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and Residue Analysis Lo Method 00549

Method for the determination of MKH 6561 in drinking water by HPLC
. using direct injection as well as on-line solid phase extraction

[ g
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\

Bjérm Brumhard

Summary

The method describes the determination of MKH 6561 in drinking water by means of
HPLC with UV-detection. The water samples with concentrations ranging from
0.05 pg/L to 10 pg/l. are concentrated by on-line solid phase extraction (OSP-2A).
Samples ranging from 10 pg/L to 10000 pg/L are measured by direct injection. The
limit of quantification is 0.05 pug/L. The linearity of the detector was checked for
MKH 6561 in the range from 0.05 pg/L to 10 pg/L (concentration volume 50 mL) and
in the range from 10 pg/L to 10000 pg/L (injection volume 250 uL). The correlation
coefficients were 0.99964 (0.05-10 pg/L) and 0.99997 (10 - 10000 pg/L). The
relative standard deviations were between 0.002 and 0.03 for the peak areas and
between < 0.001 and 0.001 for the retention times.

Zusammenfassung

Die Methode beschreibt die Bestimmung von MKH 6561 in Trinkwasser durch HPLC
mit UV-Detektion. Die Messung der Wasserproben mit Konzentrationen von
0,05 ug/L bis 10 pg/L erfolgt nach vorheriger on-line Festphasenextraktion (OSP-
2A). Proben mit 10 pg/L bis 10000 pg/L werden mit HPLC-Direktinjektion gemessen.
Die Bestimmungsgrenze der Methode liegt bei 0,05 ug/L. Die Linearitat des
Detektors fur MKH 6561 wurde im Bereich von 0,05ug/L bis 10 ug/L
(Anreicherungsvolumen 50 mL) und im Bereich von 10 yg/L bis 10000 pg/L
(Injektionsvolumen 250 pL) geprift. Die Korrelationskoeffizienten betrugen 0,99964
(0,05 -10 pg/L) und 0,99997 (10 - 10000 pg/L). Die relative Standardabweichung der
Methode lag fur die Peakflichen zwischen 0,002 und 0,03 und fur .die

Retentionszeiten zwischen < 0,001 und 0,001. ’

Method 00549, P 604 87089 : . Page 1 of 18
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The method has been developed. for the determination of MKH 6561 in drinking
water, but may also be used for determination of MKH 6561 in test water from
aquatic toxicity tests. The method has to be validated for test water from aquatlc

tox:cuty tests if necessary.

1.1. Chemlcal and physucal propertles of MKH 6561

Structural formula-- -

Chemical designation
(CAS)

Empirical formula
* Molecular weight

Solubility in water
(20 °C)

2. Principle of the method

CHO~___0O, 'O- -

s JOL

Na‘ "<
o
_—\——CH

0
\

- Benzouc acid, 2-[[[(4,5-dihydro-4-methyl-5-ox0-3-

propoxy-1H-1,2,4-triazol- 1-yI)carbonyl]amlno]suIfonyl]-
methyl ester, sodlum salt

Cq5H47N4Na0O7S
420.4 g/mole
pH4=29g/L
pH7=42g/L

pH9=42g/L
unbuffered = 42 g/i

The determination is done by means of HPLC with UV-detection. Water samples
of < 10 ug/L are concentrated on a RP-18 cartridge using the OSP-2 A (On-line
Sample Preparation Unit) of Merck Co., while water samples > 10 pg/L are directly

injected into the HPLC.

3. Instruments

3.1. Sample injection and concentration

LC pump

for sample injection
16-port valve
OSP-2A

Autosampler

Method 00549, P 604 87089

L-7100 gradient pump

Merck Co., D-64293 Darmstadt

Multiposition Electric Actuator, VICI AG Valco Europa,
Untertannenberg 7, CH-6214 Schenkon

On-line Sample Preparator,

Merck Co., D-62493 Darmstadt

L-7250 programmable autosampler,

Merck Co., D-64293 Darmstadt

Page 3 of 18
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3.2. HPLC
LC'pump < ' : - L-7100 gradient pump
Merck Co., D-64293 Darmstadt
LC column oven - ¢ L-7350 column thermostat,” - . - .. .. .5
o - - " Merck Co., D-64293 Darmstadt -

LC detector :  L-7400 UV-detector, :
S e Merck Co., D-64293 Darmstadt -

Alternatively comparable instruments. of other manufacturers can be used. - -

Volumetric flasks, pipettes and other common laboratory eqdipment.

