“Taste and Odor Compounds In
Potable Water by GC/MS/MS”

(

Nick Davies

(

18th March 2014

University of Arizona




Dwr Cymru Welsh Water

" Welsh Water is a ‘not-for-profit company’

" Serving 1.4 million homes and businesses

" 3 million customers

® 900 million litres of water supplied every day

" 6t Largest regulated water & sewerage
company

" 4t Jargest company in Wales
® 2,000+ employees work for Welsh Water

" $400million investment programme 2010-15
for drinking water quality
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Glaslyn (‘Blue Lake’)

" Located in Newport (S.E Wales)

" Project Commenced Feb 2012

u State of the Art Laboratory

" ~ £11 Million Investment

" Previously used as a call centre for a bank
" Environmentally Conscious
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Taste and Odour and Its Potential Impacts

»Regulatory Requirement — Water must be fit for human consumption
(1991 Water Industry Act &2003 Water Act)

»Customer Confidence — Tastes Good, Smells Good = Good?

»Financial Implications — Cost of Remedial Action, Fines!!!
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Case Study 2013 — MIB in Pontsticill Reservoir

» Serves population of ~ 300,000 (North of Cardiff)
»Nearly 300 complaints between August & October 2013
»Adverse Publicity — TV/Media Coverage

»Regulatory Notice Served — potential for prosecution with
repeat event

»Impact on Customer Confidence
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Case Study 2013 — MIB in Pontsticill Reservoir
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Case Study 2013 - MIB in Pontsticill Reservoir

Findings:

»Caused by presence of Actinomycetes — No Anabaena detected

»Water Level Fluctuations a contributory factor

»Issue resolved by blending of water, adjustment of flows and PAC
treatment
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How a Screening Method for Taste & Odour Helps

»Allows for appropriate operational decisions to be made to reduce the risk
» Allows monitoring of effectiveness of remedial actions
»Allow the company to comply with stringent (UK) water quality standards

> Provide a better service to customers
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Taste and Odour Method

> Screening Method for compounds with objectionable Taste and
Odour properties

> 20 Compounds within suite of analysis

> Calibration range 0 - 50ng/l (ppt)

> Limit of detection 1ng/l

> 1 litre of sample extracted with Dichloromethane (100mls)

» Dichloromethane concentrated to final volume of 0.5mls

> Originally analysed on 7890/5975C GC/MS (triple axis detector)
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Compounds in Method

» Geosmin & 2-Methyl Isoborneol (MIB)
> Phenols — Chlorinated and Brominated
> Chlorinated and Brominated Anisoles

> Pyrazines (2-Isopropyl-3-methoxy)
(2-1sobutyl-3-methoxy)

> 2-EMD and 2-EDD

20
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Geosmin
(4S,4aS,8aR)-4,8a-Dimethyl-1,2,3,4,5,6,7,8-octahydronaphthalen-4a-ol
Its name is derived from the Greek yew- "earth" and ooun "smell".

Produced by several classes of microbes
inc.

Cyanobacteria and Actinobacteria.

Released into water when microbes die

CH,

Responsible for earthy taste of Beetroot

21
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2-Methyl Isoborneol (MIB)

1,6,7,7-Tetramethylbicyclo[2.2.1]heptan-6-ol

[

OH

Produced by Blue-Green Algae
(Cyanobacteria) such as Anabaena and
also Actinomycetes.

MIB released on death of cells.

Very Low Taste & Odour Threshold
(Low Parts per Trillion — ng/l)
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Phenols: (Sources)

Phenol — precursor to pharmaceutical products e.g
aspirin. Used in herbicide Manufacture.

Chlorophenols — Chlorination of Phenols. Breakdown
of phenoxy herbicides

Bromophenols — Bromination of Phenolic compounds

also used as fungicides, wood
preservatives. Production of Flame

Retardants
23
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Phenol 2-Chlorophenol 2,4,6 Trichlorophenol
OH OH OH
Cl ClI i ClI
ClI
2-Bromophenol 2,4,6 Tribromophenol
OH
OH Br Br
Br.
Br
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Anisoles

Formed when naturally occurring airborne fungi and/or bacteria(usually
Asperqillus sp., Penicillium sp., Actinomycetes, Botrytis cinerea,
Rhizobium sp., or Streptomyces are presented with phenolic
compounds either chlorinated or brominated. A defensive mechanism
of the fungi called ‘Biomethylation’ converts the phenolic compounds to
the anisoles.

