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Objectives of Sample Preparation
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 Removal of interferences which would affect detection of analyte
» Removal of interferences that would affect instrument or column lifetime

« Concentration of an analyte to a detectable concentration

Agilent Technologies




With news Iinstruments - more Sample Preparation
Techniques can be used

ument Separation and Detection Specificity

< Less Specific

Less Specific -> Sample Preparation Specificity
Sample Prep Lipid Removal
Technique | _ i Liquid/Liquid [Supported Liquid| Dried Matrix N L) L solid Phase
Interference Dilute & Shoot Filtration Extractions Extractions (SLE) Spotting Precipitation QUuEChERS F'I;Ityb:!d Extraction
Removed (ftration
Lipids No No No Some No No Yes Yes Yes
Oligomeric Surfactants No No No No No No No Yes Yes
Particulates No Yes No Some No Yes Yes Yes Yes
Pigments No No No Some No No Yes No Yes
Polar Organic Acids No No Yes Yes No No Yes No
Proteins No No Yes Yes Yes Yes Yes Yes Yes
Salts No No Yes Yes No No No No Yes
. Agilent . . Bond Elut Silica
Suggested Agilent Captiva Syringe . Bond Elut . .
Product Autos.ampler Filters Chem Elut Captiva ND QUECHERS Captiva ND LIPIDS| and Polymeric
Vials SPE
Agilent Captiva Filtration Products are recommended for use with any LC or LC-MS method

Agilent Technologies
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Polar analytes often require advanced solid phase
extraction (SPE)

- Analyte is too polar for acetonitrile extraction

- Filtration is not clean enough

- lon exchange can be used to filter polar interferences away

- We then often need an SPE phase that can bind a wide range of polar
analytes that are basic, neutral and acidic

4.3 Agilent Technologies




Bond Elut Packed Bed Phases — Which one!

Non-polar

Polar Cation Exchange
C18, C8, C2, C1 PSA - primary and SCX — benzenesulfonic acid
C18 variations in carbon secondary amine PRS — propylsulfonic acid
load and endcapping NH2 - aminopropyl CBA — carboxylic acid
EnvirElut CN-U —unendcapped cyano
CH — cyclohexyl BE,? - diethylaminopropy!
0

CN-E — endcapped cyano L
Si - silica

PH — phenyl Reversible Covalent
ENV, LMS, PPL, Focus, Nexus PBA — phenylboronic acid

Bond Elut Plexa

Specialty Phases

AccuCAT

: : Atrazi
Anion Exchange Mixed mode IEX/NP Etrf_zme
SAX — quaternary amine  Certify — SCX/C8
PSA — primary and Certify Il — SAX/CS8 SN : :

secondary amine Plexa PCX ,éllur_nl_r;a alumln_um o>_<||_de
NH2 — aminopropyl Ploxa PAX C;)rrtl)zln— magnesium-silica
DEA — diethylaminopropy!

SHYIAMInopIopY Carbon/NH2

Agilent Technologies



Bond Elut Plexa - A Different Type of Polymeric

Sorbent - The hydroxylated ligands exist on the
surface and in the outer regions of the
pores.

* Deep inside the pore is pure S/DVB.

» There is no amide functionality (N-
vinylpyrolidone) which might contribute
to retaining matrix interferences

| Hydrephilic OH
i 1 __.;-F'

Hydrophobic
DI‘JE

Polar and non polar
drugs bind in the SDVB
hydrophobic end of the
pore structure

Change in Polarity.

.ﬁﬁ”;_ynnﬂ_

}

Frequency of OH

g_ ¢ oligomers reduces

Proteins Excluded
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Plexa Recoveries Versus HLB — good results with a
wide range of compounds

Analyte Plexa HLB pKa LogP
Albuterol 97.9 115.4 59 1.3
Atenolol 97.0 94.0 4.2 4.2
Loratadine 71.0 49.0 5.7 1.5
Metoprolol 92.0 74.0 5.7 1.5
Naltrexone 85.7 13.0 4.9 5.2
Pravastatin 85.0 59.0 4.9 5.2
Propranolol 55.0 35.0 4.9 5.2
Zolpidem 93.0 96.8 9.9 3.4

Plexa gives equivalent or better absolute recoveries than

Oasis HLB for a wide range of pKa and logP compounds

Conditions: Absolute Recovery from human plasma
Basic load conditions, n=6, 200 ng/ml|

5 Agilent Technologies



Sorbent Conditioning - Why Do It?