4. Reagents
Water ' . deionized and cleaned in a milli-Q-unit
Methanol . methanol HPLC-grade, Promochem Co.,
} : - D-46469 Wesel, article No. 3041
o-phosphoric acid :  o-phosphoric acid suprapur,
Merck, D-64293 Darmstadt, article no. 552.0250
RP-18 cartridges :  LiChrospher 60, RP-18 (10 pm), 70 mg,
. Merck Co., D-64293 Darmstadt, article No. 1.10444
Solvent1 (LM 1) - : methanol HPLC-grade, Promochem Co.,
T D-46469 Wesel, article No. 3041
Solvent 2 (LM 2) : water, deionized and cleaned in a milli-Q-unit
Reference substance : MKH 6561, batch 960229ELB02, punty 97.6%,
expiry date March 2000

For method development certified reference substance of batch 960229ELB02
(MKH 6561) was used. With the reference substance primarily stock solutions of
approx. 500 mg/L were prepared in acetonitrile. From the stock solutions common
standard solutions are prepared by dilution with drinking water (adjusted with o-
phosphoric acid to pH=3). It is necessary to prepare the standard solutions in
water with a comparable matrix load like the water samples to be analyzed.

5. Performance of analyses

The analysis of MKH 6561 in the low ppb as well as high ppb range is described in
the present method. The solid phase concentration of the water samples, which is
necessary for the measurements of concentrations ranging from 0.05 pg/L to
10 pg/L, is carried out automatically and is integrated into the analytical method of
determination. The apparatus used for this purpose is shown in Fig. 1. The main
module of the apparatus is the OSP-2 A (on-line sample preparation unit) of
Merck Co.

Water samples with concentrations higher than 10 pg/L can be directly injected
into the HPLC via an autosampler.

Method 00549, P 604 87089 : Page 4 of 18
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Fig.-1: OSP-2 A loading position

Sample.
Iinjection

Valve? I Det,ecmr l .

© Column’

Discharge

The OSP-2 A allows the independent control of two switching.valves as well as
the automatic replacement of the extraction cartridges. Thereby the described
apparatus allows cleaning and conditioning of a C18 cartridge as well as the
subsequent concentration of a water sample. Parallel to these steps the previously
loaded cartridge is connected to the analytical separation system and analyzed
there. The time events of the LC pump control the OSP-2 A and the 16-port-valve.

5.1. Sample injection and concentration

The individual steps of the concentration process are described in the following:
At the beginning of the concentration cycle the OSP-2 A is in the "switching
position" (see Fig. 2). This means that the fixing clamp for the concentration
cartridges is opened in order to allow a new cartridge to be positioned by turning
the cartridge wheel. The valves V1 and V2 are in switching position 1, i.e. the flow
is directed via the bypass to the discharge (V1) or to the column (V2).

Fig. 2: OSP-2 A switching position

Sample
injection

l Detector I

1

Column

Discharge

Method 00549, P 604 87089 Page 5of 18
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After delivery of the new cartridge, the OSP-2 A is switched into "loading position"
(see Fig. 1). The fixing clamp is now closed and the valves V1 and V2 are in
position 2, i.e. the flow is directed via the cartridges. Now the right cartridge is
connected . to the analytical separation process; -while. the next sample -is
-concentrated on the left cartridge. The sample injection and concentration is
‘represented in Fig. 3. For.the concentration the cartridge is first washed with the
solvent 1 (LM 1 = methanol) and subsequently conditioned with solvent 2 (LM 2 =
milli-Q-water). After that the analytical sample is pumped through the cartridge
and the active lngredlent to be"analyzed-is'adsorbed to the C,g-material.'Washing,
conditioning and sample injection are carried out by means-of a suitable HPLC-
pump- (connection lines for "at least 3 solvents/temnary gradient pump). The
volumes needed for the above mentioned processes are adjusted via flow rate
and duratlon of the pumplng processes

Fig. 3: ~Sample mjectlon

_ 16-port-valve i : -
I HPLC-pump *—
lj IJ—\-I , OSP-2 A
‘23 " ) Valve 1 ) S
LM1 LM2 nl
Samples S : lg D
YN S

T

Discharge

The use of a 16-port-valve allows to automatically concentrate up to 16 water
samples in sequence in the described manner. The settings (volumes, times) used
for the determination of MKH 6561 are given under item 6.2. The interlacing of the .
sequent analytical processes is represented in Fig. 4.

