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KAS IR HROMATOGRAFJJA?

Jautriba ar krasainam
konfektém..

...vai rudens lapam, vai...

http://www.monroetwplibrary.org/simplescience
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HROMATOGRAFJJA IR

vielu atdaliSanas process, kura parauga
maisijums sadalas starp divam fazém, no
kuram viena ir kustiga. Otra faze ir
nekustigs sorbenta slanis, kas var atrasties
kolonna vai plakné.

HROMATOGRAFJJA

e No Grieku valodas:

s yo®po chroma «krasa»

* yodysty graphein «rakstit»

Pierakstit krasu
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VESTURE

PETROLETERIS

A

LAPU
EKSTRAKTS
STIKLA, Dve A
CAURULE ‘ e
Dye B
KALCIJA
KARBONATS Dye G

http://www.hitachi-hitec.com/global/science/lc/lc_basic_1.html

b0

http:/labguimica.wordpress.com/category/laboratory/

M.Cveta eksperiments (1900.gada), kura ar CaCO,
kolonnu, tai skalojot cauri lapu ekstraktu petroléteri,
izdevas iegiit vairakas dazadu krasu joslas, kas atbilda VarSavas Universitates

hlorofilam, ksantofilam un karotiniem . botanikas profesors

Mihails Cvets (1870-1919)

PETROLETERIS

A

LAPU
EKSTRAKTS

STIKLA
CAURULE

KALCIJA
KARBONATS

A

VESTURE

Dye &
Dye B

Dye G

Cveta eksperimenta reprezentacija,
izmantojot SH.

http://www.hitachi-hitec.com/global/science/lc/lc_basic_1.html 1. ORANZS

2. DZELTENS
3. DZELTENIGI ZALS
4. ZILGANZALS

JUIL

http://www.shodex.com/english/kouzaa.html
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NOZIMIGUMS

Hromatografiju izmanto visas eksakto zinatgu nozarés-
FIZIKA;
KIMIJA;
BIOLOGIJA

12 Nobela Prémijas tika iegutas laika posma no 1937.-
1972. gadam.

http://sandwalk.blogspot.com/2009/11/nobel-
laureates-archer-martin-and.html

NOZIMIGUMS

How can it happen, one may ask, that something
apparently so common place as a separation
method should be rewarded by a Nobel Prize?

The answer is that from the
very beginnings of chemistry
until our own time, methods
for separating substances have
occupied a key position in this
science.

http://sandwalk.blogspot.com/2009/11/nobel-
laureates-archer-martin-and.html
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SAISINAJUMI
Anglu valoda

HPLC-high performance liquid chromatography;
LC-liquid chromatography;

MS-mass spectrometry;

GC-gass chromatography;

TLC — thin layer chromatography.

LC-MS; LC-MS/MS; GC-MS etc.
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NOSAUKUMT

HROMATOGRAFIJA-analitiska metode- CHROMATOGRAPHY

HROMATOGRAFS- iekarta -CHROMATOGRAPH

HROMATOGRAMMA-iegitais attéls-CHROMATOGRAM
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HROMATOGRAFISKAIS PROCESS

Viegla lapa
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HROMATOGRAFISKAIS PROCESS

| =
Kustiga faze
_ g »
Stipra . Vija

Nekustigﬁ faze M
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HROMATOGRAFISKAIS PROCESS

Savienojumus ir iesp&jams atdalit, jo molekulas

kolonna parvietojas ar daZadiem atrumiem

'@T‘oo'/o |

Kolonna

http://pharmacy2011foru.blogspot.com/

Slaids 16

HROMATOGRAFISKAIS PROCESS

Kustiga faze

g SNy

Stipra ‘ ‘ Vaj

muledarblba i muledarblba

K Nekustiga faze \ j

http://pharmacy2011foru.blogspot.com/
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HROMATOGRAMMA UN TAS
BUTIBA
Eluéjamos savienojumus kustiga faze parvieto uz
detektoru, kas to ipasSibas parveido Gausa likneés,

kuram ir zvanveida forma. Liknes médz saukt par
joslam un joslu kopumu no viena parauga — par

hromatogrammu:
1
/\\ 2

HROMATOGRAMMA UN TAS
BUTIBA
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HROMATOGRAMMAS KVALITATIVAS

IPASIBAS

*Komponenta izdaliSanas laiks t, vienmeér ir nemainigs
lielums vienados hromatogrifiskos apstaklos.

« Izdalisanas laiks ir laika periods, kas paiet starp parauga
ievadiSanu un maksimalas signala intensitates sasniegSanu.

*Hromatografiskos apstaklus veido kolonnas izmeéri,
nekustigas fazes daba, kustigas fazes sastavs un plismas
atrums, parauga lielums un Kkolonnas termostata
temperatura.

HROMATOGRAMMAS KVALITATIVAS

IPASIBAS

Joslai atbilstoso vielu var noteikt, ievadot standartvielu

tados pasSos apstaklos un salidzinot izdaliSanas laikus:

o OH

maL HO
. @»)LOH \ L\ _oH
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200

100 4
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HROMATOGRAMMAS
KVANTITATIVAS IPASIBAS

«Joslas laukums un augstums ir proporcionali ievadita
parauga daudzumam.

Joslas ¢
laukums #&

«Joslas lielums, ko rada komponents zinama
koncentracija, ir izmantojams nezinamas koncentracijas
parauga noteikSanai.

HROMATOGRAMMAS
KVANTITATIVAS IPASIBAS

Kalibracijas grafiku var iegiit no joslu laukumiem vai
augstumiem, tos izmérot Skidumiem ar precizi zinamu
koncentraciju:

7,0E+05 -

6,0E+05 y = 8E+07x
R? =0,9994

Laukums

5,0E+05 -

4,0E+05

3,0E+05 -

2,0E+05 -

1,0E+05 -

0,0E+00 T T T T T T T ]
0,0E+00 1,0E-03 2,0E-03 3,0E-03 4,0E-03 5,0E-03 60E-03 7,0E-03 8,0E-03
C, mg/mL
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HROMATOGRAFJJAS VEIDI

Planslana hromatografija ir analitiska metode, kuru izmanto,
lai analizétu un izdalitu savienojumus, kuri ir vai spéj bit
krasaini (pieméram, pigmenti).

