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Who we/l are/am

e ChromChem: Research Group of Chromatography and
Chemometrics

e [IAA: Institute of Food Analysis and Research
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Who we/l are/am

e Sample preparation

e Chromatography (-MS)

e LC-QTOF, GC-QTOF (and soon SFC-QTOF)

 Emerging pollutants in the water cycle
 Wastewater-based epidemiology

 Transformation products

e Marine pollutants

 Food and drinks pesticides and other pollutants (wine)

e Chemometrics
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Polar pollutants: analytical perspective:
e The PROMOTE project

 Improving the determination of PMOCs
Transformation products:
e What we do

e Example

4 Take-home messages
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Help! Help! I'm dissolving!
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' But bears are insnluble.-. | 'A' § i :_.‘-

That's easy for you to say...
You're not Polar!




The PROMOTE project
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The PROMOTE project
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PMOCs

Environmental »
Science g'
Processes & Impacts

P APER View Article Online

M) Check for updates Ranking REACH registered neutral, ionizable and

ionic organic chemicals based on their aquatic
persistency and mobilityf

H. P. H. Arp, ©@*2 T, N. Brown,? U. Berger® and S. E. Hale®

Cite this: DOI: 10.1039/c7em00158d
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The PROMOTE project
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Improving PMOCs determination

 Reversed-Phase LC (RPLC) is the standard (in water analysis)

 Alternatives?

* |on-pair RPLC
e |on-exchange
e HILIC (hydrophilic interaction chromatography)

e SFC (supercritical fluid chromatography)
e MMLC: mixed-mode LC




Mixed-mode LC for HRMS screening

DOL: 10.1021/acs.est6b05135

Environ. Sci. Technol. 2017, 51, 62506259
pubs.acs.org/est
[eNCe & 1eChno10qy

Screening for Polar Chemicals in Water by Trifunctional Mixed-Mode
Liquid Chromatography—High Resolution Mass Spectrometry

Rosa Montes,* Josu Aguirre, Xandro Vidal, Rosario Rodil, Rafael Cela, and José Benito Quintana™

Sulfonated Nano-Polymer Beads
on Outer Surface SCX

Anion-Exchange / Reversed-Phase
Functionalities in Inner-Pore Area WAX-RP
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Mixed-mode LC for HRMS screening

* 45 model compounds including pesticides, sweeteners, flame

retardants, UV filters, drugs, etc.

» Acidic, basic, cationic, anionic, amphoteric and neutral chemicals

* Low Log D (pH 7.4)
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Mixed-mode LC for HRMS screening
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Mixed-mode LC for HRMS screening

type
@ strongly acidic
25.007 Glyphosate MPPA @ neutral/slighly acidic
cationic
. @ basic
> min Paraquat amphoteric
A\ o .
Q<°\ 80% ACN ( 20,00 Diquat
v 40 mM AcONH, , MPhP
- e MBP
2% ACN o
]
10 mM AcONH, 5 15007
]
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(
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Mixed-mode LC for HRMS screening
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Mixed-mode LC for HRMS screening

. 3 x 5mL MeOH
Filter sample 100 mL sample Freeze Freeze-dry Filter

0.22 um

g 17 my

Recontitute in

MMLC—QTOF 200 uL ACN:MQ Evaporate to dryness
(1:9) (Syncore® Polyvap)




Mixed-mode LC for HRMS screening

SUSPECT SCREENING WORKFLOW

Data analysis MS Data analysis MS/MS
Suspect screening MassHunter software Confirmation of positives
Find by Formula Algorithm Injection in MS/MS mode C.E. 15 and 30 V

Database 1: Water Res. 2015 Feb 1,;69:274-83
= 2000 common water pollutants Standard not available Standard available

Database 2: PROMOTE consortium
= 1000 PMOQOCs from REACH

MS/MS MS/MS spectrum Comparison of:
* Maximum mass error (x Sppm) spectrum comparison with * Retention time
. ISOtOpiC profile interpretation databases (e.g. e Atleast?2
« Minimum peak heigh (100 counts) Metlin/Massbank) product ions

Accurate MS identified candidates /WE HAVEA

WINNER



Mixed-mode LC for HRMS screening

CONFIRMED: ACESULFAME

(a) Compound identified by FBF algorithm Database 1

= is | Acesulfame| CAHEND4S (M-H}-| 1619867 1625337 162.9939 158 86.57| 14.456 \S/ Sa m p I es
miz 4+ Species B Height ¥ Score (MS) + Score (mass) + Score (iso. abund) + Score (iso. spacing) + O//\\O
| 161.9867 (M-H)-| 45578 8657 9522 7851 70.95

|D Techniques Applied = o \
=N FEF
| | Detected 90%
Best ® MName = Formula 8 Species 8 miz ¥/ 8 Mass 8 Mass (Tgt) B Diff (ppm) = Score (Tgt) = RT &= RT{ HN

