Advances in GC/MS Technology:
Improving Analytical Efficiency
and Reducing Cost of Operation
for Volatile and Semi-Volatile
Organic Compound Analysis

Craig Marvin
Environmental Industry Manager

Agilent Technologies



Presentation Overview

-

* Introduction and general market overview

* Introduction to the Model 5977B with High Efficiency Source (HES)
* Volatiles Organic Compounds (VOC) analysis by HSP/GC/MS HES
« Semi-Volatile Compounds (SVOCs) analysis by GC/MS HES
 Nitrosamines in Drinking Water by GC/MS/MS with HES
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Environmental issues in the headlines
What's important?

Each year worldwide o
» Millions of acute/chronic respiratory illnesses
« Millions live without water sanitation
* Billions of dollars lost due to unsafe drinking water
» Thousands of plant/animal species threatened

Why?
» Population growth: 7 billion people and counting
* New chemical pollutants identified The demand for new
« Clean air/water a lower priority than food/jobs/energy 255!53“_02:;35‘3"£]gthe

areas of potable water and

» Natural/man-made catastrophes
water reuse
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Core Environmental Monitoring Applications

Demand for lower MRLs drives method update

Pesticides/endocrine disrupters

» Quantification of known pesticides

Volatile and semi-volatile hydrocarbons

» Conformity with global regulators
for continuous monitoring

Industrial contaminants (perchlorates)

» Sensitive detection for drinking and surface
water testing

Agilent Technologies

Pharmaceutical and personal care products (PPCP)
« LC/MS/MS: low nanogram per liter or parts per trillion (ppt) levels

+ |dentification/quantification of new pesticides and metabolites

The challenge

Increase speed and
sensitivity while
decreasing cost

Environmental Market Overview
July 7, 2016
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Emerging Environmental Monitoring Applications
New targets lead to new or updated regulations

Nanoparticles Hormones in water

* Identify and quantitate compounds
and metabolites which affect
marine organism physiology

* Fate of organic and metallic
nanomaterials in the environment

Disinfection by-products

» Balancing the benefits of
disinfection (microbial control)
with potential risks

Persistent toxic
pollutants

* Monitoring trace-level residues in
abiotic and biotic materials

Trace inorganics

+ Identify and quantitate metals
and non-metallic elements

» Selective and specific analysis of
trace-level residues

Non-targeted screening

» |dentification of trace level
“unknowns” in environmental
matrices

Indoor air testing

» Fast screening for solvents, paints,
and other volatile organics in
buildings and vehicle cabins

I Perfluorinated chemicals

Environmental Market Overview
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Volatiles Analysis




Environmental Monitoring Requirements
Volatiles Analysis

e Overview

 Volatile organic analysis (VOA) monitors compounds with a wide range
of boiling points

* Requires particularly challenging sample extraction
* Response factors for the many potential analytes vary widely.

mmmw roject Scope

» Survey select compounds of environmental interest as an indication of
what may be achieved with the new 5977B GC/MSD in this approach.

» Determine if High Efficiency Source increases ion current created that
may lead to improvement in sensitivity and significant improvements in
detection limits for VOC targets.

» Determine overall stability of the analysis through replicate injection of
local tap water to monitor some naturally occurring compounds.

%% Agilent Technologies




Experimental Design: Volatiles Analysis
Headspace Sample Preparation: 7890B GC and 5977B MSD HES

Overview of Analytical Conditions

« Standards

* 10 mL water spiked with 48 compounds at 0.02 — 20 pg/L
* Injection

* Split mode using a 15:1 split
 GC Column

* Dimensions: 60 m x 0.25 mm id x 1.4 ym with a 6% cyanopropylphenyl phase
 Oven Ramp

» 32°C to 220°C
» Source and Quadrupole

* Temperatures: 300°C and 150°C, respectively

* Detector gain was 3

* Tune: Autotune
« MDL Calculations and Sample Analysis

* Nine replicate injections

* MDLs were calculated using 0.04 pg/L standard.

» Tap water samples were injected 20 times, consecutively

Agilent Technologies




Operating Parameters: Volatiles Analysis
Headspace Sample Preparation: 7890B GC and 5977B MSD HES

‘ument Settings

perature Settings

ing Settings

and Loop Settings

Headspace Parameters

Agilent 7697A Headspace Sampler

Loop Size
Transfer Line Type

Transfer Line Diameter
HSS-GC coupling
Carrier Control
Pressurization gas

Vial standby flow
Oven Temperature
Loop Temperature

Transfer Line Temperature

Transfer Line Interface
Vial Equilibration Time
Injection Duration

GC Cycle Time

Vial Size

Vial Shaking

Fill Pressure

Fill Time

Loop Ramp Rate

Loop Final Pressure
Loop Equilibration Time

Post Injection Purge
laal Charle

1mL

Fused Silica, deactivated,
(PN 160-2535-5)
0.53 mm
Transfer Line Interface (G3520A)
GC Instrument
Helium
20ml/min

75 °C

75 °C

110°C

115°C

12 min

0.3 min

30 min

20 mL

Level 7

10 psi

0.2 min

20 psi/min

7 psi

0.01 min

100 ml/min for 2 min
Nafault N2 ml/min

Gas Chromatograph Parameters

Agilent 7890B GC

Inlet Type

Mode

Inlet Liner

Heater

Column Flow

Total Flow

Septum Purge Flow
Gas Saver

Split Ratio

Split Flow

Column

Column Dimensions
Equilibration Time

Temperature Program

Mass Selectice Detector Parameters

Split/Splitless Inlet (SSL)

