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LC-MS/MS in Environmental Analysis

Considerations on Sampling, Extraction and Separation

1. Statistical sampling needed for unknown screening
~ “The more samples the better”

2. Direct injection of (filtered) water

— Easiest and most cost efficient way to handle “clean” water samples, i.e.
drinking water, surface water, and ground water

— Best for multi-target and non-target analysis
—~ Modern LC-MS/MS systems allow low-ppt detection limits

3. (Automated online) extraction and cleanup
— Cleanup of “dirty’ environmental samples, i.e. waste water, biosolids etc.

/.. Dilution to minimize ion suppression

5. Generic reversed phase UHPLC setup

—~  C18 or polar modified C18, small particle size or core-shell particle
columns
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10 ng/L Drugs of Abuse and Metabolites

Generic LC Conditions for Screening Method

+ @ XIC from 34b sMRMKal 1-2000.wiff (sample 8) - Std 10 ng/L-1sMRM. +MRM (39transitions): Morphin.1 (286.2 / 152.0). Gaussian smoothed. Gaussian smoothed

| QTRAP® 5500 system BTC COC  ME
=1 Scheduled MRM™ algorithm AMP M)\C
a5et ] MAM MEP EDDP
- MAMR\;EE; _MDMA
3504 ] N T .
1o MOR 1
25 ‘'coD
.
. “' \
LC: Phenomenex Kinetex C18 5 ym (100 x 4.6 mm)
water / acetonitrile + 0.1% formic acid + 2 mM ammonium formate
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Generic LC does not work for all analytes... 2 exam,
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0.1 pg/L of Pesticide 1080 (Mono Fluoroacetate)

High Polarity Requires Different LC Setup — Normal Phase HILIC

— @ XIC from 150708_MFA_Woody_CalReps.wiff (sample34) - 0.1ppb r1, -MRM (4 transitions): uumm1momm Gaussian smoothed, Gaussian smoothed
@ XIC from 150708_MFA_Woody_CalReps.wiff (sample 34) - 0.1ppb r1, -MRM (4 transitions): Monofluorcacetate 2 (77.0 / 33.0), Gaussian smoothed, Gaussian smoothed

o QTRAP® 6500* system
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— @ XIC from 150708_MFA_Woody_CalReps.wiff (sample 34) - 0.1ppb r1. -MRM (4 transitions): ISTD 1 (81.0/60.0)
@ XIC from 150708_MFA_\Woody_CaiReps.wiff (sample 24) - 0.1ppb r1, -MRM (4 transitions): ISTD 2 (81.0/ 35.0)
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LC: BEH Amide 1.7 ym (100 x 2.1 mm)
acetonitrile / water + 5 mM ammonium formate and 0.01% formic acid
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0.01 pg/L of Glyphosate and Co.

High Polarity Requires Derivatization (FMOC)

[ @ XIC of -MRM (9 pairs): 389.900/167.400 Da ID: glyphosate 1 from Sample 4 (0.1 ug/L) of Glyphosate-WaterReproducibility_062613.wiff (Turbo Spr... Max. 2.2e5 cps

4.94

* | Automatic FMOC-derivatization (20 min)
and detection using LC-MS/MS
(injection volume of 10 pl)
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Automatic FMOC-derivatization (20 min) and direct injection (10 yL) into LC-MS/MS
Derivatization-free analysis possible (but tricky) using HILIC or Hypercarb
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MS/MS in Environmental Analysis

Considerations on Targeted Detection

* Electrospray lonization (ESI) and APCI or APPI for low polarity
analytes

* Highest selectivity and sensitivity in MRM using triple
guadrupole instruments, with Scheduled MRM™ algorithm for
multi-target methods

* MRM ratio (two fragment ions) for compound identification

* QTRAP® MS/MS spectra with MRM like sensitivity for compound
identification using library searching
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Triple Quadrupole — Multiple Reaction Monitoring (MRM)

Highest Selectivity and Sensitivity for Screening and Quantitation

Filter Fragment Filter

.:a"’ﬁ \.‘\
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QTRAP® System — MS/MS Full Scan and Library Searching

High Selectivity and Fast MS/MS Scan to Increase Confidence

Filter Fragment Trap and Scan

MRM Quantitation and QTRAP® Full Scan MS/MS can be combined in
Information Dependent Acquisition (IDA) methods for simultaneous
guantitation and Identification
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Benzoylecgonine with lon Ratio Tolerance of 30%

(SANCO12571) ®
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QTRAP® MS/MS Library Searching

|dentification of Benzoylecgonine

+ @ Benzoylecgonin. entire range. subrange from Std 1 ng/L sMRM-EP!