Hydrophobic/
hydrophilic boundary



Drying a silica-based Cartridge (ex: C18)

Over drying / lack of conditioning before sample application can
contribute to

* low recoveries
» poor flow
* irreproducibility (high RSDs)

Agilent Technologies



Examples on how polymeric SPE perform
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Bond Elut Plexa / Phenols from Drinking Water

Bond Elut™ Plexa™

Efficient Preparation of Phemols in Drinking Water
Advanfoge Stotement: Varlan's Bond Bl Plexa

solid phe estraction [SFE colewa has o wery high

extraction capacity for analyies and efficient remaval of
contaminesis, mekiesy & desl for satred Uom of phenls

Tecsis deinking waler. Piea Fraluied & unique stric i

mever befars wesn i staadund wyvene Shingl bensene

polyreet SPE columng, wihereby pola ity 14 separstol

kartwween @ hydrophilic caterion snd hydraphotec ooee

{Figur= 1)

Sample preparation method of phenols in drinking water using Varlan Bond Elut Plexa (200 mg)

Iﬁvﬁuﬂl B w1 i e
e el g e ) opiil Water sample (500 mL) adjusted with HO topH 2|
. 'Q'\_ / o | i il
;":“ - - { Fgures 4 anid & show @ comparnson of extrastion for one 1. Condition with 10 mL =thyl acetate
i T E 1 of the analyhss in the phenol clas, betmesn @ styene ; 10 il methanol
— ¥ | ;:n::emeﬂ-ﬂl-ﬂpﬁollmsﬁwmnm Bond Elut Plexs & mL (200 mg) J Ol wepter
! 2 — '
:2-::: :.:.:.:-_ Hiwsrin = 2, Sample application  Flow rete 10-20 mUmin
Fore | 'ran Band Blet A Hisg 31 el i [ b .
"llﬂllﬂiﬂl 1 Adaa reraie wibing and eitiey . ‘Washing J Hinse with 30 mlL water.
{ Dirylng Dy for 30 oo maore min. wia either My gas or using & vacuum maalfold.
{ Bution ") Bute with 5 mL ctiyl scctate.
| Remowing the water | Dry using a few oystals of anhydrous sadium salfate.
'r: Concentration of extract , 4 mL of eluted solution ks gently concentrated down to 08 mL under N, gan
et L Add 100 pl NO-bis{trime thylsibylitrifluoroacetamide and let stand for an kour
| Doer hvatization | 2. Add 20 pL of internal standard.
— 3. Make up to 1 mL with ethyl acetate,




Bond Elut PPL - EPA 528 Phenols from Drinking Water

Method 528 provides procedures for the
determination of phenols in finished drinking
water. The method may be applicable to
untreated source waters but has not been
evaluated for these uses. The method is
applicable to a variety of phenols that are
efficiently partitioned from the water sample
into a modified PSDB SPE sorbent (Varian’s
PPL) and is sufficiently volatile and thermally
stable for gas chromatography.

Extraction is performed by passing a 1L water
sample through a SPE cartridge with 500mg
modified PSDB (PPL). The phenols are

eluted with methylene chloride.

ANALYTE CAS NUMBER
phenol 108-95-2
2-chlorophenol 95-57-8
2-methylphenol (o-cresol) 05-48-7
2-nitrophenol §8-75-5
2.4-dimethylphenol 105-67-9
2.4-dichlorophenol 120-83-2
4-chloro-3-methylphenol 59-50-7

2.4, 6-trichlorophenol §8-06-2

2. 4-dinitrophenol 51-28-5
4-nitrophenol 03951-79-2
2-methyl-4.6-dinitrophenol 534-52-1
pentachlorophenol 87-86-5

-:‘, Agilent Technologies




Determination of Organophosphates in Lake

Water: Bond Elut PPL
SI-02094

Julia Regnery, Goethe-Universitat Frankfurt, Institut fir Atmosphére und Umwelt, AG-
Umweltanalytik, 60438 Frankfurt, Germany, Elisabeth Korte, Varian Deutschland GmbH

O
Il

Chlorinated organophosphates are used as flame retardants in R1O "#I?HORS
insulation foams, paints, coatings, plastics, and textiles while R20

the non-chlorinated ones are mostly used as plasticizers. The

compounds have been detected in air, sediment and saoil,

sewage sludge, streams and lakes. Particularly the chlorinated oM

organophosphates are known to persist in the aquatic P

environment. ? 0
Ko

 Because of the low concentration of the analytes in the
water sample an enrichment step is necessary.

