Analysis of Organic Pollutants in Water
and Sediment:

Instrumental approaches for demanding
problems

1. Improved GC/MS sensitivity
2. LC/MS solutions for new environmental problems

Phil Stremple, Ph.D.
Environmental Industry Manager

Agilent Technologies

Agilent Technologies



Definitions

e Sensitivity
— Analytical definition: slope of the plot of amount of analyte (x-axis) versus
signal response (y-axis)

— Commonly used definition: minimum amount of analyte that gives an
acceptable response (more correctly “limit of detection”)

« Sensitivity Specification (GC/MS)

— S/N achieved for a very small amount of analyte injected under a
carefully defined set of the instrument conditions using a “matrix-free”
sample

o Useable Sensitivity

— Instrument and method parameters and tools that enhance the signal
response and reduced noise when working with real sample matrices
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Seminar Overview:
Useful Sensitivity for Improved Environmental Analyses
Technology Curve — Where is GC/MS Today?
Hardware Evolution
GC - Capillary Flow Technologies (Backflush)

MS — Triple-Axis Detector, Gain Normalization and Fast Electronics for
Synchronous SIM/Scan

Software Evolution

MS — Trace lon Detection and Deconvolution

GC — Retention Time Locking and New Databases
GC/QQQ: Detector sensitivity improves usable sensitivity
Agilent LC/MS solutions for Environmental Analysis

Perflorinated Organic Compounds

Phamaceutical compounds in water and sludge
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Positioning of Basic GC/MS

Cumulative Use of Technology
A

Mature technology
Used often

New technology
Used infrequently

S Curve

>

Time
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Positioning of Basic GC/MS

A

Cumulative Use of Technology

SIM MS
Scan MS

S Curve

Time

Agilent Technologies
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The Benefits of Newer GC/MS Technologies

A

Cumulative Use of Technology

Technology to
support MS data

SIM MS
Scan MS

Deconvolution _ _ _
\ «— Retention Time Locking

. “ Detector Splitting

Trace lon —
Detection

Backflush

Synchronous SIM/Scan

+——Triple-Axis HED-EM (03/2008)
S Curve

>

Time
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Improve Productivity and Useable Sensitivity in
Environmental Analysis with Agilent’s 7890A/5975C

GC/MSD
Trace lon P Pollutant

Detection ¢ Retention Time
Locked Databases

Deconvolution

Reporting
Software

| | Backflush and
Triple-Axis other Capillary
Detector

Flow Technologies

Upgrades Available for All 5975 MSDs
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Capillary Flow Technology
... aproprietary Agilent Technology

Photolithographic chemical milling for low dead volume

Diffusion bond two halves to form a single flow plate

Small, thin profile provides fast thermal response

Projection welded connections for leak tight fittings

Deactivation of all internal surfaces for inertness

SilTite (metal) ferrules

Useful GC/MS Sensitivity
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5th Generation Electronic Pressure Control (EPC)
,-~ T890AGC

/
3rd 4th Generation EPC /

0.01 psi , The only GC to regula

-- Diffusion bonded plate (2D) pressure to 0.001 psi
-- one cable

-- three gas connectors
-- “credit card” size /

-~ /

" B89ONGC -~

~

1st 2nd Generation EPC

_am s s Em E E— E— ay,

-- 0.1 psi

-- cables 5t Generation EPC

-- gas lines & connectors - Metal injection molded (3D)
-- large size - Digital signal pathways

~

5890GC - - __.-"

... Improved reliability and precision
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Capillary Flow Technology for Environmental
GC/MS Applications

» Detector splitting (detect peaks buried in matrix ‘noise’)

— MS + ECD or ELCD
» Confirmatory, selective, highly se
— MS + FPD or PFPD

Not discussed in this
| - seminar, but included In
» Confirmatory, selective, highly se many literature references

- MS+NPD at the end of the slides
» Confirmatory, selective, highly sensitive nitrogen detection

— MS + ECD + FPD

e Column backflush
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QuickSwap MSD Interface

Remove column w/o venting

— Air & H,0 blocked

Safe disconnection of column from Column Effluent
inlet for inlet maintenance

— Reversed flow through column during
inlet maintenance

Backflushing Wl  wso
. B =P TN sfer
—Removes heavies from \ Line
column
Maintain constant flow to MSD
Compensate for loss of sensitivity by 1
making 10 pL injection
Aux EPC In

Turbo MSD required for backflushing

. Useful GC/MS Sensitivity
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Semivolatiles Instrument

| 7683
Quick Swap Auto-sampler

with makeup gas
AUX EPC
e

5975
MSD
in back
position 7890A
GC
20 m X 0.18 mm id X 0.36 um DB 5.625

Useful GC/MS Sensitivity
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Backflush with QuickSwap
During GC Run

Split Vent | Aux EPC |
Trap _
I 4 psi
| S/Sinlet > D — MSD
25 psi QuickSwap
Column
After GC Run
Split Vent | Aux EPC
Trap _
1 45 psi
SIS Inlet  |— [—— MSD |
1 psi QuickSwap  Performance turbo
recommended
Column

Useful GC/MS Sensitivity

Page 13 Agilent eSeminar

Agilent Technologies



Benefits of Backflushing

— Shorter analysis times

« More samples per day per instrument
—Lower operating costs

 Longer column life

e Less frequent and faster GC & MSD maintenance
—Less chemical background (‘noise’ from matrix)

Useful GC/MS Sensitivity
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Without Backflush: Increased Chemical Background
(Spectral Noise) and Changes in Retention Time

Abundance A: TIC: lettuce_blank.D\data.ms After Only 3 Samples1 the

§oenr B: TIC: lettuce_blank3.D\data.ms background is significantly

42¢+07)  Dataprovided by user higher (increase chemical

380407 | In Almeria, Spain noise is every spectrum)

3.4e+07 1
3.2e+07
3e+07 1
2.8e+07 1 B
2.6e+07 3
2.4e+07 3
2.2e+07
2e+07 1 A
1.8e+07 1
1.6e+07 ]
1.4e+07 1}
1.2e+07
le+07 ]
8000000 1 {

