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THE SCIENCE OF WHAT'S POSSIBLE."

WATERS AquaAnalysis System

Online analiza voda

LC/MS-MS
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priprema Hromatografija Masena
uzoraka (LC) spektrometrija
(SPE) 5 :  (MS or MS/MS)

mpen-
water, solid waste and




Ne pripremljen uzorak :

- Voda za pice

- Povrsinske vode
- Otpadne vode

- Sedimenti

. 3

Polarnost:

Silica- C,g, Cg, C,, C,
Hybrid- C,4, Cq, C,, C,
Polymer- C,q, Cq, C,, C,
Embedded polar group
Cyano, Phenyl

Velicina cestice:
1.8,2.5,3.5,50r8 um
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Izvor:

ESI

APcl

Nano-ESI
Maseni
analizator:
magnetic sectors
electric sectors

Extracted sample Unutrasnji dijametar time of flight
kolone : quadrupole
For LC/MS/MS 4639 2.1 10, ion trap
Ideally, the final sample should ~ 0.32 mmand 75 um FT-ICR
be as clean as a non-extracted Duzina kolone:

standard. 150, 100, 50, 30, 20 mm
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2777 Sample Manager

L LCT Premier ToF Quattro Premier XE
ZQ single quadrupole
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ACouitv

Ultra Performance LC™/

Symmetry® \

Columns
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matrlksa 0 1 2 3 4 5 6 7 8 9 10

1 1

Drinking water Ground water Waste Water

luL 50uL 100 uL 500 uL 1mL 5SmL 10mL 50mL 100mL 500mL 1L

zapremine 1 1 1
Pre-clinical clinical environment
%
LOQ
1 pg/mL 10 pg/mL 100 pg/mL 1 ng/mL 10 ng/mL 100 ng/mL 1 ug/mL 10 ug/mL 100 ug/mL 1 mg/mL 10 mg/mL
MRM SIR  SCAN/UV
10 1 100 1 000 10 000

Syringe / Barrels 96-well plate On-line column / cartridge Integrated platform
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Unselective retention/elution

® 40

Selective elution v

Selection retention/elution

Extraction Methods in Organic Analysis — A.J. Handley 1998



THE SCIENCE OF WHAT'S POSSIBLE."

Volume T T I T T TmmTmTrm

. il luL 50uL  100uL 500 uL 1mL 5mL 10 mL 50 mL 100 mL 500 mL 1L
Avalilability " ’ oA " ) " " "

Condition/Equilibrate

' 10 X 100 X 1000 X

Elute

!

Evaporate and —— Final extract volume 1mL — inject 30 — 50 pL
Reconstitute

l 1000x l 100x l 10% lMethOd LOQ

Target r— —— e

I—OQ 1 pg/mL 10 pg/mL 100 pg/mL 1ng/mL 10 ng/mL 100 ng/mL 1ug/mL 10 ug/mL 100 ug/mL 1 mg/mL 10 mg/mL
T Instrument LOQ
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ON line analiza je tehnikakoja redukuje Typical ON line SPE Method

kolicinu manualnog rada sve do
analizabilnog uzorka za to LC/MS/MS.

_
|
pranje1,2,3..N

S e |
]

Extraction protocol fully automated



THE SCIENCE OF WHAT'S POSSIBLE."

Volume T T I T T TmmTmTrm

. il luL 50uL  100uL 500 uL 1mL 5mL 10 mL 50 mL 100 mL 500 mL 1L
Avalilability " ’ ol " " " " "

— _/
Condition/Equilibrate Y
{
[ o ] l
v
wash
\ Final extract volume is O (mL, uL, nL ...?)
Elute —>  Analytes are trapped on Extraction Column
Direct elution to HPLC Column
Off Line SPE Extraction LC/MS Analysis
500mL — 1mLfinal —— 30-50puL
(starting volume) (elution volume) (injection volume)
N~ ~ — 30 pL — 1/33 of original volume — 15.1 mL

5001 enrichment 50 pL — 1/20t of original volume — 25.0 mL



OFF-line Vs ON-line .
SRS VOB L L Waters
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1000 mL Container 20 mL vial Autosampler rack
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ParallelN SPE (2-1) configuration
Flush: 50/50 Acetonitrile/Acetone