TCEP=HCI
M.W. 286.65

7%~ Agilent Technologies


http://upload.wikimedia.org/wikipedia/commons/e/e9/Phosphate_formula.svg

SPE Conditions

Cartridge: Bond Elut PPL, 100 mg sorbent in 1 mL cartridge
Condition: 1 mL methanol, 1 mL methanol / acetonitrile (1/1)
Apply 1.5 -2.5 L water sample

Dry the cartridge using nitrogen

Elution with 3 x 333 pL methanol / acetonitrile (1/1)

i3 Agilent Technologies



Results

The simple clean-up and enrichment with SPE has the advantage that up to 20
water samples can be extracted simultaneously without using complex
apparatus. Bond Elut PPL has been proven to be a robust sorbent with high
capacity for the extraction of polar and medium polar analytes.

Table 1. Recoveries and LODs of organophosphates; extracted from the water sample with SPE.

Analyte Recovery (%) LOD (ngfL) Quantifiying ion mfz
Tris(1-chloro-2-propyl)-phosphate [TCPF) 91 1 99
Tris|2-chloroethyl]-phosphate (TCEP) 95 i 63
Tris(1,3-dichloro-2-propyl)-phosphate (TDCF) 59 1 75
Tri-n-butylphosphate (TnBF) 89 1 59
Tri-isobutylphosphate (TiBF) 85 z a9
Tris|2-butaxyethyl]-phosphate [TEEP) 83 3 125

Agilent Technologies



Conclusion

Novel polymeric SPE phases are recommended.:

1. They have double the binding capacity over silica
2. They can bind a wide range of polar analytes

3. They don’t decondition/dry out on the SPE manifold
4. They provide more robust methods

i+ Agilent Technologies Confidentiality Label
T March 6, 2017
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Remove Interferences...

* To acquire desired sensitivity/selectivity
* To reduce contamination/carryover issues

« Use of sensitive and expensive instruments: Protect your
Investment!!!

| Pesticides in Avocado without SP | | Pesticides in Avocado with SP

I
J Ju

0 2 4 6
Time (min)




Lipids

NACRW 2015

- Agilent Technologies Mareh 17
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Matrices and Approximate Total Lipid Content

<2% 4-12% >12%
Spinach (0%) Soy Milk (4%) Nut Butters (16%)
Strawberry (0%) Beef Liver (4%) Avocado (21%)
Onion (0%) Pork Liver (4%) Pork (8%) Salmon (27%)

Corn (4%) Trout (8%)

Chocolate (8%)
Canned Pet Food (~10%)

Catfish (12%)
Carp (12%) Coconut Oil (100%)

Paprika (1%)
Cumin (2%)
Rice (2%)
Hops (2%) Cow’s Milk (5%)
Tilapia (2%)

Sea Bass (3%)
Plasma or whole blood
Wheat (3%) (10 — 20 %)

Soy Oil (100%)
Avocado Oil (100%)
Canola Oil (100%)

NACRW 2015

4.3 Agilent Technologies March 17
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Current Procedures for Lipid Removal

Dilute and Shoot

Protein Precipitation

QUEChERS

SPE/SLE

SEC/GPC

No lipid removal, only dilution
PPT followed by centrifugation
PPT followed by filtration with
or without sorbent

PSA/C18 sorbent (dSPE)

Zr-containing sorbent

Freeze sample

Load and elute

Chromatographic separation

Agilent Technologies

No lipid removal
Insufficient lipid removal

Insufficient lipid removal; low analyte
recovery

Not selective; insufficient lipid
removal; analyte loss

Low total lipid capacity; analyte
recovery

Time needed; loss of analyte

Time needed; solvent usage;
extensive method development

Uses copious amounts of solvent
and time; capital expense

NACRW 2015
March 17
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EMR-Lipid
Enhanced Matrix Removal

EMR: As easy to use as QUEChERS; as clean as SPE

Agilent Technologies




EMR Product offering

Extraction Tube

EMR-Polish (p/n 5982-0102)

EMR-Lipid (p/n 5982-1010)

EMR fits into current sample preparation workflows

4.3 Agilent Technologies




EMR Sorbent - What Is 1t?

When “activated” by water...