DNS joslas atdalitas, izmantojot PH

http://www.chem.fsu.edu/chemlab/chm1050Imanual/chromatography/index.html
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HROMATOGRAFJJAS VEIDI

Gazu hromatografija ir analitiska metode, kuru izmanto, lai
analizétu un izdalitu tadus savienojumus, kurus viegli
parvérst gazes faze vai tvaikos, bez to struktiiras sadaliS§anas.

e-16:0

c-20:4

J cam-20:4

time:

Nepiesatinatas taukskabes, atdalitas, izmantojot GH.

Bogaard et al., JOURNAL OF CLINICAL MICROBIOLOGY, Mar. 1986, p. 523-530

HROMATOGRAFJJAS VEIDI

Skidrumu hromatografija ir vispopularaka hromatografiska

metode, kuru izmanto, lai analizétu un izdalitu daudz un
dazadus savienojumus.

Augstefektiva
Skidrumu
hromatografija

(AESH)

APGRIEZTAS | | Tieas fazes Jonu Jonu oL
FAZES (adsorbcijas)| | apmainas piru Eksklizijas| Jonu
55% 19% 14% 7% 5%
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KAPEC HROMATOGRAFJJA?

Daudzpusiga — iesp&jams izmantot daudz un dazadu paraugu
analizém,;

Atra — vienas analizes ilgums var biit pat tikai 1min;

7

1. Cytosine
2. 5Fluorocytosine
3. Uracil

4. 5-Fluorouracil
5. Guanine

6. Thymine
7. Adenine

Atkartojama — pareizi izstradatu un validétu metodi iesp&jams
adaptgt ikviena laboratorija;

Jutiga - iespg&jams noteikt savienojumus pg, ng utt.

HROMATOGRAFJJA PRAKSE

« Farmacija — antibiotikas, vitamini, pretsapju un nomierinosie

lidzekli, steroidi;

* Biokimija - aminoskabes, proteini, oglhidrati, tauki;
» Kriminalistika — narkotiskas vielas, indes, alkohols asinis;

+ Klinika - Zultskabes, zalu metaboliti, estrogéni, urina
analizes;
» Partikas produkti — saldinataji, antioksidanti, piedevas,

vitamini, aflatoksini;

 Industrija — policikliskie ogludenrazi, virsmas aktivas vielas,

krasvielas;

* Piesarpojums- pesticidi, herbicidi, fenoli, polihlorétie

bifenili.
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Augsti efektiva skidrumu
hromatogrifiya

AESH

HPLC

Slaids 29

AESH iekirtas

LC - Waters Alliance

LC-MS Waters Alliance
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AESH iekartas

Finningan Control

Agillent

Sistémas vadiba

i
f [}
i
Kolonnas termostats | :
1 3RE
y ] ”“\l ””t . Detektors
DegazésSanas iekarta —~_
ik
Pumpis Wl /.
Gradienta '
iekarta

http://pharmacy2011foru.blogspot.com/
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* Sekmiga atdaliSana ir atkariga no pareizi
izvélétas kustigas fazes (eluenta), tadel
svarigas ir tadas tas ipasibas ka stiprums,
selektivitate.

» Ta ka ir liels skaits Skidinataju un no tiem
iespéjams iegiit vél lielaku skaitu Skidumu,
racionalai izvelei nepiecieSama to
klasifikacija atbilstosi butiskajam 1pasibam.
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Lzokratiskas iekartas

o of
M @; Kolonna Detektor:I

_1 levadiSanas
Siiknis lerice Termostats

o |

y 4; /f As}
y
Kustiga faze (:JT!‘F/

Datu apstrade

http://pharmacy2011foru.blogspot.com/




Slaids 34

Gradienta iekartas

"

suknis
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w Kolonna Detektors

siknis levadiSanas .
lericé  Termostats I

Datu apstrade LLJT\XT

o

n] |
L~

&

I_—k suknis
E—I k

http://pharmacy2011foru.blogspot.com/
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Gradienta nepieciesamiba

Izokratiska atdaliSana

CH,0H /H,0=6/4

h Ilgs analizes laiks
/_ Slikta joslu CH,0H /H,0=8/2

atdali$ana
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Gradienta nepieciesamiba

Sastava mainai ir janosaka kustigas fazes stipruma
pieaugums, lai panaktu to joslu izdaliSanos, kuras
citadi izdalitos parak vélu, vai pat neizdalitos nemaz
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Siiknis

« Suknpa uzdevums ir nemainigas
un atkartojamas Kk.f. pliismas
piegade hromatografiskai
kolonnai

« Ta ka SH kolonnas pilditas ar
maza izméra sorbenta dalipam
(0,5-3-10 pum), tam piemit liela
pretestiba k.f. plusmai

Parauga ievadisana

Svarigs faktors iekartu augstas efektivitates nodrosinasana
ir pareizai parauga ievadiSanai kolonna

Paraugs ir jaievada Sauras joslas veida un ievadiSanas
letekmei uz joslas paplaSinasanos ir jabuit péc iesp€jas
mazakai

Parauga ievadiSanas veids relativi isas (<15 cm) kolonnas
ar mazu (<10 pum) sorbenta dalinu diametru var but ar
kritisku nozimi, jo tada gadijuma joslas ir ipasi Sauras

Nepareiza ievadiSana var izraisit efektivitates kritumu, pat
ja kolonna ir loti kvalitativa
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Automatiskas paraugu ievadisanas 1erices

Kolonnas

Nekustiga faze ir ciets, porains, aktivas virsmas
materials siku dalipu veida, vai plans Skidruma
slanitis, ar ko parklats cietais adsorbents vai
kolonnas ieksejas sieninas.

W.R.Melander, C.Horvath, Reversed-Phase
Chromatography, in HPLC Advances and
Perspectives, V2, Academic Press, 1980.