Very low thresholds for Taste and Odour (low ppt for chloroanisoles
and sub-ppt for Bromoanisoles)

Compounds produce a musty, fungal aroma (2,4,6 TCA responsible
for producing ‘Cork Taint’ in wine and also ‘Rio Defect’ in South

American Coffee).
25
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Anisoles

2.3,4 Trichloroanisole 2,4,6 Trichloroanisole 2,4,6 Tribromoanisole

OCH3 OCHB OCH3
Cl Cl Cl Br Br
Cl

Cl o .
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Pyrazines

2-1sopropyl-3-methoxy pyrazine (IPMP)
2-1sobutyl-3-methoxy pyrazine (IBMP)

» Formed from actinobacteria in reservoirs.
> IBMP imparts an earthy odour reminiscent of green peppers
> IPMP imparts mouldy musty odour like potato skins/dug soill

» Both compounds considered to be importants determinants of
green flavours in sauvignon blanc wines

> Very low thresholds for taste and odour (low ppt)
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2-1sopropyl-3-methoxy pyrazine 2-1sobutyl-3-methoxy pyrazine
N_ _OCHs CH3
[/ | N © cH
SO P
N ~
CH3 N CH3
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2-Ethyl-5,5-dimethyl-1,3-dioxane (2-EDD)
2-Ethyl-4-methyl-1,3-dioxolane (2-EMD)

> Compounds by-products of Fibreglass and Resin Manufacture
» 2-EDD Odour threshold ~ 5-10ppt(Plastic/Stale/Acetate)
» 2-EMD Odour threshold ~ 5-10ppt (Sweet)

» Odour varied depending on concentration, more odorous at
lower concentrations.
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2-EMD 2-EDD

o] o/jLCH3
CH3 H.C
ch/()\/ 3 \/I\o
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Extraction Summary

> 1 litre of sample extracted with 100mls of Dichloromethane
» Passed through a hydrophobic membrane (Horizon Dry Disk)
> Evaporated down to 0.5mls in a Turbovap

> Dy Naphthalene (internal standard) added.

» Transferred to autosampler vial for analysis

» Direct Solvent Standards run at 0,10,20,30,40 and 50ng/I

> Quality Control Spike at 40ng/I

> Typical recovery approximately 85% for Geosmin and MIB

31



g
©
=
e
0
)
=
=
=
>,
O
=
O




g
©
=
e
@
)
=
=
=
>,
O
=
O




Dwr Cymru Welsh Water




Dwr Cymru Welsh Water




Dwr Cymru Welsh Water

Instrument/Method Conditions

7890GC/5975C GC-MS with Triple Axis Detector

A
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HP-5MS Ultra Inert Column 30 x 0.25 x 0.25 (P/N 19091-433Ul)
Ultra Inert Splitless Single Taper Liner (P/N 5190-3162)

2ul Injection (Pulsed Splitless)

Constant Flow 1.2ml/min

Oven Program

35°C (Hold 1min)

Ramp 1: 10°C/min (150°C)

Ramp 2: 20°C/min (270°C)

Run Time: 18.5 minutes

37
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MS Parameters

MS Mode: SIM (5 SIM Groups) — Minimum Quant & 1 Qual per
compound (see table)

Transfer Line: 300°C
lon Source: 230°C
Quad: 150°C

EMV: Gain Factor 10

38
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Phenol 94,66,65
2-Chlorophenol 128,130,64
2 Bromophenol 172,174,65
2-1sopropyl-3-methoxypyrazine 137,152,124
3 Chloroanisole 142,112,99
4 Chloroanisole 142,127,99
2 Chloroanisole 142,99,127
2,4 Dichlorophenol 162,164,98
2,3 Dichlorophenol 162,164,126
2-1sobutyl-3-methoxypyrazine 124,151
2-Methyl Isoborneol (MIB) 95,107
2,3,4 Trichloroanisole 195,210,212
2,4,6 Trichlorophenol 196,198,200
2,6 Dibromophenol 252,250,254
Geosmin 112,97,125
2,4,6 Trichloroanisole 210,212,195
2,4,6 Tribromoanisole 346,344,329
2,4,6 Tribromophenol 332,330,328
2-EMD 87,59
2-EDD 56,115,69
Naphthalene Dg (Int Std) 136,108
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Enhanced Data Analysis - TASTE120213.M / TASTE&ODOUR0009.5_ (MS Data: Quantitated Multi Pt, QT Reviewed)
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Agilent 7000 GC-QQQ
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Agilent 7000 GC-QQQ

> Greater Selectivity — MRM against SIM
> Greater Sensitivity — Improved S/N

» Mass Hunter Software — Analyst Training
» Enhanced Confidence in Reporting

> Instrument Capacity
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MRM Optimisation

» Each compound run separately in MS1 Scan (Precursor lon)
» Product lon Scans run at variety of Collision Energies
» 2 MRM transitions per compound

> 6 Time Segments (Dwell Times adjusted to give min 2
cycles/sec)