- The materials selective
hydrophobic interactions increase.

- Suspension of nano particles (high
surface area).

- Rapidly interacts with straight
chain, “lipid-like” functional groups.

1.0 g EMR in 15 mL tube
Centrifugation preferably used to
separate precipitate from solution (not
filtration).

EMR-Lipid Mechanism — Size exclusion and hydrophobic interaction.

NACRW 2015

3.3 Agilent Technologies March 17
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... and what does It do?

EMR sorbent removes Lipids

What are Lipids?

A class of naturally occurring hydrocarbon containing compounds
commonly known as fats and oils

O N\/\/\/\/\k{

- . \/\/\/\/=\A/\/\/IL D
Free Fatty Acids %
N\/\/\/M<
Triglycerides D
/\/\/\/\/\/\/\)OLO/\(\OC/) P\:; RN

Cholesterol Phospholipids




What Does EMR NOT Interact With?

EMR does NOT remove analytes of interest

Exceptions?

Compounds containing long aliphatic functional groups (e.qg.
prostaglandins)

HO%F O i :(CI o/
g NK/“\ N

CHj

Fluoroquinolones

cl
Cla_~_Cl
DY OH

Cl
Organochlorine Pesticid y

H

Vitamin D




EMR Fits into Existing Workflows

QUEChERS (Quick, Easy, Cheap, Effective, Rugged,
Safe)

o Easy-to-use sample preparation for food testing, solid
samples (e.g. vegetables, fruits, meat, seafood, etc.)

EMR Applications: - Pesticide Residues in Avocado,

Modified Liquid Extraction (Protein Precipitation)

* Proteins are removed by a “crash” step prior to injection
or cleanup (e.g. milk, meat, seafood, etc.)

EMR Applications: - PAHs in Salmon,
- Veterinary Drugs in Bovine Liver

Agilent Technologies




Improving dSPE in QUEChERS

1. Extraction N2 Dispersive SPE N

N — |
Weigh sample Add water and (OC spikes e Vortex oo ke Choosz the dispersive cleanup kit Vortex for 1 minute Centrifuge at 4000 pm

if needed and spike and add acetonitrile extract for & minutes
f:s

with internal standard

s i mt—— i
Pros Pros
» Fast and inexpensive e Same as extraction
« Takes minimal experience cons
» Doesn't require special equipment « Minimal cleanup provided
 Accommodates multiple matrices « Can remove analytes
« Accommodates large analyte groups « Lipids are challenging to remove
Cons selectively
\ « Large amount of coextractives / \ /

NACRW 2015

i.%- Agilent Technologies March 17
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EMR - Lipid — dSPE Cleanup

A. QUEChERS or Liquid Extract

B. Add H,O to EMR tube (“activation”)
C. Transfer extract

D. Vortex and centrifuge

E. Supernatant (1:1; extract: H,O)

Agilent Technologies




EMR - Polish — ACN/H,O Phase Separation

A. Add supernatant to EMR — Polish tube :
B. Vortex immediately ..\ !
C. Phase separation after centrifuge e

i | L
D. Transfer upper layer for analysis &2 L0
E. Final samples split for GC and LC analysis o N
F. Extradry step recommended prior to GC W

Agilent Technologies




EMR Workflow

EENETTED

In acetonitrile
Or acetone

Agilent Technologies




GC-MS Fullscan Avocado

#1106
364

j; Avocado — Untreated

2.8
2.6
2.4
2.2

1.8
1.6
1.4
1.2

0.8
0.E4

0.4- w N MI\ h
S Nh L
! M .
2 89 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 25 27 23 29 30 31 32 33 34 3/ 3
Countz vs Acquizition Time [min]

o
-
-
-1
oo

NACRW 2015
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GC-MS Fullscan Avocado

#1106

3.6
3.4
3.2

2.8
2.6
2.4
2.2

1.8
1.6
1.4
1.2

0.8
0.E4
0.4
0.24

Avocado — Untreated
Avocado — EMR Treated

i

|

v .