K.K.Unger, Porous silica,
Elsevier, 1979




Slaids 42
Vielu izdaliSanas kolonnas
20.gs. 50.-tajos.
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Kolonnas
NERUSEJOSA
TERAUDA
CAURULE
_ KOLONNAS
METALA PILDIJUMS -
UZGALIS SORBENTS
Kolonnas
1. RazZotajs
2. Pamatmaterials kolonnu pildijumam
3. Sorbenta ligandu tips ] 5 3
4. Ieksejais diametrs
5. Garums J l J
6. Sorbenta dalinu izmeérs Waters UPLC™BEH C18
7. Sorbenta poru izmérs IX mm, I , TOA
4 5 6 7

www.waters.com
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Sorbenta dalmu izmeérs

him
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Sorbenta dalmu 1zmeérs
[K.K.Unger, Porous silica, Elsevier, 1979]
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Sorbenta poru 1zmers

Ari poras notiek \
hromatografiskais % ’

lidzsvars

Paraugam jaspéj ieklat poras, lai notiktu pilnigs
hromatografiskais lidzsvars uz sorbenta virsmas

www.waters.com

Kolonnas garums

www.waters.com
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Kolonnas garums

50mm 100mm

JINA

M-

Resolution: 0.8 Resolution: 1.5
Number of theoretical plates: 10,000 Number of theoretical plates: 36,000

www.waters.com

Absorbance

Kolonnas garums

SB-C18

4.6 x 15 mm
«—— all 7 components resolved in less than | min

T T T T T T T T T

Columns: Zorbax SB-C18, 3.5 pm
Mobile Ph.: 1 mM Na octane sulfonate

4.6 x 30 mm pH 2.5 : ACN (80:20)
UV:275 nm; Flow: 2.0 mL / min_; 70°C

1. Acetaminophen

1 - = 2. Caffeine
L l i h “ 4.6 x 50 mm 3. 2-Acetamidophenol
T T T T T T — 4. Acetanilide

5. Aspirin (acetosalicyclic acid)
6. Salicylic acid
7. Phenacetin {acetophenetidin)

“1 \ y  46x75mm

4.6 x 150 mm

min
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Kolonnas 1eksejais diametrs

4 6mm id

www.waters.com

Kolonnas iekséjais diametrs

0.1 mm ID

LI Lk

LT

O

minules

www.waters.com
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Silikagela uzbiive

l_*rcu Siloxane Geminal Associated Acidic silanol
silanol silanols silanols near Me*
OH
| - HY oH OIH """" ?H OH
/S'\O £ si P 5 " : i Me+—gj Si
| o 7§w/ﬁ\b/7\vjr\°/ I o) o
o, o o) /
N 3 \/ i/O O\\Sl/ \'4 /S(\ o
)I Tane O =S e] == ™ 2
L o\/ \O/S{/ 0—71 —0 o °>S._,
i 1
K NG O-. Lo 0 ~ \\O ’

Tas ir sorbents ar izcilam ipasibam

Uz ta pamata var iegit neskaitamas kimiski saistitas nekustigas
fazes.

Tas sastav no S7atomiem, kas trisdimensionala struktira saistiti
ar skabekla atomiem.

Kimiskais silikagels

A e’
O'G
O-CH, -CH, -C=N

O\CH
Cle. 2 Cxy
2Csp,
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Kimiskais silikagels
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Kimiskais silikagels

C18 Octadecyl Si(CH,;),- (CH,),, - CH,;

C8 Octyl Si(CH,;),- (CH,), - CH,;

CN Cyano Si(CH,),- CH,- CH,- CH,- CN
¢ Phenyl Si(CH,;),- C.H,

Polar-embedded (Amide)
Si(CH;),- (CH,);NHCO(CH,),,CH;,

Si Silica Si - OH
NH, Amino Si(CH,),- CH,- CH,- CH,- NH,
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ODS, C18 var oktadecilsilikagéls

Kimiskais silikagels

4 5 4
5
ACEC8 I
2 4 | ~ ACECN ‘ |
1 |
‘| " ’ - | !
| | | ‘ || |HI
| I T
Ul I | I
J__JUl JAJ S U JUJre
T —T—T — — — 1 r T : T : . . Y
0 1 2 3 4 5 [ 7 8 L 1] 0 1 2 3 4 5 [ 7 8 9
Time (min) Time (min}
45
|
Column: ACE 4.6 x 250 mm, 5um ! 2 |
Mobile Phase: 20% 0.025M KH2PO4,pH6.0 ACE Pheny| ' | |
80% MeOH 3 | |
Flow Rate:  1.0mL/min | | | ‘
Temperature: 22°C || || |
Sample: 1.Norephedrine  4Imipramine | |L | | i l\
2Nortriptyline 5 Amitriptyline e ————— f L__-I : :
3 Toluene 01 2 3 4 5 6 7 8B 9 10

Time (min)
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Detektors

* Detektora uzdevums ir noteikt, kad vielas

josla ir izdalijusies no kolonnas.

Detektors nepartraukti méra kustigas fazes
sastavu, parvérSot ta maigu elektriskaja
signala, kur§ nonakot datora  vai
pasrakstitaja, parada novirzi no nulles
linijas.

Detektors

UV-VIS Ultraviolet / Visible detector

PDA Photodiode Array detector

RF Fluorescence detector

CDD Conductivity detector

RID Refractive Index detector

ECD Electrochemical detector

ELSD Evaporative light scattering detector

MS Mass spectrometer detector




Slaids 61

Slaids 62

UV Detektors

UV Detektors

UV__ detektors lauj identificét tikai tos
savienojumus, kuri kaut nedaudz absorbe UV
starus izvelétaja vilpu garuma. Tapec Sads
detektors ir selektivs
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UV Detektors

Garaki vilni ir
/—- selektivaki.

200 250 300 350 J L ) —_/ \

Vilnu garums [nm]
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PDA Detektors

Var izveléties vilpa garumu atkariba no nosakamo
savienojumu dabas. Traucéjosas joslas iespéjams
izslegt. Pareizi izveloties detektéSanas apstaklus,
biezi vien iespéjams veikt kvantitativo analizi
joslam, kuras ir slikti atdalitas no citam.
DetektéSanas vilpa garumu var mainit analizes
laika.
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PDA Detektors

UV spektrs

/r Hromatogramma

s }
2 (M A
o \J
< i /\ ‘} Jk 5
&
&
>
&

IzdaliSanas laiks

Detektors

Fluoriscences detektoru jutiba ir 1000 reizu augstiaka neka

UV detektoriem. Savienojumus, kuri pasi fluoresce, vai
kurus var parvérst fluorescéjosos atvasinajumos, iespéjams
noteikt ar Siem loti jutigajiem un specifiskajiem
detektoriem.
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Masspektrometria

* Definicija:

ta méra masas un ladina attiecibu analiz€jama
savienojuma;

Masspektrometrija lauj ne tikai veikt kvantitativo
un kvalitativo pétamo objektu analizi, bet ari
noskaidrot to wuzbiivi, nosakot masas fragmentu
joniem, kas veidojas jonizacijas gaita un jonu
atdalasanas procesa.

