%

20%

15%

10%

Percentage non-satisfactory results

0%

2005 2006 2007 2008

s &

BWa
AQS e
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*MAluminium

Individual performance development

mean of absolute values of z-scores

Aluminium

o
sk .
= -
E— il

2006 2007 2008
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‘ Universitat Stuttgart

6>

s
~1Swa |
AQS \‘?\"inﬂ?limr berg

%

Aluminium 1

concentration in mg/|

2,5

1,5 A

0,5

*
*
ACQ‘
v
o ¢ °
—-
—
N +H 0o ¥ <& 0o M ~ O O o O —
— N ® o4 A A4 & ® ® A ™

labcode

’ Universitat Stuttgart
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values: 15
removed: 1
mean: 0,78
ref.-value: 0,82
recovery: 95,0%
std: 0,375
rstd: 45,6%
std limit: 30%
upper limit: 1,32
lower limit: 0,33
too high: 1
too low: 2
outside limits: 3
«1swa
AQS \‘i\"inﬂctfulr berg
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"Aluminium 2

‘ Universitat Stuttgart

. values: 15
25 | removed: 1
5 ’37 . * mean: 2,14
E 5 | ° ref.-value: 2,23
< 5] — 2 recovery: 95,7%
E 15/ LI S std: 0,703
5 . rstd: 31,5%
S o5l * std limit: 30%
L upper limit: 3,57
ﬁ‘ﬁ‘g‘g‘g‘g‘g‘g‘g‘g‘%‘gNg; lower limit: 0,89
labcode too high: 0
too low: 3
outside limits: 3
iswa
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‘ ’ Universitat Stuttgart
N B ".
e‘.‘
Aluminium 3
7 values: 16
removed: 2
S 61 mean: 4,10
E 51 . e * * || ref-value: 4,39
é 4 R LA recovery: 93,4%
8 3 - std: 0,762
5 2] rstd: 17,3%
§ 1] e std limit: 30%
0 N upper limit: 5,91
@ 4 Y 3 8 98 YNNG N lower limit: 2,87
labcode too high: 0
too low: 4
outside limits: 4
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"Used methods
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Aluminium

45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

frequency

ICP-AES AAS Other Colorimetric
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AQS Fittermerg

dswa

“Comparison of methods

’ Universitat Stuttgart

Aluminium

Colorimetric
Other
AAS

ICP-AES
VO
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)

Fad -
Summary Aluminium

= small number of values

= mean values a bhit below reference
values

AQS
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Jdswa
‘r mbe r.'. -

i ’ Universitat Stuttgart
!

¥ ead
Alg.A mean and ref.-value from weighings

4

3,5

3

2,54

2 o ref.-value
| mean

15

=nl B

1 2 3

AQS
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Jdswa

69



—

‘ ‘ Universitat Stuttgart

M ead
mean vs. ref.-value

y = 1,0371x

3,5

2,5

=
1,5 1 =
1

0,5 -

Alg. A mean in mg/l
N
\
\

0 0,5 1 15 2 2,5 3 3,5

reference value in mg/I

Average recovery: 103.7%; in 2007: 95.4%; in 2006: 95.6% 1swa
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‘ ’ Universitat Stuttgart
¥ ead
calculated standard deviation and limit

Lead

180%

160% f‘\

140%
c
K] \
g 120% \ —#—2nd PT
s
2 100% 3rd PT
T \ —e—4thPT
° 80% \ e it
s
©  60% ——5thPT
°
= 40%

20%

———
0% T T T T T T
0 0,5 1 15 2 2,5 3 3,5
concentration in mg/|

Higher than in last years s
~ udswa
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| ead
Percentage non-satisfactory results

Lead

30%

25%

20%

15%

10%

5%

Percentage non-satisfactory results

0%
2005 2006 2007 2008

Jdswa |
‘x‘;l!;a%ﬁ;nmem
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’ Universitat Stuttgart

" Lead
Individual performance development

Lead

mean of absolute values of z-scores

Jdswa |
‘x‘:’!;a%ﬁ;nmem
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labcode
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‘ Universitat Stuttgart

values: 29
removed: 0
mean: 0,63
ref.-value: 0,58
recovery: 108,0%
std: 0,206
rstd: 35,5%
std limit: 25%
upper limit: 0,87
lower limit: 0,29
too high: 5
too low: 2
outside limits: 7
iswa