43
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Compound Precursor MS1 Res Product lon MS2 Res Collision Energy
Phenol 94 Wide 66 Unit 10
Phenol 94 Wide 65 Unit 20
2-Chlorophenol 128 Wide 92 Unit 5
2-Chlorophenol 128 Wide 64 Unit 20
2-Bromophenol 172 Wide 93 Unit 10
2-Bromophenol 172 Wide 65 Unit 20
2-IPMP 137 Wide 109.1 Unit 5
2-IPMP 137 Wide 105 Unit 10
3-Chloroanisole 142 Wide 112 Unit 10
3-Chloroanisole 142 Wide 77 Unit 25
4-Chloroanisole 142 Wide 127 Unit 10
4-Chloroanisole 142 Wide 99 Unit 25
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Compound Precursor MS1 Res Product lon MS2 Res Collision Energy
2-Chloroanisole 142 Wide 127 Unit 10
2-Chloroanisole 142 Wide 99 Unit 25
2,4 DC Phenol 162 Wide 63 Unit 30
2,4 DC Phenol 98 Wide 63 Unit 5
2,3 DC Phenol 162 Wide 63 Unit 30
2,3 DC Phenol 98 Wide 63 Unit 5
2-IBMP 124 Wide 94 Unit 10
2-IBMP 124 Wide 81 Unit 10
2-MIB 95.1 Wide 67 Unit 10
2-MIB 95.1 Wide 55.1 Unit 15
2,3,4 TCA 210 Wide 194.9 Unit 10
2,3,4 TCA 210 Wide 166.9 Unit 25
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Compound Precursor MS1 Res Product lon MS2 Res Collision Energy
2,4,6 TCPhenol 132 Wide 97 Unit 10
2,4,6 TCPhenol 196 Wide 97 Unit 30
2,6 DBPhenol 252 Wide 143 Unit 25
2,6 DBPhenol 252 Wide 63 Unit 50
Geosmin 112.1 Wide 97.1 Unit 10
Geosmin 112.1 Wide 83 Unit 10
2,4,6 TCAnisole 210 Wide 194.9 Unit 10
2,4,6 TCAnisole 210 Wide 166.9 Unit 25
2,4,6 TBAnisole 346 Wide 303 Unit 35
2,4,6 TBAnisole 344 Wide 329 Unit 15
2,4,6 TBPhenol 329.7 Wide 141 Unit 30
2,4,6 TBPhenol 141 Wide 62 Unit 15
Naphthalene Dg 136 Wide 108 Unit 30
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File Edit View Analyze Method Update Report Tools Help

N E B H5a GE AnayzeBatch | @ : Layout BEF R EHH B
Batch Table

Restore Default Layout

- X
Sample: #] 93926 -~ &8 Sample Type: <All> - Compound: [¢a] Geosmin ~ [=] ISTD: Naphthalene D8
Sample Geosmin Results IQualLIQua, Naphthalene D.. | Qua..
Name Final Conc. RT Resp. | Width SIN Ratio | Ratio| RT Resp. Ratio
0STD 0.0805| 11.879 97e| 0.170 8.29 .798| 4238176 .2
10STD 9.9218| 11.87 11599 0.153| 2715.89 12.2] 140 . 798| 4057243 5.0
20STD 20.3659| 11.879| 24531 0.153| 6825.15 13.0] 142 798| 4145627 3.6
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50 STD 50.0468| 11.879| 627120| 0.158 348.79 13.2] 145 .798| 4213262 9
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o s i e e e s Geosmin ~ 3ng/l
933840 0.0000| 11.879 0| 0.000 125.14 8.798| 2807179 82 I
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BB Agilent MassHunte

¢ File Edit View Analyze Method Update Report Tools Help

i) & | 4a G2 AnalyzeBatch

@ layout [

[ Restore Default Layout

~|[®] ISTD: Naphth @[;l R e

" | Compound Information

Beich Table
Sample: @ (254559 ~| &  Sample Type: <All> = | Compound: [4a] Geosmin
Sample | Geosmin.. Geosmin Resulis Qua...| Naphthalene D.
Name |Exp.Conc.| RT | Resp. |Final Conc. \-wm| SN |Ratio] RT | Resp.
STD | ooooo| 12391 233 00000 2_524 1389| 433 9.811| 1421632
5TD 10.0000] 12.891| 107378 11.1009| 0.205| 1878.7% 11| 1383132
STD | 20.0000] 12991 187205 19.7461] 0.205] 2514.14 /810] 1329561
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. [254553 12.991] 29564 0836] 0.177] 24439] 357] 9.810( 1307626
254568 12991 57519 .2471) 0.184 24597| 359| 9811/ 1549591
|| 254577 12991] 50473 4335| 0.177| 20753 3.0 11| 1315052
252652 1 1] 20211 .8917| 0177 134.41) 351 10( 1314217
|| 2507280 12891] 33234 33329| 0157 54.86] 362| 9.811| 1369522
|| 250773 12.891] 19799 1.7868| 0.170 4059| 362| 9811 1411265,
|| 253056 12991 3189 0.0331] 0138 21.54| 37| 9.810| 1240777
CalC_ 12.991| 600883 55.7339] 0.204] 16271.12| 356] 9811] 1343735|
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¢ File Edit View Analyze Method Update Report Tools Help