Masspektrometrija
Darbibas princips:

Visos gadijumos noteikta energijas forma tiek parnesta
uz analiz€jamas vielas molekulam, tas jonizgjot

M+e >M™ +2e
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Masspektrometrija

* Darbibas princips:

Klasiskajas elektronu jonizacijas metodés dazi no
vielas molekularajiem joniem ‘“uzspragst”, sadaloties
daudzos fragmentjonos, kuri kopa ar atlikuSajiem
molekularajiem joniem izveido masas spektru. Katra
savienojuma masas spektrs ir unikals un to var
izmantot  par vielas  kimiskajiem  “pirkstu
nospiedumiem”.

Masspektrometrija
LC-MS atainojums:
a Indolo-3-acetic acid (1AA) ) b Abscisic acid (ABA)
1296 174.0 1526
= - 2628
5
o ol
40 80 120 160 50 150 250
miz
c Salicyclic acid (SA) %28 d Jasmonic acid (JA) aoa
1366
3 7 59
z z
b= £
64.8 4
| 750 “ | 108.6 1646
40 60 80 100 120 140 50 100 150 200
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Masspektrometrija

* Darbibas princips:

Paraugus iekarta var ievadit tie$a veida, ja tie ir tiras
cietvielas vai gaistos$i skidrumi. Ja nosakamas vielas ir
maisijuma, tas atdala ar gazu (GC) vai Skidrumu
(HPLC) hromatografiju, kapilaro elektroforézi vai
kadu citu metodi.

ok~ wbdE

Masspektrometrija

Jonizacijas metodes:

Jonizacija ar elektronu triecienu (E1J).

Kimiska jonizacija.

Selektiva jonizacija.

Jonizacija ar ladinu apmainu.

Kimiska jonizacija atmosféras spiediena (ACPI).
Matricas veicinata lazera desorbcija/jonizacija (MALDI).




Slaids 73

Slaids 74

Masspektrometrija

« Jonizacija ar elektronu triecienu:

Elektroizsmidzinasanas jonizacija ir ,jmaiga” jonizacijas
tehnika, kas nodroSina jonu parnesi no Skidras uz gazes fazi.

So jonizacijas metodi plasi izmanto lielu, negaistosu molekulu
jonizacijai.

Miisdienas ENJ ir viena no vadoSajam jonizacijas metodém, kuru
izmanto Skidrumu hromatografijas — masspektrometrijas
analiz€s.

Var izmantot negaistosu molekulu analizei, kuras nav iesp&jams
analizet ar gazu hromatografiju

Masspektrometrija
o — oo Analizéjamais
Jonizacija ar elektronu T skidums
.. . Izsmidzinataja
triecienu: gaze

Energiju, kas nepiecie$ama jonizacijai
un fragmentacijai, analiz€jamas vielas
sanem ar elektronu triecienu, kuru
energija ir 70 eV un kurus emité
sakarséts kveldiegs.
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Masspektrometrija

* Jonizacija ar elektronu triecienu:

Masspektrometrija

« Jonizacija ar elektronu triecienu:

Mainot kapilaram pievaditas stravas polaritati, iesp&jams iegit
pozitivus vai negativus jonus.
Pozitivi joni veidojas, ja molekulai piesaistas pozitivi ladetas
dalinas (H*, Na*, NH;"):

RPN NN

O T e L = N e,
s U o
Lidocaine  CHs CH3

Negativi joni veidojas, ja no molekulas atskelas protons:

©CHy ' CH,
Ibuprofen
CH, = CH, 0+ H+
OH 0=
HsyC HyC
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Masspektrometrija

 Jonizacijas ar elektronu triecienu nosacijumi:
Skidumiem jabiit gaistosiem (MeOH, ACN, H,0);

Kustigas fazes piedevam jabit gaistosam (amonija formiats,
tetrahloretikskabe utt.);

Molekula jabiit hetero atomam.

HyC_  _CHs
HO, CHs N~
< ~ cl
(T T w T
A
cl
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Masspektrometrija

Sadursmiju
gaze
Pirmais 4, Otrais Detektors
Jonu avots i kvadropols 1 kvadropols e %
L | [ | [ 1 = H
— - N —~
Ia= ALl 1Y ¥ s
.n']'l" Sadursmju Frag_mentjunu S nmmsn s st
izvele ilna izvele t
Parauga ;..o Parauga joni  Fragmentjonino  Fragmentjonu detektdsana
. . isi joni 4 jzyalatam iZvEl&tajiem joniem un pierakstisana
ievadisana masam

Tandémmasspektrometrs (MS/MS) sp€j veikt
vairakkartigu masspektrometriju
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Masspektrometrija

Sadursmju
gaze

Pirmais Otrais Detektors

Jonu a\mtsl I I Iwadrupuls | kvadropols — prwwverwsmey
| 135 :
=

+ - V i

11 = "
Jonu Sadursmju Fragmentjonu & !

izvéle &ina izveéle T

L Parauga joni Fragmentjoni no  Fragmentjonu detektésana
Visi joni ar izveleétam izveéletajiem joniem un pierakstisana
masam

Parauga
ievadisana

Pirmais masas analizators izolé savienojumu no

citam molekulam, kas ienak masspektrometra.

Otrais masu analizators stabilizé jonus, kamer
tie, saduroties ar inertu gazi, veido fragmentus.

Masspektrometrija

Sadursmju
gaze

Pirmais Otrais Detektors

Jonu a\mtsl 1| Iwadmpnls | 1 kvadropols = yrevrrverry
] 3 P
-

- —~ T

I | | 1 I' 1 I I : E E

vale j F tj Gunsnninanans :

iZVE Sadursmiju ragmentjonu
I izvele sana ! izvéle T
Parau Parauga joni Fragmentjoni no  Fragmentjonu detektésana
98 yisi joni P izvalataiiem ioni ket
ievadiSana ] ar izvéleétam 1Zvelelajiem joniem un pierakstizana

masam

TreSais masu analizators «sakarto»
savienojuma raditos fragmentus.
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Masspektrometrija

x102 [+ESI TIC MRM (™ -> ™)
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0+ — A
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Counts vs. Acquisition Time (min)

Kopéjas jonu stravas hromatogramma
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Masspektrometrija

x102 [+ESI TIC MRM (™ -> ™)
144

124

0.84
064

024
0+ — A

i 2 3 4 5 6 7 & 8§ 10 11 12 13 14 15 16 17 18 19 20 21 2 23 24
Counts vs. Acquisition Time (min)

Kopéjas jonu stravas hromatogramma

x102 |+ESI MRM Frag=80.0V CID&11.0 (176.0000 -> 120.0000)
2

~9.564
18 1AA

16
14
12

08
06

Counts vs. Acquisition Time (min)

MRM hromatogramma

1 2 3 &4 5 & 7 8 % 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
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Masspektrometrija

Kvantitativa analize

m/z=100

A
TIC A0, / M \ B
\ miz=150
© D

N

Masspektrometrija

Kvalitativa analize

J\/rk J - .