1,54

*
PO YE XX R

0,51

concentration in mg/l

labcode
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’ Universitat Stuttgart

values: 30
removed: 0
mean: 1,13
ref.-value: 1,12
recovery: 100,9%
std: 0,251
rstd: 22,4%
std limit: 25%
upper limit: 1,62
lower limit: 0,62
too high: 3
too low: 2
outside limits: 5




concentration in mg/|
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‘ Universitat Stuttgart

values:
removed:
mean
ref.-value:
recovery:
std:

rstd:

std limit:
upper limit:
lower limit:
too high:
too low:
outside limits:

30

1

3,43
3,31
103,9%
0,477
14,4%
25%
4,26
2,35

2

4

6

iswa

‘Used methods

’ Universitat Stuttgart

Lead

80%
70% -+

60%
50% -+

40%
30%

frequency

20% +
10%

0%

AAS ICP-AES

Other
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‘ ‘ Universitat Stuttgart
|

Y .
Comparison of methods

Lead

Other
ICP-AES
AAS

 Jdswa
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’ Universitat Stuttgart

“
Summary Lead

= mean values around reference values

= standard deviation higher than in last
years

 Jdswa

148 Koch, M.: PT evaluation — SADCMET PT Workshop 2008 Kampala

74



[——

a

¥ Copper

‘ Universitat Stuttgart

Alg.A mean and ref.-value from weighings

@ ref.-value
m mean

4
3,5 3E
|
2,54
2
1,5
1
i
0 T
1 2 3
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¥ Copper
mean vs. ref.-value

’ Universitat Stuttgart

y = 0,9511x

3,5

2,5

1,5 /

05 /

Alg. A mean in mg/I|
N
\

0 T T T T

0 0,5 1 15 2

2,5 3 3,5 4

reference value in mg/l

Average recovery: 95,1%, mainly caused by the highest level
in 2007: 97.5%; in 2006: 98.5%
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* Copper
calculated standard deviation and limit

Copper

30%

25%
<
2
K 20% ——2nd PT
E 3rd PT
T 15% —o—4thPT
g e Limit
7o e e
°

5%

0%

0 0,5 1 15 2 25 3 3,5 4 4,5
concentration in mg/I

Much higher than in previous PTs; 1st time higher than limit

s &

W3
AQS ey
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’ Universitat Stuttgart

* Copper
Percentage non-satisfactory results

Copper

Percentage non-satisfactory results

2005 2006 2007 2008

s &

BWa
AQS e
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‘ ‘ Universitat Stuttgart
»¥ Copper
Individual performance development

Copper :D
8
» 7
g6
i =
:, + 2.0
s
: e
E 2 A’:
£, — > 19
, f———— ———————
2006 2007 2008
 Jdswa
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—
‘ ’ Universitat Stuttgart
EET]
Y
‘Copper 1
values: 34
4
a5 ¢ | removed: 2
= '3 mean: 0,70
S 3
£ 25 ref.-value: 0,70
< 251
s, recovery: 99,1%
s i
3 15/ std: 0,186
g R rstd: 26,5%
2 LX R imit- o
§ 05 7w0-‘-'—'—'— std I|m|‘t. . 20%
o upper limit: 0,98
INEeNENRY eI YRIReRNT SRy Ry | lower limit: 0,42
labcode too high: 3
too low: 5
outside limits: 8
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concentration in mg/|
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‘ Universitat Stuttgart

values: 34
removed: 1
mean: 1,08
ref.-value: 1,09
recovery: 99,2%
std: 0,247
rstd: 22,7%
std limit: 20%
upper limit: 1,53
lower limit: 0,65
too high: 3
too low: 4
outside limits: 7

35 | oo osss®

Y XK A
PXX 4
TX A4

concentration in mg/l
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’ Universitat Stuttgart

values: 34
removed: 1
mean: 3,35
ref.-value: 3,54
recovery: 94,6%
std: 0,462
rstd: 13,0%
std limit: 20%
upper limit: 4,47
lower limit: 2,62
too high: 0
too low: 5
outside limits: 5
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Used methods
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Copper