i) & i Ga (2 AnalyzeBatch | @ i Layout: BE Restore Default Layout
Batch Table = X |Compound Information - X
Somple: 8] 3., ~| 8] | Somple Type: 1] .. - (81 ] pewe iale st A g e [AFELE L
T [ r—— Qua_| Naphihalene DB_| |+ MRM (T12.1-> 87.1) Sample000006.D Smooth 1215871 11212830
2 104 13170 mi F 102 d p
Neme _|Exp.Conc.| RT | Resp [FinslConc|Widh| SN |Raio| RT | Resp | |5 i R s e
05Tl 5 502470| 0.179] 88302 26[ 358] 0. o T e
40STD 4 1143140] 395958 0.179] 5764652| 358| 10. e E 08
T 30000 298503 0.178] 75712.25] 35.7] 1 3 s
205TH X 611035 203058 0.173] 470493] 359] 10. ]
10STD 10,0000 18603.08| 358| 10. g 04
0STD 0.0000) 545 0. 2 o2
[ [382176 11038] 38| 10
[ [ 2562108 0| 72| 0.
AQc 690565 359] ) 1305 131 1315 132 1225 133 1335 134 1295 13 1305 13 1315 132 1325 133 1335 134
| Elank 35 411 Acquisition Time (min) Acquisition Time (min)
[ f3562ti0 2 e 30> 108.0) SampleD00006.D Smooth 1360-> 1080
3562521 128, 10 i3 Fxi0?
AQC 4587.7 10. 3643875 =
D %6476 18345 [ Naphthalene D8 g 0
[ [ 2561262 19760 06695 0082)  29.70| 355] 10165 = 3
3862613 37760 0.6427] 0091] 304.40] 37.7] 10.165 2 06
Cal Check 13170] 1641813] _ 53.6199| 0.154] 15068.86] 35.7] 10165, T 04
El
3
2 02
995 10 10.05 101 10.15 102 1025 103 10.35 995 10 1005 10.1 1015 102 1025 103 10.35
Acquisition Time (min) Acauisition Time (min)
Calibration Curve - X

@ s 5
Geosmin - § Levels. 6 Levi . 6 Points, 6 ed
Bx10-11 y = 26665519 " x * 2+ 10:553709 " x +0.001225
R"2 = 0.99980502

64 Type Quadratic, Origin‘include, Weight None

Type: Quadratic ~| Origin:/Include  ~ Weight: None ~| ISTD |QGC|.CC

Relalive Respons
o
o
i

Geosmin ~ 1.2ng/| Bl
S/N > 120:1 T::

b4 0dz & odo2 od+ 0do6 ode ob1 odiz odi4 odis odie 08z o0d2z 0024 od%6 002 0f3 002 00+ 003% 008 0b4+ 0042 004 006 0048 0D5 0052 0054
lative Concentration

Medified 3562921 Geosmin 17 Samples (17 total)
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£ Agilent MassHunter Analysis - 2013-(
: File Edit View Analyze Method Update Report Tools Help
0 B i Za GF AnalyzeBatch @ i Layout R [E B [%] Restore Default Layout