\

m/z
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Masspektrometrija

2
Y o

§| miz 104
:UE miz 132
l!

3

e miz 227

i 5&

A miz 241
0 25 5 75 10 125 15 175
Time (min)

T. Soga & D. Heiger. Anal. Chem. 72, 1236-1241(2000)

LC-MS
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LC-MS-Tof

7 1 n
APGRIEZTAS FAZES SH

» Hromatrografijas pamatprincips balstas uz
hidrofobitates mijiedarbibam:

nepolara stacionara faze polara kustiga faze

relativi nepolars analizéjamais paraugs

 lzdalisanas laiki ir jo lielaki, jo analizéjama viela
ir nepolaraka.
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APGRIEZTAS FAZES SH

@. Ja nepolars

@ savienojums
pievienojas...

Udenraza saisu tikls ... Tikls tiek sarauts un...

(H0—CH, O
@rﬁﬂa@

...nepolarais savienojums
tiecas mijiedarboties ar
Nepolarais nepolaro sorbentu

savienojums

[ Nepolarais sorbents ]
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APGRIEZTAS FAZES SH

APGRIEZTAS FAZES SH

Paraugs-melna

tint
Kustiga faze q ‘
A

Analizéjama

10. minute parauga joslas

Kustiga faze sl &
A
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APGRIEZTAS FAZES SH

AESH Kkolonna

Detektors

™ - r T

Bazes linija

] atm

www.waters.com
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KAPECAFSH IR VISPOULARAKA ?

* Daudz paraugu ir ideni Skistosi
* Daudz un dazadu sorbentu pieejamiba
* Vienkarsas kustigas fazes

* IzdaliSanas selektivitati var panakt mainot k.f.
stiprumu
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SH metoZu pielietojums
augu hormonu, metabolitu un citu
savienojumu analize
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Metodes izvele
Viegli noteikt savienojumu:

Zinams, ka parauga ta
ir informacija literatiira; koncentracija 1r_n1e01ga
ir standartviela. daudzuma.

ir zinama struktiira, molu masa;

Zinams, ka parauga ta
koncentracija ir pietickama
daudzuma.
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Metodes izvele

1. Definét nosakamo (-0S) savienojumu (-us):

Polars Nepolars

M>2000 M<2000 M>2000

Slaids 101

Metodes izvele

1. Definét nosakamo (-0S) savienojumu (-us):
Polars Nepolars
M>2000 M<2000
AFSH

pH 2-12

poliaromatiskie ogliidenrazi

Steroidi, taukos SkistoSie vitamini,
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Metodes izvele

1. Definét nosakamo (-0S) savienojumu (-us):

Polars
M>2000 pH 2-12
- oo Proteini, biopoliméri,
EkskluZlJ as oligonukleotidi
Jonapmail,las Proteini, bi‘;m‘(lg:liéﬁ’ peptidi,
AF SH Proteini, peptidi, cukuri

M<2000

Metodes izvele

1. Definét nosakamo (-0S) savienojumu (-us):

Polars

M<2000

Ekskluzijas
Jonapmainas
Hirala SH

AF SH
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Metodes izvele

1. Definét nosakamo (-0S) savienojumu (-us):
Polars

M<2000

Jonisks Nejonisks

IzdaliSanos IzdaliSanos
ietekmé k.f pH neietekmé K.f
izmainas pH izmainas
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Metodes izvele

1. Definét nosakamo savienojumu (-us):
SALICILSKABE - Salicylic acid

Molekulara formula - C;H,O,
Molu masa - 138.12 g mol™! (M<2000)

Slgidiba — udens, acetonitrils, metanols
Savienojuma polaritate — videji polara (Polars)

pH ietekme - ?
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Metodes izvele

2. Definét noteiksanas metodi un apstaklus
AF SH

Ja ir pieejams standarts

Sorbents: Kustiga faze: Detektesana:
C18 A:H,O uv
B: ACN, MeOH

gradients no 5%B-100%B

Metodes izvele

2. Definét noteik§anas metodi un apstak]us
AF SH

Ja nav pieejams standarts

Sorbents: Kustiga faze: Detektesana:
C18 A:H,O MS
B: ACN, MeOH

gradients no 5%B-100%B
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Metodes izvele

2. Definét noteiksanas metodi un apstaklus

Ja rezultats neapmierina

AF SH
Sorbents: Kustiga faze: Detektésana:
C8 A:H,O +pHbuferis FLD, MS utt
CN B: ACN, MeOH

gradients /izokratika

Metodes izvele

2. Definét noteikSanas metodi un apstaklus

K.f: Metanols / Udens

e

/\ 70/30

80/20
_
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Metodes izvele
2. Definét noteikSanas metodi un apstaklus

*Skabes zaudé protonu un klast jonizétas, kad pH palielinas;

*Bazes — iegiist protonu un klist jonizétas, kad pH samazinas
Acids Bases

BHt —— B+H+

pH pH
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Metodes izvele
2. Definét noteiksanas metodi un apstaklus

COOH
Skabs T
izdaliSanas
laiks palielinas

@ COO@
B e
Bazisks
izdalisanas
laiks

samazinas

H®
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Metodes izvele

2. Definét noteikS§anas metodi un apstaklus

1 4  PH2.S5 pH 5.0

al
6 \ "” 6
kﬂ—i _!JL_\U‘I"L_J"‘-_

1] H H 2 1 20 2 ('58 H u 1':2
pH 8.0 e pH 10.6
=i
21 I 11 0 s

e I
S 7 20 " 50

Metodes izvele

2. Definét noteiksanas metodi un apstaklus

2

3

6+7
1. Bentazon ZORBAX SB-CN
2. Tebuthiuron
3. Simazine

4. Atrazine

5. Prometron

6.

7

8.

