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Polar X— A Novel Phase Chemistry
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Polar X— A Novel Phase Chemistry
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Polar X — A Novel Phase Chemistry

~ | Balanced Retention of Non-Polar, Polar, positively-Charged,
and Negatively-Charged Compounds
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Glyphosate and Polar Contaminants Analysis in Waters

* Glyphosate is a herbicide and crop desiccant, and main ingredient in the broadleaf
weed killer Roundup.

* By volume, it is one of the most widely used herbicides in the world.

* In 2015 the WHO International Agency for Research on Cancer classified glyphosate
as a probable carcinogen in humans

P
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Glyphosate and Polar Contaminants Analysis in Waters
Analytical Challenges of Glyphosate Analysis

* Analysis of glyphosate in water often include its main metabolite, 0 o
AMPA, and another commonly used herbicide glufosinate. The n };}\)L
target detection limit is at low part-per-trillion (ppt) levels. HOH/d\/ OH

Glyphosate

* They are small and very polar organophosphorus compounds and
therefore pose a significant chromatographic challenge especially (I?
with conventional reversed-phase approaches. HQN\/P\\OH

* In addition to the chromatographic challenges, their phosphate Aminomethylphosphf))nl_ilc acid (AMPA)
functional groups makes them prone to metal chelation, which
makes them susceptible to interact with any active metal in the 9 Q
sample flow path. HO’/P\/\])LOH

NH,

* Chelation will adversely affect peak shape and signal response Glufosinate

regardless of the separation performance of the LC stationary phase.

 —
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Glyphosate and Polar Contaminants Analysis in Waters
New Hardware & System Passivation

* To ensure that Raptor Polar X Columns and Guard Column Cartridges are Ready to Go

right out of the box, the columns have been treated with a passivation solution using a
proprietary manufacturing process.

* However because most LCs have active metal in the flow path beyond the column,
Restek developed a LC Passivation Solution to allow customers to quickly and easily

passivate their LC instrument to enable them to achieve optimal analytical
performance.
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Glyphosate and Polar Contaminants Analysis in Waters

Simple System Passivation

D

Inject several times through
your injector and tubing
but not including your
column. Just let the flow

- goes to waste.

Snap open Transfer
the Ampule to a Vial
of Restek’s

LC Passivation

Solution

.
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Glyphosate and Polar Contaminants Analysis in Waters

8000+ Polar X: 2.7um 30x2.1 mm
.
7000 Glufosinate Glyphosate “ 0.5% formic acid in water
3.206 5.798
cono ] “ 0.5% formic acid in
acetonitrile
m 0.5 mL/min
0 Time %B
AMPA 0.0 65
5 0.757 5.0 10
6.5 10
300 6.51 65
8.0 65
Temp:
Injection 5 pL
1000 Vol:
C LI Sy s R L Y T N L M ) L B B B BB B B | ‘l;J T L rrrrr ] rr.JTrroo l) [ T R | 100 ppb In Water
09 05 10 15 20 25 10 35 40 45 50 )] min
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Glyphosate and Polar Contaminants Analysis in Waters

Glufosinate
2 Polar X: 2.7um 30x2.1 mm
500 u.l. |nject|0n Of 20 ppt 0.5% formic acid in water
Glyp?osate 0.5% formic acid in
acetonitrile
0.5 mL/min
Time %B
0.0 95
AMPA 1.0 95
1 3.0 10
9.0 10
9.01 95
10.5 95
Oven 30 °C
Temp:
n n W \’J Injection 500 pL
\".1H
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Glyphosate and Polar Contaminants Analysis in Waters
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Glyphosate and Polar Contaminants Analysis in Waters

Glyphosate in Bottled Drinking Water ﬂ
Column Raptor Polar X (cat.# 9311A32) .
Dimensions: J0mmx21mmiD S:N >50
Particle Size: 2.7 pm
Pore Size: QOE
Temp.: 30°C
Sample Glyphosate (cat.# 32426)

Diluent: Direct injection of bottled drinking watewith glyphosate.

Inj. Vol: mj

Mobile Phase

A: Water, 0.5% formic acid

B: Acetonitrile, 0.5% formic acid

Time (min) Flow (mL/min) %A %B

0.00 05 5 95
1.0 05 5 95
30 05 90 10
9.0 05 90 10
9.01 05 5 95
10.5 05 5 95

Detector MS/MS

lon Mode: ESI-

Instrument UHPLC M

0.0 05 10 15 2.0 2.5 3.0 35 4.0 4.5 5.0 5.5 6.0 6.5 1.0 15 80 85

Time (min)