4 5 B 7 2 8 10 11 12 13 14 15 16 17 18 13 20 21 22 23 24 25 26

Countz vs Acquizition Time [min]

Agilent Technologies

27 78 23 a0 3 A2 33 M 3/ 3

NACRW 2015
March 17
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GC-MS Fullscan Pet Food

w10 &
14
-] | Pet Food — Untreated
0.85
0.8
0.75
0.7+
065
0.6
0.55
0.5
0.45
0.4
0.35
0.3
0.25

0.2
015
0.1

n.nﬁ bl | ’t U

E 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 20 3 32 33 24 35 36 37 238 39 40 41
Countz vs Acquizition Time [min]

NACRW 2015
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GC-MS Fullscan Pet Food

#1106
14

**1 | Pet Food — Untreated

0.9+
0,854 Pet Food — EMR Treated
0.8+
0.75
0.7+
0.55-
0.6+
0.55-
0.5+
0.454
0.4
035
0.3+
0.25

L N

I:l .

E 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 20 3 32 33 24 35 36 37 238 39 40 41
Countz vs Acquizition Time [min]

NACRW 2015
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GC-MS Full Scan- Avocado Qil

=106

N Avocado Oil Extract

321 EMR — Lipid Extract

2.8
2.6
2.4+
2.2

1.8
1.6
1.4+

4 & £ 7 8 8 1 11 12 13 14 15 16 17 18 13 W A P 23 4 X Xk 7 | 2
Countz ve. Acquiztion Time [min]

NACRW 2015
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GC-MS Spinach Fullscan

Abundance
5000000
4500000 . . .
Spinach matrix blank w/ Q-Universal dSPE cleanup
4000000
3500000 1 |
Spinach matrix blank w/ Q-Pigment dSPE cleanup
3000000
2500000 o, .
Spinach matrix blank w/o cleanup
2000000
1500000
1000000 .A.al.d.uh : _
Spinach matrix blank w/ EMR cleanup
500000 ] l
L.I.MIJILL.L.AMAL | . .JlL R P
0 -1 - - - - I - - - - 1 - -~ 1 T T T T T T T T T 1
5.00 10.00 15.00 20.00 25.00 30.00 35.00
Time-->

NACRW 2015
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GC-MS Red Pepper Fullscan

5500000
5000000

4500000

4000000

1 Red Pepper matrix blank w/ Q-Universal dSPE cleanup

3500000

3000000 f_Ju.Ll-L- ll e e A M P JJ A J
Red Pepper matrix blank w/ Q-General dSPE cleanup

2500000
--JAM-JM-LIAL‘--“A- o Al A l ‘»u&t o~ A A~

2000000
Red Pepper matrix blank w/o cleanup

1500000 h

W‘A Von. -l‘- Pow. A _A)‘hu_._. A A __M AN

1000000 .

Red Pepper matrix blank w/ EMR cleanup
500000 T
P N B e
O T T T T T T T T T T T T T T T T T T T T T T T T T

5.00 | 10.00 | 15.00 | 20.00 | 25.00 | 30.00 | 35.00 |

NACRW 2015

March 17
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Benefits to Instrumental Flowpath

Agilent Technologies




Comparison of Analytes Response Consistency over Multiple
Avocado Sample Injections

TPP Peak Area over 100 Injections
20000
18000 =0—EMR cleanup PP
16000 Commonly
—8=7-Sep+ cleanup used IS
14000
RT: 18.3 min
§ 12000
< === C18 dSPE cleanup
"
& 10000
o
a
-
8000 - == |inear (EMR cleanup)
Response drops ~ 4% after
100 avocado sample injections
6000 -
= | inear (Z-Sep+ cleanup)
4000
Response drops ~ 50% after
100 avocado sample injections
2000
=== |inear (C18 dSPE cleanup)
0 . . . . . . . . . . . . . . . . . . . . Response increases ~ 35% after
100 d le injecti
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 avocado sampie injections
Injections of Avocado Samples on GC-QQQ

NACRW 2015
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Analytes Responses Reproducibility on GC/MS/MS over 100 Injections
of Avocado Samples

Pesticides Analytes RSD over 100 injections on GC/QQQ (n = 20| RSD over 50 injections on GC/QQQ (n = 10
EMR CI Ci8/PSAcleanup Zirconiasorbentcleanup EMR Cleanup  C18/PSAcleanup  Zirconia sorbent deanup