80%
70%
60%
50%
40%
30%
20%
10%

0%

frequency

AAS ICP-AES

Other
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dswa
AQS ¥iitinbery

Comparison of methods

’ Universitat Stuttgart

Copper
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Y

=

Summary Copper

= mean values in quite good agreement
with reference values

= standard deviation higher than in
previous years

AQS
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 Jdswa

[

‘, ’ Universitéat Stuttgart
¥ Zinc
Alg.A mean and ref.-value from weighings

5
4,51
|
3,5
|
| mean
2
1,5 4
1
0 T
1 2 3

AQS
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consensus means slightly lower iswa
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e
» Zinc

mean vs. ref.-value

= 0,9551x
5 y
4,5
) —
4 //

35 =
2,5 /

Alg. A mean in mg/l

Li -
0,5 -

reference value in mg/I

Average recovery: 95.5; in 2007: 93.0%; in 2006: 96.8% 1swa

AQS it
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" ’ Universitat Stuttgart
8 Zinc
calculated standard deviation and limit

Zinc
25%
20% A
c
=}
B ~@—2nd PT
3 15%1 — —i 3rd PT
"E“ —@—AthPT
?\3 10% e it
Z —=—"5thPT
©
5%
0% T T T T T T
0 1 2 3 4 5 6 7
concentration in mg/l
Similar to previous years
.
15wa
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¥ Zinc
Percentage non-satisfactory results

30%

25%

20%

15%

10%

5%

Percentage non-satisfactory results

0%
2005 2006 2007 2008

Jdswa |
AQS \?\faaﬂr:;mberg

163 Koch, M.: PT evaluation — SADCMET PT Workshop 2008 Kampala

’ Universitat Stuttgart

" Zinc
Individual performance development

mean of absolute values of z-scores

Jdswa |
AQS \l?\fagr:;mberg
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5 values: 28
removed: 1
= 251 e ¢/ | mean: 0,90
j=2)
E 5 IS ref.-value: 0,88
c
£ 151 . recovery: 102,1%
= std: 0,106
‘§ f | — aooosoaase?? rstd: 12,0%
S 054 ¢ std limit: 20%
° 0l* upper limit: 1,09
FHYY2R2INRIVSGINIIALIIBBILIY | lowerlimit: 0,67
labcode too high: 4
too low: 3
outside limits: 7
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’ Universitat Stuttgart
s values: 28
4 *| | removed: 0
S, 35 . mean: 2,40
E 3 ve® ref.-value: 2,48
c
= PPN * e . 0,
c 251 PSR E A A o0 recovery: 96,5%
s 24 o*® std: 0,396
g 157 rstd: 15,9%
£ O;’ . std limit: 20%
O e ..
7 upper limit: 3,27
CNGIFYINISVRESA028N82I9ggTy | lowerlimit: 1,69
labcode too high: 2
too low: 2
outside limits: 4
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At

8 values: 28
7] removed: 0
3 6 *l| mean: 4,21
= 5] o ® ref.-value: 4,43
5 4 PR T EEE RS e a st ® recovery: 94,9%
I p— A std: 0,651
5, rstd: 14,7%
S 1le std limit: 20%
Y upper limit: 5,74
CNISRSIINVILYSBIRIINGSRBI g | lower limit: 3,13
labcode too high: 1
too low: 3
outside limits: 4

iswa
AQS ¥ mserg
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’ Universitat Stuttgart
F1 i

N
‘Used methods

Zinc

80%
70% -
60% -
50%

40%

30%

frequency

20%
10% - I—I
0%

AAS ICP-AES Other

iswa
AQS i e
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LY _
Comparison of methods

Zinc

iswa_
169 Koch, M.: PT evaluation — SADCMET PT Workshop 2008 Kampala
‘ ’ Universitat Stuttgart
a8 .
Summary Zinc
= mean values slightly lower than
reference values
= standard deviation below limit
iswa_
AQS Bacre
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5% Chromium
Alg.A mean and ref.-value from weighings

2

18

16
1,4 1
12

1 o ref.-value
@ mean

0,8

0,6

0,4 —

0,2 4

0

Means slightly lower
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i ’ Universitat Stuttgart

2% Chromium
mean vs. ref.-value

y = 0,9419x

A\

Alg. A mean in mg/l
-
\

reference value in mg/l

Average recovery: 94,2%; in 2007: 100.1%; in 2006: 97.4%
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» Chromium
calculated standard deviation and limit