Split

Straight, 2mm ID 250 pl (PN 5181-8818)
125°C

1.5 ml/min constant flow

25 mL/min

1.0 ml/min

OFF

15:1

22.5 ml/min

Agilent VF-624 MS

60 mx 0.25 mm x 1.4 pm

0.25 min

32°C (2 min), 12°C/min to 220°C (5 min)

Agilent 5977B

Source Type

Source Temperature

Quad Temperature
Transfer Line Temperature
Tune File

Acquisition Type

Caluant Nalav

High Efficiency Source (HES El)
300°C

150°C

280°C

HES Auto Tune (HES_Atune.u)
SIM

2 QK min

- Agilent Technologies




Linearity: Volatiles Analysis
Headspace Sample Preparation: 7890B GC and 5977B MSD HES

1,2-Dibromoethane - 8 Levels, 8 Levels Used, 15 Points, 15 Points Used, 0 QCs

Calibration linearity ! 1.2 _ Dibromoethane

2]

. J R2=0.
» Concentration range 0.02 to 20 ug/L ] 0.9998

» Three representative compounds ]

4 6 1 2 3 4 5 & 7 & 9 Mo 11 12 13 14 15 16 17 18 19 20 21
Concentration (ppb)
trans-1,2-Dichloroethene - 8 Levels, 8 Levels Used, 15 Points, 15 Points Used, 0 QCs

2 x10 6] y = 158205.758293 * x - 324.432059 Bromoform - 8 Levels, 8 Levels Used, 15 Points, 15 Points Used, 0 QCs
2 R*2 =0.99972210 % x10 5 y = 19210.002085 * x - 0.883906
8 3.24 Type:Linear, Origin:Include, Weight:1/x 2 " 4| R"2=0.99978091
2 3 g Type:Linear, Origin:Include, Weight: 1/x
['4 1 2 3.84
2.8 @ 364
. 2
.. 1,2 — Dichloroethene 2
2.2 2.8
! R2=0.9997
1.84 . 5 2:
1.6 24 B f
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1.24 169
N 1.44 I !2 — 7
1.24 - .
0.84 14
0.64 0.8
0.4 0.6
0.4
0.24 02] v
04 o
-0.24 -0.24
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Reproducibility: Volatiles Analysis
Headspace Sample Preparation: 7890B GC and 5977B MSD HES

x10 3 |+ EIC(62.0) SIM SIM_004ppb_009.D

Overlay of nine extracted ion chromatograms (EIC), which shows stability
obtained in the case of vinyl chloride, a particularly challenging analyte.

Agilent Technologies




Linearity: Volatiles Analysis in Tap Water
Headspace Sample Preparation: 7890B GC and 5977B MSD HES

Response over 20 injections of incurred dibromomethane
(blue), bromochloromethane (red) and benzene, multiplied
by 10 (green), in local tap water.

Agilent Technologies




MDL: Volatiles Analysis

Headspace Sample Preparation: 7890B GC and 5977B MSD HES

Name RT Quant o1 Name RT Quant ot
lon lon

Vinyl chloride 4,934 62 0.004 1,2-Dibromoethane 13.427 106.9 0.006
Bromomethane 5.611 93.9 0.003 Chlorobenzene 13.969 112 0.015
Chloroethane 5.806 64 0.003 Ethylbenzene 14.03 91 0.014
== DL study 1,1-Dichloroethene 7.007 95.9 0.008 1,1,1,2-Tetrachloroethane 14.049 130.9 0.005
trans-1,2-Dichloroethene 8.007 95.9 0.009 o-Xylene 14.664 91 0.018
+Nine replicate injections 1,1-Dichloroethane 8.554 63 0.004 Styrene 14.683 104 0.015
*Calculated using 0.04 ug/L standard. cis-1,2-Dichloroethene 9.19 959  0.011 Bromoform 14.975 170.8 0.006
: :A\_II_IWI\QZI;(SC:;?::SIOVV\(/IS ﬁ?ﬁat\jlgelll"wgl_z:spz: 2,2-Dichloropropane 9.208 77 0.013 1,1,2,2-Tetrachloroethane 15.45 82.9 0.041
ppt. Bromochloromethane 9.47 127.8 0.004 1,2,3-Trichloropropane 15.567 110 0.007
1,1,1-Trichloroethane 9.769 96.9 0.005 Bromobenzene 15.573 155.9 0.017
Majority of MDLs below 0.015 ug/L 1,1-Dichloro-1-propene 9.921 75 0.012 n-Propylbenzene 15.63 91 0.017
Carbon tetrachloride 9.94 116.9 0.003 2-Chlorotoluene 15.768 91 0.016
«including some compounds with Benzene * (blank issue) 10.165 78 0.009 1,3,5-Trimethylbenzene 15.84 105 0.018
relatively low response. 1,2-Dichloroethane 10202 62 0.006 4-Chlorotoluene 15.914 91 0.018
Trichloroethene 10.848 129.9 0.009 tert-Butylbenzene 16.225 134 0.017
Tap water samples 1,2-Dichloropropane 11.165 63 0.005 sec-Butylbenzene 16.499 105 0.016
Dibromomethane 11.275 173.8 0.006 4-Isopropyltoluene 16.67 119 0.017

*Injected 20 times, consecutively Bromodichloromethane 11.421 829  0.005 1,3-Dichlorobenzene 16.719 145.9 0.02
cis-1,3-Dichloropropene 11.89 75 0.014 1,4-Dichlorobenzene 16.841 1459 0.023

trans-1,3-Dichloropropene 12.506 75 0.013 n-Butylbenzene 17.194 134 0.02
1,1,2-Trichloroethane 12.762 96.9 0.011 1,2-Dichlorobenzene 17.316 1459 0.021

Tetrachloroethene 12.884 163.8 0.009 1,2-Dibromo-3-chloropropane  18.334 154.9 0.01

- Agilent Technologies
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Conclusions: Volatiles Analysis
Headspace Sample Preparation: 7890B GC and 5977B MSD HES

e H977B HES Performance

* Preliminary results suggest a significant improvement in detection limits
is possible in VOA applications

« Signal improvement provided is not complicated by interferences, and
results in clear enhancements in detection.

