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Outline Waters

THE SCIENCE OF WHAT'S POSSIBLE.®

® |ntroduction to microcystins

= Targeted analysis of microcystins
—Advantages of 2DLC
-MS, MS/MS, Target enhancement

= Untargeted analysis of microcystins
—Waters Xevo G2XS - QToF (DDA)
—Waters Vion IMS - QToF (HDMSE)
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. Woaters
I ntrOd u Ctl O n THE SCIENCE OF WHAT'S POSSIBLE.”

= Microcystins are cyclic peptides produced by cyanobacteria

= They are produced by overgrowth of algae, especially at higher water
temperatures — Climate change, invasive species, global trade and
agricultural practices can exacerbate the problem

= Microcystins can be toxic for plants and animals including humans

= WHO action limit = 1000 ng/L (1ppb) and methods are proposed including US
EPA Methods 544 and 545 and European ISO 20179:2005(E) guideline

= Sensitive detection is needed
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http://en.wikipedia.org/wiki/Cyanobacteria

Microcystins Waters

THE SCIENCE OF WHAT'S POSSIBLE.®

= Twelve different variants monitored at MOECC
® Several cases of human sickening/death (Toledo OH, 2014)

- Ontario Drinking Water Ox-OH
Quality Standard set at
1.5 pg/L for
Microcystin-LR

0O
HNI/WN
© o)
Sy T NH H H HN
NH O N Nj“/]j\
- From 2004-2015: > HENJLN/j/ \’Ci_{]/{:)IOO

2000 samples from :
drinking water
monitoring program +
> 2000 samples from
algal blooms

O/’

Microcystin-LR
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Microcystin variants Waters

THE SCIENCE OF WHAT'S POSSIBLE.®

= Over 100 different variants reported in literature!

AA1 AA2 AA3 AA4 AA5 AA6 AA7
Ala (H,)Y MeAsp Aba Adda Glu Mdha
Gly Aha Asp Ala (6Z)Adda  Glu(OMe) Dha
Leu Ala Apa ADMAdda Glu(C;H,0) Dhb
Ser Arg Arg DMAdda dihydro
Glu Butyrine EtAdda MeAla AA6
Glu(OMe) Glu(OMe) Melan e . e AA7
Hil H?r MeSer Rt 0 OH AN AN
Hph His O
hR hR
Hty Hty
Leu Leu K
M(O) M(O)
Phe Met ‘\
Trp Phe )
Tyr Trp
Val Tyr
Tyr(OMe)
Val
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| | . . Waters
Microcystins common diagnostic fragments THE SCIENCE OF WHAT'S POSSIBLES

Glu + Mdha
CoH13N, 0,7

O~_ _OH o
213.0870 N
HN fL NH
0
O @:G

X" "NH

g : HN
0 0
H,N HO” Y0

rniglict vo
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Waters

Microcystins sample preparation THE SCIENCE OF WHAT'S POSSIELE®
Current MOECC method Automated method
- 3 days
Day 1: -Biomass filtration . Dgyail"a‘- gtg‘ll aliquot cell
_Cell lysis {55 (freeze/thaw)
* 500 m l%fpﬁﬁﬂi For

Day 2: -Extraction online sample prep

-Filtration NN
-Desorption Time and ‘night)
-Concentration resourc'es

Day 3: -Preparation for consuming |
LC-MS/MS analysis method bled!
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Waters

THE SCIENCE OF WHAT'S POSSIBLE.®

Targeted analysis of microcystins
using 2D LC-QToF (Xevo G2-XS)



Loading Pump:
A pushes sample
out of the
autosampler

B dilutes the
flow coming from
the autosamper
with aqueous to
improve trapping

2D UPLC with ‘At Column Dilution’

Autosampler

9
Waste - Inject sample
t A \\N > onto the

‘Trap Column’
Al B —

Loading Pump

— | Mass
- Spec
After the valve — Elute sample off

switch,

flow from the
column pump
goes through
the trap and
onto the
analytical
column
connected to the
mass spec
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Column and then
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2D LC conditions Wq:rer S