Chromium

35%

30%

25%

20%

15%

10%

rel. standard deviation

5%

0%

0 0,5 1 15 2 25
concentration in mg/|

Similar to last years

s &

W3
AQS ey
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’ Universitat Stuttgart

™ Chromium
Percentage non-satisfactory results

Chromium

35%

30%

25%

20%

15%

10%

5%

Percentage non-satisfactory results

0%

2005 2006 2007 2008

s &

BWa
AQS e
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*4 Chromium

Chromium

®

~

e

@

IS

w

N

mean of absolute values of z-scores

-

o
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‘ Universitat Stuttgart

Individual performance development

14

s
~1Swa |
AQS \‘?\"inﬂ?limr berg

%
Chromium 1

16

14 - .
1.2

0,8
0,6 -
0,4 4 000000000""
02-¢

.
L4

a o o ®

concentration in mg/l

—————T——

O N SN O MmO~ NDO - D

N O F MO AN A NOO AN
labcode

<t © o <
— N -
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’ Universitat Stuttgart

values: 28
removed:

mean: 0,4
ref.-value: 0,48
recovery: 99,2%
std: 0,126
rstd: 26,3%
std limit: 25%
upper limit: 0,72
lower limit: 0,24
too high: 4
too low: 6
outside limits: 10

JJswa
AQS \‘i\"inﬂctfmr berg

88



N
ol

‘Chromium 2

‘ Universitat Stuttgart

a5 values: 27
' removed: 3
. ¢|| mean: 0,74
(=2}
E 251 ref.-value: 0,77
[=
= 21 recovery: 96,3%
(=]
F 15 std: 0,138
‘§ 1 ——————— rstd:‘ . 17,8%
S os s e e eIV Ve std limit: 25%
© e upper limit: 1,05
89S TISSNEQINSNR]a S~y | lowerlimit: 0,50
labcode too high: 1
too low: 5
outside limits: 6
 Jdswa
AQS &
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‘ ’ Universitat Stuttgart
N B ".
e‘.‘
Chromium 3
B values: 28
R removed: 4
s %] mean: 1,65
E 59 ref.-value: 1,77
s 49 . recovery: 93,4%
g 3 std: 0,336
g 2 . . . e rstd: 19,0%
S afiveattt std limit: 25%
0 upper limit: 2,44
I9e¥Iavessensggaadagagyy | lowerlimit 110
labcode too high: 3
too low: 5
outside limits: 8
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Used methods

‘ Universitéat

Chromium

70%
60%
50%
40%
30%

frequency

20%
10%

0%
AAS ICP-AES

Other
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Stuttgart
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Comparison of methods

’ Universitat Stuttgart

Chromium
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AQS
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Y

=

Summary Chromium

= mean values slightly lower than
reference values

= standard deviation around limit

AQS
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‘, ’ Universitéat Stuttgart
¥ Nickel
Alg.A mean and ref.-value from weighings

3,5
3
2,5
2
o ref.-value
@ mean
1,54
14
) TT
0 T T
1 2 3

AQS
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‘ ‘ Universitat Stuttgart
¥ Nickel
mean vs. ref.-value

= 0,9865x
3,5 y

3
2,5 A
2

s /

1,

Alg. A mean in mg/

0,5

O T T T T T T
0 0,5 1 15 2 2,5 3 3,5

reference value in mg/l

Average recovery: 98.7%:; in 2007: 99.0%; in 2006: 94.6% 1swa

183 Koch, M.: PT evaluation — SADCMET PT Workshop 2008 Kampala

—_

‘ ’ Universitat Stuttgart
¥ Nickel
calculated standard deviation and limit

Nickel

40%

35% -

30% .\
25% - \\ —&—2nd PT
3rd PT
20% —o—4thPT
e Limit
15% 1 ——5thPT
10%

5%

rel. standard deviation

0%

0 0,5 1 15 2 2,5 3 3,5 4

concentration in mg/|

Standard deviation for low level better than last year :
Y  Jdswa
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¥ Nickel
Percentage non-satisfactory results

Nickel

30%

25%

20%

15%

10%

5%

Percentage non-satisfactory results

2005 2006 2007 2008

Jdswa |
AQS \?\faaﬂr:;mberg
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’ Universitat Stuttgart