« Performance with Headspace addresses VOC applications not requiring
Purge-and-Trap sample preconcentration

Agilent Technologies




Volatiles Analysis: Trichloroethylene
Purge-and-Trap Sample Preparation: 7890B GC and 7010 HES

iz Agilent MassHunter Quantitative Analysis (for GCMS) - 041616 - Quantitation for batch 041616.batch.bin - | [m] 5[
File Edit View Analyze Method Update Library Report Tools Help

Layout: ﬁ

E IE Restore Default Layout

= Analyze Batch ~

Batch Table

Sample: ﬂ P 10.0 ug/L

- g | sample Type: <all> + | Compound: Trichloroethylene - ISTD: 1,4 difluorobenzens

Sample Trichloro. Trichloroethylene Results Qualifie| Qualifie | 1.4 difluorobenz | Qualifie.

W Data File Type Level Acg Date-Time | Amt. | Tot Amt |Exp. Conc.| RT Resp. |MI|Calc. Conc. | Final Conc. | Accuracy| Ratio Ratio RT Resp Ratio
P03ugl D Cal P1_|4/16/2016 4:27 PM 0.03 00300 6675 12336  00321] 00321 1063] e43[ 1008[ 6611[ 1833421 23

P 075 ugL.D Cal P2 |4/16/2016 456 PM 0.075 00750 6875] 197167  ooe24| 0o0624| 83z| 1058| 835| 6611| 1789483 23
P02uglD Cal F3_|4/16/2016 5:25 PM 02 02000] 6878] 52675 01957] 01957 979] 937 955] 6611| 1708177 23

P05 ugl.D Cal P4_|4/162016 5:54 M 05 05000] 6.878] 133398[I|  05435] 05435 1087 988| 101.5] 6611] 1636320 24
P1uglD Cal PS5 |4/16/2016 6:22 PM 1 1.0000) 6878 226619 | 08964 0894 896| 959| 966| 6.611| 1678855 24
P3uglLD Cal PE|4/162016 6:51 PM 3 30000 6875] ee9311|W| 27020 27020 01| 975| 99.1| 6611| 1659372 23

3 P10 uglD Cal F7_| 41162016 7:20 PM 0 6878] 2587880 103387] 103387 1080 se8| 100.1] e611] 1672165 24
P30uglD Cal P8 |4/162016 7:49 PM 3 30.0000| 6878 9122539|" | 350020 35.0020] 1167| 870 1005] 6611] 1751605 24

P 100 ugL.D Cal P9 |4/162016 100 100.0000| 6.878] 289231137 | 1031913| 1034913] 1032| s7i| 1002] 6611| 1881202 23

P 200 ugLD Cal F10 |4/16/2016 8:47 200 200.0000 | 6.678] 70161435 2149197| 2149157 1075| 972| 99.6| 6611] 2185621 23

P 300 ugL.D Cal P11 |4/16/2016 8:15 PM 300 300.0000 | 6.878[ 98485666 277.0008] 277.0008]  923]  9v5| 98| ee11[ 2377040 22

lz‘“ tﬁ:jﬂ{”@‘Alﬁjﬂﬁ|,‘_§iﬂ\|£n&hﬁ_&ﬁé JE‘H $ 7 [l (=] | Type: Linear ~ Origin: .. * Weight: None v
P 10 ugL.D Trichloroethylene P 10.0 ug/L 130.0 1320 850 + Scan (6.831-6.955 min, 37 scans) P 10ugl.D Trichloroethylene - 11 Levels, 11 Levels Used, 11 Paints, 11 Points Used, 0 QCs
4 w02 RT45.878 1515E+006 |  x102 | Ratio = 96.8 (38.4 %) 2 %107 949 1299 Q *x10 7] ‘,’;ZD.ZSSBBT‘X +0.287551
5 Name=Trichlprosthylene 5 Ratio = 100.1 (1163 % 2 1254 R"2=0.59224779
'§ 034 '§ 147 ( ) 8 | § 44 Type:Linear, Origin:lgnere. Weight:None .
£ 05 2 gé 075 :
] 4 75+ 3.5
g 04 S 04 054 60.0 H
£ 02 3 02 Py 3
=0 = 0 N A =
H 4 e il L
67 675 68 68 63 6% 7 705 67 675 68 685 69 635 7 706 40 50 &0 70 80 %0 100 110 120 130 259
Acquisition Time (min) Acquisition Time (min) Mass-to-Charge (miz) 24
P 10 ugl.D 14 diflucrobenzene P 10.0 ug/L 1140 . 700 + Scan (6.570-6.703 min, 40 scans) P 10ugl.D
& x102 RT=5611 9E04E0S | J x102 | Ratio=24(1185%) | 2077 1140 159
s Name=1 4 difliorobenzene ] g 084
= 084 = 14 3 14
E E
3 06 3 075 0.64
T 04 3 s 0.54
£ 02 £ 02'57 ™
= 02 = 0254 i 63.0 |
£ g 2 g 821 s L T80 le'ol v
H 04 Maad llon L I
6d5 65 655 66 6B5 &7 675 635 65 655 65 b5 67 &75 4 50 €0 70 20 o0 100 1o 1o 10 G0 0 1 20 30 4 50 60 70 8 80 100 110 130 130 140 150 160
Acquisition Time (min) Acguisition Time (min) Mass-to-Charge (miz) Relative Concentration