9. Prometryne
AA . 10. Metolachlor
5

ZORBAX SB-PHENYL

ZORBAX SB-C8

3 4 9
k K 7 10
5 10 15 20 25 30 35

Retention Time, min.
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(a)

C/G
rU/dC

210 nm)
-

[=]

Absorbance ()

Metodes izvele

rC/IG
rU/dC
T/A

(b)

daT

TA  gA

1% 2 » 28 2 3%
Retention time /min

40°C

1 8 2 1%
Retention time /min

65°C

Metodes izvele
2. Definét noteikSanas metodi un apstaklus

Ja paraugs neabsorbé UV, tad izvélas alternativu detektoru

o Gradienta
Selektivitate Jutiba . N
izmanto$ana
" Gaismu absorbé&jusiem .
Absorbcijas A ng iespéjama
savienojumiem
. Fluoriscegjosie - .
Fluoriscences .. pg iesp&jama
savienojumi
Refrakcijas N N
. av neiespé&jama
indeksa He P
Gaismas izkliedes | NegaistoSie savienojumi ng iespéjama
.. oniskas dabas o .
Konduktivitates J ... ng dalé&ji iespéjama
savienojumi
C . Oksidgjosie / reducéjosie ... .
Elektrokimiskais ) . / .. ] pg dalgji iespéjama
savienojumi
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Metodes izvele
2. Definét noteiksanas metodi un apstaklus

*....vai veic parauga derivatizaciju:

® ADAM Reagents (Reagé ar taukskabém=fluoriscé)

| |
CHN;, CH,OCOR
9-anthryldiazomethane
(ADAM)

Metodes izvele
3. Definét noteikSanas metodi un apstaklus

Parauga sagatavosana

e Filtrésana

¢ CentrifugéSana

* Ekstrakcija

» || »

v v

Paraugs + $kidums — Supernatants

Filtrs Slirce
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Metodes izvele
3. Definét noteikSanas metodi un apstaklus

Parauga sagatavosana - Cietfazes ekstrakcija

@) o) ©) *
Lidzsvaro$ana Paraugs Skalo§ana IzdaliSana / @ Vajs \

N\ / N\ / \ / \ / Stiprs
Skidinatajs
(W] (M|

09| ) |
)
AA

= U & ¥

@ Velamais
savienojums

Nevélamie
savienojumi

—

>

Metodes izvele
3. Definét noteikSanas metodi un apstaklus

Parauga sagatavosana - Cietfazes ekstrakcija

Bez CFE

Hidroksi-metil
2 o] \ furfurols

T T T T T T T T T 1
0.og 200 4.00 £.00 800 10,00 12.00 14.00 16.00 1800 2000

Minutes

Hidroksi-metil

furfurols
-

T T T T T T T T T
000 200 400 B.00 &00 10.00 1200 14.00 1600 15800 2000
Minutes
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Metodes izvele
3. Definét noteikSanas metodi un apstaklus

Parauga sagatavosana

I

* Cietfazes ekstrakcija ) i i
* Preparativa hromatografija

¢ DerivatizéSana

Metodes izvele
4. Definét noteikSanas metodi un apstaklus

Kvantitativa noteiksana

Liela analizéjama Maza analizéjama
savienojuma koncentracija savienojuma koncentracija
Argja Iekséeja Standarta Iekseja

standarta standarta piedevas standarta

metode metode metode metode
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Metodes izvele
4. Definét noteikSanas metodi un apstaklus

Kvantitativa noteiksana - Aréja standarta metode

Koncentracija Laukums
As KalibréSanas grafiks
Q| |= A
=
Az S A
3
C2 » A é
. [
B py [
As S =
o | = | N
A i i
C, » A Cy C, Cs Cy
L Koncentracija

Metodes izvele
4. Definét noteikSanas metodi un apstaklus

Kvantitativa noteiksana - lekséja standarta metode

Nosakamais

savienojurr;skv__ . P
eksejals
standarts -> Ac As | § | Kalibré$anas grafiks |
Gt GCs & AslAs
- ®
@
£
» Ay A 2 AslAs
C, Cis &
€
L | 3
g A2 /AlS b cacacnanensesnasssncacacnansnsans ’
2
» Az A § -
C; C -
IS Ig A1/A|S_ ............. E
L | E
A, = i i

Ci/Cis CaICis C3lCis CylCis

Koncentracija savienojumam/ IS
koncentracija

C, Cs| [

=
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Metodes izvele
4. Definét noteikSanas metodi un apstaklus

Kvantitativa noteiksana - lekséja standarta metode

I
A 7]
100% <
atgistamiba =
\ )
Vienada | ¥
laukumu A
IS attieciba
90% x “““““ ‘..,n E
atgastamiba | |[ (| A /| |-
W

Metodes izvéele
4. Definét noteikSanas metodi un apstﬁklus

Kvantitativa noteiksana - Iekséja standarta metode

mAl HO o |‘| OH
700 3 CA OH OH
600 3 =

500 4
400 acid Salicylic acid
300 3

200 <
o0 ] L

T
]

o -

min

o
[*
Y
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Metodes izvele

4. Definét noteikSanas metodi un apstaklus

Kvantitativa noteiksana - Standarta piedevas metode

Paraugam pievieno zinamu daudzumu nosakama

Savienoiuma. IAA production determined by HPLC

Absorbance

time {min)

http://2011.igem.org/Team:Imperial_College_London/Project Auxin_Testing
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Metodes izvele

5. Parbaudit-validét izstradato metodi

— Specifiskums

Linearitate

il

Atgistamiba

Kvantitésanas robeia l

=>| Detektesanas robeza |

|

Precizitite

|
I

Diapazons

Drosiba

]

Stabilitate
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Metodes izvele

5. Parbaudit-validét izstradato metodi

Laukums

7,0E+05 -

6,0E+05

5,0E+05

4,0E+05 -

3,0E+05

2,0E+05

1,0E+05 A

0,0E+00

y =8E+07x

R?=0,9994

50%-150%
R2 >0,999
RSN, %< +2%

T T T T T T T d
0,0E+00 1,0E-03 2,0E-03 3,0E-03 4,0E-03 5,0E-03 6,0E-03 7,0E-03 8,0E-03

C, mg/mL

Metodes izvele

5. Parbaudit-validét izstradato metodi

AU

0.0009 ;
0.0008] 0.000¢
00007 LOD 00007, LOQ
0.0006 S/N ~ 3 0.0006 S/N~10
0.0005] 1
0.00057
0.0004] ]
0.0003 .::'( ﬂ'mg
0.0002] 0.0003] ”
u_l:cmh-”“g’,“1 ‘I u.nonzéﬂa"\.nl |
| 3
7= I SO U =
5 b ] Vi it
0.0001 W e 0.0000] VT ey
0.0002] 1
T T T T ﬂl{m‘: T T T T
100 200 300 400 1.00 200 300 400

Minutes Minutes
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Metodes izvele
5. Parbaudit-validét izstradato metodi

Reﬁvli vértiba
—_—

\ Meérijums

\

Videja| 95% Ticamibas intervals

Metabolitu analize

Metabolomics

" Response curves
PLS

Tree model

http://www.plantmetabolomics.co.nz/WhatisMetabolomics.aspx

':,". ’ Im

Feature selection

Neural Network

Machine Learning (KNN)

http://fiehnlab.ucdavis.edu/staff/kind/Statistics/
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Metabolitu analize

Metabolomics

U

LC/MS

Polari, vidéji polari,
maz gaistosi metaboliti

Aminoskabes, cukuri,
sekundarie metaboliti
u.c.