2D _test_158 1: TOF MS ES+

100~ —-——— 213.087 0.0500Da
1.22e7
W ! :
D fest 1 — 1 TOF MS ES+ I I
H3.087 0.0500Da
L 121 I I
I |
I |
I |
I |
I |
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e
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ﬂ\ \j T \I Time I I
53 600 6.10 b2 630
| N I
T e B T a E  EEaE L R o AR e e e e Time
0.50 1.00 1.50 200 260 3.00 3.50 4.00 460 500 _550 __ 600 _ 650 7.00 7.50 8.00 8.50
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Waters

THE SCIENCE OF WHAT'S POSSIBLE.®

Advantages of 2DLC for microcystin analysis:
Maintained chromatographic resolution

2D _test_031 Sm (Mn, 1x1) 1. TOF MS ES+
100+ 532 995.556 0.0100Da
6.33ed
Injected volumes: Microcystin -LR
18000 -
100, 150, 200, 300, 500 pl
16000 e
14000
< y=32.777x-766.93
g pes R?=0.9997
| IS < ) .
&
1§o 260 zéo 360 3_%0 460 4150 560
Injected volume (ul)
U 1 ) I I 1 | 1 I I | 1 | I I 1 1 1 1 I | 1 1 1 I 1 1 1 1 I 1 1 TIITIE
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Waters

THE SCIENCE OF WHAT'S POSSIBLE.®

Microcystin sensitivity
- XIC from Tof Full Scan

C::;(;f)m ) (Mn 1X1) 2.38_ 9;51—5(5)5 glloszgosga Response
23 942
col Factor
0.1 pg MCYST LR on :

column 0.1 20 200
* S/N = 20
0.5 104 210
. 180 190 200 210 220 230 240 250 260 270 280 29 300 310 320 10 1820 182
CC1_004 Sm (Mn. 1x1) 1: TOF MS ES+
m— 238_ 995 557 0.0200Da
14 4.61e3
Area
0.5 pg MCYST LR on 10000 -
column .
] _ 1000 - ®
S/N = 104 z
2} __-9100 -
OOD ¢
0 - 10 -
"180 190 200 210 220 230 240 250 260 270 280 290 300 310 320
CC1_007 Sm (Mn, 1x1) 1: TOF MS ES+ . 1 .
238 _ 996.557 0.0200Da
100+ 3035 1.17e5 0.1 1 10
Area
10 pg MCYST LR on log (pg on col)
ol column
S/N = 1820 0.1 pg is already in
the linear dynamic
range!
0 T T AR T T T rreeeres Time
180 190 200 210 220 230 240 250 260 270 280 290 300 3.10 0
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Microcystin LR mass accuracy

2D_test_106 1110 (5.107) Cm (1110:1118)

o TT——

Waters

THE SCIENCE OF WHAT'S POSSIBLE.®

100- 995 5565 e MiEgI:S
Experimenta] spectra Theoretical mass = 995.5560
Experimental mass = 995.5565
N 996,557 Mass accuracy = 0.47 ppm
Lock mass corrected (Leu-Enk)
997 5590
989.5933 990.5913 g9 0474 998 5675 10[12.5[1[101003_51101004'52251005-'5151
L T T T N o T NV N ™
il;ln_t_est_mﬁ (0.028) Is (1.00,1.00) C49HTEN10012 . 1 TOF MS ES+
Isotope model
995 5596
m e
997 5624
998.|5551
I T e e I A L L R L T
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Microcystin LR linearity unter S

40000 -
u
__ 35000 - Linear from 0.01-10 pg MCYST LR/L
[7,]
§ 30000 - R?=0.9994
o .
3
m 25000 - y = 3777.6x - 346.87
= R? = 0.9994
< 20000 -
g -
S 15000 -
3
& 10000 -
5000 - .
e
O ‘./. T T T T 1
0 2 4 6 8 10

Concentration (ug/L)
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Targeted analysis of microcystins in complex THE SCIENCE OF WHAT'S POSSIBLE

matrix @ 1ppt (500 pl inj.): MS vs MS/MS

2D test 152 Sm (Mn, 3x1) 1. TOF MS ES+

100+ 5.60_ 9945 RR2 0.0100Da
170 _ 8.07e3
Full scan S/N=12.5 e

| -

0 I L LELLELEN LR DL LN UL L B
480 £.00 .20 .40 A.B0 £.80 6.00 6.20 6.40 6.60 6.80 7.00

2D_test_153 Sm (Mn, 3x1) 1: TOF MS ES+
100+ .59 _ 995539 0.0100Da
511 22584
Full scan S/N =38.1 Py

target enhanced

%

4.80 5.00 5.20 5.40 5.60 5.80 6.00 6.20 6.40 6.60 6.80 7.00
2D _test 154 Sm (Mn, 3x1) 1: TOF MSMS ES+
135.079 0.0100Da
100- "2t S/N=8.63 1.51e3
MS/MS Area

=
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Targeted discovery of microcystins in real S om

sample Waters

THE SCIENCE OF WHAT'S POSSIBLE.®

= Sample from algal bloom (2015 season) with high levels
of microcystins determined with MOECC3450 method.