Fig. 4: Sequence of the analyses

Sample 1 |[WIK| A | HPLC |
Sample 2 |IWIK] A | HPLC |
Sample 3 |WIK] A | HPLC |
Sample 4 [WIK| A |
-
Time

W = washing of the cartndges
K = conditioning of the cartridges
A = concentration of the samples

Method 00549, P 604 87089 _ Page 6 of 18
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5.2, Chromatographic deg_ermination

Twnn

on “the left cartndge (see F|g 1), the chromatographlc determlnatlon of the
prewously concentrated active ingredient is carried out on the right cartridge. The
substance to be separated is rinsed by the eluent from the cartridge directly onto
the chromatographic column. The chromatographic conditions for the
determination of MKH 6561 are described under item 6.3.

6. Determination of MKH 6561

6.1. Sample preparation
The water samples (adjusted with o-phoaphoric acid to pH=3) are directly injected
into the HPLC or concentrated by the OSP-2A and determined by HPLC.
For the determination of MKH 6561- in the range from 0.05 pg/L to 10 pg/L 50 mL
are concentrated.

6.2. Control of the OSP-2A for the determination of MKH 6561

The control of the OSP-2A is done by the time events of the sample injection
pump. The used events are listed in Table 1.

Table 1: Description of the time events (sample injection pump)

Time events of the Reaction at the OSP-2 A

pump L-7100
1 Off Valve 1 in position 1 (bypass)
10n Valve 1 in position 2 (via cartridge)
2 Off Valve 2 in position 1 (to column)
20n Valve 2 in position 2 (via cartridge to column)
3 Off Open the fixing clamp
30n Close the fixing clamp
4 Pulse Cartridge ring moved one position further

For the determination of MKH 6561, the following volumes are chosen for
conditioning of the cartridges and/or for the concentration:

Method 00549, P 604 87089 . Page 7 of 18
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Table 2: Volumes fo,r__s"ampl_e_ir.)je_ction )

Process Valve1 .  Solvent -~ Flowrate Duration Volume

- ~ flow directéd via “ inmbU/min  in min in mL

Rinsing of the bypass methanol 2 16 3.4
pipe

Washing cartridge methanol 2 2.5 5

" Rinsing-of the bypass milli-Q-water 2 1.4 2.8
pipe

Conditioning cartridge milli-Q-water -2 2.5 -5

Rinsing of the bypass” sample 2.5 44 11

- pipe .- Ce - N : oL

Concentration * cartridge sample 2.5 20 50

The program for the performance of thé steps described in Table 2 is listed in
Table 3.

Table 3: Control program for sample injection

Time % A % B % C Flow rate Time event
[minj LM1 LM2 sample [mL/min] No.1 No.2 No.3 No.4
0.0 100 0 0 0 Off
0.1 100 0 0 0 Pulse
0.2 100 0 0 0 .On
0.3 100 0 0 2 Off On
2.0 100 0 0 2. On
45 100 0 0 2 off Off
4.6 0 100 0 2
6.0 0 100 0 2 On
8.5 0 100 0 2 Off
8.6 0 0 100 2.5
13.0 0 0 100 2.5 On
33.0 0 0 100 2.5 Off

Method 00549, P 604 87089 : _ Page 8 of 18



109114

6.3. Chromatographic conditions

Column :  LiChrospher 60, RP-select B, 125 mm, 4 mmi.d.,
. . " Merck Co., D-64293 Darmstadt, article No. 50829
Particle size : 5pm e S
Oven temperature” : '40°C ;
Injection volume “ro250 Lt
Flow rate : 2mb/min
Solvent A : milli-Q-water (adjusted with o-phosphoric acid to pH=3)
Solvent B : methanol
- Wavelength - '235nm
Stop time : 6 min (direct injection)
) 33 min (OSP-2A analysis)
Retention time : MKH6561 approx. 3.9 min (direct injection)

approx. 14.4 min (OSP-2A analysis)

* If required; the injection volume can be adapted to the concentrations to be
measured. .

The chromatographic determination is controlled via a time program' proceeding
on the HPLC pump. The time events used are described in Table 4. The time
program is listed in Table 5§ for OSP-2A analysis and in Table 6 for direct injection.

Table 4: Description of the time events (HPLC pump)

Time events of the Reaction

pump L-7100
2 Pulse Starting signal for integrator
3 Pulse 16-port valve moves one position further

Table 5: Control program of the HPLC pump (OSP-2A analysis)

Time % A %B Flowrate Time event

[min] [mMU/min] No.1 No.2 No.3 No.4
0.0 80 20
0.3 80 20
4.5 80 20
25.0 30 70
25.5 30 70
26.0 80 20
33.0 80 20

Pulse

NNNNNNN

Pulse *

* Each sample can be injected repeatedly (e.g. for duplicate analysis) when the
16-port valve is not switched one position further after the first concentration
cycle ("time event 3 Pulse").