" Nickel
Individual performance development

Nickel

mean of absolute values of z-scores

Jdswa |
AQS \l?\fagr:;mberg
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‘Nickel 1
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5 values: 25
R removed: 0
_ 251 mean: 0,55
(=2
E o ref.-value: 0,54
[=
< s recovery: 101,5%
S 154
= . std: 0,098
= 1 rstd: 18,1%
S 05l e T T vvvveeosaate e || g |imit 25%
N upper limit: 0,74
3es88I geveygagNgi~gagyny | lowerlimit 0.35
labcode too high: 2
too low: 0
outside limits: 2
 Jdswa
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‘ ’ Universitat Stuttgart
e‘.‘
Nickel 2
14 values: 25
' «| | removed: 0
- b2 mean: 0,76
[=2]
£ 1 ref.-value: 0,77
- PR IR 28 4 *
= 081 e LA recovery: 99,7%
o
S 06{eee®*?® std: 0,115
£ 04| rstd: 15,0%
§ 02 std limit: 25%
o upper limit: 1,00
€3 T° 983988 aANTIL3R8R2gaIFy Yy | lowerlimit: 054
labcode too high: 1
too low: 0
outside limits: 1
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‘Nickel 3

concentration in mg/|
o
A

labcode
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‘ Universitat Stuttgart

values:
removed:
mean:
ref.-value:
recovery:
std:

rstd:

std limit:
upper limit:
lower limit:
too high:
too low:
outside limits:

25

0

3,06
3,10
98,5%
0,365
11,8%
25%
3,83
2,37

1

1

2

iswa

At
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Nickel

70%

60%
50%

40%
30%

frequency

20%

10%

0%

AAS ICP-AES

Other
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Comparison of methods

Nickel

Other
ICP-AES

 Jdswa
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’ Universitat Stuttgart

“
Summary Nickel

= mean values in quite good agreement
with reference values

= standard deviation ok

 Jdswa
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5% Arsenic
Alg.A mean and ref.-value from weighings

0,7

0,6 4

0,54

0,4

o ref.~value
| mean

03

024

) T
0 T

1 2 3
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i ’ Universitat Stuttgart

% Arsenic
mean vs. ref.-value

0.7 y=0,9243%
0,6

—~
0.5 A

: / .
0,4 . =
0,3
=
0’2 /
P

0,1
0 T T T T T T

0 0,1 0,2 03 0,4 0,5 0,6 0,7

Alg. A mean in mg/|

reference value in mg/l

Average recovery: 92.4%; mainly caused by the highest level .
In 2007: 96.6%; in 2006: 111.2% . alswa,
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» Arsenic
calculated standard deviation and limit

Arsenic

3rd PT|
—8—4thPT
e Limit

—0—5thPT

rel. standard deviation

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
concentration in mg/|

s &

Similar to 2007 .Iiwa 3
AQS Fiferier;
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* Arsenic
Percentage non-satisfactory results

Arsenic

g 8

g

g

Percentage non-satisfactory results
g ¢

2005 2006 2007 2008

s &

BWa
AQS e
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Arsenic
Individual performance development

Arsenic

mean of absolute values of z-scores

2006 2007 2008

dswa
AQS ¥iitinbery
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Arsenic 1
025 values: 7
' removed: 0
- 021 mean: 0,11
E’ M ref.-value: 0,13
< 0157 . recovery: 85,7%
2 onl ¢ ¢ std: 0,033
z o ¢ * rstd: 24,8%
S 005+ std limit: 30%
R upper limit: 0,20
S o £ N 3 3 = lower limit: 0,07
labcode too high: 0
too low: 0
outside limits: 0
«l5wa |
AQS ¥iiner
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"Arsenic 2

‘ Universitat Stuttgart

08 values: 8
0’7 | - removed: 0
s 0’67 mean: 0,40
E 0:57 . ref.-value: 0,38
é 04 . recovery: 105,8%
i 0:3 | . ry 3 3 std: 0,147
‘§ 02l * rstd: 38,7%
S 011 std limit: 30%
T upper limit: 0,61
e 4 &5 3 @ s 9 g lower limit: 0,15
labcode too high: 1
too low: 0
outside limits: 1
iswa
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e
e‘.‘
Arsenic 3
) values: 9
09 | removed: 0
S 08 mean: 0,50
E o7 ¢ ref.-value: 0,58
5 8’2: v recovery: 87,0%
8 0:4 1 . std: 0,165
o3| o rstd: 28,5%
§ 0,24 std limit: 30%
0'3 1 upper limit: 0,91
s ® g 9 § & 9 9o 3 lower limit: 0,25
labcode too high: 0
too low: 0
outside limits: 0
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"Used methods
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50%
45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

frequency

Arsenic

ICP-AES Other

Probably colorimetric
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AQS Fittermerg

dswa

“Comparison of methods

’ Universitat Stuttgart

Arsenic
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®

\
Summary Arsenic

= low number of values
= standard deviation around limit

I iswa_
AQS Vi mberg
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¥ Cadmium