4
K10 % |acesufame: -E81 Scan (r: 14 449-14.801 min, 16 scans) Frag=100.0 USC_SW_20160922002.1

(b) Chromatographic peak (c) MS spectrum

2 16198650615 N 04 SFHIHD

Ll M 11

T T T T h kL L6kl & k&L DR T T T T T T T R O 1 Counts vs. Mass-to-Charge (miz)
Couns . Acaision T (i) o

1602 1604 1606 1608 161 1612 1614 1616 1618 f62 1622 1624 1626 1628 163 1632 1634 1636 1638 164 1642 1644 1646



Mixed-mode LC for HRMS screening

CONFIRMED: 1,3-DI-O-TOLYLGUANIDINE

(a) Compound identified by FBF algorithm Database 2

|0 Techniques Applied +
=Y. FEF} N|
Best ® MName +# Formula @ miz / ® Mass # Mass (Tgt) &= Diff (ppm) = Score (Tgt) = RT 4 RT (Tat )\
=R | Promote 509| C15H17 N3| 240.1487( 235.1414| 2391422 342 96.21| 12589 HN NH,
miz 1 Species B Height & Score (MS) 4 Score (mass) & Score (iso. abund) B Score (iso. spacing) &
| 2401487 (M+H)+| 1188027 96.21 942 96.47 5591

Detected 20%

samples
(b) Chromatographic peak (c) MS spectrum
I wﬂ‘ 15 Pre SI Scan (1t: 12.632-12.879 min, 4 scans) Frag=100.0V EDP_DW_20150908004_
I .
!
| 61 240.14980)[C15 H17 N3J+H)+I
}} ]‘ |
\ 4
I
= N
[ |
| | "
[
o 24221
3 241 2016 24 2422
(miz)

..........................



Mixed-mode LC for HRMS screening

CONFIRMED: TRIFLUOROMETHANE SULFONIC ACID

. . p . @)
(a) Compound identified by FBF algorithm Database 2 R ”
ID Techniques Applied + \
N o F / S——OH
Best B MName B Formula =& miz ¥ B Mass = Mass (Tgt) B Diff (ppm) B Score (Tgt) = RT R RT (T = ||
= {¥ | Promote 515| CHF3035( 1439524 1499597 149 9598 1.06 93.49| 14501 O
miz 4+ Species B Height B Score (MS) & Score (mass) 8 Score (iso. abund) B Score (iso. spacing) =
| 148.9524 (M-H)-| 383062 93.49 99.69 778 99.94
Detected 100%
samples
(b) Chromatographic peak (c) MS spectrum
‘ 3
l

128 13 152 154 136 138 14 132 144 126 148 15 152 154 16 158 16 12 164 166 168 17 1.2 1.4 126 1.8 18 162 Counts vs. Mass-to-Charge (m/z)
Gouns vs. Acquisiion Time (i)



Mixed-mode LC for HRMS screening

n—>~x

OH

N
/
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ST S Triﬂuorometh?nesu Ifonic acid MIMLC-ESI(-)
|
|I
‘I
|
J\l
ETIEH 148 5528) Scan Frag=100.0V Mix_ne PP
.tk Trifluoromethanesulfonic acid RPLC-ESI(-)



Improving PMOCs determination

VIHl] e
Ie"ce m] uu DOI:10.1021/acs.est.6b03338
i i 10308—-10315

Environ. 5ci. Technol. 2016, 50,

Mind the Gap: Persistent and Mobile Organic Compounds—Water
Contaminants That Slip Through
Thorsten RLLmtsnn " Urs Berger, Hans Peter H. Arp, Hc,rv(, Gallard,® Thomas P. Knc,pp(,r

Michael Neumann,* _]os(, Benito Quintana,” and Pim de Voogt ™ V.o
m=——"RPLC
NH, Chlormequat = ML
3.3 HILIC
HC A N — SFC
c"l | | .
CH ~ 5-Fluorouracil Melamine
3 H,N N NH, -1.1 -1.7
OH , o
N—< ?Hs Metformin | Cyanuric Acid
= LT
N NH NH
OH

Cytarabine
-2.8









The water cycle

Transformation
products (TPs)

Surface water



Iransformation products (TPs)