3 m‘j Ka_ass M R M
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Time, min
Masterview B QR RE Hik F&EEE=&? water samples.XIClist Y a
c Number  ~
T Sample  of Fragment  Expected ~RTWidth  FoundAt  RT Delta : ' Library "
R VfleNome  Neme  positve * |V "5‘:‘/'5‘5“‘5’ Name  Mass©2) Mog(Da) RT(mn) (mn)  RT(mn) (min) Hoe i soye  IMensy
. 34c2 sSMRM-EP| Ka| Std 1 ng/L KR v OVveVe Morphin 2862 152 345 1
34c2 sMRM-EPI Ka Std 2 nglL ¢ 12 = v V000 e SR B = i
) Vv W/ 0 Amphetamine 1361 909 431 1
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— @ Spectrum from 34c2 sMRM-EPIKal 1-2000.wiff (sample 3) - Std 1 ng/L s MRM-EP1. Experiment 2. +EP1 (70 - 400) from 4.909 min
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MasterView™ software
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Post-Column Infusion to Study Matrix Effects

—{—l

column

Infuse standard post-column (high level signal detected).
Injection of matrix sample, matrix components will be separated by LC...
Reduced signal indicates ion suppression.

13 © 2015 AB Sciex SC'EX



Post-Column Infusion to Study Matrix Effects — Results

(W XTC of *MRM (1 pair): 221.17179.0 Da ID: _IS from Sample 5 (H 50/50) of Data fon supression 2.wiff (Turb... Max. 8.96 cps.
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Dilution of Wastewater Sample to Reduce lon Suppression

(Grey Box Indicates Area of Elution of Compounds of Interest

+ @ XIC from 23d 100_4_6TInf.wiff (sample 4) - Matrix Daerligen 1:1Inj 100 KinC18 100x4.6 F1900 Tinf. +MRM (24 transitions): Morphin.1(286.2 / 152.0). Gaussian smoothed. Gaussian smoothed
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+ @ XIC from 23d 100_4_6TInf.wiff (sample 2) - Matrix Daerligen 1:101Inj 100 KinC18 100x4_6FI900 Tinf. +MRM (24 transitions): Morphin.1(286.2 / 152.0). Gaussian smoothed. Gaussian smoothed
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Screening of Water Samples for PPCP
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Benzoylecgonine — a Marker for Cocaine Consumption

Detection of BE Indicates Consumption of Cocaine

H.C
e OH
_— CH CH
Metabolism
>
O O
=
O)\@ O)\©

Cocaine Benzoylecgonine (BE)
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Benzoylecgonine in Different Water Samples
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BE and other drug metabolites are detected in rivers in major cities,

& .00 mooe, CONCenNtration can be used to estimate consumption.
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Caffeine — A Marker for Human Activity (Coffee
Consumption and Pain Medication)

CHj

Caffeine
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Caffeine in Different Water Samples
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Caffeine or other compounds consumed in large amounts are markers for
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Sildenafil — Viagra (Virility Regulator)

Sildenafil
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Sildenafil in Different Water Samples
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Concentration of sildenafil detected were very low (<10 ppt), one exception!
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Data of Holy Water (Direct Injection 100 pL)

LOQ (ug/L)

Acetaminophen 9.1 0.010
Benzoylecgonine (metabolite of cocaine) 0.47 0.001
Caffeine 38 0.010
Carbamazepine 0.21 < 0.001
Codeine 0.050 0.001
Dextromethorphan 0.021 0.001
Diazepam 0.003 0.001
EDDP (metabolite of methadone) 0.001 0.001
Erythromycin 1.7 0.050
Morphine 0.15 0.005
Sildenafil 0.015 0.005
Thiabendazole 0.016 < 0.001
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Determination of Drugs of Abuse and Metabolites
during the “Zlrich Street Parade”