6000000
4000000 1
2000000
0

- 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
ime

Overlay of two chromatograms of a blank extract injected BEFORE (A) and AFTER (B) three injections without backflush

Useful GC/MS Sensitivity
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Without Backflush: Increased Chemical Background
(Spectral Noise) and Changes in Retention Time

Abund \ Highly retained matrix is
undance A: TIC: lettuce_blank.D\data.ms i \ altering the Column

4.6e+07 1} .. .
4.4e+07 1 B: TIC: lettuce_blank3.D\data.ms L Se|eCt|V|ty and Changmg

4e+07 . _ i
3.8e+07 | in Almeria, Spain
3.6e+07
3.4e+07 1
3.2e+07

3e+07 1 L‘

4.2e+07 1 Data provided by user h the retention time
|

2.8e+07
2.6e+07 ]
2.4e+07 1
2.2e+07
2e+07 1 A
1.8e+07 ]
1.6e+07 1
1.4e+07 1}
1.2e+07
le+07 ]
8000000 1 {

6000000
4000000 1
2000000
0

- 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
ime

Overlay of two chromatograms of a blank extract injected BEFORE (A) and AFTER (B) three injections without backflush

Useful GC/MS Sensitivity
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Without Backflush: Increased Chemical Background
(Spectral Noise) and Changes in Retention Time

Increased background
A: TIC: lettuce_blank.D\data.ms i due to carryover of
4.6e+07 ] .
4.4e+07 1 B: TIC: lettuce_blank3.D\data.ms | L concentrated matrix

Abundance

+ . . .
3_;‘;8; : in Almeria, Spain
3.6e+07 1
3.4e+07 1 !
3.2e+07 1

3e+07 1 k
2.8e+07 1
2.6e+07 1
2.4e+07 1
2.2e+07 1
2e+07 1 A
1.8e+07 1
1.6e+07 1
1.4e+07 1
1.2e+07 1
le+07
8000000 i
6000000
4000000
2000000
0

4.2e+07 Data provided by user h
|

- 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
ime

Overlay of two chromatograms of a blank extract injected BEFORE (A) and AFTER (B) three injections without backflush

Useful GC/MS Sensitivity
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With Backflush: No Increased Chemical Background
(Spectral Noise) and No Change in Retention Time

Abundance

4.6e+07 | TIC: lettuce_10_ppb.D\data.ms
4.4e+07 TIC: lettuce_100_ppb.D\data.ms

4.2e+07 1
TIC: | .D .
46407 C: lettuce_5 ppb.D\data.ms

3.8e+07 | Data provided by user
3.6e+07 in Almeria, Spain

3.4+07 ] Stable retention times
320407 ]

3e+07 and baseline . . . less
2.8e+07 1 . )
2 66407 1 chemical noise
2.4e+07 1
2.2e+07 71 |
2e+07
1.8e+07 1
1.6e+07 1
1.4e+07 7
1.2e+07

le+07

8000000
6000000 U
4000000 ‘ n \

2000000

0 T T T T T T T T T
Time 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00

Overlay of three chromatograms of lettuce extract run with 2 min of back flush

Useful GC/MS Sensitivity
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Benefits of Backflushing

—More samples per day per instrument

—Longer column life

—Lower operating costs

— Less frequent and faster GC & MSD maintenance

—Less chemical background

e More consistent retention times
e More consistent baselines

 Higher quality spectra (no increase in noise during analysis
sequence)

 Higher quality quantitation (no increase in interfering ions
during analysis sequence)

Useful GC/MS Sensitivity
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Conventional Off-Axis Detector

Although not directly striking the HED-
EM, excited helium neutrals can ionize
other molecules and create secondary
particles from collisions with surfaces
(sputtered ions from surface contamination,
ions from the surface, photons and electrons)

hyperbolic quartz
transmission
guadrupole
analyzer

high energy dynode
(high voltage pulls
the ions away from
the neutrals)

ion beam \ \

electron
multiplier {

. Useful GC/MS Sensitivity
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Triple-Axis Detector slide 1 of 3

steering rod attract the ions
away from the neutrals

This aperture is larger —
than the off-axis detector
which means more ions
and energetic neutrals
pass to the detector

e

e ~

lon beam

Introduced 01 Feb 08

. Useful GC/MS Sensitivity
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Triple-Axis Detector slide 2 of 3

shield blocking secondary
lons formed by collisions
with energetic neutrals in
the detector region

/ ., highenergy
WY dnode

, triple channel
~ electron
Introduced 01 Feb 08 multiplier

. Useful GC/MS Sensitivity
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Triple-Axis Detector slide 3 of 3

shield for
steering rod secondary
particles

h
T8
L
A
.
2
4
s

hyperbolic quartz
transmission
quadrupole

analyzer

high energy
dynode

) triple channel
electron
multiplier

ion beam

Introduced 01 Feb 08 !

Useful GC/MS Sensitivity
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Triple Channel EM

Exit of the triple channels

Triple channels improve signal

Triple channels increase life

Collector removed to
show exit passages

Collector

Introduced 01 Feb 08

Useful GC/MS Sensitivity
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Triple-Axis Detector: Higher Signal — Lower MDL

Improved detection limits ! =

Useful GC/MS Sensitivity
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New:Detector for Enhanced El Sensitivity!

hexachlorobiphenyl @ 250 fg

:Enhanced
: _— New detector S/N-rms: 250
signal h
i Standard detector S/N-rms: 35
< New 1 pg OFN specification:
400:1 for turbo pumps
W 200:1 for diffusion pump
e e
T Reduced
rerrprrrrprrrrprrrrprrrr T T e e neutral nOise
Time-->

Useful GC/MS Sensitivity
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Gain Normalized Optimization of the EM

lon source Quadrupole

L
—

Electron Multiplier

e — High Energy Dynode (10kV)

A

EMV EMV: 1kV to 3kV

v !

| 16 @E GAIN

Amplification of signal

now, user-selectable!!!