Rec A: 20/80 Acetone/Ethyl acetate
_ Rec B: 20/80 Acetone/Hexane

l extraction column A
Loading
Pump NG
Line A:
100 % H,O + Additive
Line B:
100% MeOH
Elution Mass
Pump Spectrometer
Line A:
100 % H20 + Additive
Line B:

70/30 ACN/MeOH +Additive
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|

Binary pumps
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Acquisition
Start : L
Elution Re-equilibration
loading 1
. . . 1 Extraction
2min per SmL SPE Column
wash 95% A
5%
"1""|""|"v""I""I""l""l""l""l""I""I""l""I""I""I""l""Time
-6.00 -400 -200 O 1.00 2.00 3.00 400 , .. 5.0 6.00
Short Gradient
4.04 2.1 x50 mm C18
'l""l""l""‘IV""I""I""I'"'IL"J'\I'""l""'l""l""l""Time
1.00 2.00 3.00 4.00 5.00 6.00
e L Extraction
Flush l Recon Flush Re-equilibration Column
v" T T T ‘I' 'l""l""l""lv'"'l""‘lr""l'"'I""I""Time B
1.00 2.00 3.00 4.00 5.00 6.00
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Acquisition
Start . el
Elution Re-equilibration
loading 1
_ i - 1 Extraction
2min per SmL SPE 959 Column
wash 0 A
5%
1T rrrrrr: AL LA B AL R R L AL B A A T 71— Time
-6.00 -400 -200 | 5.00 10.00 15.00 20.00 25.00

Long Gradient

2.1 x 100 mm C18
8.54
8.04
L 10.91
""" s00 ' 1000 1500 2000 2500  Extraction
2nd Column
l Flush| Recon Flushl Re-equilibration Injection loading B
v
T T T T T T T 1 —— Time
5.00 10.00 15.00 20.00 25.00
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MRM of 9 Channels ES+

g o
R
8 Triazine Mix at 1000 ppt
1- Deisopropylatrazine
2 N = N 2- Simazine - *
‘ 3- Simetryne
4- Atrazine
AN 5- Prometon
5 T R N R 6- Ametryn
S T 7- Propazine
. 1.4 8- Cyanazine
9- Terbutryn
~ 6
l 10.89
\ 7
8.76
WIS
Or= T 'Jl""l T T T T T e e T e e e Time
7.00 8.00 9.00 10.00 11.00 12.00 13.00
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100- 9.07 9.05
j 15 mL 10 ppt
] Area: 266
o‘\D_
' 1 mL 10 ppt
Area: 10 e
W00 600 800 | 1000 1200 | 1400 Ot 600 | 800 & 1000 1200 1400
1001 9.03 9.05
: 1 mL 100 ppt 10 mL 100 ppt
i Area: 243 Area: 1577
A

) EEEE A A A LR B B T T | LA I T Time
4.00 6.00 8.00 10.00 12.00 14.00 50 5 00 300 1000 | 1200 1400
zl
1007 9.05 /L\
: 1mL 1000 ppt 0
o- /“\H .-A
= o\—_ Hscﬁnf " hH,f’“x
H H
] \ - Average of 10 injections
O e e B L B B B LI BN LEANALNLEY BN rrrr Time 'CV>10%

4.00 6.00 8.00 10 00 12 00 14 00
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Simazine Cyanazine Propazine « Average of 10 injections
1007 9.07 9.20 10.91_n eCV>10%
J Area: 439 - Area: 2674 pH3
" 5 Area: 582 2% Formic Acid
; 4 mL/min
] J —~— J 5mL at 100 ppt
600 800 1000 1200 800 900 . 1000 . 10.00 12.00
100‘_ n H
| Area: 367 Area: 721 Area: 2773 PRI T
S . ' rea. No Addition
: . 4 mL/min
- — J L 5mL at 100 ppt
"Te00 | B0 | 1000 1200 800 eoo | 1000 | 1000 1200
100‘_ ” m
_ oH 10
5| Area: 355 Area: 591 Area: 3016 296 NH,OH
- 4 mL/min
N L G A 5mLat100ppt
o LI I ALY B B B B BN I AT B — Time
6.00 8.00 10 00 12 00 8.00 9.00 10.00 10.00 12-00
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MRM of 10 Channels ES+
9 13.74 TIC