= All 12 monitored variants were detected by LC-MS/MS.

= Sample reanalized by 2DLC-QToF in full scan MS (no
TE), XICs for the 100 variants described in literature?.

Timo Niedermeyer, Tubingen University
https://figshare.com/articles/ Microcystin_congeners _described in the literature/880756

High resolution full scan data enables

retrospective analysis: Inject
_—> once, reinterpret your data anytime!
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THE SCIENCE OF WHAT'S POSSIBLE
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sample
200
180 -
160 -
140 -
120 +
100 -

©2017 Waters Corporation



q
Waters

THE SCIENCE OF WHAT'S POSSIBLE.®

Untargeted analysis of microcystins using a
Xevo G2-XS (DDA acquisition)
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Untargeted analysis of microcystins: DDA

Waters

THE SCIENCE OF WHAT'S POSSIBLE.®

File Display Help
Switching Time | Set Mass | Function Name | Charge State | Intensity
552 981.5762 F4:TOF DaughterES+ 1 885
884 961.7108 F11:TOF Daughter,ES+ 1 2264
619 8827241 F10:TOF Daughter ES+ 1 1383
585 3835005 F2TOF Daughter ES+ 1 585
804 9836995 F3TOF DaughterES+ 1 3812
752 983788 F3.TOF DaughtetES+ 1 2901
5.65 985.5617 FS:TOF DaughterES+ 1 809
7.40 985.6774 F15:TOF Daughter ES+ 1 3615
816 3856838 F2TOF Daughter ES+ 1 2559
6.58 985.7031 F2TOF DaughterES+ 1 1413
6.08 986.5321 F5.TOF Daughter ES+ 1 3n
5.56 986.5321 F3:TOF DaughterES+ 1 659
7.00 906.6992 F4.TOF Daughter ES+ 1 2052
804 986.7056 F11:TOF Daughter ES+ 1 1613
830 987.3099 F9:TOF Daughter ES+ 1 947
541 987.5157 F3:TOF Daughter ES+ 1 3535
476 968.3M2 F14:TOF Daughter ES+ 1 1671
632 988.5707 FZTOF Daughter ES+ 1 389
574 388.5900 FE:TOF DaughterES+ 1 827
545 389.5430 F2TOF DaughterES+ 1 1301
617 989.5746 F3:TOF Daughter ES+ 1 390
835 989.8193 F12TOF Daughter, ES+ 3 2016
843 990.3087 F7.TOF Daughter ES+ 1 22%
5.80 990.5663 F3:TOF DaughterES+ 1 450
204 3308110 FZ.T0F Dauchter FS+ 1 1527
863 932.7831 F5.TOF Daughter ES+ 1 1568
7.09 992.7831 F3:TOF Daughter ES+ 1 2107
816 992.7896 F7-TOF DaughtetES+ 1 358
550 993.5507 F4:TOF Daughter ES+ 1 830
E 75 933 5151 F3.TOF DaughterES+ 1 604
F3:TOF Daughter ES+ 1 2574
99‘55900 F16:TOF Daughter ES+ I I I
F2TOF Daughter ES+ 1 513
457 9%497? F12TOF DaughterES+ 1 2112
5.55 996.5847 F3:TOF Daughter ES+ 1 863
619 996.7397 F5:TOF Daughter ES+ 1 18%
709 996.7462 F10:TOF Daughter ES+ 1 1061
7.40 997.7026 F5:TOF DaughterES+ 1 3617
869 997.7414 F2TOF DaughterES+ 1 5064
536 998.2062 F8:TOF DaughterES+ 2 322
825 998.3297 F2TOF DaughterES+ 1 361
7.92 999.7203 F3TOF Daughter ES+ 1 1034
683 999.7203 F8:TOF DaughterES+ 1 1199
6.32 10005682 F2:TOF DaughterES+ 1 2099
869 1000.7429 F11:TOF Daughter,ES+ 1 g1
5.65 1001.5394 F4:TOF DaughterES+ 1 1081
7.03 1001.6948 F14:TOF Daughter ES+ 1 1910
619 10016348 F15:TOF Daughter ES+ 1 1043
6.58 10025435 F10:TOF Daughter ES+ 1 3481
587 10025629 F2TOF Daughter ES+ 1 653
B84 1003.2822 F2TOF DaughterES+ 1 3707
826 1003.2888 FS:TOF Daughter ES+ 1 540
ART? 10N 2978 F1R-TNE M annkiar FGa 1 e