Monoacetylmorphine, Benzoylecgonine, and Ecstasy in

Waste Water Samples
Day 4 = Street Parade Zurich

SP7 1-10 sMRM -Acetylmomphine_. SP2 110 sSMRM - Acetylmorphine 1. SP4 1:10 sSMRM - Acetylmorphine.1 .. SF5 1.10 SMRM - Acetylmorphine 1 .. SP5 1.10 SMRM - Acetylmorphine. 1. SP7 1.10 SMRM - Acetyimorphine.1 ..
Area: 1.089e4, Height 6.590e3 R.. Area: 1.404e4, Height 85393, RT.... Area: 1.343e4, Height: 8.326¢3, RT.... Area: 8.875¢3, Height: 5.034e3, RT:... Area: 1.167e4, Height: 6.414¢3, RT:... Area: 1.608e4, Height: 9.7513, RT:...
[~
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0 | ] £ 0 I AAn ’\J i 0l AR 0 2
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Time, min Time. min Time. min Time, min Time, min Time. min
+ @ SP11:10sMRM -Acetylmorp... + @ SP31:10sMRM-Acetylmorp... + @ SP4 1:10 sMRM - Acetylmorp... + @ SP51:10 SMRM -Acetylmormp... + @ SP6 1:10 sSMRM - Acetylmorp... + @ SP7 1:10 sSMRM - Acetylmorp...
Area:7.397e3, Height 4.60%e... Area: 1.020e4. Height 6.233... Area: 1.303e4. Height 8.488e... Area: 7.920e3. Height 4 .974e... Area: 9.004e3. Height 5.956... Area: 9.963e3. Height 6.20%..|
439
7000 - 7000 7000
' - e —— s000 | ‘ S .
g 5 5000 - g | 5000 - § 5000 g
= 2 00 = = 4000 _ = 4000 1 =
2000 1 2000 1 : 2000 1
1000 1000 | : 1000
e 0- 0k e S W 5 O-’ i . JENR
42 44 42 44 42 44 42 44
Time. min Time, min Time, min Time, min Time, min

Monoacetylmorphine is the indicative metabolite for heroine consumption,
concentration in wastewater did not change during Street Parade.
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Monoacetylmorphine, Benzoylecgonine, and Ecstasy in

Waste Water Samples
Day 4 = Street Parade Zurich

SP11:10sMRM -Acetylmorphine.... SP31:10 sSMRM - Acetylmorphine.1...  SP4 1:10 sMRM - Acetylmorphine.1... SP5 1:10 sMRM - Acetylmorphine.1... SP6 1:10 sSMRM - Acetylmorphine.1...  SP7 1:10 sMRM - Acetylmorphine.T ...
(Area: 1.089e4. Height 65303 R.. Area: 1.404e4, Height: 8.539¢3, RT.... Area: 1.343e4. Height: 8.326e3. RT:... Area: 8.875¢3. Height: 6.034e3. RT.... Area: 1.167e4. Height: 6.414e3, RT.... Area: 1.608e4. Height: 9.751€3. RT....
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Increase in BEC concentration in wastewater = increase in cocaine
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Monoacetylmorphine, Benzoylecgonine, and Ecstasy in

Waste Water Samples
Day 4 = Street Parade Zurich
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HR-MS/MS in Environmental Analysis

Considerations on Non-Targeted (Unknown) Detection

* High resolution and accurate mass TripleTOF® system
- MRM like quantitation using narrow extracted ion chromatograms

— ldentification of known and unknown compounds with high confidence
using MS and MS/MS information

Software is crucial to handle
information rich accurate mass data

o D=

SCIEX
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Principle of TOF Mass Spectrometry

:" ‘ “"{i
* lons are pulsed and accelerated into the TOF ?\“’{ t}'
analyzer -

* Separation of ions (m/z) based on time to travel
through the flight path (measured on a
picosecond to nanosecond time scale)

— Small m/z faster than big m/z

— It's like in sports: the big guy will finish last

. 7 .
"

o e
"

SCIEX




Finding Unexpected Environmental Pollutants

It's Like Finding a Tree in a Forest (of LC-MS Peaks)

BPC from PPCP-Screening 004.wiff (sample 1) - Lake Zurich, Experiment 1, +TOF MS (100 - 1000), Gaussian smoothed
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Lake water

TripleTOF® 5600 system (TOF-MS-IDA-MS/MS)
~ 30000 resolution (m/z dependent)
~ 1 ppm accuracy

10.21 1050
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Find the Unexpected with Statistical Analysis

HOo N
Principal Components Analysis (PCA) Shows Trends

1. Unknown Screening (PCA) 2. ldentification

cares Tor PLT (268 %) versus FLZ (1.9 7], Pareto Tosdngs for PL1 (5.0 %) versus PLZ (1.9 %), Parek