Method 00549, P 604 87089 . Page 9 of 18
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Table 6: Control program of the HPLC pump (direct injection)

Time % A % B Flow rate Time event

[min) - - [mL/min] No.1|No.2|No.3| No.4
0.0 60 40 2 | Pulse | ' - |

6.0 60 40 2 | N |

R L

7. Evaluation

The evaluation is made by means of a laboratory data system via comparison of
the peak.areas of the sample with the peak areas of the external standard
solutions. The active ingredient content of the sample can be calculated according
to the following formula:

As xCs
C=
A
A = peak area of the standard solution [area counts]
As = peak area of the sample solution [area counts)
cC = active ingredient content of the sample [ug/L]
Cs = concentration of the standard solution [pg/L)
8. Validation

8.1. HPLC system

Injection of the external standard solutions is performed in the same way as
described for the samples. The peak areas of the external standards can
therefore directly be compared to the peak areas of the samples. Therefore,
determination of recovery rates is not required. For the peak areas and the
retention times the following relative standard deviations were determined:

Table 7: OSP-2A analysis

Sample material Conc. n Peak area Retention time
[ug/L] Average RSD* Average RSD*
farea counts] [min]
Drinking water 0.052 9 2247 0.03 14.34 0.001
Drinking water 10.48 10 395436 0.01 14.39 <0.001

RSD* = Relative Standard Deviation
Attention: To guarantee similar conditions it is necessary to prepare the standard

solutions in water with the same matrix load like the test water
samples.

Method 00549, P 604 87089 : Page 10 of 18
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Table 8: Direct injection

Sample material ‘Conc. n Peak area Retention time

[ug/L] Average RSD* Average RSD*

: [area counts] i [min]
Drinking water 10.48 10 2167 0.03 3.93 <0.001
Drinking water 10482 10 2299445 0.002 3.96 < 0.001

8.2. Comparison of response

A response comparison for MKH 6561 was performed to determine the recovery
rate during the automatic on-line extraction.

For the response comparison the absolute amount of MKH 6561 which is
concentrated during the OSP-2A analysis from 50 mL test water sample, was
directly injected (without concentration) in 250 pL test water via an autosampler.

Table 9: Comparison of response

Solution Injected Peak Response %
concen- amount of area factor
tration MKH 6561 (average)
n  [ugll [ug] [Hg™
direct 10 10.48 0.0026 2167 833462 100
OSP-2A 9 0.052 0.0026 2247 864231 104
direct 2 2096 0.524 458755 875487 100
OSP-2A 10 10.48 0.524 395436 754649 86
Peak area

Response factor =
Amount MKH 6561

Analysis of the external standard solutions was performed in the same way as
described for the samples, i.e. the standard was also subjected to concentration
on the C18-cartridges (see item 5 of the method). Therefore the peak areas of the
external standard can directly be compared to the peak areas of the samples.
Correction of sample measurements by recovery rates determined off-line are not
necessary.

8.3. Blank values

In the blank samples MKH 6561 was not detected (Appendices 1 and 2).

Method 00549, P 604 87089 Page 11 of 18
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. 8.4. Linearity

The linearity of the method was checked for MKH 6561 in the range from
0.05 ug/L to 10 pg/L with a concentration volume of 50 mL and in the range from
10 pg/L. to 10000 pg/L with an injection volume of 250 pL. The resulting curves are
represented in the Appendices 7 and 8. The correlation coefficients for the
OSP-2A analysis was 0.99964 and for direct injection 0.99997.

9. Limit of quantification

The limit of qhantiﬁcation for MKH 6561 is 0.05 pg/L.

10. Safety instructions
The German guidelines for laboratories issued by the Trade Cooperative
Association (e.g. Bulletin MO06) or comparable guidelines in other countries must
be observed when working according to this method. .

The following solvents and pesticides classified as toxic and/or less toxic

. according to the Hazardous Substances Regulations are used.
Methanol . Toxic and highly inflammable
o-phosphoricacid : Corrosive
MKH 6561 : Classification not yet available. Due to this the compound

has to be handled like a very toxic substance.

This classification is based on German guidelines and must be adapted to the
respective national guidelines if the method is used outside of Germany.