NN
RESTEK Pure Chromatography www.restek.com




Glyphosate and Polar Contaminants Analysis in Waters

AMPA Polar X: 2.7pum 30x2.1 mm

1.
. 2. Bialaphos Method Conditions:
Expanded Panel of 17 Polar Contaminants 3. Perchlorate 0.5% formic acid in water
4. Glufosinate
5. MPPA
6. TFA 0.5% formic acid in acetonitrile
7. HEPA
8. Difluoroacetic acid 0.5 mL/min
6 9. Chlorate
) ﬂ 10. Ethephon Time %B
11. Glyphosate
12. Bromide 0.0 65
3 13. Bromate 5.0 10
5 14. N-acetyl AMPA
15. Fosetyl Aluminum Ul g
1 1 8 16. Phosphonic Acid 11.51 65
15 17. N-acetyl glufosinate
13 65
A o Oven Temp: [Iio
Injection Vol: ENTIH

LI L UL TTrTT Tirnia TThT LI TiiT TTrTT T T LB LI Triia TTrTT LI T LI TrnTa UL UL L l T | T T I LI
00 05 1.0 15 2.0 25 3.0 3.5 4.0 45 5.0 55 6.0 6.5 1.0 15 8.0 85 9.0 95 100 105
Time (min)
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Novel Solution for Ultrashort-Chain PFAS Analysis

e Ubiquitous presence of ultrashort-chain PFAS in environmental waters
has become a major concern in parallel to long-chain PFAS
contamination.

* The highly polar ultrashort-chain PFAS poses a challenge to the current
reversed-phase approach to PFAS chromatographic analysis.
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Novel Solution for Ultrashort-Chain PFAS Analysis

C2 C3
O F O
F
Trifluoroacetic acid (TFA) OH F OH Perfluoropropionic acid (PFPrA)
FF FF
o O F F o O F F
\V/ \V/4
Perfluoroethane sulfonate (PFEtS) _s s ¢ | Perfluoropropane sulfonate (PFPrS)
OH F ||OH
FF F FF F

Detected in different water matrices (snow, rain, river, and tap water)

PFPrA is up to 45% of the total PFAS in rain and snow samples (USA, France, Japan)
C2-C3 accounted for >40% of the total PFAS in rain samples (Canada)

TFA is the most abundant PFAS in rainwater (Japan)

PFEtS and PFPrS are detected in aqueous film-formimg foam (AFFF)

ol A

Analytical methods for investigation on the sources and environmental levels
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Novel Solution for Ultrashort-Chain PFAS Analysis

Legacy PFAS UltraShort & Short-Chain PFAS

FFFFFF O c FRFRFRF - 0 0\5//0FF
Gl OSSP IS SHon ] e
F FF FF FF F F F FOF

FFF FF FF F
Perfluorooctanoic acid (PFOA)  Perfluorooctanesulfonic acid (PFOS) Trifluoroacetic acid (TFA) Perfluoroethane sulfonate (PFEtS)
o O F F
PFOA and PFOS Alternatives e F0 - \/ i
~
Perfluoroalkyl ether carboxylic acids (PFECAs) FMOH ah
a F F F F F F
\ / I E K FE FH F Q
N L >J\ W )ge‘\ Perfluoropropionic acid (PFPrA) Perfluoropropane sulfonate (PFPrS)
OH
AAAN FF O EFE E
HexaﬂuoroRrogxlene oxlde dlmer acid ammonium d 8- dlnxa 3H- perﬂunrononanoate C4 = ’:/O

(HFPO-DA) (ADONA) F3C OH //S\OH

Polyfluoroalkyl ether Sulfonates (PFESAs) F F FFF FO

Perfluorobutanoic acid (PFBA) Perfluorobutane sulfonate (PFBS)
NNV RN RS AV VA VARV ARV A
cl SOK N A AN N FFFFO F FFFFO\\//O
FFFFFF AN /\ /\ /\ /\ /\ F OH C6 | F s
E53-B F53—B F OH
(3-chlorchexadecafluoro-3-oxanonane-1-sulfonate) (11-chloroeicosafluore-3-oxanonane-1-sulfonate) F F FF F FF FFFF
{9CI-PF30ONS) (11CH-PF30UdS) o
Perfluorohexanoic acid (PFHxA) Perfluorohexane sulfonate (PFHxS)
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Novel Solution for Ultrashort-Chain PFAS Analysis