@

GC/MS

Mazpolari, polari,
viegli gaistosi metaboliti

Taukskabes, organiskas
skabes, esteri, aminoskabju
derivati u.c

Metabolitu analize

DATU APSTRADE

o O
EKSPERL\[E\'TA
IZ\'E[DE

\IATERIALL @ ‘
SAGADASANA

http://www2.shimadzu.com/applicatio
ns/GCMS,LCMS/LAANCXXEOQ11.pdf

[ NEZINAMO SAVIENOJUMU IDENTIFIKACIJA ] -

|

[ SECINAJUMI UN HIPOTEZES

20,
[ JAUNI EKSPERIMENTI ]
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Metabolitu analize

Paraugs
(zalas téjas lapas)
) I}IZ
o) Skidinatajs
e=———) IS pievieno$ana
=) Ekstrakcija

CentrifugéSana

Supernatants

) letvaicé
) Zave IN,)
re————==) Iesaldé sausu

Atlikums
GC/MS LC/MS

Gaisto$s Skidinatajs = Slddinatai
R 4 )
Derivatizéjoss agents ~{=———==m p Syanatas
Karsé . =) Attira, filtré
arsé —

Analize
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Metabolitu analize

LC/MS Analytical Conditions

Instrument Prominence UFLC series, LCMS-IT-TOF

[LC Conditions]
Column Shim-pack XR-ODS (50 mm L. x 2.0 mm 1.D., 2.2 pm)
Mobile phase A 0.1 % formic acid agueous solution
Mobile phase B Methanol
Gradient program B concentration 2 % (0 min) - B 60 % (10 min) - B 98 % (10.01 - 14 min) - B 2 % (14.01 min) - (STOP) (19 min)
Flow rate 4 mL/min
Column temperature 40 °C

[MS Conditions]
lonization mode ESI (+ / - switching)

Measurement range m/z 100 - 1000
CDL temperature 200 °C

BH temperature 200 °C
GC/MS Analytical Conditions
Instrument GCMS-QP2010 Plus, AOC-20i + s (auto injector)
[GC Conditions]
Column Rbx®-5MS (30 m L. x 0.25 mm I.D. df = 0.25 mm, Restek Corp.)

Injection temperature 250 °C
Column temperature 80 °C (2 min) - (15 *C/min) - 320 °C (20 min)

Injection mode Split
Carrier gas He (Constant Linear Velocity)
Linear velocity 36.8 cm/sec
Split ratio 25:1
Injection volume 1L
[MS Conditions]

lon source temperature 200 °C
Interface temperature 250 °C
Measurement range  m/z 50 - 1000
Event time 0.2 sec

Scan speed 5000 p/sec
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Metabolitu analize

LC/MS

Intensity (x100,000,000)
5

5.0+

AV N AN S A N

— i =
25' JL JU i ﬂk
5 , |
] I i ﬂj—ﬂ
f H PN
. J A | .
N
0.0 NN
L I R B BB I

0.0 1.0 2.0

3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 min

+TIC
=TIC

+:181.0707 (20.00)
+:195 0882 (2.00)
+:307.0800 (2.00)
+:459 0827 (2.00)
+:291.0848 (2.00)
+:4 00)
3050686 (2.00)
~457.0791 (2.00)

~441.0829 (2.00)

Metabolitu analize

Kofeins

LC/MS M=194.19 (M+H)*=195

. Intensity (x100,000,000)

CHsz

|
o
—— NN
WX
“CHs
o}

/
HsC

5.0 9 10

+TIE
=TIC
+181.0707 (20.00)

+:195 D882 (2.00)

+:307 0800 (2.00)

+:450 0827 (2.00)

251 . i)

+:291.0848 (2.00)

+:443 00}
-305.0686 (2.00)

<457.0791 (2.00)

LN

~441.0829 (2.00)

TTT

0.0
LA L L L L L L L BB O
0.0 1.0 2.0 3.0 6.0 7.0 8.0 9.0

10.0 min
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LC/MS

Intensity (x100,000,000)
5

Metabolitu analize

Kofeins

M=194.19 (M+H)*=195

5.0+

G
N o
 —
ST
N
7 | ? o

9 10

) PV RN AN SNV Y

+TIC
=TIC
+:181.0707 (20.00)

,:+;195.nsaz 200>
+:307 DBOO (2.00)

2.5+

I
¥
I\“_j

FAN |

+:459.0927 (2.00)

+:291.0848 (2.00)

NS

=457.0791 (2.00)

001—

fy

N

~441.0829 (2.00)

0.0 1.0

3.0

4.0

Illlrl\llrllll|11II|1III]1III]]III‘III]IIIII’I]II
5.0

6.0 7.0 8.0 9.0

10.0 min
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Metabolitu analize

GC/MS

(x10,000,000)
1.254TIC

1.00

0.754

0.50

0.254

0.00

Slaids 140 _tomen

100.