Method 00549, P 604 87089 - Page 12 of 18
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11. Appendices

"Appendix 1 : Chromatogram standard MKH 6561 10.48 pg/L in test water
(concentration volume 50 mL)
Appendix 2 : Chromatogram standard MKH 6561 0.052 pg/L. in test water
(concentration volume 50 mL)
Appendix 3 : Chromatogram blank sample test water
- (concentration volume 50 mL)
Appendix 4 : Chromatogram standard MKH 6561 10482 pg/L in test water -
(injection volume 250 plL)
Appendix 5 : Chromatogram standard MKH 6561 10.48 pg/L in test water
(injection volume 250 pL)
Appendix 6 : Chromatogram blank sample test water
. (injection volume 250 pL) .
Appendix 7 : Linearity of detection for MKH 6561 from 0.05 pg/L to 10 pg/L
in test water (concentration volume 50 mL)
Appendix 8 : Linearity of detection for MKH 6561 from 10 pg/L to 10000 pg/L in
test water (injection volume 250 pL)

The experiments were carried out by Mr. Stefan Schwedhelm.

) . / [® / 3 / S' }
or.8.Brumhars O 1199 [ | konier
(study director) I (head of testing facility)

Method 00549, P 604 87089 X Page 13 of 18
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Appendix1 : Chromatogram standard MKH 6561 10.48 pg/L in test water
' (concentration volume 50 mL)

16.00— ~ MKH 6561

16.00—

14.00— o
3
2
~ 12.00—
S
=
S 10.00—
g

8.00—

. |
0.00 5. oo 10 00 15.00 2o 00 25 00

Retention time in minutes
result : SA_PB7089£121

Appendix 2 : Chromatogram standard MKH 6561 0.052 ug/L in test water
. (concentration volume 50 mL.)

\/;@/
- uors N

' [ ' 1 1 1
0.00 5.00 10.00 15.00 20.00 25.00
Retention time in minutes
result : SALP870894104

5.20—

Amplitude / 10E3
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Appendix 3 : Chromatogram blank sample test water
(concentration volume 50 mL)

6.40—
6.00—

5.60—

Amplitude / 10E3

5.2 g

MKH 6561 \

4.80— -

0.00 5.00 10.00 - 15.00 20.00 25.00
Retention time in minutes
result : SA_P87089§102

Appendix 4 : Chromatogram standard MKH 6561 10482 pg/L in test water
(injection volume 250 pl)

MKH 6561
90.00—

70.00—

50.00—

Amplitude / 10E3

30.00—

10.00— NP - N

0.00 1.00 2.00 3.00 4.00 5.00
Retention time in minutes

result : SA_P87089§223
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Appendix 5 : Chromatogram standard MKH 6561 10.48 pg/L in test water
(injection volume 250 pL)

4.99— LT T N -

495— — - °°

. "MKH 6561
49— R

S - . 488— cat \
LT oo T - - . ." - . ‘ .
T 4.84— ' . .

1 } 1 ' '
000"~ 1.00 2.00 300 400 500
Retention time in minutes
result : SA_P87089§203

Amplitude / 10E3

Appendix 6 : Chromatogram blank sample test water
(injection volume 250 pL)
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Retention time in minutes
result : SA_P87089§202
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Appendix 7 : Linearity of detection for

109114

MKH 6561 from 0.05 pg/L to 10 pg/L

in test water (concentration volume 50 mL)

Concentration
[ngiL]
0.052
0.524
1.048
2.621
4.193

10.482

statistical evaluation

Mean
[area counts]
2247
19454
39476
96670
148333
395436

Constant (a) 37606,946  -1651,4 Point of intersection (b)
Std. deviation 501,2420 2383,75 Std. deviation. for b
Certainty (r?) 0,99929 4370,81 Std. deviation. for y
F-Statistic 5629,13 4 Degrees of Freedom
Quadratic regression  1,08E+11  7,64E+07 Quadr. Resid.
correlation coefficient:  0.99964
i Linearity MKH 6561
400000
350000 —
300000 —
’g 250000 —
§ 200000 -
g 150000 -
100000 -
50000 —

0" .
0,0 2,0 4,0
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109114

Appendix 8 : Linearity of detection for MKH 6561 from 10 pg/L to 10000 pg/L in
test water (injection volume 250 L)

Concentration Mean
[ng/L] [area counts]
10.482 2167
104.82 24201
524.11 114931

1048 228165
2096 458755
5241 1132728
10482 2299445

statistical evaluation

Constant (a) 218.912 -1399.3 Point of intersection (b)

Std. deviation 0.7128 3223.17 Std. deviation. for b

Certainty (r?) - 0.99995 6715.76 Std. deviation. for y
F-Statistic 94312.42 5 Degrees of Freedom

Quadratic regression 4.25E+12  2.26E+08 Quadr. Resid.

correlation coefficient: 0.99997

Linearity MKH 6561
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2000000 —

1500000 —

1000000 —

[area counts)

§00000 —
0 - : :
0 2000 4000 6000 8000 10000 12000
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