Useful GC/MS Sensitivity
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Disadvantage of ATUNE + nV

Detectors “age” over use: the same EMV setting will not give the same signal!

Signalvs EMV
“New” detector

“Aged” detector

Signal

1000 1200

1400 1600 T 1800

2000
ATUNE+400V

EMV
2200 2400
ATUNE (new

ATUNE + 400V
ATUNE (aged)
Page 28
Tech Overview 5989-7654EN
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New Gain Normalized Methods

13 Newn “Aged”
1000 1000_|
GAIN Tune T T «—
ATUNE+n\/>"ﬂ n GAIN Tune
‘\-" «— ATUNE+nV
I‘|
Iy
Iy
e o Narme—s S
II”II”IIII”III”I“”I.IlOI,OIOI”“I”].(;.:lIOI””IIIlol,ZIOI”“I””I””I """" | I L L L L L L L B L L

Consistent sensitivity over the life of the electron multiplier!
Consistent sensitivity from MSD to MSD and lab to lab!

Useful GC/MS Sensitivity
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Using Gain Factor for Method Optimization
Change (Atune + 200V) to (Atune + 400 V) — How much increase?

Abundance
A
EEEEE ' | RTIC of standard acquired at
|| Gain Factor 1.0
1400004 :
P 180k counts
B peak height !
500004 !
60000 :
40000 i
ZDDDD_»—N) w L,W’
Tirma-- 0= IF: ILII-II T IF:'!:'I-II T IF:.IﬂI-II T IF:I!'.I-II T IF:SI—-!I-II T I:"ILII-II T Ij"'!:'l-lI T I:".!_ﬂ-lI T I?&'.rl‘ T I?!EI-II T IF!IJ'II-II T IF!J;‘I-II T Iﬂ.&nl T IF!II:.I-II T IF!!LI-II T
Abundance h
Change Gain A . .
2000000 F 9 1 to0 11 1] Same standard reacquired with
aCth toll,a ]| calculated Gain Factor of 11 r
1500000, predictable x11 |
iIncrease! 2040k counts |
1000000 peak height i
E w
Tmes ebo & BM0 &0 bt 7 7k 7i0 7k v&  eho ek oio ek b

_ Useful GC/MS Sensitivity
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Fast Electronics
Fast electronics allow SIM and Scan data in a single run

« SIM = maximum sensitivity for target compounds

e Scan = best identification of unknowns

-
/‘ N

/ \ ® Scan data points

s '\
\ ® SIM data points

N g ‘o’

< . —
Chromatographic peak time

Scan time SIM time

... more information from a single run

Useful GC/MS Sensitivity
Agilent eSeminar
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Synchronous SIM/Scan Comparison of PAHs

e} )
g g SIM Scan 45-450u
73 f__E 5.55 cycles/s 5.55 cycles/s
£ =
= )
c QN
£ > 5
2 c m
= O
0.2 ppm
— ~N Increased noise

Useful GC/MS Sensitivity
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Trace lon Detection Technology

s,

Agilent proprietary algorithm
 Reduced noise level

 Improved peak shape

— Especially under-sampled peaks

Without
Trace lon
Detection

e Improved library match

Default “OFF” in the ChemStation

(=3
ey

E % & E &}

With

Trace lon
Detection

Useful GC/MS Sensitivity
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Improve Library Match Quality
Fenthion in

“*[11] TIC: strawberry. SIM-scan_new,D\data.ms. [= [3]X]| #[2115can 1809 (19.077 min): strawberry_SiM-scan_new.D\... - [[B][X]

Match Quality
30

40000

anooo

70000

60000

0000

40000

30000

20000

28.33736 41944653 5301
P
ANn

| M“

44 [12] TIC: strawberry_SIM-scan_TID_new.D\data.ms [= [B]X] " [22] Scan 18, (19.077 min); = sawberry_SIM-scan_TID_ne... [=][E][X]

IFEEETIREEENEN | - 1 o Quaity

92

40000

a00oo

70000

BO000

50000

40000
100

0000

20000

/ 33573728 4352 5196
e

Al

T T
ime--= 10.00 15.00

Useful GC/MS Sensitivity
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NIST AMDIS Background

« AMDIS: Automated Mass Spectral Deconvolution and
|dentification Software

— G. Mallard, S. Stein, O. Toropov, NIST

 Originally developed for detection of chemical weapons in
complex mixtures (environmental samples, process streams)

— Designed to work without analyst input
» Agilent DRS Revision A.01, March 2004

« AMDIS 2.64 released December 2005 (noise reduction)
* Agilent DRS Revision A.04, February 2008

— Integrated into QEdit for qual, quant, manual integration and reports
— Truly a new, second generation product for deconvolution reporting

Useful GC/MS Sensitivity
Agilent eSeminar
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NIST AMDIS Background

« AMDIS: Automated Mass Spectral Deconvolution and
|dentification Software

- G.

e Orig
comp|

— D¢
o Agil

o AMI
o Agil

Deconvolution is NOT new technology!
Applied to spectrophotometry
and LC-PDA for years. S)

Deconvolution is especially powerful for
MS due to the spectral orthogonality
(spectral difference; unique m/z ions)

IJ e e o P

— Integrated into QEdit for qual, quant, manual integration and reports
— Truly a new, second generation product for deconvolution reporting

Useful GC/MS Sensitivity
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Deconvolution: Use Difference in Spectra, Retention Time

and Peak Shape to Separate Coeluting Peaks

Peak detected with
Trace lon Detection TIC & Spectrum Deconvoluted peaks and spectra

l Mathematical “ Separation”
Component 2

( A | matrix
/ \ Component 3 Interference
Deconvolution < //\‘ | It ‘

Some m/z “pure” target

Some m/z mixed K ] d 2 11

ﬂ «—TIC

Component 1

Useful GC/MS Sensitivity
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AMDIS Automatically Purifies Spectra by:

Power of
* True deconvolution modern PCs
— Even if no available background for subtraction and matrix
« Detailed treatment of noise mathematics

— Complete noise analysis; used for component perception
« Correction for baseline drift