Dichlorvos 6.2 10.5 16.8 2.2 9.4 6.3
2-Phenylphenol 7.0 13.6 19.5 5.0 12.4 8.4
Ethalfluralin 12.4 18.8 32.0 5.8 10.3 79
Sulfotep 7.1 11.8 17.2 3.1 6.4 10.8
Atrazin 6.8 12.2 19.1 3.2 12.2 52
Lindane 8.5 10.8 20.0 4.6 10.9 5.1
Chlorothalonil 125 11.7 37.4 8.0 12.9 11.0
Diazinon 6.6 11.7 16.9 4.4 10.5 5.6
Chlorpyriphos-
methyl 8.4 8.9 14.9 3.8 8.6 6.6
Dichlorfluanid 11.7 9.0 25.9 5.4 99 5.5
Aldrin 9.8 19.3 25.7 8.6 19.3 7.1
Tolylfluanid 10.5 6.6 17.8 4.2 6.9 6.6
Captan 29.9 51.9 47.1 11.1 24.9 21.7
Procymidone 6.8 14.3 22.5 5.6 13.8 4.8
Bupirimate 6.8 10.4 20.7 7.6 11.0 6.2
Endrin 8.3 12.6 24.1 5.9 13.8 5.4
Endosulfan
sulfate 8.5 12.1 22.4 5.3 12.7 6.4
DDT 216 22.4 42.6 6.4 12.0 11.8
Iprodione 11.0 10.7 40.0 8.2 10.5 16.3
Permethrin 6.8 11.8 18.8 5.2 11.2 8.6
Parathion ethyl-
D10 (I15) 11.8 7.2 13.0 4.7 6.8 7.0
TPP (I5) 9.1 19.9 28.3 9.0 225 12.8

NACRW 2015

- Agilent Technologies March 17
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MS Source Critical Tuning Parameters

MS (GC/MS) Performance Monitoring over Multiple Avocado Sample Injections
130 1600
A EM voltage, higher than 1400 indicated needs to replace
120
g
110 e ¥ o ¢ ¥ . ¥ 1400
* L 2 . ¢ ¢ .
* o . o A ¢

100
g - 1200
S 90
> T oo
£ g0 A - 1000
e A A A A A A A A ()
h A A A A A A A A A A A A A A A &
K] 70 =
() A - 800 T
§ 60 A @ Rel Abundance for lon 219, Minimum of 70 needed g
S S
S o
2 - 600
(]
2
= 40
E 400

30

20

[l Rel Abundance for lon 502, minimum of 5 needed - 200
0. m % B F g o o mom B
|| [ ] || ||
B mE N = B B B B E B N m g f
0 T T T T T 0
0 500 1000 1500 2000 2500
Injections of Avocado Samples with EMR cleanup on GC/MS

NACRW 2015
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67 Pesticides Analysis In Avocado by LC and GC-QQQ

e

Dichlorvos

Sulfotep
Dizz nnnl Organophosphate
Chlorpyrip hos methyl
Coumaphos
Trichlorfon

Lindane

Aldrin

Endrin

DOT

Endosulfan sulfate
Methoychlor
2-Phenylphenaol
Atrazine

Organochlorine

Phenol
Triazine
Pyrimidinal
Chloronitrile

Bupirimate
Chlorothanil
Captan
Folpet
Captafal
|prodione
Frocymidone
Permethrin
Deltmethrin
Fyraclostrobin
Ethalfluralin

Phthalimide

Dicarboximide

Pyrethried

Strobilurin
Dinitroanili ne

FELL Chemical Class
Group Techmque

Herbicide

Insedicide

Fungicide GC-IVS

Herbicide

Fungicide

Insedicide

Fungicide
Herbicide

Group
Me thamid ophos
Acephate
Omethoate Organophosphate
Dimethoate Insedicide
Fhosmet
Carbaryl Carbamate
Propozxur
Di Ehlnﬂualmd Sulphamide
Tolylfluanid
Carbendazim .
. . Fungicide
Thiabe ndazole Benzimidazole
Thiophanate methyl
Cyprodinil Anilinopyrimidine
Im|daclnplr|d Nenm!:njcmmd Insecticide
Pymetrozine Pyridine
Imiazalil Imidazole .
: Fungicide
Penconazole Trizzole
Aminocarb
Oxamyl Carbamate Insecticide
e thomy!
Aldiar
Fenron Urea Herbicide
Me toxuron