Metabolitu analize -
GC/MS bl

1D Co Name RT 1D Compound Name
1 L-Alaning-2TMS 4.82 37 Lyxose methyloxime-TMS 1
2 Oxalic acid-2TMS 5.15 38 Asaparagine-3TMS
3 Malonic acid-2TMS 593 39 Lyxose methyloxime-TMS 2
4 Urea-2TMS 6.27 Ribitol-5TMS (IS}
5 Serine-2TMS 6.48 40 L-Glutamine-4TMS
6 Methyl 5-oxo-2-pyrrolidinecarboxylate 6.56 41 Xylonic acid-3TMS
7 Ethanclamine-3TMS 6.58 42 Theaning
8 L-Leucine-ZTMS 6.63 43 L-Glutamine=3TMS
9 Phosphoric acid-3TMS B6.67 44  Shikimic acid-4TMS
10 L-Isoluecine-2TMS 6.85 45 Citric acid-4TMS
11 L-Threonine-2TMS 6.86 48 Caffeine
12 L-Proline-2TMS 6.89 47 Quinic Acid- TMS
13 Glycine-3TMS 6.98 48 Fructose-Methyloxime-5TMS 1
14 Succinic acid-2TMS 7.1 49  Fructose-Methyloxime-5TMS 2
15 Glyceric acid-3TMS T7.22 50 Glucose-Methyloxime-5TMS
16 Fumaric acid-2TMS 73 51 L-Lysine-4TMS
17 L-Sering-3TMS 7.50 52 Mannose-Methyloxime-5TMS
18 3.4-Bis|(trimethylsilyl joxy]dihydro-2(3H)-furancne-2TMS T.65 53 L-Tyrosine-3TMS
19 L-threonine-3TMS T.75 54 Benzoic acid-4TMS
20 L-Aspartic acid-2TMS 8.05 55 Gluconic acid-5TMS 1
21 4-Ketoglucose methyloxime-3TMS 8.50 56 Palmitic acid-TMS
22 2-Methylmaric acid-3TMS 8.52 57 Gluconic acid-5TMS 2
23 Arabino-Hexos-2-ulose-4TMS 8.61 58 Inositol-6TMS
24 Malic acid-3TMS 8.64 59 Galactose-Methyloxime-5TMS
25 L-Aspartic acid-3TMS 8.91 60 Phosphoric acid propylester-4TMS
26 Pyroglutamic acid-2TMS 885 61 Stearic acid-TMS
27 4-aminobutyric acid-3TMS 8.98 62 L-Tryptophan-3TMS
28 L-Morvaline-3TMS 9.13 63 Xylopyranose-4TMS
28 L-Threonic acid-4TMS 9.28 64 Glucose-6-phosphate-Methyloxime-5TMS 1
30 Isopropylmalic acid-3TMS 9.40 65 Glucose-6-phosphate-Methyloxime-5TMS 2
31 Glycerolk-3TMS 9.54 66 Glucoheptulose-Methyloxime-TMS
32 Ornithine-3TMS 9.65 67 Di-n-octyl phthalate
33 L-Glutamic acid-3TMS 9.70 68 Maltose-8TMS
34 Phenylalanine-2TMS 9.79 69 Sucrose-8TMS
35 Asparagine-4TMS 9.81 70 Arabinopyranose-4TMS
36 2 3.4 5-Tetrahydroxypentanoic acid-1,4-lactone-3TMS 10.01 71 Raffinose-8TMS
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Metabolitu analize
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Metabolitu analize

Nezinamie savienojumi
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HROMATOGRAFIJA PRAKSE
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Aminoskabju izdali§ana: Int J Biol Sci 2006; 2(2):87-92. doi:10.7150/ijbs.2.87

Intensity in [AU] (RP-HPLC) or [%] (MALDI-TOF MS)

HROMATOGRAFIJA PRAKSE

RP-HPLC MALDI-TOF MS
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HROMATOGRAFIJA PRAKSE

1. Norepinephrine (NE)

2. Epinephrine (E)

3. 3.4-Dihydraxyphenylalanine (DOPA)
1 5 4. Dopamine (DA)
5. 3-Methaxy-4-hydroxyphenylglycol (MHPG) 7
6. 4-Hydraxy-3-methaxymandelic acid (VMA)
08+ 7. Serotonin{5-HT)
8. 3.4-Dihydroxyphenylacetic acid (DOPAC)
9. 5-Hydroxy-3-indoleacetic acid (5-HIAA)

Al

06+
10. 4-Hydroxy-3-methoxyphenylacstic acid (HVA)

1
044 3 s
2
02 4
i T T T T T
2 4 é 8 10

Ralf Brouns et al. Excitatory amino acids and monoaminergic
neurotransmitters in cerebrospinal fluid of acute ischemic stroke patients,
Neurochemistry International 56 (2010) 865-870.

o

T
12 14 16 18 20 min
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HROMATOGRAFIJA PRAKSE

Guan W, Zhou M, Hampton CY, Benigno BB,
Walker LD, Gray A, McDonald JF, Fernandez FM.

Ovarian cancer detection from
metabolomic liquid chromatography/mass
spectrometry data by support vector
machines.

Intensity

RT (min)

BMC Bioinformatics. 2009 Aug 22;10:259.

o

x 10
3D seruma metabolitu profils tipiska 6
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HROMATOGRAFIJA PRAKSE
« Kriminalistika — narkotiskas vielas, indes, alkohols asinis;
6 ] 6 6
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HROMATOGRAFIJA PRAKSE

« Partikas produkti — saldinataji, antioksidanti, piedevas,
vitamini, aflatoksini;

Dazadi spirti Skotu Viskija:

1.Acetaldehids (fiizelis); 3 6 8
2.Metanols;
3.Etanols;
4.Acetons;
5.1zopropanols;
6.n-propanols;
7.Etilacetats;

8.1zobutanols; 2 °

9.Etikskabe; 1 .

10.1zoamilspirts; 45 LL

11.Aktivais amilspirts. L N —— i




Slaids 151

Slaids 152

HROMATOGRAFIJA PRAKSE

Industrija — policikliskie ogludenrazi, virsmas aktivas vielas,
krasvielas;

ELS Dectector 5 1. Lauryl pyridinium chloride
2. Lauryldimethylbenzyl

ammonium chloride

3. Octylphenoxyethoxyethyl
dimethylbenzyl ammonium
chloride

4. Cetyltrimethylammonium
chloride

T T 1 5. Cetylpyridinium chloride

Katjonu dabas virsmas aktivo vielu analizes.
Liu at al., Analyzing Surfactants in Consumer Products
on a Single HPLC Column (Dionex), LPN 1803-01 04/06.

HROMATOGRAFIJA PRAKSE

Piesarnojums- pesticidi, herbicidi, fenoli, polihlor&tie
bifenili.

mAU ) )
1001 Vinclozolin
| Procymidon
80
60 1 / Chlorpyripho-ethyl
40 T Paprika (Spain)
207
] Paprika (Turkey)
0 . ] . : :
10 20 30 40 50
Time [min]

Pesticidu analizes paprika.

Schuster et al, Analysis of Pesticides in Salad Samples and Spices using HPLC, 1997

Agilent Technologies, Released 09/97, Publication Number 5966-0742E.
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