[ [Modifiea [P 10.0ugll | Trichloroethylene|[11 Samples (11 total) |




Volatiles Analysis: 1,2 dichloro-Ethane
Purge-and-Trap Sample Preparation: 7890B GC and 7010 HES

& Agilent MassHunter Quantitative Analysis (for GCMS) - 041616 - Quantitation for batch 041616.batch.bin =10( x|
¢ File Edit View Analyze Method Update Library Report Tools Help

i Layout: E

Analyze Batch Restore Default Layout

Sample: ﬂ P10.0 ug/L - ﬂ ‘ Sample Type: <All> ~ | Compound: 1,2-dichloro-Ethane - ISTD: 1,4 diflusrobenzene ’:é Sample/Compound Group: <All> -

Sample 1.2-dichl... 1.2-dichlore-Ethane Results Qualifie..| Qualifie..| 1.4 difluorobenz...| Qualifie..
¥ Data File Type Level Acg. Date-Time | Amt. | Tot. Amt. |Exp. Conc.| RT Resp. | MI| Cale. Cone. | Final Conc. | Accuracy| Ratio Ratio RT Resp. Ratic

P03 ugl .D Cal P1_|416/2016 4:27 PM 0.03 0.0300] 6.157 17365 0.0304| 0.0304] 1012 350 317] 6611| 1893421 23
P 075 ugl.D Cal P2 1411672016 4:56 PM 0.075 0.0750] 6.157 40447 0.0748| 0.0748| 998 27 234| 6611| 1789483 23
P02 ugl D Cal P23 |4/16/2016 5:26 PM 02 0.2000] 6.154 97992 0.1500| 0.1900| 95.0 350 254| 6611| 1708177 23
PO5uglD Cal P4 41612016 554 PM 05 0.5000] 6.157| 285863 0.5583 05583 1117 23 245| 6611 1696320 24
P1uglD Cal PS5 |£16/2016 €22 PM 1 1.0000] 6.157| 459318 0.9088) 0.9088] 90.7 231 252| 6611 1678855 24
P3uglD Cal P& | 41672016 6:51 PM 3 3.0000] 6.154] 1252860 25875, 25675 86.3 23 254| 6611 1659372 23
» P 10uglD Cal P7 | 41612016 7:20 PM 10 10.0000] 6.154| 4956664 9.9305 9.9305 93.3 29 256| 6611 1672165 24
P30uglD Cal PE | 416/2016 743 PM 3 30.0000] 6.154| 17546824 | J45745| 345745 1152 32 26.1| 6611 1751605 24
P 100 ugl.D Cal P3| 416/2016 8:18 PM 100 100.0000| 6.154| 49484247| 985136| 985136 98.5 38 265| 6611) 1881202 23
P 200uglD Cal P10 | 416/2016 8:47 PM 200 200.0000| 6.157| 1005188.. || 198.7622| 198.7622 994 "2 274| 6611) 2185621 23
P 300 ugl.D Cal P11 |416/2016 9:15 PM 300 300.0000] 6.154] 1379701.. [ | 293.6364| 293.6364 97.9 365 276| 6611 2377040 22

Calibration Curve

E‘“tﬁzﬂﬂ||ﬂﬂﬂl§‘.‘.i-’1\|£h&ﬂ_ﬁﬁﬁﬁ lz‘et 2 [ (=] | Type: quadrstic ~ Origin: Ign.. * Weight: 1/x | ISTD
P10 gL D 1.2-dichloro-Ethane P 10.0 ug/L 620 640490 +Sean (6.103-6:246 min, 41 scans) P 10 ugl. D 1.2-dichloro-Ethane - 11 Levels, & Levels Used, 11 Points, 8 Points Used, 0 GCs
4 %1024 RT§,154 265364006 | § x102 | Ratio=329(825%) | 2 %107 780 9 5101 |y =-D.001586 " x * 2 + 0623508 " x - 0.014259
5 s Name=1.2-djchloro-Ethane = Ratio=256(365%) | 2 2 7 R'2=089830134
z ] z 1 F a 34 620 2 55 Type:Quadratic, Origin:lgnore, \Weight:1/%
4 E 24 4
_2 04 2 0.4 é 454
3 0;- 3 Dﬁ’ 1 5|1||n | ‘ oo )
1 : 4 | —1 A |
" € ebs g1 el 62 &2 63 T & ebs 61 eis 62 ek 63 4 50 60 70 20 % 100 110 120 130 35
Acquisition Time (min) Acquisition Time (min) Mass-to-Charge (miz) 34
P 10 ugL D 1.4 diflucrobenzene P 10.0 ug/L 1140 . 700 +Scan (6.570-6.703 min, 40 scans) P 10 ugl D 25+
4 %102 RT=611 SB04E+005  x102 | Ratio=24(1185%) | 2 %1077 1140 24
H 08 Name=1.4 difljorobenzene H 2 084
= 4 = 14 3 1.54
E E
2 08 2 075 06 14
T o4 $ 05 0.44 054
2 04 = 025 024 o]
co0 s o0 : 0 05
645 65 G55 GE 6E5 67 E75 645 65 G55 GE 6&5 67 E/5 4 50 60 70 20 g0 160 110 120 130 "9 ¢ W 2 2 40 50 6 70 2 % o 10 10 1% 10 180 ko
Acquisition Time (min) Acquisition Time (min) Mass-to-Charge (miz) Relative Concentration

I [[Moiiiea [P100ug |[1:2-dichioro-Ethane |[11 Samples (11 total) | ,




\Volatiles Analysis: 1,3-dichloro-Propane
Purge-and-Trap Sample Preparation: 7890B GC and 7010 HES