‘. Agilent Technologies

Pesticide Detedion
Te chnigue

LE-MS

L

Pesticide
Group

Detection
Technigue
Simazine
Sebuthylazine
Terbuthylazine
Carbofuran
Methiocarb
Chlorpropham

o Herbicide
Tnazine

Algaecide

Insecticide
Carbamate

Fropham
Monuron
Chlorotoluron
Diuron
Fleometuron

|soproturon Urea

LC-WS
Herbicide

Metobromuron
Siduron
Linuron

Me buron

24-D Add

Dichl orprop
Metazachlor
Bentazon
Malathion

EFM

Tepp-A

Chlorophenoxy add

Chloracetanilide
Unclassified

OF Insecticide
Monocrotophos
NACRW 2015

March 17
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QUEChERS-EMR Protocol for Multi-residue Analysis of Pesticides in Avocado

Accurately weigh 15 g comminuted Avocado sample in 50 mL centrifuge tube

\ 4

Add 15 mL of 1% Acetic Acid in Acetonitrile, and AOAC QUEChERS extraction kit

A

Cap and shake vigorously on mechanical shaker for 2 min

!

Centrifuge @ 5000 rpm for 5 min

A

Transfer 5 mL of upper ACN extract and 5 mL of water to EMR dSPE 15 mL tubes

Vortex and Centrifuge

!

Transfer 5 mL supernatant to empty tube, add content of Polish Pouch

!

Vortex, centrifuge, and transfer the upper ACN layer to another vial

|
v

Combine 200 pL of ACN extract and 800 uL water, vortex, and centrifuge if needed

A\ 4 \ 4

Samples are ready for GC-QQQ analysis after dry step Samples are ready for LC-QQQ analysis

NACRW 2015
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Comparison of Avocado Co-extractives by Weight

Amount of co- % of matrix co-
Amount of co- ) :
) extractives extractives
Cleanup extractives
N removed by removed by
(mg! n= 3) —
cleanup (mg, n =3) cleanup
No further cleanup 14.7 --
C18/PSA Cleanup 9.5 5.2 35.4
EMR-Lipid Cleanup 4.2 10.5 71.4

Zirconia sorbent

Cleanup 7.0 7.7 52.4

Amount of Co—extractives Removed after Cleanup

X 100%

% Matrix Co-extractives Removed by Cleanup = : :
Amount of Co—extractives without Cleanup

The use of EMR material cleanup removes extra 20-30% of Avocado co-extractives in
comparison to traditional QUEChERS and/or competitor’s cleanup

NACRW 2015

i3+ Agilent Technologies Mareh 17

47



Comparison of GC/MS Full-scan Chromatogram for Matrix Background

x10&

1.25,
12
1.15+
114
1.05: Matrix blank w/ C18/PSA cleanup
1}
0.9s:
09
0.85:
0.8+
075
0.7}
065!
0.6+
0.55+
0.5
0.454
0.4
0.354
03l
0.25}
02!
015
014
005 |

Matrix blank w/o cleanup

Matrix blank w/ zirconia sorbent cleapup

Matrix blank w/ EMR cleanup

2 2 3 3 322 3, 3. I I I ;- 3}/ 40

Counts vs. Acguisibon Time {min)

The use of EMR material cleanup provides significantly cleanup chromatographic
sample background.

NACRW 2015
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Comparison of GC/MS/MS MRM Chromatogram for Matrix Background

x16 "

6 Matrix blank w/ C18/PSA cleanup .

5 5 .
5 Matrix blank w/ zirconia sorbent cleanup :

4.5 Matrix blank w/ EMR cleanup ”2; b
4

3.5
3,

2.5
2

1.5
1 : |

|
0 m N A fhse hsin A J’\«Ej 4 A

sl
I I
6 7 8 9 10

11
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Chromatographic Benefits of Matrix Removal Provided by EMR Cleanup

%% Agilent Technologies

Benefit Reduced matrix Improved S/N ratio Less interferences for
suppression accurate integration
EPN in Avocado on Captan in Avocado on Permethrin in Avocado on
Example LC-QQQ GC-QQQ GC-QQQ
+MRMEM 1 >2061) A/EMR OO IR
2 303 14863min e
EMR-Lipid 1
cleanup 05
01
142 144 146 M8 15 52 154 156
o | T T ==
+NRMEM 1 > 26 ) AVZSpFOQ 4d
_ _ e e S e
Zirconia 3 1
sorbent o Bsm
cleanup | U | N S —
142 144 46 M8 15 52 54 56
fgiknTeepi) | e
i:wgmpzm)mc:smma . _ )
s s -
3 o
C18/PSA 1 : ﬂ
cleanu o HeHnin a
P A
W2 W4 M6 WS B B2 B4 56 Tl a e b e vz o e e e
Ao T I'ﬂ B NS p—