L4_plgonauin CA Gk U040 6% e
1665 D) L tgin 4 e . 4 ® iMenaisstosic)
. Uhomaach = 03
036 227319795  1920/7.7 (496)
1465 R o 4 ¢
- Samples from wildemess areas
032
.
- with extensive recreational use o= ?=192@7min
1165 028 Asal!sf[zqm -
026
1.0e5
024
904 022
- - 020 1207205(3)
o Drinking water produced from a i
T.0e4 " -
river bank filtrate during flood
g soet E o4 S
B s H poooe 5345/56 (2951) 46¢ 1381405 0131)
P N st Sl 7 :
. 59(1245) =
s Coh B Aoy G 068 112!40:7!'"—'0. 83733 ZIe 1047390195 e
30ed . . 1 .{R Phisdeptia_US e . -—m.m]mwu at 4 h 12552)
A . : ! oo s,
20et L 2uifl O T e “;:A;:l[‘:‘g re %y ?SZHE’ZBEJ ';utm.nlzssul
o {“3me " N - 281 (1252 el Bt o mandm 4904747 2577) :aasasmsq “5."f[:znj;§uznm1 m.mfmm
Colocado_US . 5203551
e Increasing urbanity of samples | ainenmn_s et At RO wal
e | e 3 OO 5T 1439) - TEY 83273 (#S6] o EBIRZ0ZE
(4 L HL.'.L ca Ji—” = o0z 158205 1257) . 4 szg[m] mwpnsli
064 ' N 2002/09(560) -
glﬁmi zéa | Dresden_DE D_Vierna_A L D Vs Al 004 ‘|73'V|ll[37 ) 170 2/4.5 (346) lﬂﬁmﬂ[x‘sl] \’ . " 050
2004 1 F S o4 vl AViens A g 006 mw;,,w, 47356 (2571) .545.4/3.5!ml min 4:35?:;:u3mu]... L ‘,E,“,[m
et FL¥iemna_l) ’ \*R i 0E 0ce - 1ARERT : 5596/7.3(827)
4004 YR 2 o fu«_muu||m| 4153596 2111)
F_SentaFe iR 012 "
5004 Rswiafe iR - | o 3N01 (2289
0.0e0 20e4 404 6.0ed B0ed 1065 1.2¢5 1465 1665 1.8e5 2065 004 Q02 o 002 004 006 008 a1 012 014 016 018 020 02 024
PC1 Score PC1 Loading

Scores-plot Loadings-plot

What sample is important? What is in this sample?
RT and m/z
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Identification of “Known Unknown Compounds”

Formula Finding and ChemSpider Searching (HR-MS and MS/MS)

ChemSpider results for: | 140 of 255 gl

Spectium from PPCP-Screening 004.wiff (sample 1) - Lake ...ich, Experiment 11, +TOF MS™2 (50 - 1000) from 5.397 min
Precursor: 192.1 Da, CE: 35.0 CE=35

100% - 3
CSID Common Name Molecular Weight a1 0549 .
= Formula C;,H;,NO U
6784 N-butyl acetytaniline 191.2695 x|
11950 phendimetrazine 191.2695 ChemSpider .-
60061 o-Tolualdehyde. 4- (diethylamino)- | 191.2695 0% The free chemical agwu D E ET u
63448 N.N-Diethyl-2-methylbenzamide ~ 191.2695 S e
68449 benzamide. N N-diethyl-4-methyl-  191.2695 2
70826 1-benzylpiperidin-4-ol 191.2695 % 50%
71021 1-methyl4-phenylpiperidind-ol 1912695 [ 1SS
77363 1-Bezyl-3-piperidinol 191.2695 =
— 30% 4
83623 4-benzylpiperidin-4-ol 191.2695 _—
122147 1-{4-(Diethylamina)phenylleth 191.2695 20%
216090 N-tert-butyl-2-phenylacetamide 191.2695 i 72 0444
276553 N-benzyl-2.2-dimethylpropanamide | 191.2695 10% i
474138 4-(2-methoxyphenyl)piperidine 191.2695 = uz‘l- e Lot } —“-— . . : . . . .
60 80 100 120 140 160 180 200 220 240 260 280
Mass/Charge, Da
Ceu- i QEEE s | [ Fragments| Peaks |
C N selected composition: CgH, 0 (115.0491 Da) Mass/Charge Intensity (%) Assigned Error (Da)
0l e o £5.0386 2243 0.000
cH 72,0444 7.76 0.036
s |F 3 W en 31.0549 %48 0.001
3 119.0499 100.00 0.001
Cl | Br L 1921391 4182 0.001
1 | Na \ CH, Matches: 5 of 5 peaks, 100.0% of total intensity
Automatic identification in MasterView™ software
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Quantitation of DEET

Water Samples of Algonquin
Provincial Park, ON (Canada)

DEET concentration changes
with touristic activities




* LC-MS/MS strategies for monitoring of emerging environmental
pollutants

— Statistical sampling for unknown screening
— Direct injection vs. extraction
— Generic LC separation

- MS/MS detection
— Triple quadrupole MRM
— Scheduled MRM™ algorithm for multi-target methods
~ MRM ratio and QTRAP® full scan for identification

— Accurate mass TripleTOF® MS and MS/MS for quantitation and
identification of known and unknown compounds

SCIEX
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Thank you for your attention!

Morning mist over Mink Lake in Algonquin Provincial Park, ON (Canada)
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