Alg.A mean and ref.-value from weighings

0,8

0,7

0,6

05 s

o ref.-value
0,4
| mean

0,3

0,2

0,1+

04

.
consensus means close to reference values q!Wﬂ >

AQS ik nien
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Al
o8 .
"N Cadmium
mean vs. ref.-value
=0,9912x
0,8 y
= 0,7 /
g 0,6
c
E 05 /
3 0,4
2 041
< 0,3 A
° 0,2
< U
o1 /
0 T T T T T T T
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8
reference value in mg/l
Average recovery: 99.1%; in 2007: 96.4%; in 2006: 96.6% _— iSW&
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-,
28 ,
A*N Cadmium

calculated standard deviation and limit

Cadmium

40%
35% - \
30%

25% \

3rd PT

—o—4thPT
20% 1 -
e Limit

15% \ —e —8—5thPT

rel. standard deviation

10%

5%

0%

T T T T T T T T T
0 0,2 0,4 0,6 0,8 1 1.2 1,4 1.6 1.8 2

concentration in mg/l

iswa
AQS i e
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¥ Cadmium
Percentage non-satisfactory results

Cadmium

25%

20%

15%

10%

5%

Percentage non-satisfactory results

2005 2006 2007 2008

Jdswa |
AQS \?\faaﬂr:;mberg
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" Cadmium
Individual performance development

Cadmium

mean of absolute values of z-scores

Jdswa |
AQS \l?\fagr:;mberg
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Cadmium 1

‘ Universitat Stuttgart

06 values: 28
' ¢/ | removed: 0
< 059 A mean: 0,12
£ 0,4 ref.-value: 0,12
; 03 recovery: 102,2%
= std: 0,045
£ 024 o rstd: 37,3%
go,lf T EAAAAAASEAEE— std limit: 30%
oo ————————————— upper limit: 0,19
IBRBTHIITLIAINEBLLAQIINGVNInRg | lowerlimit: 0,05
labcode too high: 4
too low: 2
outside limits: 6
iswa
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E“"Cadmium 2
) values: 28
18] .|| removed: 0
= 16 mean: 0,49
£ 144 o ref.-value: 0,49
£ 1?’ recovery: 99,4%
£ o0l std: 0,065
£ 06 3 rstd: 13,1%
58"2‘}0“”"”'” std limit: 30%
S upper limit: 0,62
88NIINTIBISSIURLLRAINGYIVngy | lower limit: 0.36
labcode too high: 3
too low: 2
outside limits: 5
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‘Cadmium 3

concentration in mg/l
N
)
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values:
removed:
mean:
ref.-value:
recovery:
std:

rstd:

std limit:
upper limit:
lower limit:
too high:
too low:
outside limits:

28

0
0,73
0,73
98,9%
0,059
8,0%
30%
0,85
0,62
2

3

5

iswa

i
o8
‘Used methods

’ Universitat Stuttgart

Cadmium

80%

70% -
60% -
50%

40%

30%

frequency

20%

10% -
0%

AAS ICP-AES

Other

212 Koch, M.: PT evaluation - SADCMET PT Workshop 2008 Kampala

Jdswa

106



——

g

213

a‘\‘

‘Comparison of methods

‘ Universitat Stuttgart

Cadmium

Other
ICP-AES

Koch, M.: PT evaluation — SADCMET PT Workshop 2008 Kampala

AQS

Jdswa

——

y

214

‘Summary Cadmium

’ Universitat Stuttgart

= mean values in good agreement with

reference values

= Standard deviation high for low

concentration
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‘q Cobalt

‘ Univers

Alg.A mean and ref.-value from weighings

35

25

1,54

0,54

o ref.~value
| mean

consensus means close to reference values
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<15wa |