Batch Table. > %| Compound Information v X
Sample: (@] 254574 ~| @] | SampleType: <All> ~ | Compound: (48] 2-Methyl Isoborneol ~ [s] ISTD: Naphth @j@ B IR A 4
Sample | 2-Methyl | 2-Methyl Isoborneol Results. Qua_| Naphthalene 0. + MRM (95.1 -> 55.1) Taste&0dour0007.0 Smooth
3 2 x104 8 »104 | Ratio =50.1 (113.2 %) *9.841 min.
Name |Exp.Conc.| RT | Resp. |Final Conc.|Width | SN |Ratio| RT Resp. g 1 E Jehar
0STD 00000| 9.813| 808|  00000] 0.147| 18.54| 124] 9.811| 1421632 o 5 S 5 2-Methyl [foborneol
10STD | 10.0000| 9.841| 61634] 10.9661| 0.208| 139928 49.4| 9.811| 1383132 2] 3
[C|20STD | 200000] 5841 107554| 197848 0.203| 1116.36| 500| 9.810] 1329561 10.134 min.
[ ]30STD | 30.0000| 9.841[ 158172 | 0208] 1885:28] 503 9.811| 1245689 15 - 18171
[_JeosTD [ 400000] 8.841] 197982 | 0.208] 1698.87| 50.1] 9.811| 1207718 1 9.583 min 2 etiv lschomeol
50STD 50.0000| 9.841| 241636 208| 3351.89| 50. .810| 1101360 2-Methyl Iscborneol
MEEEE 8132253 41 30 871 1471253 /\ 0z : A\
[ 254550 .841] 7727 163|272 335( 9811 1517965 o
(] 254056 .41 4454 00 182} 610 9810} 1436516 92 94 96 98 1 w0z 104 106 92 94 96 98 0 102 104 106
|| 254559 84 6678 8876| 0.169 354 3 1382245 Acquisition Time (min) Acquisition Time (min)
54562 841 126720 7 .191]  57.20] 47.7 782652
12 +MRM (136.0 -> 108.0) Tasted0dour0007.0 Smooth
[ 252580 .841 106589 .208| 140.39| 475 464974 zxwg- e “eE min
y | 254574 841 152981 180] 5346] 50.1) S 408307 5 sl 1409807
54565 841| 4917  06262] 0197 149] 467 285220 3 Naphthdlene D&
e 841 189815 33237_0'_,203 15934 517 9. 174188 44 I
QCElL 807 1791 00000] 0265 189 267| 9.811| 1421611 1]
[ 254571 5841 3739  02734] 0036|  3.6] 419 9.811] 1512766
[ |252553 9.841| 17237| 30467 0.107| 3160] 462| 9.810| 1307686 24
254568 5.841| 83305| 13.3275| 0.203| 27.52| 505| 9.811| 1549591 N
[ 252577 41| 98765| 18.4027| 0.203| 69.86] 50.7| 9.811| 1315052
[_] 252652 41| 9200 1.4506| 0.030]  770] 47 314217 0
250780 34 u21 6.0615/ 0.101 14.73] 50. 2 369522 T T T T T T T T
fiss 25078 | 60615 92 94 96 98 10 102 104 108
(L] 250773 .84 6900 0.9028] 0.0% 485] 41.2] 9.811| 1411265 Acquisition Time (min)
|| 253056 .84 5559 0.7964| 0.030 439 66. .810| 1240777
CalC 41| 323416] _ 55.0204] 0.208] 2012.23] 51.2| 9.811] 1343735, Calibration Curve - x
i@» 3 3 -i[@] @ Type Quadratic ~| Origin/Include  ~| Weight: None ~ [TED'QC[CC
2-Methy! Isoborneol - 6 Levels. 6 Levels Used, 6 Points. 6 Points Used. 0 QCs
81017y = 03767127 *2 +0.766082 "« +0.00142
% 22 Type-Quadratic, Origincinclude, Weight Nane
S
|2
3 184
-4
164
1.44
124
MIB ~ 26ng/I i
0.84
064
044
024
04
024

-002-001 0 001 002 003 0.04 0.05 006 007 008 008 01 011 032 013 0.14 0.5 0.76 0.17 0.18 019 02 021 022 023 024 025 026 027
Relative Concentration

Processed 254574 2-Methyl |scborneol 25 Samples (25 total)
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BB Agilent MassHunter @
: File Edit View Analyze Method Update Report Tools Help
P i 53 GE AnalyzeBatch | & ¢ Layout: BF [ B [ [A] 2] Restore Default Layout

Batch Table <% |Compound Information - X
Somple: 7] 254559+ ]| SempleTyper <Al>  +| Compound: [8) 4-Chloroanisole -/ s N |[D]E e W Cilale t AE T @ = (AN 4
:
Somgle_|¢-Chlorca. «Chloroanisole Reauls Qual.| Naphthalene D_ |+ MRM (1420-> 38.0) TasteA0dour0004 D Smocth VIR (120> 1270) Tes1eR030ur000 D Smooth

2 ; 9 e ;
Mame |Exp.Conc.| RT | Resp |Firal Conc|Widh| SN | Raio| RT | Resp 2104 L < X0 T RA =R ST s
0STD 0.0000| 8653 485 00000 0135] 3773] 454| 981 1421632 9 25 &grggzt}a:;w © 1, 4-Chloroanisole
10STD | 10.0000] 8633[ 273917 108423] 0216] 755.05] 478| 9.811[ 1383132