— Flat baselines not required; determines baselines for each m/z
» Corrects for spectral skewing in spectra

— Distortion generated by concentration change during scan period
» Extracts closely coeluting peaks

— Separates components that have peak apexes with a single scan

Useful GC/MS Sensitivity
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AMDIS: Pulling a Useable Spectrum Out of a Mess

59 Analyte ions are buried in the matrix ions!!
81
131
93 Raw spectrum at 7.257 min
109 121\ 137

187 206 22? 329

I iy ! I.I H!“. “ ‘ ||||||| ”|I Hh H ||‘ ‘”H |||I|||| ||| |||I |‘|||| ||II| flu 241 256 2?[] 283 296 314 |

40 60 0

120 140 160 180 200 220 240 260 280 300 320
, ‘Cleaned’ analyte spectra are easy to match!
100 97 159 Deconvoluted spectrum
| h8 86 ‘ 206 329
0 .-|.----- . . | ‘.
||‘ ‘ RN ||| ] ay || | || T | ‘ L I [ |
N ok 76 86 ‘ ‘ 171 198 226 252 296 3729
100- 159 Library spectrum of Mecarbam
97 131
‘ | T T T T I T T T T I T T T T I T T T T I T T T T I T T T T | T T T T I T T T T I T T T T I ‘ T
50 80 110 140 170 200 230 260 290 320

. Useful GC/MS Sensitivity
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17 Surface Water Data Files

. Pesticide Analysis

*CDFA Agilent DRS
Same 37
Targets Found 37 + 99 additional
False
Positives . 0
P_rocessmg ~ 8 hours 32 minutes
Time

Save about 7.5 hours to do other jobs

*CDFA is the California Department of Food and Agriculture
Data files courtesy of Dr. Mark Lee and Steve Siegel

Page 40
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The Power of DRS: Detect the Undetected

=
MSD Deconvolution Report
Sample Name: + 400 pph 15TDs, 25 pL PTV
Data File: CA\MSDChem'1'DATA.SPINACH.D
Date/Time: 11:23:10 AM Monday, Apr5 2004
The NIST library was searched for the components that were found in the AMDIS target library.
Silent ShADIS MIST
F.T. Cas # Compound Mame Chemi=tation |Match |R.T. Diff sec. |Reverse |Hit
Arnount (ng) Match  |Mum.

16,445 [B4742 Di-n-butylphthalate 7105 i 1.3 52 i All of these
03,966 |BO057 Bisphenal A I E 91 74| COmpounds were
24086 72559 p.p-DDE 79 |25 77 4| Missed due to
27928 |51036 Piperanyl butoxide 37 .83 91 2.2 94 i chemical noise,
29.672  [117817 Bis(2-ethylhexyliphthalate 91 19 a6 3 <=| but AMDIS
31420 |52645531  |Permethin | 7 |37 74 5 | detected and
31.616  [52645531 Fermethrin | a3 15.5 91 3 | confirmed all five

by NISTObS.
13.718 Fhenanthrene-d10 10

|
Hit number of the top
DRS V.03 format 100 hits from 163,000+

Page 41 0 8 o
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New DRS V.04: Qual (Spectra) + Quant (Peak Area)

BUNdance |gn 143,00 (148,70 to 149.70): SPINACH.DYdatams
7000 lon 91.00 (90070 ta 31.70): SPINACH.Ddata.m
lon 206.00 [205.70 to 206.70): SPINACH . D\data. ds
Qg 104.00 [103.70 to 104700 SPINACH.DAdatams
ﬂg GCMS_PTAmdis extracted peak. profils [*

Overlay of
target(s) and
Deconvoluted |
\ ion plots e
1000 4 271013 ,_//\/L\-/\/\
Time--= 26.86 I I I I 2?.|DB I

=+ Window #1 i [m]

Abugngdgagncg Scan 4478 [27.014 min): SPIMACH.D'data ms [-4487) [
81.0 1440

] 2350

4 36 ‘ l 2681
0 Iﬂl] ]l TR I"l"" ||i+ iy Ly 38$'D.I

\ 345

[ MS_PT]:aMDIS Extracted Spectum
91.0 1490

-~

Spectral review:
Before AMDIS

After AMDIS —

AMDIS Library LMS_PTEMDIS Lty Specum

0]

miz-=  -13

-

M[=TFm Quick Qedit

Invalid zoom rectangle.

St | Bt | opel |
Configure |
# | | Compound Marme
1 % 13718 *Phenanthrene-d10
2 5.792 Dichlorvos
3 7HEE Mevinphos
4 7762 Wemolate
|} 11.182 Dibram [haled)
g 11.272  Ethalfluralin
7 11,632 Trifluralin
g 13.028 Prometon
| 13184 Atrazine
10 13233 b-BHC
1A 13432 Lindane
12 13583 Aminocarb
13 14.7390 Chlorothalonil
14 16618 Methyl parathion
15 16618 Chlorpyrifos biethyl
16 16769 Heptachlor
17 18,508 Bromaci
18 w4 18444 Din-butyiphthalate
19 18.832 Malathion
20 19.250 Chlorpyrifos
21 19538 Carbetamide
22 wh 23578 Bisphenol &
&3 23864 Dieldin
24 A 24039 pp'DDE
25 A& JBEBE pp-DDD
26 A 26882 pp'DDT
27 A 27007 Butyl benzyl phthalate
28 27424 Hexazinone
29 27745 Propargite
0 wh 27927 Piperonyl butoxide
A 29649 Bis[2-ethylhexylphthalate
32
Jex]
A g
5 Hits

X=MSD
A =AMDIS

20 ( _ 1ol x|
FNCE 7o ABhundance| T 01
| 400
04 ]
1 200
04 ]
g4 200 ]
0 f 100
0 0
] Target 1
; ion plot 1 | Deconvoluted
- 26.86 27.02 Time--= 26.86 I 10N plOt
P : . el ]
[27] Butyl benzyl phthalate
27.013min [+0.006) 029 ppm  AMDIS: 016
regponge 33768 AMDIS: 21499
lon Exp%  ActZ

14300 100 100
5100 6000 125864 Areas & amounts

600 2540 1453 from target ion and
o 6 T Deconvoluted ion

|

[l g

Page 42
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New DRS A.04 Report with Quantitation from
both MSD ChemStation and AMDIS results

GC
MSD Deconvolution Report Adjacent Peak Subtraction = 1 retention
Sample Name: + 400 ppb ISTDs, 25 pL PTV Resolution = Medium time
Data File: Clmsdchem'T\DATA Trifecta'SPINACH.D Sensitivity = High confirmation
DateTime: 08:14 AM Thursday, Oct 25 2007 Shape Requirements = Mediu

The NIST library was searched for the components that were found in the AMDIS target ljfrary.