Sample: ﬂ P 300 ug/L - Q | SampIaType:| Compound: 1,3-dichlora-Propane ¥ [®] 1STD: 1,4 difluorobenzens E SamplefCompound Group: <All> -

Sample 1,3-dichl... 1,3-dichlore-Propane Results Qualifie.|14 Qualifie..
ki Data File Type Level Acg. Date-Time  “ | Amt. | Tot. Amt. |Exp. Conc.| RT Resp. M| Calc. Conc. | Final Conc.| Accuracy| Ratio RT Resp. Ratio

P03ugl D Cal P1_[4/16/2016 4:27 PM 0.03 0.0300| 8.818 5714|C 0.0403] 0.0403 1343 157.2] 6611] 1893421 23
P 075 ugl.D Cal P2 [4/16/201€ 4:56 PM 0.078 0.0750| 8.832 7696 0.0607| 0.0607 809 318.3] 6.611| 1789483 23
P02 uglD Cal P3 [4/16/2016 5:25 PM 02 0.2000| 8.832 21784|[C 0.1553| 0.1853 977 2883] 6.611| 1708177 23
PO5uglD Cal P4 [4/16/2016 5:54 PM 05 0.5000| 8.835 58963 10.5458| 0.5458 109.2 278.8] 6.611| 1636320 24
P1luglD Cal P5_ [4/16/2016 6:22 PM 1 1.0000] 8.832 31637 0.8615] 0.8615 862 312.0] 6.611| 1678855 24
P3uglD Cal P& [4/16/2016 6:51 PM 3 3.0000] 8.832| 263278 25710 25770 859| 2922] 6611 1659372 23
P10uglD Cal P7_[4/16/2016 7:20 PM 10 10.0000| 8.835 999317 |C 95161 95161 952 309.2] 6611| 1672165 24
P30uglD Cal P8 [4/16/2016 7:49 PM 30 30.0000| 8.835| 3925893 /TAT| BIAT| 193] 3060 6611 1751605 24
P 100 ugl.D Cal P9 [4116/2016 8:18 PM 100 100.0000| 8.835| 12596432 |[ | 107.4538| 107.4538 107.5 300.8] 6.611| 1881202 23
P 200 ugl.D Cal P10 [4/16/2016 8:47 PM 200 200.0000] 8.835| 27989034 206.9951| 206.9351 1035] 2896] 6.611[ 2185621 23
3 P 300 ugl.D Cal P11 [4/16/2016 9:15 PM 300 300.0000| 8.835| 41000523|[” | 280.2964| 280.2964 934 2785] 6.611| 2377040 22

‘Compound Information

E“:&I Elﬂ|@@‘ﬂﬁmﬁ|‘_§iﬂ\|ﬂh&ﬂﬁA_ﬁA IE‘ﬂt v_ Type: Linear ~ Origin: 1. « Weight: 1/x ~ | ISTD
P 300 ugL.D 1.3-dichlere-Propane P 300 ug/L 780,760 + Scan (2.793-8.923 min, 39 scans) P 300 ugL.D 1.3-dichloro-Propans - 11 Levels, & Levels Used, 11 Pints, 8 Peints Used, 0 QCs
4 x102] RT8.835 2BB4E+007| & x102] Ratio =2785 (328 %) | 2 x1pe 760 9 x107] y=0.123586"x +0.001954
5 4] Name=1,3-citloro-Propane R : 5 z _IF_rz=LD 9535%551 ‘ . 4
2 E 1 ; 3 3 ypeLinear, Origin-lgnore, Weight 1/
5 o 5o e
£ oal £ el £ 4
2 o 2 o 2 12

865 g8 8hs g9 8ds 8k 875 ge sbs @y ad 9 40 60 80 100 120 140 150 180 200 220 1

Acquisition Time (min) Acquisition Time (min) Mass-to-Charge (miz) 02l
P 300 ugL.D 1.4 diflucrobenzene P 300 ug/L 114.0 . 700 . +Scan (6.570-6.710 min, 42 scans) P 300 ugL.D
J %102 RT=6611 1376E+006 § %102 Ratio=22(1085%) | 2 x107] 1140 06+
] Name=14 difluorcbenzene E ; H 1
2 14 RS [SEERE 044
2 0.84 £ 075 el
S g-ﬁj s 05 054 024
2 02 3 0% M1 pps0 om0 o]
I e R S S ”‘ﬁj it oy g [ SO0 ) 12TE
645 65 655 66 665 67 675 645 65 655 66 685 67 6.75 40 50 60 70 80 90 100 110 120 130 Jo 0 1 20 3 40 5 € 70 80 S0 100 110 120 130 10 150 160
Acquisition Time (min) Acquisition Time (min) Mass-to-Charge (miz) Relative Concentration

I [[Modifiea |[Pa00ugi |12 dichioro-Propane [[11 Samples (11 toml) |

7/7/12016
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Conclusions: Volatiles Analysis
Purge-and-Trap Sample Preparation: 7890B GC and 7010 HES

e 5977B HES Performance

« Significant improvement in detection limits

 Signal improvement provided is not complicated by
interferences, and results in clear enhancements in detection.

« Extends dynamic range of P/T application

Agilent Technologies




Semi-Volatiles Analysis




Environmental Monitoring Requirements
Analysis of Semi-Volatile Compounds (SVOCs)

Overview

*SVOCs are a broad class of environmentally significant contaminants of global interest.
*Included in a target analyte lists for GC/MS methods such as EPA methods 8270, 625 and 525 methods

GC/MS Analysis

+Listed as targets and appropriate to selected ion monitoring (SIM) in GC/MS analysis
*Surveying samples by scanning GC/MS provides advantages:
*Full scan spectra for compound confirmation
* Tentatively identifying unexpected unknowns in samples that would escape SIM,
*In the past scan sensitivity was borderline or insufficient
*When compared to SIM
*To meet the required detection limits.