At ChromChem we have experience with:

Our workflow
1. Preliminary experiments
2. Kinetic study: pH, dose, natural ions / catalizers
3. TPsidentification:
e HRMS + statistical tools
e HRMS/MS elucidation
4. QSAR toxicity assessment

5. Real samples



Example: phenazone-type analgesics

Considered compounds

N O\
@/Q* N\N\
| o

Phenazone Propyphenazone

Phe PrPhe

=0 ®)
O I\E O\ N2 o \nﬁ
e T s
N\N N\N N\N
ot g o

4-formylaminoantipyrine aminoantipyrine 4-acetoamidoantipyrine

FAA AA AAA




AIMS

e Study the reaction kinetics of Phe, PrPhe, AA, FAA and AAA with:
» Free chlorine
» Chlorine + bromide

> Chloramine

e |dentification of transformation products (TPs)



Methodology

e 10 mL ultrapure water Chlorination

30 mM pH buffer (pH 5.7 — pH 8.3) (+ bromide)
e 1-10 mg-L? of chlorine

° J-1 -1
50 pg-L* or 1 mg-L* of compound + 0-100 pg'L bromide

%? 9 = ?«22@%? £2

e 1 mLaliquots at different times

e Stopped with ascorbic acid



Kinetics

Chlorine
Half-lives at 10 mgL! Cl,
Milli-Q pH Phe (s) PrPhe (s) AA (s) AAA (s) FAA (s)
5.7 0.9 0.4 3.7 25 50
7.0 1.8 3.6 43 52
8.3 4.1 0.9 3.5 163 59
AAA Chlorination
100% ——pH 5.7
80% —e—pH 7.0
g 60% —o—pH 8.3
©
Q  40%
<
20%
0% == —
0 2 3 4 5

Time (min)




Kinetics

Chlorine + bromide

Half-lives at 10 mgL Cl,

Milli-Q pH 7 Phe (s) PrPhe (s) AA (s) AAA (s) FAA (s)
O pgL? Br- 1.8 0.5 3.6 43 52
100 pglL! Br- 1 1.1 5 10 12
FAA (pH 7) ¢ 0 ug/LBr 100 ug/L Br

100%
80%
60%
40%
20%

0%

Time (min)



Kinetics

Chloramine

Half-lives at 4 mgL* NH,CI

Milli-Q pH Phe (h) PrPhe (h) AA (h) AAA FAA
5.7 1.93 0.62 0.23 - -
7.0 14.75 5.92 50 - -
8.3 69.31 30.14 4.07 - -

Phe Chloramination e pH 5.7
100% ——pH 7.0
= 80% —-pH 8.3

20 30 40
Time (h)




Chasing the TPs

Data treatment: finding suspects

1. MassHunter Qualitative (software by Agilent Technologies)

- Open data files

- Algorithm Find Compounds by Molecular Feature

- Export data results as .cef

i /A Chromatogram Results

(e o 3l alElwl€l[E]al o o -] Hi[I]a % 2% % % B s M =

%108 |+ESI TIC Scan Frag=120.0V 100uM CI2-By-products-t0.d

5 m,m,//\/"\— M

x108 |+ESI TIC Scan Frag=120.0V 100uM CI2-By-products-30s.d

;

%108 |+ESI TIC Scan Frag=120.0V 100uM CI2-By-products-1min.d

TN

;

%108 |+ESI TIC Scan Frag=120.0V 100uM CI2-By-products-2min.d

TN

'

x108 |+ESI TIC Scan Frag=120.0V 100uM CI2-By-products-5min.d

TN

¢

x10€ |+ESI TIC Scan Frag=120.0V 100uM CI2-By-products-10min.d

106 |+ESI TIC Scan Frag=120.0V 100uM CI2-By-products-30min.d

TN

;

x10€ |+ESI TIC Scan Frag=120.0V 100uM CI2-By-products-no thio.d

e AN

g

i 2 3 4 5 6 7 8 9 M M 12 13 4 B 16 W 18 19 20 21 2 23 24 2B 26 27 28 28
Counts vs. Acguisition Time (min)

[Z Method Editor: Find Compounds by Molecular Feature

|{D Find Cempounds by Molecular Feature |'|| oy | ¥ - v

| Mass Fiters | Mass Defect | Peak Fiters (MS/MS) | Resuts | Advanced

Extraction | lon Species | Charge State | Compound Fitters

Extraction algorithm

Target data type [Small malecules (chromatographic) - l

Input data range

[] Restrict retention time to minutes

Restrict m/z to miz
[l

Peak filters

=]