Amoadnt (ppm) AhD MIST
R.T. Cas# Compoaund Mame Cherr] |AMDIS Matchmmverse Hit

statin N 580 A Match [Mum.
18.4431 84742 Di-n-butylphthalate JO03) | B.25 || 95 1.7 52N
23.974 80057 Bizphenal A 168 796 || 97 8.7 91 1
24.0444 72559 p.p-0DE 0.65 7B 1.4 |2
28705 72548 p.p-000 a6y | 0.13 || 52 1.8 Bs |2
259932 502593 p.p-00T .15 | 0.09 || 53 0.7 43 |B
27.009 35657 Butyl benzyl phthalate 0.31) ] 0.16 || 54 0.2 57 |25
279265 51036 Fiperanyl butoxide IO 3231 || 96 1.6 94 N
296685 117817 Bis(Z-ethylhexyliphthalate 339) | 269 || 93 1.2 8a |3
31.6131 52645531 Permethrin Il 22378201 .B5] | 50 3.8 H1 3

\
13.718 Fhenanthrene-d10 10 \
\

\
Lower AMDIS amount due to
elimination of interferences

_ Useful GC/MS Sensitivity
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Industry Standard: Low Bleed Stationary Phases

Better signal to noise, higher upper temp limit, faster run time, improved
spectral purity, and greater column inertness

Low bleed column

___— Better detection limits <

‘l S/N =10

DB-35ms, 320°C

N~

DB-35ms

4p8

Primary lon

\

Better spectra

320°C
[Y ey Iy '__L, A"'_ u
8.00 10.00 12.00 14.00 16.00 18.00  20.00
Standard column
S/N =3
DB-35, 300°C
300°C
\M
8.00 10.00 12.00 1400 16.00 18.00  20.00

CLP Pesticides Analysis

Agilent Technologies

DB-35

sl

207

7 Primary lon

\ "
377

Ui}

315331

135
156

A

o
miz—> 1

50 100 150 200 300 350 00
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Why 1/1000 psi Matters!
-- Key to even better Retention Time Locking (RTL)

6.624
Response 6.624

200000
190000
180000
170000
160000
150000
140000
130000
120000
110000 Column 1

100000 1 at 1.000 psi
90000

80000
Time

0.97 psi 0.963 psi

6.58 659 660 661 662 663 664 665 666 6.67 6.68 6.69

Useful GC/MS Sensitivity
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Retention Time Locking

Improve Confidence with Retention Time Locking

* Easy 4.296 min.
e Quick 1221
* Repeatable

~4.064 min.
— Run-to-run %

— Operator-to-operator 03

— Instrument-to-instrument 4.297 min.

Useful GC/MS Sensitivity
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Industry Specific Retention Time Locked Libraries

Page 47

Part Number

RTL Database/Library

Number of Compounds

G1671AA Hazardous Chemicals 730
G1672AA Pesticide 926
G1673AA Indoor Air Toxics 171
G1674AA Forensic Toxicology 723
G1675AA Japanese Positive List Pesticide 431
one 8270 set of 273 ; two

G1677AA Environmental Semi-Volatile 525 sets of 120

Library include GC method details, Getting Started manual, application notes, and HELP files
Part Number RTL Database/Library Number of Compounds
Free Volatile Organic Compounds 65
Free PCB Congeners 209
Free Forensic Toxicology 277
Free Fatty Acid Methyl Ester 37
Free Flavors 409
Free Organotin Derivatives Methyl, Ethyl, Pentyl

modify a library to your need... or create your own

Agilent Technologies

Useful GC/MS Sensitivity
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But what if the GC/MS isn’t enough?

Why use a GC/QQQ System in place of a GC/single quad ?

Allows for the selective quantitation of target
compounds in high chemical background samples

Gives better S/N Iin complex matrices than can be
achieved by single quad approaches

Newer regulations in some applications specify

GC/QQQ

Agilent Technologies



Agilent GC/MS Portfolio Newest Member

7/000A GC/MS/MS

Industry leading GC/MS System
5975C with 7890GC 3 - v

Power of MS/MS

. Useful GC/MS Sensitivity
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What is a Triple Quadrupole?

Useful GC/MS Sensitivity
Agilent eSeminar
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GC/MS Triple Quad (QQQ)

_ Collision Gas (Ar, N2, He)
Carrier Gas (He, H2)

L D f ) @D ) o |
H (0 D 0310D) >€

0 B ) )

| S
on souree Quad 1 Quad 2 Quad 3 Detector
lonize Mass Collision Cell Mass
Analysis Analysis
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GC/MS Triple Quad (QQQ)

_ Collision Gas (Ar, N2, He)
Carrier Gas (He, H2)

L D ff ) @D ) o |
H (0 D 0310D) >€

0 B ) )

lon Source
, Quad 1 Quad 2 Quad 3 Detector
*lonize Mass. Collision Cell Mass
Analysis Analysis
Mean Free
Path Long Short Long
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GC/MS Triple Quad (QQQ)

_ Collision Gas (Ar, N2, He)
Carrier Gas (He, H2)

L D ff ) @D ) o |
H (0 D 0310D) >€

0 )D ) )

lon Source
.u Quad 1 Quad 2 Quad 3 Detector
*lonize Mass Collision Cell Mass
Analysis Analysis
Q1 Post- Q2 Pre-
filter filter

Useful GC/MS Sensitivity
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Agilent 7000 GC/MS/MS (QHQ)

Collision Gas (N2)

0 M) IRN0D) ) A |
(D o D=0
0 D ) )

lon Source
Quad 1 Hexapole Quad 2 Detector

*lonize Collision Cell

No mass filtering in the collision cell
The hexapole field has excellent transmission efficiency
for precursor and product ions

Useful GC/MS S ty
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What is MRM MS/MS?
Multiple Reaction Monitoring

El: many ions from the source

EI-MS/MS
Product 2
Product 1
Product 3

isolate precursor
Ol SI M lbefore CID

CID + Q2 SIM

Useful GC/MS Sensitivity
Agilent eSeminar
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Why MS/MS?