20STD | 200000] 8634| 4880¢7| 138727 0216] 72885 47.5( 9.810( 1329561

30STD | 30.0000| 8633 715873 30.4603) 0216| 761.96] 483| 9.811| 1245689

40STD | 400000 8633| 899607| 38.7756| 0.216| 2505.33) 47.7| 9.811( 1207718

_EDSFD 50.0000] 8.634| 1098505 50.5859| 0.216] 156751 48.2| 9.810( 1101360
[ [zt 648 673 00000 0216] 39.18] 554| 911| 1471293
| 254550 190] _ 59.06| 496] 9.811] 1517965
| 254556 211] 27352| 435 9810) 1436516 77 78 79 8 81 82 83 84 85 86 87 88 83 9 91 77 78 79 & &1 g2 83 84 85 86 B7 88 89 § 91
| 254588 8.638]  56401) 190] 1652.74| 494| 9811| 1382245 Acquisition Time (min) Acquisition Time (mir)
fim] 254062 8638 1AL 20821 9164 9511] 1782502 +MRM (136.0-> 108.0) Taste80dourD004.D Smooth
54530 8634 0000] 0143 31.04] 544[ 9.870] 1464374 841051 98T min
54574 = 0000] 0.154] 26063| 433 9.811] 1408907 5 1282245
| 254565 8638 0000| 0.134] 1487| 531] 9.811| 1285220 S gl Naghthalene DS
[C[#ac 8634 6650] 0.216] 2007.40] 492 9.810] 1174188 5l i
acHl 8653 37| 00000 0226| 2496 527| 9.811] 1421611
WS 8638 8139 0287] 0.1%0] 3132] 47.9 9811 | 1512766 1
=S 8633 664 00000 0133 27.55] 56.2| 9.810] 1307686 4
_254568 8638 664|  0.0000| 0.143 11.69] 8¢ $.811] 1543591 24
[ [z=s7 8638]  758] 00000 0.139] 16.17] 603 9.811] 1315052 1-
[ [z=2 8634 16832 ‘Am} 221 1751.15] 49.8] 9810] 1314217 0 » =
250780 863 343 0000 0.154| 2552| 706| 9611| 136322 .
[ [250773 8638  566]  00000[ 0.148] 5352] 529] 9611 1411265 = oo 38 R g;is,m?iiﬂm)
253056 8.645 106)  0.0000] 0.123, 103 21 9.810| 1240777 |
CalC 8.633] 1269208] 48.1616] 0.216] 211578] 48.9] 9.811[ 1343735 Calibration Curve %
EJH $ X -i[@ [® Type Quadratic ~ Origin: Include ~ ~| Weight: None = !SI'D[QC]‘CC}
4-Chloroznisole - 6§ Levels, 6 Levels Used, 6 Points, & Points Used, 0 QCs
8 05y 2181891122 + 3484561 7 + 0004883
4 R'2=099862625
8 14 Type:Quadratic. Origin‘nclude. WWeight None
8 04
s 094
. %E 0854
034
4-Chloroanisole ~ 2ng/|
07
065+
05+
0554
S/N 1650:1
. 045
044
0354
0.34
0251
024
0154
014
0054
04
0054
002001 § obr ob2 ob2 0ds obs 0 067 os ode 01 071 032 013 04 075 016 017 0is 0l9 02 ohi o2 02 024 025 026 0d7
Relative Concentration
Processed 254558 4-Chloroanisole 25 Samples (25 total)

56
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Agilent MassHunter Analysis

i File Edit View Analyze Method Update Report Tools Help
P G b Ga | GE AnslyzeBatch | @ i Layout [

Restore Default Layout

Batch Table ~ X! |Compound Information - X
Sample: #] 254571 +| @] SampleType <All> | Compound: [&] 2,34 Trichloroanisole ~ [®] ISTD: Naphth i m et RTiNYES @imlﬁj@
Sample | 234 Tric. 234 Trichloroanisole Results Qua_ | Naphihalene D + MRM (2100 > 184 ) Taste80dour00T1.D Smocth + MRM (210.0-> 168 9) Taste&Odour011 D Smooth
2102 11.951 min. 2 %103 Ratio=79.5(821 %) 11,951 min,
Name |Exp.Conc.| RT | Resp. |Final Conc [width] SN [Ratio| RT | Resp. S 15 k2 S 1s 7
0STD 0000] 11958 267 76.2| 9.811| 1421632 (8] 15 23"“‘:6@2“&““ 3] i 2.3‘JTllcF[7mnamsn\e
10STD | 100000] 11951 94368] 76| 9811] 1383132 s
205TD | 700000] 11951 166836 750| 9810[ 1329861 1251 !
30STD 30.0000] 11.951] 253343 78.4 811 1245689 1 08
40STD | 400000] 11351 315041 79.1] 9811] 1207718 0754 08
50STD | 50.0000| 11.951| 353887 79.3| 9.810] 1101360 0.5+ 04
250515 nes| 27 794 11] 1471293 02
[ 254550 19511273 7 11] 1517965 0
|| 25455 N5y 1252 77.2] 9810| 1436516 W 16 e 12 122 s 126 128 e s e 12 122 1Ze 1Ze s
54559 11851 1722 75 1382245 Acquisitien Time (min) Acquisition Time (min)
|| 254562 11881 2157 77. 1782652 +MRM (136.0 -> 108.0) Taste&0dour0011.0 Smooth
(254580 EES] ] 83 1464974 9 41057 9811 min.
254574 11951 1389 77.1| 9.811] 1408507 R 1512766
354565 181 621 75| 9811| 1285220 8 7 Naphthalene D8
Aac 11951 260471 78.2| 9810] 1174188 8 -
acel 11851 388 770[ 8811] 1221611 5
¥ | 254571 1951 3748 79.5| 9811| 1512766 4
| 254553 1951 1257 80.4] 9.810] 1307686 3
[ 254562 N 7 799] 9.811] 1545591 24
252577 11.951 70C .811) 1315052 14
[ 252852 11| 7 810] 1314217 0
250780 11951 &x 6| 9811] 136922 y
[0 11951 44 83.1] 9811] 1411265 i b = * ° " ;E;,m?iﬁu(m,
253056 11851 s3] o 37| 8810] 1240777
[Clcaic 11951 452967 48.1504| 0.239] 4703.36] 77.4] 9.811] 1343735 Calibration Curve . x