NACRW 2015
March 17
50



Selected Problematic Pesticides for Recovery Comparison

6) in 50ppb pesticides fortified Avocado samples

Analytes Recovery % (n

120

100

80

60

40

20

Selected Pesticides Recovery Comparison from Multi-residue Pesticides Analysis in Avocado by LC/QQQ or GC/QQQ

H EMR cleanup m C18/PSA cleanup 1 Zirconia sorbent cleanup

Methamidophos

Thiophanate Bentazone 2,4-D Acid Dichlorprop Penconazole TPP EPN

methyl

Captafol

Agilent Technologies
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Statistical Recovery Results Comparison

Number of pesticides tested in Avocado

20

10

Statistical Recovery Results for Multi-residue Pesticides (67) Analysis in Avocado by
LC/QQQ and GC/QQQ

B REC <70%
B RECin 70-120%
B REC = 120%

EMR-Lipid cleanup C18/PSA cleanup Zirconia sorbent cleanup

i’ Agilent Technologies
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Ision

Method Accuracy and Prec

Analysis of Pesticides in Avocado by LC/MS/MS & GC/MS/MS -- Overall Accuracty and Precision

Error bar = 95% Cl
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Summary and Conclusion

« EMR-Lipid provides the most complete lipid removal of any
sorbent on the market.

* Achieve SPE cleanliness with dSPE simplicity.

« EMR is a one size fits all sorbent for a variety of sample types and
analytes.

o Key applications were validated with EMR and demonstrate
better recovery, better precision, and decreased matrix
Impact to the instrument and results.
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Today’s Agenda

Introduction

Addressing difficult samples

1. Polar analytes

2. High fat samples

3. How to get rid of interfering terpenes

Summary and Conclusions
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Constituents of Cannabis and Hop Complex

Nitrogenous compounds (27 known)

. Amino acids (18), O N
. Proteins (3) m
. Glycoproteins (6) \/\@ z LOH
“0(\[.1
. Enzymes (2) OH
. Sugars and related compounds (34) OH
9 N
. Hydrocarbons (50) C(\V \i>
. i ] M
Simele alconols (7) Structure of Terpenes i
CHy a—cn p

. Aldehydes (13) . L 3 \fO

isoprong \ f
. | [ o e H

Ketones (13) . T,‘ . _T/ CyH,
. Simple acids (21) e-t-c-¢ " rcene Pctions
&n isoprene unt
. (may have doubtée bonds)

. Fatty acids (22) " Tﬁ;l;eﬂ“ are composed of two or more isoprens

units.
. Simple esters (12) * The soprene units will maintain its isopentyl, usually

with modification of the iscprene double bonds.
. Lactones (1)
. Steroids (11)
. Terpenes (120) — — COOH
. Non-cannabinoid phenols (25)
. Cannabinoids (66) R,

R
. Flavonoids (21) OH O ’
. Vitamins (1) [Vitamin A] Rs
R; = COOH, Rz = CsHyy, Ry =H

. Pigments (2) H.CO
. Elements (9). R1 = OH, Rz = isoprenyl, Rs = H
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QUEChERS AOAC Extraction/Partitioning with Custom dSPE versus
Universal dSPE: Hops

GC/MSMS MS1
Scan

== niversal dSPE

Custom B dSPE

Custom C

&&86m b dspe

Custom F dSPE




QUEChERS AOAC Extraction/Partitioning with Custom F dSPE versus
Universal dSPE: Hops

GC/MSMS MS1 Scan
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QUEChERS AOAC Extraction/Partitioning with Custom F dSPE versus
Universal dSPE: Hops

GC/MSMS MS1 Scan
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Counts vs. Acquisition Time (min)
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Pesticide Recovery after QUEChERS AOAC with Custom F dSPE or
Universal dSPE: Hops

QUEChERSAOAC with Custom F dSPE versus Universal dSPE

15
0
#AOAC with Custom F
AOAC with Universal dSPE
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Daminozide is not extracted into the ACN layer
after QUEChERS AOAC salt partitioning

Pesticide

Concentration of spiked pesticides: 100 ppb
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Conclusion

Addressing difficult samples

1. Polar analytes : Explore new polymeric SPE phases
2. High fat samples: Consider EMR Lipids as a dSPE
3. How to get rid of interfering terpenes: stay tuned ©
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