Greater Selectivity Than SIM

ElI-SIM

selectivity proportional to
spectral resolution
no selectivity against ions
with same m/z

interference

analyte

unit mass resolution

Page 56

EI-MS/MS

Precursor selectivity same as SIM
High probability that at least one product
lon will be a unique dissociation product
of the precursor BUT not the interference

Product 2
Product 1 Einterference
Product 3 :
: Precursor
: lon

Agilent Technologies

The precursor ion should NOT be used for ion
ratios or quantitation since the interferences will
be the same as the SIM ion

Useful GC/MS Sensitivity
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why MS/MS?
Lower detection limits by reducing noise

El: many ions from the source
Product ion signal often decreases,

but the percentage decrease in noise
iIs much larger for real samples; S/N
and detection limits improve

Product 2
Product 1
isolate precursor Product 3
Ol SI M lbefore CID
/
: : C| :) + Product ion measured
chemical noise Q2 SIM against zero chemical
eliminated noise

Useful GC/MS Sensitivity
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Why a GC/MS/MS System?

Allows for the selective quantitation of target
compounds in high chemical background samples

Better S/N in complex matrices than can be achieved
by single quadrupole scan or SIM approaches.

Newer regulations in some markets specify analytical
power commensurate with GC/MS/MS

Agilent Technologies




W
A

®103
7
E.54
5
554
5
45
4
354
3
254
2]
1.54
14
0.5+

hy GC/MS/MS?

100 fg HCB

MS SIM

8 539 & 61 62 63 64 65 66 67 68 63 ¢ 71 72 73 74 75 768 77 78 73 8 a1
Abundance vs, Acquisition Time {min}

%102
264

244
224

1.84
1.64
1.4
1.24

0.2

+ TIC MRM [ = ] 100fgHCE_G1_1 2283 8_02_12-213 9_N2=8 4-coliz=35_1 d

MS/MS MRM

S/N: 116:1 RMS

W‘v"/‘m«j‘uw

58 59 & &1 B2 63 G4 65 66 67 68 69 ¢ 71 72 73 74 75 76 77 78 74 8B &1
Abundance vs. Acquisition Time (min)
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Picture Is Worth a Thousand Words

GC/MS Single Quad SIM

GC/IMS/MS QQQ MRM

El 100fg HCB in “DIRTY”
Matrix

A chromatographer’s
dream: single peak on
flat baseline

Useful GC/MS Sensitivity
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SIM vs MRM for HCB

le MS: SIM 283.8

ing

1 283.8:213.9 S

MS/MS

Page 60

100 fg HCB in Clean Matrix

Chromatogram Results X

(2o tlQEI¢ MO es - DA

300 fg HCB in Diesel

Chromatagram Results ®

ivet QR &A[OC: -m LIAA

+TIC SIM 100/gHCE_U2-5IM_prd).7_T960=mvbebgain)_DveolE_1d
Hoize (RMS] = 42.547 SN [12.287min) = 256

+TIC S Diesl_jsoosr_100FGHCE_G2-S1M_paw0.7_190emy Bebiain]_0VolE_1.d

. e | Vel RHE) =527 7750 12 o = £0
aal 5
1554 52y
154 54
145 45
144 46
1851 L . | —_Q-
SIN=26:1 : SIN=6:1 RMS
1.5 42
124 4
RMS
114 364
1.05- aal
0351 %
094 H
085 28
084 26
0.754 2.4
nUs; 2
08 1;’
055 1
054 154
0.454 1.44
: ‘ ‘ ‘ ‘ ‘ . ; ; ; ‘ ‘ ‘ ‘ ‘ ‘
M ME 17 17w 18 18 M8 M 12 126 121 1205 122 1225 133 12® 12 6 e M7 T T8 Te 19 1% 12 W2 2z 12m 123 s 12
Abundance vs. Acquisition Time (min) Abundance vs. Acquisition Time (min)
: Chromatogram Results X | Chromatogram Results X
‘2wt QEI¢ OG- LA 2o QEI¢ LMD C: W LA
B T ROy e B i ot e e + MM [283.8 - 213 9] Dies| isoout_100KGHCE_Ri_pw1 2_12_1980emy Bebiain]_35Wecle_1d
402 Emsam%ﬂ:é}u,SN]angz’mmm’]:asJeM Sl Bt S 4102 | Noise RMS] = B.94; SNR (12.387min = 859
gg 12061 55
1 525
241 -]
234
229 4754
214 151
2 = . 125
S/N=37:1 y S/N=86-1
184 375 .
1;‘ 35
I w2 RMS
34
275
251
225
24
175
154
125
14
175
15
0254 1 -
- T T T T T T T T T T T T T T T T
A wiE i R T R e Mes 7 T8 118 118 18 1% 12 1205 121 1215 122 126 23 12&\ 12

13 122

Abundance vs. Acquisition Time (min)

Abundance vs. Acquisition Time (min)
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Emerging Contaminants Require New

Solutions
Pharmaceutical compounds in water systems

*Per-fluorinated organic compounds in ground water
(PFOS/PFOA)

Both of these classes of compounds are at extremely low levels
In the environment. The are also very poor candidates for
GC/MS analysis, even after derivitization.