Project Scope

*Survey select compounds of environmental interest as an indication of what may be achieved with the new 5977B
GC/MSD in this approach.

*Determine if High Efficiency Source (HES) increases ion current created that may lead to improvement in sensitivity and
significant improvements in detection limits for VOC targets.

*Evaluate new HES capability to produce scan detection limits for SVOCs that were formerly only approached by SIM.

*Determine instrument detection limits (IDLs) for a few SVOCs across the classes of compounds typical to this analysis.

i3+ Agilent Technologies




Environmental Monitoring Requirements
Analysis of Semi-Volatile Compounds

GC Summary

Run time 25 min. |
Oven Temperature

(Initial) a0°c__ |
Post run 40°C

#1 Value 100°C

#2 Rate 25°C/min.
#2 Hold Time 0 min.

#3 Value 280°C

#4 Rate 25°C/min.
#4 Hold Time 8.5 min.

Hold time 0.5 min.
#1 Rate 10°C/min.
#1 Hold Time 0 min.
#2 Value 260°C
#3 Rate 10°C/min.
#3 Hold Time 0 min.

[ #4value  320°C |

Agilent 5190-2293: 900 pL (spitless, single taper, ultra inert)

MS Parameters

Acquisition Mode Scan |
Solvent Delay 3.0 min.
Trace lon Detection On
[Scan Parameters]

Start Time 3.0 min.
Low Mass 50
Threshold 75

MS Source 350°C
MS Qual 180°C

Normal or Fast Scanning Normal Scanning

EM Setting Mode Gain 0.1
High Mass 550
A/D Samples 4
Maximum 350°C
Maximum 200°C

Parameters for SVOC analysis

HES Autotune

3. Agilent Technologies




Linearity: Semi-Volatiles Analysis

2-fluorobiphenyl

2-methylnaphthalene

2-fluerchiphenyl - 10 Levels, 10 Levels Used, 10 Points, 10 Points Used, 3 QCs 2 methylnaphthalene - 10 Levels, 10 Levels Used, 10 Points, 10 Points Used, 9 QCs
2 101 v =00036%5"x 9 101 y=0002954 *x ‘lf
2 124 R"2 =0.99841381 2 R"2=0.99931252
2 27| Type:Average of Response Factors, Origin:lgnore, Weight:None g 151 Type:fverage of Response Factors, Origin:lgnore, Weight:None
.:% 1; Lg. RF RSD = 6557541 .:Eﬂ 1.4 Avg. RF RSD = 5.945591
2 s g 13-
5 144 2 124
=134 R RE
1.2 14
1.14 094
1] .
0.5 0.8
0.84 0.7
0.7 064
0.6 4
05 05
el R2 =0.9984 04- R2 = 0.9993
0.3 0.3
0.2 0.2
Gl.i‘lj— 014
o 1}?_

0 s00

1000

Relative Concentration

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Relative Concentration
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Semi-Volatiles Analysis: Anthracene

firi Agilent MassHunter Quantitative Analysis (for GCMS) - 8270 HES 5CS - 04-20-2016.batch.bin = : M [x] 3
2 File Edit View Analyze Method Update Library Report Tools Help