File Edit Display Process Window Tools Help - | & || x
FABRGDDLEA LALQ@ABRIQAAQ e » K|

2D_test_184 1. TOF MS ES+

1004

995.556 0.0100Da

XIC 1.34e6

o

T T T T T T T T T T T ; T T T T Time
1.00 200 3.00 4.00 500 6.00 7.00 .00

Spectrum - [2D_test_184]

e e . e -

gme Edit Display Process Tools Window Help

> A2 GRBLOQAERD AQAQ|¥ ¢« s X |rka|H

2D_test_184 875 (5.585) 1: TOF MS ES+
100+ 995 5565 4 38e5
Survey scan
996.5575
LA 8354815
aesn2 sae'mﬂ‘*mﬂ TR0
0 m;
e e L B o e L B o L o IS L B B B S ey U z
100 200 300 400 500 600 700 800 lﬂ]o 1000
20_test_184 55 (5.587) Cm (55) = TOr M=Tis P98 60ES+
100+ 135.0799 3.78e5
127.0872 Product ion scan of candidate mass
£ 213.0879
I“ 226 1195
U I ”“ J.IL l + T T T T T T T L T T T L T T T wz
200 300 400 500 600 700 800 900 1000
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Untargeted analysis of microcystins: DDA Wcl’rer e

X7 diluted 1:10 DDA lock mass aplied 100 ul DDAtool

20_test 184 Selected fragment ion “chromatogram®

1004
135// 213
LR
L=
YR Leul-LR
.“ ?
RR ? \\
0L I \| |.| ...l............l.. I R E— .........I..I. = !----------------TIITIE
T T T T T T T T T T T T T T T T T 1 T T T T T _| T T T T T B.ITU I_lEn_ISU T S.ISU T
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Untargeted analysis of microcystins: DDA

o T————

Waters

THE SCIENCE OF WHAT'S POSSIBLE.®

2D test 188 1: TOF MS ES+
. . . 1071.551 0.0100D
1007 Potential new microcystin #1 v RT 13805
not described in literature v" Peak shape
[ S )
@ 1071.5514 v MS fragmentation
L L L L L B L L B L L B L B L L L Ly ) L AL L) Lt RS Bl s L
0.50 1.00 1.50 2.00 250 3.00 360 4.00 450 5.00 550 6.00 6.50 7.00 750 8.00 850
20 test 111 1: TOF MSMS ES+
1508_8 - 13508 0.0100Da
5494
135.0804
1 fragment
L L L L L L L B L L L) L L L L B B L ) L A L L L L AL LA
0.50 1.00 1.50 2.00 250 3.00 360 4.00 450 5.00 550 6.00 6.50 7.00 750 8.00 850
20 test 111 1: TOF MSMS ES+
1508_8 - 213087 0.0100Da
1.23e5
213.0870
] fragment
0t L L L B L B L L L L ) Ly ALY A LAY A LA L) LAY RALAY LAALS LALAS LA ana) Lnd Laans panny nanay panns wannanll I1E
0.50 1.00 1.50 2.00 250 3.00 360 4.00 450 5.00 540 6.00 6.50 7.00 7.50 5.00 850
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Untargeted analysis of microcystins: DDA