The solution: LC/MS!
For accurate low level target compounds: LC/MS/MS

For identifying unknown contaminants: LC/TOF and LC/QTOF

Useful GC/MS Sensitivity
Agilent eSeminar

Agilent Technologies




Emerging Contaminants Require New Solutions

A new and expanded portfolio for applications for environmental problems,
from PFOS to pharmaceuticals in water, require combining exceptional

performance and reliability to HPLC/MS solutions
-

s N
LC/MSD \ 6410 QQQ

Single Quad

Li _ 4
6210 TOF \ i -I_

6510 QTOF

6300 Series lon Traps

Useful GC/MS Sensitivity
Agilent eSeminar
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Relentless Triple Quadrupole Innovation
Extending Outstanding Performance

M Polarity Switching
1 200 MRM / Time Segment
1 Automated Method Optimization K X

¥ Compliance (21 CFR Part 11 Support) &
VI Extended mass range (2000 m/z) =

vl Faster Reporting

. Useful GC/MS Sensitivity
Page 63 4,8 & Agilent eSeminar




New Levels of Sensitivity
7x Enhancement in MS/MS Spectra

x102 I-4 Product lon (0.232-0.314 min, Slscansg 609.289978[z=1] -> **) Reserpine_MSMS_SNR1.d
18 100>
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

Existing

309.270595 609.274152
49
397.204133
38.5

89.057075
36

236.129370
22,

448.187596

134.999534
137 13,

50 100 150 200 250 300 350 400 450 500 550 600 650
Counts vs. Mass-to-Charge (m/z)

x10 *+ Product lon (0.235-0.301 min, 4 scan%) (3§09.289978[z=1] ->**) Reserpine_MSMS_XSNR1.d
195.062385

1.4 100(0

12 7 Improved

08 397.205326
41,

06 ] 609.269975

04 ] 236.122300 448.189522

T 19,
16 o

0.2 7

50 100 150 200 250 300 350 400 450 500 550 600 650
Counts vs. Mass-to-Charge (m/z)

Reserpine Sample

Useful GC/MS Sensitivity
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6500-Series Accurate Mass Q-TOF

M 1-2 ppm MS Accuracy

1 2-4 ppm MS/MS Accuracy

¥ R > 20,000

I Extended Dynamic Range —
Approaching 5 Decades in-Scan

Agilent 8520 Accurste-Mazs 0TOF LCAMS

CI 1 10 Hz Scan Rate
I Agilent Robustness/Reliability

| apgizations | coltware | soreices :i{ Agillent Technollogies

_ Useful GC/MS Sensitivity
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Proprietary New Ultra High Speed Acquisition System

Two New Modes:

» 4 GHz (8 bit) Analog-Digital-Converter

BB AECRCRE HC AN
- AR S A

— Adapted from Agilent’s High Speed
Oscilloscope Systems

» Ultra High Speed process and
store transients in real time

— Up to 20,000 m/z depth

_ Useful GC/MS Sensitivity
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MassHunter™: Unified Platform for LC/MS
Instrument Control and Data Processing

i_
‘7 .
-~ ¥

0 Easy and intuitive to learn and use
O Common software for all LC/MS instruments & applications

0 Fast, customizable reporting

. Useful GC/MS Sensmvny
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Analysis of PFOA and PFOS
using the Agilent 6410 Triple
Quadrupole LC/MS/MS

- MRM (413.0 -> 368.9) 02_PFOANS_10ppt-r001.d
x10 2 |Noise (PeakToPeak) = 19.00; SNR (2.5min) = 5.7

*2.5
673
1.5+

0.5+

- MRM (413.0 -> 368.9) 02_PFOANS_10ppt-r002.d
%10 2 | Noise (PeakToPeak) = 19.00; SNR (2.5min) = 5.2

2.5

154 619

0.5+

- MRM (413.0 -> 368.9) 02_PFOANS_10ppt-r003.d
x10 2 |Noise (PeakToPeak) = 19.00; SNR (2.5min) = 4.7

*2.5
1.5+ 617

0.5+

14 16 18 2 22 24 26 28

Counts vs. Acquisition Time (min)

uad Mass Filter (9_|1) Quad Mass Filter (Q3)
———————————
N J_/ ] \ F— |— || ™ — -
N ==
=/l | = | Ll
Lens 1 and 2 Collision Cell HED Detector

Roug Turbo  Turbo Turbo
h Pump Pump Pump

: Agilent Technologies
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Better Software to Find Answers Faster

iz Agilent MassHunter, Quantitative Analysis - 20071115_PFOSa - PEQAnS_ESTD._20071116