(7 Use peaks with signal-to-noise = |5
(Profile spectra only)

@ Use peaks with height s= 5000 counts
(Profile and centroid spectra)




Chasing the TPs

Data treatment: finding suspects

2. Mass Profiler Professional (Agilent Technologies)
- Open .cef files
- Set up data analysis (alignment, ANOVA, fold changes, etc.)
- Seek “overexpressed features”

25

it =l4lx
-] Samples 20 e
=24 Interpretations i
Sl Al Samples
£ qlul Time min) (Non-averaged)
4l Time (min)
=43 Analysis
£ [= All Entities
=[] Filtered on Flags {accCalls=[?, M], filterCondition=[samples, (4]}
- [E% Filtered by frequency [conditions', [100.0, 1]
=[] Filtered on Flags {accCalls=[?, M], filterCondition=[samples, [3]]}
[} Filtered by frequency ['conditions', [100.0, 1]]
change >= 10.0
]2 UP -Fe ([0.5] vs [0])
+-[=1 DOWN -FC ([0.5] vs [0])
L[] UP-FC ([0 vs [0])
~[EUup-Fe ([2) vs )
2] UP-FC (18] vs [0])
[ P -FC ([10] vs [O])
£ [2 DOWN -FC ([10] vs [0])
[ UP -FC ([30] vs [O])
£ [ DOWN -FC ([30] vs [0])
-2 P -Fc ([120] vs [0])
+[Z] DOWN -FC ([120] vs [0])
{21 My Favorites

Log2 Mormalized Abundance Values

Global Lists B
-] My Lists




Chasing the TPs

Data treatment: structure elucidation

Formula generation:
Mass accuracy
isotopic distribution
spacing between isotopes

"
221 222 223 224 225 226 227 228
m/z

5
Counts x10 223.0633 X
6 Structure elucidation:
5 — Product ion scan
4
3 225.0607
] (M+H)+
2 224.0663
] (M+H)+
1|
.



Chasing the TPs

Counts x 10°
56.0503 Cl

, o,

1.2 CHN® m
(-0.81 mDa) O/ \

1 Cl-Phe

0.8 C;H,NCI* [M+H]*
f (-0.26 mDa) 223.0627
0.6 92.0264 C1oHN,OCI* o
] (+0.49 mDa)
0.4 C,,H,,N,0*
C.H..N.* 11" %127 %2
] (+ 096511m2Da) (+0.94 mDa)
0.2 188.0935,5g
| 147.0910 208 ‘_).393
L A
] \ \ 1 e T Ul el Hin I
O T \ \ T T T

60 80 100 120 140 160 180 200 220



Phenazone TPs

O Chloramination

C,,H,(N,OCl
Cl-Phe 0.49 ppm

Br-Phe
C,1H1oN,OBr

-0.18 ppm

Cl-Phe-Me
C,oHgN,OCl
Cl,,OH-Phe O 0.43 ppm
C11H11N202C|2
0.2 ppm
Cl,,OH-Phe-Me Cl,OH-Phe-Me
C,oHyN,0,Cl, C,oHgN,O,Cl
-0.22 ppm -3.84 ppm



Toxicity — phenazone TPs

Ecotoxicological data predicted by US
EPA TEST

Compound
sl Fathead Minnow Daphnia magna

(96h LC.,mg/L) (48h LC;,mg/L)

36.82 41.36

Cl-Phe 10.67 24.45
Br-Phe 9.64 17.33

Cl, OH-Phe 18.34 50.83
Cl2,0H-Phe N/A N/A
Ci2,0H-Phe-Me N/A N/A
Cl-Phe-Me 34.61 24.95

Cl,OH-Phe-Me 53.71 131.74



Reaction in real river water

O Chlorination

O Chloramination

Cl

@)
O\ Cl OH 0 cl %_/ Cl-Phe-Me
O/ B N_  Cl,OH-Phe O/ :
Cl,,OH-Phe O/ \

\ cl
OWOH

©/N\H Cl,0H-Phe-Me







PROMOTE Workshop

ﬁ

/A
WWW.promote-water.eu at & /F RA M E y
Workshop PROMOTE 74

Persistent and Mobile Organic

Chemicals in the Water Cycle:

"ECHA

EUROPEAN CHEMICALS AGENCY

Linking science, technology and regulation

to protect drinking water quality

23 - 24 November 2017, Leipzig, Germany

VERBAND DER VCI
CHEMISCHEN INDUSTRIE e.V.
WIR GESTALTEN ZUKUNFT.
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