‘q Cobalt
mean vs. ref.-value

’ Universitat Stuttgart

y = 0,9975x

Alg. A mean in mg/l
-
(8]

0 \ \

0 0,5 1 15 2

reference value in mg/l

2,5 3

Average recovery: 99.8%
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¥ Cobalt
calculated standard deviation and limit

Cobalt

25%

20%
c
°
8
3 15% _
it o Limit
B
8 ——5thPT
E 10%
]
T

a
X

0%

0 0,5

1 1,5 2 25 3
concentration in mg/I

s &

dswa
AQS \?\faaﬂr:;mberg
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* Cobalt
Percentage non-satisfactory results

Cobalt

i
)
ES

.
I
S

i
N
B

i
=)
X

4%

2%

Percentage non-satisfactory results
<]
B

0%

2005 2006 2007 2008

s &

dswa
AQS \l?\fagr:;mberg
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‘Cobalt 1
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6 values: 19
1’47 . removed: 1
= 1'2 — mean: 0,98
S 1.2 ]
e ] JEPRY ¢ ref.-value: 0,91
S o8 — T —— 2 recovery: 108,4%
S o0g ]
g 06l std: 0,175
2 04l rstd: 19,3%
5 021 std I|m|_t: _ 20%
o upper limit: 1,25
383Q52FYKIE€88328s g | lowerlimit 0,56
labcode too high: 3
too low: 0
outside limits: 3
 Jdswa
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e‘.‘
N values: 19
removed: 0
- 101 * mean: 2,63
(=2
E g/ ref.-value: 2,59
[=4
= 6 recovery: 101,7%
S 6
= std: 0,420
% 41 ——— rstd:_ _ 16,2%
S 2les s T TV std limit: 20%
° upper limit: 3,43
NI VE8E32KI3923€82¢8y | lowerlimit 1,75
labcode too high: 2
too low: 0
outside limits: 2
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‘Cobalt 3

ot oo O

*

C 2 2 4

concentration in mg/l
N
)

©® o © ¥ M < o MmN~ ©
M M A4 M N 4 A A4 N «

labcode
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values:
removed
mean:
ref.-value:
recovery:
std:

rstd:

std limit
upper limit:
lower limit:
too high:
too low:
outside limits:

18

0
2,63
2,71
97,0%
0,370
13,6%
20%
3,45
1,97
1

2

3

iswa

i
o8
‘Used methods

’ Universitat Stuttgart

Cobalt

70%

60% -

50%

40% A
30% -

frequency

20% -

10%

0%

AAS ICP-AES

Other
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Comparison of methods

Cobalt

Other
ICP-AES

AQS
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Jdswa

“
Summary Cobalt

= Consensus means close to reference
values

= Standard deviation below limit

AQS
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W
Number of values per parameter

140

Number of values

s
~1Swa |
AQS \‘?\:iffctfsm berg
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S
Overview on participation

100%

90%

80% -

70%

60%

50%

participation

40%

30% -

20% - I

10% I
@
«

0%

9 ==
8 ===
40 ===
L0 s—
43 ==

AW
AQS \‘i‘?._?fctlllsm berg
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‘Overview on participants’ success

100%

42

number of determined values oo
nMm
90% S

Q
o©

80%

70%

60%

50%

40%

30% i
20% I I
10% I I

0% T

percentage succesfull parameters

lab code
iswa
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R
‘Values not fit for purpose

Percentage of values not fit for purpose

80%

70%

60%

50%

40% HHHHH —

30% 1 HHHHH H N

20%

10% - HHHHH H H HH =

0% HLTTJLT THL oAk \[l\[lu!uu

304‘ CI[F ‘NO3‘PO4‘Ca[Mg‘Na‘ K‘Fe[Mn‘AI‘Pb CuFZn Cr| Ni|As|Ad|Co

iswa
AQYS Bler e
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»¥ Conclusion
= The PT Provider did a very good job

‘ Universitat Stuttgart

= The evaluation and assessment procedure is

fit for the purpose
= The SADCMET Water PT is a good

possibility

for the participants to compare with peers and
with stated fitness-for-purpose criteria

= The results of many laboratories are
satisfactory or getting worse

still not

= More emphasis should be put on corrective
actions after unsatisfactory participation

229 Koch, M.: PT evaluation - SADCMET PT Workshop 2008 Kampala

iswa

AQS i

115