1c0 L°“€ chain PF_AS elute T Short and ultra-short chain PFAS are POIar X' 2'7|J'm 50X2.1 mm
earlier, but with good €2 < retained longer, but still elute in less than 4
retention @ . ger, elute In fess than LC Conditions : (Waters Acquity UPLC)
£ (cy) minutes
| ™ PFOA i 9
(8,3) H ‘,I 3) Mobile Phase A 10mM ammonium formate, 0.05%
& PFPrA formic acid in water
a (|
I o i id i .
) I ’ 1 | o @ Mobile Phase B _-0o7 formic acid in 60:40
== 4 ” | | prrma PFBA acetonitrile:methanol
(Co) @ ‘ ‘ . \ A A M
%] o ||
g I ~ [ | ' ([ (€2) Gradient Time (min) %B
CoL a ﬂ | \ | | (| | | TfF\A
\ ” | . [ .I [ [ | l,-" ',\ 0.00 85
I | \I l‘ I 3 ,/‘ “\\
VARAR j‘ \, Y 1Y 4 5.00 85
- RIRY, ) AT T . L AL Time
-0.00 o.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 Injection 10 pL
100- ”n
z Flow Rate 0.5 mL/min
[22]
E < Run Time 5 min
4 ’| b z Alternative and replacement
2
2| 2 PFAS subgroup Column Temp. 40°C
g | ;"t
- 3 |
‘ l 400 ppt in 50:50 water:methanol

Pure Chromatography www.restek.com



Novel Solution for Ultrashort-Chain PFAS Analysis

Thursday, August 20

Polyfluoroalkyl Substances (PFAS) in the Environment — Session 3

2:00 pm

“Novel Stationary Phase for Simultaneous Analysis of Ultrashort-Chain (C2, C3),
Alternative, and Legacy PFAS”

P
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Comprehensive & Simultaneous Analysis of Different Classes of PFAS on the
Raptor Polar X

LC Conditions : (Waters Acquity UPLC)

10mM ammonium formate, 0.05%

Perfluoroalkylcarboxylic Acid

Polar X: 2.7um 50 x 2.1 mm

Mobile Phase A

Mobile Phase B

formic acid in water

0.05% formic acid in 60:40

\U 9CI-PF30NS acetonitrile:methanol
cf Gradient Time (min) %B
0.00 95
4.00 65
c9 c CF3
| 6 | Ii 11€I-PF30UdS Perfluoroalkyl Ether S0t 95
c1!o ” i‘ ” || l Carboxylic Acid 6.00 95
|‘ I || o ‘ ‘ Injection 10 pL
| i
" || | ll ‘ | Po/yf[uoroa/ky[ Ether ADO|1NA Diluent 50/50 Water/MeOH
| | ‘ ‘ l. ’ | | Sulfonic Acid || Flow Rate 0.5 mL/min
C11
r| ‘| | | | | | | | Run Time 6 min
| [ ' Column e
c1|12||‘ || | ‘ i || | |l || @ |‘| Temp. 0
0y 1| '
§§|||t}||||'i’| [ ||||| |||
205 R - I
gle:.,.i AI ILJL'\‘_ xLL_,l\w J A HFPO DAIII |
1.00 1.50 Z.00 2.50 3.50 4.00 4.50 1.00 1.50 = 2.00 @ 2.50 3.00 3.50
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Comprehensive & Simultaneous Analysis of Different Classes of PFAS

on the Raptor Polar X

Polar X: 2.7um 50 x 2.1 mm

C21
Fluorotelomer Sulfonate |
Perfluoroalkylsulfonic Acid N-MeFOSAA
8:2 FTA ‘ |
4:2 FTS
Tel Carboxylic Acid
f| | comer oy e Di-substituted Polyfluoroalkyl
l Phosphate Ester
c3 ~
b1l %
| S N-EtFOSAA 8:2 diPAP 1n_
|- E '| g
s | ||:
o0
cf4 ‘ |1| || 3 | 6:2diPAP
cs || | ‘ I |
f| | ‘ ‘ || . 102 FTA “ | [ ||
| |
] 8||| | | E ‘ || | | ||I Perfluoroalkylsulfon- | ||
815 I||| | | , 3 | | amidoacetic Acid ‘ ‘ | |
o p||!|'||||| | | (1A l | | ||| ‘ | ‘ |‘|||
SNt | | |
N IRIRNINA I (| | (|
I IR | L
II AR | |: III | | |I [ [ 1/ I! .'I | I-, A ] l-, I
T T 'J:{]l;i;t'Jki £ .l I| lln : I T I\‘—* T T '.. .H")M’/“é;)r‘“".:l.““'—l".&()l\"ﬁ T T "I .‘\__i \\‘ —D-czl—lilf'}l%—iah‘
1.00 1.50 2.00 2.50 3.00 1.00 1.50 2.00 1.00 150 200 = 25Bo ' 3.00 3 50
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Conclusions

| The Raptor Polar X is an unique stationary phase specifically designed for
balanced retention and selectivity of a wide range of polar compounds.

* |HILIC methods are simplified by rapid equilibration that increases productivity.

Proper chromatographic retention allows the develolpment of fast and simple
LC-MS/MS method for high-throughput analysis of glyphosate and ultrashort-
chain PFAS in waters.

*|Sensitive glyphosate analysis in water can be achieved by direct large volume
injection on the Polar X column.

(Ultrashort-chain and long-chain PFAS can be simultaneously analyzed on the
Polar X column.
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