2,3,4 Trichloroanisole ~ 0.1ng/I

S/N 138:1

Origin: Include

;@u 1 X ~:[@ %] Type Quadntic -

-] weanlvone |, 57 (i25lie)

2,34 Trichloroanisole - € Levels, 6 Levels Used, 6 Points, & Points Used, 0 GQCs

Bx10-1] y=0.965243"x " 2 + 1160037 *x +0.001867

2 R'2=089778379

3.6+ Type:Quadratic. OriginJnclude. WeightNone

344

324
3]

284

pLE

244

224

Relative Respon

002001 & 0b1 0d2 obs ob+ 0bs ode 067 0de 0de O

011 0i2 013 04 035 ois 017 ofs 0d9 02 021 022 033 024 035 026 037

Relative Concentration

234 Trichloroanisole 25 Samples (25 total)

Processed

254571
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Agilent MassHunter
i File Edit View Analyze Method Update Report Tools Help

P ) & b 43 (F AnalyzeBatch ) : Layout Restore Default Layout
Baich Table = % |Compound Information - X
Sample: ) 252652 v |  SampleType: <All> | Compound: [@] 24,6 Tribromoanisole +|E s [E]E (e e Eiale $ AT Y &= (AT L4
Sample |26 Trib. | 246 Tribromoanisole Resulls GQua_ | Naphthalene D. +MRM (3440 -> 328.0) Taste&0dour0015.D Smooth [+ MRM (346.0-> 303.0) Taste&0dour0015.0 Smooth
£ xi07] | 495 i 2 %102 | Ratio =661 (107.2 %4 935 min.
Name |Exp.Conc.| RT | Resp. |Final Conc.|\idth | SN |Ratio] RT | Resp. 3 H 541
[C]esto 00000] 14.959| 34|  00000] 0.035] 61| 417 9.811] 1421632 o 4 PG b ool S 45 248 Tribrfymoaniscle
[[0STD | 00000 16998| 76s2] 116792] 0.133| 1296.32| 696] 9811| 1383132 5 - 5
[C205TD | 200000 14.996| 12688 19.4499] 0.147| 2427.51| 68.4| 9.810] 1329561
I 30STD 30,0000} 11| 1245689 24 15
40STD | 400000 1] 1207718 1
50STD | 50,0000 810 1101360 14 i5
| 250515 811 1471283 " "
[C]254550 811] 1517965
fre] 254556 .810] 36516 146 147 148 149 15 151 152 193 154 155 186 197 198 189 146 147 148 149 15 151 152 183 194 155 156 157 188 159
[ 204559 LB11| 1362245 Acquisition Time (min) Acaisition Time (mir)
fiut 254562 811 1762652 + MRM (1360 -> 108.0) Taste80dour0015.0 Smocth
{2 LT 25108 3810 ni.
254574 11| 1408907 5 1 1314217
254565 1] 1285220 s | Naphthlene D
AQc 9810 1174188
ace 9811[ 1421611 3
254571 9811[ 1512766
B 9810] 1307636 o
mEES 9811 1543591 14
|| 254577 085 9.811| 1315052
[-] 2525 X I ; 65 65.1) 9g10] 1314217 0 - -
250780 23] 698 9811 1369522
— 92 94 95 98 W 102 104 106
[ [250773 496 87 O .095] 8.6 57.1] 9.811] 1411265 Acquisition Time (min)
[ 2530% 12952 110 00000[ 0.095| 16.22| 645 9810[ 1240777
CalC 14.99[ 35210 50.25%2| 0.126] 5707.04| 68.8] 9811] 1343735 Calibeation Curve R
Ea $ K -i[@l [ Type: Quadratic ~ Origin: Include = | Weight: None ~ Isquc G
2.4,6 Tribromoanisole - 6 Levels, € Levels Used, 6 Points, 6 Points Used, 0QCs
D10 2] y = 0.126685 7% 2 + 0.083316  x +2425401E-004
I |R2-0sessdien
2 3 TypeQuadratic. Origininclude. Vieight None
2 284
£ 26
2 24]
o=
224
24
. . i
2,4,6 Tribromoanisole ~ 0.8ng/I
y Ty . 164
144
12
1
084
064
04
024
.
S/N 118:1 ]
" 021