m
Waters

THE SCIENCE OF WHAT'S POSSIBLE.®

2D _test_188 1: TOF M5 ES+
1044 562 0.0100Da
100+ . . . 2 1486
Potential new microcystin #2 v RT -
. not described in literature v" Peak shape
@1044.5619 m/z v MS fragmentation
e ) R L L L L L L B L L L L L L ) s L e Ly A L L L L L L Ly L LAy sl e L
0.50 1.00 1.50 2.00 250 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 T.50 8.00 8.50
2D test 192 1: TOF MSMS ES+
100+ 213.087 0.0100Da
3.34e5
135.0804
= fragment
-t T IRARAR N |""|""|""|"'|""|!lh'|n""|""|""|'"'|""|""|""|""|'"'|""|""|""|""
0.50 1.00 1.50 2.00 250 3.00 3.50 4.00 4.50 5.00 550 6.00 6.50 7.00 T.50 8.00 8.60
20 test 192 1: TOF MSMS ES+
1004 135.08 0.0100Da
1.08e5
213.0870
] fragment
0 -trrrrprrrrrre AR T AR AL R RN RARRE T T T T HLRARLE RRRRR T T T e Time
0.50 1.00 1.50 2.00 2580 3.00 3.50 4.00 4.50 5.00 550 6.00 6.50 7.00 T.50 8.00 8.50
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Untargeted analysis of microcystins: "
. - - Waters
Data independent acquisition (MSF) THE SCIENCE OF WHAT'S POSSIBLE?
liquid phase
separation
0..3
] oo ()] . oo
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lon Mobility Spectrometry Waters

THE SCIENCE OF WHAT'S POSSIBLE.®

* Separation of ionic species as they drift through a gas
under the influence of an electric field

* Rate of drift is dependent on ion’s mobility through the gas

* Mobility is dependent on factors such as:

* Mass
* Charge

* |Interaction Cross Section

©2017 Waters Corporation 25
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What is CCS Waters "
(Collisional Cross Section)? THE SCIENCE OF WHAT'S POSETELE"
- CCS is related to: Pz -

* chemical structure
« 3D conformation

 CCS is arobust and

precise
ohysicochemical \

oroperty of an ion .
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HDMSE Product lon Acquisition WOTerfssmE.@

ION GUIDE COLLISION CELL

m/z m/z

[ — [ — e
®
®
Drift time Drift time
Co-eluting Mobility Drift time aligned
separation precursors and products

precursor ions



IMS spectral clean up

aters

THE SCIENCE OF WHAT'S POSSIBLE.®

Iem name: 1:10 MCYST 500 ppb
Item descripion:

Channel name: Low energy : Time 48370 /- 00225 minutes : Drift Times: 1114 +/- 027 ms

©2017 Waters Corporation

Observed mass [mfzl

11265
98154113
100000 . . .
-005.55681
Microcystins IM aligned spectra
7 750001
£ 1006.56066
g :
)
=
£ 50000+
o
E
25000 4 j5‘197-‘.55.3.&!{]'
996.56425
o { 1043.47680
: ; : - - - : : : : : - : : : : : : : : : - -
0 10 200 250 300 350 400 450 SO0 5SSO 00 650 o0 750 600 ESO OO0 050 1000 1050 1100 1150 1200
ltem name: 1:10 MCYST 500 pphb Channel neme: High energy : Time 46370 +/- 00225 minutes : Drift Times 1114 +/- 0.53 ms
2 gh energy
Item description:
238e3
2000 4 13508014
o Loy
- 10507573 }
£ 15001 &
g v
<
=
£ 1000 167.08270| | 1308677
E o Mass error: -0.2 mDa
500-] 26318620
&
| ‘ 81369246
u T T T T T U T T T T T T T U | T T T U T T T T
0 10 200 250 300 350 400 450 500 5SSO 00 650 00 750 800 ESO OO0 ©50 1000 1050 1160 1150 1200
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THE SCIENCE OF WHAT'S POSSIBLE.®

Scientific library set up

* A scientific library was generated containing 12
microcystins, anatoxin and nodularin including:
* Formula
« Common fragments (135.0802, 135.1168, 213.0870)
« Structure (where available)

MIcrocystin LR [Microcystins]
Property Value o _
Item type Compound j'(hhrﬂlk |
Item description ','#,h :c: - f‘;
IUPAC name o Ilurllllﬁ
Farmula C49H74N10012 # R
Hill formula C49H74MN10012 IEI

©2017 Waters Corporation 29
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Iy
Scientific library set up WqN’rer >

» Microcystins CCS, m/z and RT ranges were determined

| 1 1
Component name  : Identification status IObserved m/z IMass error (mDa) Mass error (ppm)  Expected RT (min) E)bserved RT... i)bserved drift (ms) I Observed CC5 (A% ‘Expecled CCs (A3 CCS delta (%)