g = || 2| (E analyzesath-| @ ayaut: B B B B (A Restore Default Layout

sample: ] mdlSpob 1 A | sample Type: <All> v | Compound: (@] Anthracene v [®] ISTD: Phenanthrene-D10 |lﬁ @ % |' Ll ’: sample/Compound Group: <All» v
Sample Anthrace. Antt Results Qu.. | Qu.. | Pt i D10 (15 | Qu.. | Qu..
i Data File Type |Level Acq. Date-Time Amt. | Tot. Amt. |Exp. Conc.| RT Resp. | MI| Calc. Conc. |Final Cone. | Accuracy| Ratio| Ratio| RT | Resp. Ratio| Ratio
dard 5 ppb.D Cal 1 1112205112 AM 5 5.0000) 13644 5837 5.2413] 52413[ 1048 94| 185] 13558 40207] 90f 107
dard 10ppbD | Cal 2 |11N22015 1:43 AM 10 10.0000f 13644 71530 94556/ 5.4556] 946] 11.7] 20.9] 13589 32836] 98] 109
dard 20ppbD | Cal 3 112205 214 AM 0 20.0000] 13644 13236|C] 18zsa1] 12 §1.3] 11.5] 20.4] 13589 29093] 8&f 107
dard S0 ppb0 | Cal 4 1122015 245 AM 50 50.0000{ 13645 41255“_ 540919 B40819) 1082 11.7] 208) 135858 30597] 94| 11.0
dard B0 ppb0 | Cal 5 [1N22015 316 AM & 80.0000] 13644 er 76.9546| 76.9646 962 11.1] 205] 13.558 HB42| B8] 107
accustendard 100ppbD | Cal 6 |1112/2015 347 AM 100 100.0000] 13644 A NEEFA T §19] 11.5] 21.8] 13589 J1241] 94] 107
accustendard 200 ppb D | Cal 7 [NN22015 419 AM 200 200.0000] 13644 127368 | 189.08R3) 189.08RY 345] 11.6] 21.0] 13 559| 2704| 92] 108
accustandard 500 ppbD | Cal 8 [1NN22015 450 AM 500 500.0000] 13644 i N EIE S DR B B R 559| 26308 9.1] 108
accustandard 800 ppbD | Cal 9 [NN22015521 AM 800 800.0000] 13644 654835\ | 8447751] 84477e1|  1066] 120f 219 13589 31572] 88| 108
accustandard 1000 ppb.D | Cal 10 [ 1122015 5:52 AM 1000 000.00. 13644 1| s s 11af 12s] 24] 135w 41145 93] 108
5 ppb Mdl 10.D ac 1 [11122015 11:02 AM 50000) 13644 2970 44167 44167 88.3] 12.0] 20.6] 13.5859) 20318] 90/ 109
) 5ppb Mdl 1.0 [eloNNEd 1 | 11/122015 114 AM 5.0000] 13644 3r 49218 43218 384 11.2] 214| 13559 321421 90| 107
5ppb Mdl 2.0 ac 1 [1112201512:05 PM 5.0000) 13644 | 48423 43473 96.8] 103] 175 13559| 28057] 86| 11.0
5ppb Mdl 3.0 ac 1 [1112201512:36 PM 5.0000) 13644 FIEE] ] 48491 45451 §7.0] 11.0] 20.8] 13.558] 26416] 95[ 11.0
5ppb Mdl 4.0 ac 1 [ 1112205 1:07 PM 5.0000) 13644 2768 4.8515) 48515 97.0] 12.4] 20.1] 13589 28911 91| 111
5 ppb Mdl 5.0 ac 1 [1112/20151:38 PM 5.0000] 13644 8| AT ATMY 345] 10.0] 21.0] 13559 30188] 93] 108
5 ppb Mdl 6.0 ac 1 [11122015 208 PM 5.0000] 13644 |l 47843 47843 §5.7] 10.3] 21.0] 13.558 27088 93] 108
5ppbMdl 7.0 ac 1 [11122015 240 PM 5.0000] 13644 | A8012) 48012 96.0] 13.2] 225] 13589 23910f 92 107
5 ppb Mdl 8.0 ac 1 [1N22015 311 PM 5.0000] 13644 mr 47903 4.7903 95.8] 109] 202] 13 559| 27744] 91| 115
5ppb Mdl.D ac 1 [1122015 3:42 PM 5.0000] 13644 ESEl [N 46725 46725 9341 121] 225) 13 55B| 30213 81 11

E|0 3&:ﬂﬂ||§||Aﬁmﬁ‘lim‘ﬁ&ﬁ&ﬁﬁﬁﬁk =|E|H 1 X =|§| Type: AverageofResp..  Origin: Ignore Weight: None = ISFD
5 ppb Mdl 1.0 Anthracene mdl 5ppb 1 1780 1520 , 1760 Anthracene - 10 Levels, 10 Levels Used, 10 Points, 10 Points Used, 10 QCs
Fxi02 s 39TED| 7 x107] Retio=11.2 (843 %) : 8 101y = 1246333«
FE i 3, |Reo=214(122%) : € 281 R2=D8087EN1 .
g 1 : g 144 T Type:Average of Response Factors, Origin:lgnore, WeightNone
z 1 RT=13.644 2 14 H Avg. RF RSD =7.278250
S 9 ame=Anthracene S 12 H 244
2 Cal. Conc.=4 5218 ERRER z 1
o 084 i g ER
z 2 1 ]
30 2 03 SERY
3 08 164
054 g;_ 1
054 9 124
o 0.5 1
‘ gg 08
0.34 - 064
024
024 014 044
04 0.24
014
01 04
04 ; 0.2 H vl
w4 W5 W u7 w8 19 4 1\5 13 17 1B 139 410 o102 03 04 05 05 07 08 09 1 11 12 13 14 15 16 17 18 13 2 21
Acquisition Time (min) Acquisition Time (min) Relative Concentration

| | Modfies  Jmatppb 1 [[Artvacene (20 Samgles (20toa) 4




Semi-Volatiles Analysis: Anthracene

T Agilent MassHunter Quantitative Analysis (for GCMS) - 8270 HES SCS - 04-20-2016.batch.bin

¢ File Edit View Analyze Method Update Library Report Tools Help

7] Layout: B E A Restore Default Layout

= Analyze Batch *

sample: ] mdl sppb 1 v [ ‘ Sample Type: <all> v | Compound: [@] Anthracene v (] ISTD: Phenanthrene-D10 ‘lﬁ ElE ‘l“ L el ’: Sample/Compound Group: <All> v
Sample Anthrace . Anthracene Results Qu. | Qu.. | Phenanthrene-D10 (15.. | Qu.. | Qu..
1 Data File Type |Level Acq. Date-Time Amt. | Tot. Amt. Exp.Conc.| RT Resp. | Ml Calc. Conc. | Final Conc. | Accuracy| Ratio| Ratio| RT Resp. Ratio| Ratio