002001 6 o1 ob2 063 0bs 0bs ode 067 ode 0de 01 o1 0i2 ofa 03¢ 05 ofe 017 018 0l9 02 021 022 033 024 035 035 0
Relative Concentration

Processed 252652 24,6 Tribromoanisole 25 Samples (25 total)




Dwr Cymru Welsh Water

Agilent MassHunter Analysis
: File Edit View Analyze Method Update Report Tools Help

) & Ga GE AnalyzeBatch @ Layout [ [ B B (Al 7] Restore Default Layout

Baich Table %
Sample: ‘#] 254580 ~ @] | SampleType: <All> ~| Compound: (] 24,6 Trichlorophenol ~|[=] ISTD: Naphth
Sample | 246Trie | 2,46 Trichlorophenol Results Qua..| Naphthalene D. + MRM (196.0-> 57.0) Taste8080ur0006.D Smocth + MRM (132.0-> 97.0) Taste&0cour0006.D Smooth
£x102 12261 min. 2 x102 Ratio = 55.1 (37.6 %) 12.261 min,
Name | Exp. Cone. RT | Resp. 8 2357 3 1299
0STD .0000! 9817] 1421622 o 5 ZAETrIﬂ\\ompwhmoJ (S 2.4 6 Trichlorophenol
10STD | 100000] 12 92811/ 1383132 TE119 ngl 2
20STD | 200000] 1 9810[ 1329561
30sT0 | 300000 1 811| 1245689
40STD | 40.0000] 1. .811] 1207718
50STD 50.0000] 1. 10| 1101360
[_[ 250515 1 81| 1471233
[ 254550 1 811] 1517965 -
| 254556 1 10| 143651 1202 124 126 s D e e e 2 122 124 s s B
[ 254559 L 11| 138204 Acquisition Time (min) Acquisition Time (min)
| 254562 i L Lakilie |~ MRM (135.0-> 108.0) TasteB0Gour0006.D Smooth
) | 254580 12 %9 E10 2108 9810 min
[ [z5e574 76 - B 1464974
252565 : } 2 ] o Naphthalene D2
[ [Aac 761 86947] 756198| 0273] 26462 172188 >
QCEL 281 390 0.0000] 0.402] 16 811] 1421611 5
| 254571 268] 1636]  08%7] 0255 &4 | 1512766 4
[ [ 254583 2261 2227]  1.73%]| 0.286] %0 810] 1307686 3
[ [252582 2261 1530|  0.7681) 0232 254 811] 1549591 2
4577 12261 1653  1.1350] 0.275| 3845] 528 8.811] 1316052 1
[ |25 12261 1358  0.8316] 0.238| 60.73] 51.0] 9.810] 1314217 0 ]
250780 122611325 7413] 0215] 2067| 542] 9.811] 1369622 y y 7 ¥
=R 12261]  980] .3686] 0.229| 1457) 56.0| 9.811] 1411265 = T & k: . ;B;‘;smm'%ﬁ‘e(mm
EES 12261 1030 5544 0213 2062] 61 10] 1240777
CalC_ 12.268] 148810] 1036516] 0.286] 293.34] 54.8] 9.811] 1343735 Calibration Curve e

1@ o 3 X - (e (W] Type: Quadratic ~| Ongin: Include  ~ Weight None ~ | ISTD {QC @

| 246 Trichloraphenel - 6 Levels, 6 Levels Used, & Points, & Paints Used. 0QCs

8x10-27 y =0.129464 " x " 2 + 0145768 7 x + 4 253193E-004

2 R'2=099526376

45 Type Quadratic, Origininclude, Weight Nore

425
4

375,

35

325,
3

275

25

225
24

175

S/IN 43:1

0
-0.25.

Relalive Respon:

2,4,6 Trichlorophenol ~ 1.6ng/l

002001 0 001 002 003 004 005 006 007 0.08 009 01 017 012 073 0.14 015 0.16 0.17 018 019 02 021 022 023 024 025 026 027
Relative Concentration

Processed 254580 | 246 Trichlorophenol - 25 Samples (25 total)
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The Future

» Solid Phase Extraction

» Smaller Sample Volumes
» Validate Method (NS30)
» UKAS Accreditation

» Microcystin Monitoring
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Application Note: (5991-3721EN)

Monitoring for ‘Taste and Odour’ Compounds including Geosmin
and MIB in Potable Water using the Agilent 7000 Triple Quad.

Contact E-mail:

Nick.Davies@dwrcymru.com
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Questions

64