1 Anatoxin Identified I 166.1232I 06 36 1.85 I 1.534 I 4.35' 136.04 I 136.82 -0.57
2 Microcystin dmLR Identified I 981.5400 I -04 -04 463 I 463 I 1091) 306.96 I 309.93 -0.96
3 Microcystin dmRR Identified I 512.7824 I 0.0 0.0 3.95 I 3.95 I 6.19' 345.06 I

|
4 Microcystin HilR Identified I 1009.5730 l 13 1.2 475 I 475 l 11.26] 318.06 | 319.35 -0.41
5 Microcystin HtyR Identified I 1059.5502 I -0.7 -0.7 4.56 I 4.56 I 11.30' 319.46 I 321.00 -0.48
6 Microcystin LA Identified I 910.4935 I 15 16 5.85 I 5.85 I 10.631 298.06 I 300.31 -0.75
7 Microcystin LF Identified I 986.5246 I 13 13 6.60 I 6.60 I 11.09' 31251 I 314.39 -0.60
8 MIcrocystin LR Identified | 995.5559 | -0.1 -0.1 4.64 | 4.64 | 11.08I 312.25 I 314.90 -0.84
9 Microcystin LW Identified I 1025.5365 | 2.2 2.2 6.42 I 6.42 | 11.33I 32016 I 322.03 -0.58
10 Microcystin LY Identified | 1002.5200 | 17 17 591 | 591 | 11.24I 31716 I 318.59 -0.45
11 Microcystin RR Identified 519.7902 0.1 0.1 403 4.04 6.26' 348.69

|
12 Microcystin WR Identified | 1068.5522 | 09 0.8 478 | 478 | 11.43I 32335 | 326.60 -1.00
13 Microcystin YR Identified I 1045.5345 I -0.8 -0.8 4.53 I 4.54 I 11.32I 312.94 | 32416 -1.30

|

14 Nodularin Identified | 825.4502 | -0.3 -04 ag2 | 439 | 10.60|_ 297.24 | 300.06 -0.94

m/z (singly charged) RT CCS
800 - 1200 3.5-7 min 290-360 A2

©2017 Waters Corporation 30



Algal bloom sample HDMSE analysis

Waters

THE SCIENCE OF WHAT'S POSSIBLE.®

} 2 Welcome to UNIFI } & MCYST MOECC May 11,.. X ‘

= - ST

[Seochpoiders. 2] @

Review | Investigate Report
it @ [ Review Results @ Limit faults [ Process @ Fdit ~ @ Tools ~ [ | [ rile ~
= o —
2D test 073 . @ MCYST LR . 7 fiters |l
——
Workflow
Summary — - E 14| Adducts E
© Batch Overview N5 =H, +K 2x[+H}, 2x(+NH4)
Screening - — - —— - 155
© Identified Components @ Edit Filter
e ——— s — 763
© Unobserved Components e
@ Unknown Components o
© mass and common frag Enter the filter criteria .
0 Match all groups ) Bakch any group DJ:HZE
& 'Match all of these expressions - L
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. Woaters
COﬂClUSIOnS THE SCIENCE OF WHAT'S POSSIBLE.”

= 2DLC allows large volume injections, increasing sensitivity and
maintaining chromatographic resolution.

m Xevo G2-XS QToF has shown excellent sensitivity (0.1 pg LR on
column with S/N = 20), mass resolution (> 25,000), mass accuracy (<
2-3 ppm) and dynamic range (> 4 orders of magnitude) for microcystin
analysis.

= Advanced acquisition methods such as DDA or MSE can be useful
tools for untargeted analysis of new microcystin variants not yet
described in literature.

= |on mobility offers a new dimension of separation, orthogonal to mass
spectrometry and chromatography. This technique is very useful to
screen unknown compounds.

= Mobility aligned mass spectra has higher selectivity than regular mass
spectra, eliminating chemical interferences and facilitating MS
identification and structure elucidation.
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Woaters
AC kn OWI e d g e m e nts THE SCIENCE OF WHAT'S POSSIBLE.”

= De Watergroep, Belgium vl

De Watergroep

WATER. VANDAAG EN MORGEM.

= Ministry of Environment and Climate Change, Toronto

Py_
V Ontario
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