9.22e3

High pH load

ML LI A B B B B BN B UL BN BUELELELEY BN B B BRI
7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00
5 9 MRM of 10 Channels ES+
11.14 TIC
1007 — 5.83e5
i 3,8 1,4,6
N 9.40
4
] \Aj\ 011 MN 50 mM Ammonium Formate pH 3.2
0 L T L LLELLAL B BN BLAL AL SLELELELEY BLALELELES BLELELELEY B BLELELEL |
7.00 1000 1100 12.00 13.00 14.00 15.00 16.00
MRM of 10 Channels ES+
9.69 TIC
100 / 7.19e5
] 3
o 1,4 /7
- 8.89 j 10.89 0.5 % Formic acid
1 998 /\
O L LN L B B By B B B B By B ey m BB 0[]
7.00 1000 11.00 12.00 13.00 14.00 15.00 16.00
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MRM of 10 Channels ES+

10.52 Area: 2 654 226.2 > 142.1
1007 )
1 Brea_lkthrou_gh ' (88% reduction) e
1 Partial elution ?
" & Partial loading ? _ _
0.5 % Ammonium Hydroxide
7500 "'éo'o""'"7"o'o"""'é.'o'o'"'"'é.'o'o"""'16'.66"""1'166'""'1'266"""1566"""12166"""1500
| MRM of 10 Channels ES+
9.42 . 226.2 > 142.1
100] Y \( \( Area: 17 634 o1es
] N (20% reduction) Area
S HBC\]/HH Prometon
I o omL at 100 ppt 50 mM Ammonium Formate pH 3.2
Yso0 600 | 700 800 | S00 | 1000 | 1100 | 1200 | 1300 " 1400 | 1500
MRM of 10 Channels ES+
8.68 226.2 > 142.1
1007 1.36€5
] Area: 22 155 Area
<
] 0.5 % Formic acid
O e B T 0 N B B B B B B B B L N LA LR TTrr T T IR LR T~ Time
8.00 9.00 10 00 11 00 12 00 13 00 14 00 15.00

5.00 6.00 7.00
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0.5 % Ammonium Hydroxide Scan St
100: .
] 5 (-88%)
] \ O (-98%)
226.19 !
O L I B R A B B A B B B L B BB LN B AL ELES BLELELELE NLEL LS BLELELELE NLELELELE NLELELELE HLSLLE S B L
50 mM Ammonium Formate pH 3.2 5(-20@ 6 (-51%) Scan ES+
100 .
: 226.19 [ (-73%)
1 0 (-49%)
] 3 (55%) 4 (.7300)
o\°-_ 1 (-74%) 2 (75%) N\ ,/ 228 L/ 8¢ 70%)/
l 214.18 24215
174.08 \ 216.11 230.13
0...,./.\f.,...’.\',....,...{\,—/.\\f..,....,....,.’.‘..,....,....,....,....,....,....,....,....,....,....,.
50 ' ' 5 +
lo&-05 Yo Formic acid ; \226.19/ 6 . 0 Scan ES+

1 \4 4 228.13 [ /

] 214.11
S 2 ,/ / 242.15
] \ 216.11 230.13

l""l""l""l""l""l""l""l'/'\?/'\l""l""l""l""l""l""l""l""l ™ m/z

165 170 1v5 180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255
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MRM of 3 Channels ES+
6.93 238.2>111.8

Dicrotophos 10 ppt 7.55e4
S:N 1309:1 2 |

100

%
T
)
]
|
— =
|
]
=
s
o
T

High pH load
i Low pH elution

2.50 5.00 7. 50 10 00 12 50 15 00 17 50 20 00 22 50 25 00 27 50
MRM of 3 Channels ES+

1007 o 12.04 331.1> 126.9
| | CH : 1.10e4
_ SZT_DJ : Malation 10 ppt
I I S:N 273:1
<
S 0. CH
1w o7 S
§ i
S L Bl I B L I B I"'J """ Trr rrrrr’ l—_j\4l """" LR L Trrrrrr T Tro T ? T
2.50 5.00 7.50 10 00 12 50 15 00 17.50 20 00 22 50 25 00 27 50
MRM of 3 Channels ES+
1007 W Myt 14.43 384.9 ; %)%%31
] Ethion 10 ppt
] a, gF “ . .
m ‘;“'3’& A~ ..?‘.'fg“‘w':”:- S:N 80:1
.(_.fh"';'_‘p k=1 5 [}]
] Hyo =
WMW WWWAMM

2.50 5.00 7.50 10 00 12 50 15 00 17 50 20 00 22 50 25 00 27.50
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3: MRM of 1 Channel ES+
13.17 TIC
1007 5.67e3

%
T
[}
*,
—
\'.r-.;'
Q.