! File Edit Yiew Analvee Method Update Report Tools Help
P | Ea | GE analyze Batch | @) P Lavour: BE BE BB B (A Restore Default Layout
i Batch T able x
Sample: ﬂ ﬂ | Sample Type: <All= - | Compound: [$=] 1: PFO& - I5TD: | Time Segment: =4l * |
Sample FFOA M. FPFO& Results
@ i MHame Type Lewvel Data File Esp. Conc.  RT Resp. S/M Ml Cale Conc.  Final Conc. | Accuracy
FPFO&RS blank Blank 01_Blank-r001.4 2534 127 0.75([] 0.0000 0.0000
¥ | PFOANS blank Blank. 01_Blank-002.d 2609 170 0.86|[ ] 0.0000 0.0000 =
¥ | PFOARS Blank Blank. 01_Blank-r003.d 2,438 145 0.78([] 00000 00000
FFO&nS 10ppt | Cal 1 02_PFO&nS_10ppt-001.d 0.0113] 2489 E14 1.75([] 002 002 93.3
FFOANS 10ppt | Cal 1 02_PFO&RS_10ppt-002.d 0013 2470 519 295|[] 0015 0015 101.5
FFOARS 10ppt | Cal 1 02_PFOAnS_10ppt-r003.d 0.0113] 2483 E14 1.51|[v] 002 002 934
PFOANS 10ppt | Cal 1 02_PFOANS_10ppt-r004.d 0.0113| 2490 522 372|[v] 00116 00116 1025
FFO&nS 10ppt | Cal 1 02_PFO&nS5_10ppt-r005.d 00113 24583 549 1.77| [+ 0.0m2g 0.0m2g 1130
b FFOANS 10ppt | Cal 1 02_FFO 10ppt-r006.d 0013 2503 535 296 [v] 0.0z 0.0z 107.6
FFOARS 50ppt | Cal 2 03_PFOARS_BOppt-ro01.d 0.0565| 2517 1561 2.57|[w] 0.0528 0.0528 934
FFOARS 50 ppt | Cal 2 03_PFOARS_A0ppt-r002.d (0566 24583 1553 352|[v] 00542 00542 959 “w
Compound Information x Calibration Curve x
E-l ﬂ | 4] | _&lﬁlm = | A, |E| + 1 & i |4 [=] | Tvpe: Quadratic v Origne Ign | Weight: 1jx = | QC
- MAM (4130 -» 368.9] 02_PF. || 413.0 > 368.9 - MRk [2375-2B18 min, 37 = IEI o -
£ w102 PROA || £ w02 | £ 102 - . .
2 2503 2 2 FFOA - 7 Levels, 7 Levels Uzed, 24 Pointz, 24 Points Used, 0 QCs
O 1gd £35.0000 O 1.54 G 0.9+ 2oins | u=40B71327 %" 2 + 227787217 “w + 3581030
1.4 nad § 34 R72 =099955522
1.4 1.3 ' &
1.2+ 0.7 @ 25
1.2 1.14 4
] 0& 2
14 034 0.54 -
0.8 0.4 )
0.84
0.7 024 14
064 0.6+ '
) 0.5 0.24 0.5
0.4 0.4+ 014
0.3 04
T T T T T T D- T T ’ T T T T T T T T T T T T T T
15 2 25 15 2 2h 380 400 -1 a 1 2 3 4 5 g v i 1 10 11 12
Acquizition Time [mi.. Acquizition Time [mi.. t ass-to-Charge [m/z) Concentration [ng./ml]
PFOARS 10 ppt || PFOA 27 Samples [27 total] | .:

_ Useful GC/MS Sensitivity
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Searching for Unknown Contaminants

1200 RRLC

N time-of-flight
analyzer

2 ‘
!
=

M
|
a
ol
Bl
B
(i

collision cell

jT | Iquad(upole-r[-

{ i
1 _\\=E|=JI_I=I|—|
N —/ [ = —

I

[ ]
T
[ ]
VV.
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Example: Pharmaceutical Compounds in
Ground Water

Various water samples collected by USGS,
containing any of the following compounds:

Neutral Masses of Potential Residues in Water

151.06333 Acetaminophen 254.09429 Ketoprofen 308.10486 Warfarin
176.09496 Cotinine 255.16231 Diphenhydramine 309.13405 Fluoxetine
180.04226 Aspirin 267.12593 Venlafaxine 310.07358 Sulfadimethoxine
180.06473 1,7-dimethylxanthine 270.02452 Sulfamethizole 313.97805 Triclocarban
194.08038 Caffeine 274.14298 Trimethoprim 314.14126 Ranitidine
201.03607 Thiabendazole 278.08375 Sulfamethazine 318.15551 Fluvoxamine
214.03967 Clofibric acid 284.01347 Sulfachloropyridazine 324.16379 Citalopram
230.09429 Naproxen 287.95116 Triclosan 329.14272 Paroxetine
236.09496 Carbamazepine 293.05000 Norsertraline 330.00772 Furosemide
239.10769 Buproprion 295.01668 Diclofenac 344.10084 Dehydronifedipine
239.15214 Albuterol 295.11840 Norfluoxetine 348.16852 Enalaprilat
250.15698 Gemifrozil 296.96447 HCTZ 413.98602 Miconazole
252.11572 Cimetidine 297.11873 Duloxetine 414.16133 Diltiazem
253.05211 Sulfamethoxazole 299.15214 Codeine 418.27192 Simvastatil
305.07380 Sertraline 573.51210 Erythromycin

Useful GC/MS Sensitivity
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Processing large amount of data with MFE

Display filtering: - At least 2 ions

-SIN>2 - Relative intensity > 0.01%
- m/z 150 to 800

- [M+Na] and [M+NH,]

Expart | Group #229 (RT=9.625)--- 5 Features 3

species |AT  |miz | mazs | abund, | width | satur
1M 9621 FI0.3054 1111237 0193 : 5 : 5 5
Original TIC 2| M+H 9617 591.3131 5903058 470077 0.207 I Sy I S R S
: 3M+H+1 | 9630 5923153 243624 0.259 : : : : :
15 4 [ETTTEPOP PPPOPPPRPPNY |([EE-TPRPITORPS PO SPLIPN | PURPRY | PP SOOI PR R S
3 Al M+Ma 9623 6132965 £90.3072 321761 0136 : : :
r_‘,>‘ E M+Na+‘| 9523 E‘I 43']35 ?5??5 D‘I 45 . . _ LA B R N PR 1 R ......
.‘é’ ? q 5 5 a
£ 51 &M 9629 2360951 949907 0.049 ! ; ; ; ;
| t+H 9629 2371034 2360951 825746 0.049 6 8 0 2 “
0 10{M+H+1 9629 2351064 121162 0.047
nin
b 9624 7354592 339802 0164
iz b -+H 9622 73IE4BER 7354532 225350 0162
M+H+1 9626 7374605 113952 0167

= M 9625 A02.2755 322483 0,108
"""""""""" M+H 9623 H03.2832) BOZ2753) 287518 0111

b +H+1 3645 504.2346 26305 0.057

P .'_' M+H+2 | 9612 505.25830 8640 0.035

M 1626 0327300 103325 0206
9626 B322803) BI.2730 1059828

270—| B

IR
1I]
i

il
i

e

150 — B

ar
{
rﬂ

i
|
U
i
I
'!|
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Agilent Solutions for Environmental Testing

History of leadership and commitment to environmental testing
A focus on usable sensitivity and productivity

Continuing innovations, from “old technology” to new technical
challenges

New LC/MS solutions for “new” environmental targets

]
=Y
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