2.50 5.00 7.50 10.00 12 50 15 00 17 50 20 00 22 50 25 00 27 50
0 2: MRM of 4 Channels ES+

9.51 Thiodicarb T
1007 / ﬁ )-L _CH, 4.54e4
90 L A

8.74 <«— Carbaryl »
Aldicarb — | Y
|
O e e TR AL B B I iy B L I TV 1o T 1 T 1 T 1 T 1 T T T
2.50 5.00 7.50 10.00 12 50 15 00 17 50 20 00 22 50 25 00 27 50
1: MRM of 2 Channels ES+
100, Propamocaris.ss TIC

] T 2.37e5
] e Plrlmlcarb — Jl J\
" High pH loading

o, h, Low pH elution

2.50 5.00 7.50 10.00 12 50 15 00 17 50 20 00 22 50 25 00 27 50
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Injection # 1

5.68 TIC 9.52 TIC
1007 1007 13.17 TIC
1.08e7 _ 2.95e6 1007 4.59e5
6.80 ] 9.03
& S S
8.76
_ - '
O e Time T 7 Time .
O Time
2.00 4.00 6.00 8.00 10.00 13.00 14.00 15.00
Injection #5350  Propamocarb Propoxur
100+ 5.66 TIC 100- 9.52 TIC 100 13.17 TIC

1.04e7 _ \ 2.65€6 _ 4.8465
/ ' C.V.A:9.3% j Thiobencarb

lcV.A:35% | °f° : C.V.Rt: 0.2 % - \
|CV.Rt: 1.1 % '

o‘\°— S 9.92 1
1 8.74 ] C-\/- A: 3-9 %
CV.Rt: 0.1 %
UL L
O -uL-‘-Time 0 UL T Time Oy e Time

) 1 1
13.00 14.00 15.00
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MRM of 3 Channels ES+

100- 4.35 TIC
3.30e5
15 mL water at 100 ppt
Siduron
H]
O\ D D
H)J\H
4.03 H H
e
Tebuthioron Linuron
CH.
I:HE- | ’ H H -0
H.C 7[\{,3. N M \f
i " o S,
CH.
H,C :II' 'Il'\rf \n/ ) P I -~ #___,CHS
) N — N cl HaC 0
/ o
s maa s e o L L L e R RAEEEEAZSE LIy L,J,,,,,r‘“‘*,,,, Time
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u
1" injection 500t injection
MRM of 3 Channels ES+
4.39 4.39 249.1 > 160.3
1007 ) 1007
I Linuron ] 8.35€3
S <
. 1 F— A L.L..»....MJW
O ML I BRI LELLELE BLELELALE ILALELELE B LA DR ILELEL L BRI B B B O ML I B LA BLALELLE ILALELEE B BLELELELE BLELELELE ILELELILE B LA B B
1.00 2.00 3.00 4.00 5.00 6.00 1.00 2.00 3.00 4.00 5.00 6.00
MRM of 3 Channels ES+
435 . 4.36 233.2>137.4
1007 Siduron 1007 3.91e5
S S
(O T T T T T T L kll T T 0) llllllllkillll
1.00 2.00 3.00 4.00 5.00 6.00 1.00 2.00 3.00 4.00 5.00 6.00
MRM of 3 Channels ES+
100 4.03 100 4.04 229.3>172.5
; Tebuthioron ; 1.93e5
<] Loading Pressure <] Loading Pressure
I 450 psi I 470 psi
0 ""l""l""l""l""l""l""l""L"l""l""l""l""l"" 0 ""l""l""l""I""l""l""l""L"l""I""I""I""l"" Time
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Potpuno automatizovan sistem

Limiti detekcije ng/mL LOQ’s
Minimalizovana priprema

Redukovan manualni rad

Kompatibilnost SPE | hromatografskih kolona

Reproduktivnost I robusnost