accustandard 5 ppb.D Cal 1 11122015 1:12 AM 5 5.0000] 13644 583 52413 52413|  1048] 94] 195] 13558 40207] 90] 107 .
accustandard 10 pph D [ Cal 2 [1N2205 143 AM 10 10.0000] 13644 7753 94556 94556 946] 11.7] 203 13553 328%| 98] 108 S p I ke d
gccustandard 20 ppb D [ Cal 3 |1INZ2015214 AM 20 200000| 13644 1|7 1821] 18257 91.3| 11.5] 204 13553 29093] 88| 107
gccustandard B0 ppb D [ Cal 4 |11N220152:45 AM 50 50.0000| 13645 41255(7]  sa0ss] s40919)  1082] 117] 208] 13558 30557] 94 110 / a m O u nt
sccustandard B ppb D [ Cal 5 1122015316 AM 20 80.0000]| 13644 66R44|T|  769646| TR.9R46 56.2| 11.1] 205 13558 342 L8
sccustandard 100 ppb.D [ Cal 6 |1112/20153.47 AM 100 100.0000] 13644 71544|7|  918705] 918705 919 115 21.8) 13559, 41] 94] 107
zccustandard 200 ppbD | Cal 7 [THA2015419 AM 20 200.0000] 13644 127368 || 189.0659) 120.0650| 9451 4612T0[ 13550 7024) 92| 108
zccustandard S00ppb.D | Cal g [1H22015450 AM 500 500.0000| 13644 232001 | 5082679 BBEZETI[ 1013 118] 21.3] 13559 26308| 91| 108
accustandard 800 ppb.D [ Cal 9 |11N220155:21 AM 800 800.0000] 13644 T e 7751| ada7rsi| e8| 120] 218] 12588 J1572| 88] 108
accustandard 1000 ppbD [ Cal 10 |111272015 5:52 AM 1000 2500 11457417 | 11171332kazaanl. 1117 125] 24| 1258 41145] 93] 108
5 ppb Mdl 10.D ac 1 |11N2201511.02 AM 5.0000]§ 13644 29(C 44167 44167 883 120 206 13553 20318] 90| 108

b 5 ppb Mdl 1.0 [PloMES 1 (1111272015 11.24 M 5.0000() 13.644 143" 45218 4513 984| 112] 214] 13559 42| 90] 107
5 pph Mdl 2.0 ac 1 |1NZ2015 1205 PM 5.0000] 13644 1387 |0 48423 43423 96.8] 10.3| 17.5] 13558 28057] 86| 110
5ppb Mdl 3D ac 1 [TN22015 12,36 PM 5.0000]] 13644 FEH 48491 4.9 87.0] 11.0] 20.8] 13558 26416] 95| 110
5ppb Mdl 4D ac 1 [1H220151.07 PM 5.0000]] 13644 2788( 48515)  4.8515 87.0] 124] 20.1] 13558 22891 91f 111
5ppb Mdl 5D ac 1 [1H220151:38 PM 5.0000]f 13644 3855( ATAY  ATM2 945] 100] 21.0] 13559 20183] 93] 108
5 pph Mdl 6.0 Qc 1 1122015209 PM 5.0000]§ 13644 E7t] [ 47843 47843 95.7] 10.3] 21.0] 13558 27069] 93] 108
5 ppb Mdl 7.0 ac 1 |11N22015 240 PM 5.0000]§ 13644 2627 48012 48012 96.0] 13.2] 225 13553 23910] 92| 107
5 ppb Mdl 8.0 ac 1 |11N22015311PM 5.0000]§ 13644 EE 47903 47503 95.8] 109] 202 13553 27748 91| 115 Act u a I a m o u nt
5 ppb Mdl D qc 1 11122015342 PM 5.0000] 13644 ESEl [N 46725 46725 934 12.1] 226 13558 02 1_3-1-—1-1-1-/

EH 1 ﬁzﬂ ﬂ“ﬂlﬁﬂlﬁ‘ii_ﬂ\‘&&ﬁﬁﬁﬁﬁ& E|H 1 ;g' Type: AverageofResp.. * Origin: Ignore  + Weight: None ]SI'D
5 ppb Mdl 1.0 Anthracene mal Sppb 1 ‘ 1780, 1520, 176.0 Anthracene - 10 Levels, 10 Levels Used, 10 Points, 10 Points Used, 10QCs
FRUE : 3397E+003| 3 «102] Ratio =112 (B48 %) 8 x1p 1y =12463333"x
T ] | s .| Ratio=214(1222%) g 231R2=036876511 .
g 1 | g 144 ) 2 7 5.4 Type:Average of Response Factars, Origin:Ignere, Weight None
=z ] RT=13.644 = 134 & | Awg. RF RSD =7.278250
EREE Ame=Anthracens t 12d c 244
S Calte. Conc.=4.9218 2 11 z 1
o 084 § @ '1 =2 24
z z z
= 07 5 094 1.84
i 0% iy D.%— 1.6
1 gs 144
0.54 27 124
04 s Ik
| A
0.34 - 6
0.2 i
0.24 0.14 0.4
04 0.2
0.14
014 04
0 0.2 1.4
T T T T— T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
134 135 136 137 138 139 134 135 136 137 138 138 Q1 0 01 02 03 04 05 06 07 08 0% 1 11 12 13 14 15 16 17 18 18 2 20
Aequisition Time (min) Acquisition Time (min) Relative Concentration

Modified mdl 5ppb 1 ||Anthracene || 20 Samples (20 total)



Semi-Volatiles Analysis: Anthracene

Tig Agilent MassHunter Quantitative Analysis (for GCMS) - 8270 HES SCS - 04-20-2016.batch.bin
: File Edit View Analyze Method Update Library Report Tools Help

0 & |53 |LE AnalyzeBatch -| @ Layout:

E @ Restore Default Layout

Sample: ﬂ mdl 5pph 1 - ﬂ ‘ sample Type: <All>» v | Compound: (@] Anthracene v (%] ISTD: Phenanthrene-D10 ‘lﬁ ): sample/Compound Group: <All>» -
Sample Anthrace.. Anthracene Results Qu.. | Qu.. | Phenanthrene-D10 (IS... | Qu.. | Qu..

v Datz File Type | Level Acq. Date-Time Amt. | Tot. Amt. | Exp. Conc.| RT Resp. | MI|Cale. Conc. |Final Conc.| feemreeyiRatio Ratio| RT Resp. Ratio| Ratio
accustandard 5 ppb.D Cal 1 [1N220151:12 AM 5 5.0000] 13644 5253\ C B2413)  52413)) 104.8) 94| 195] 13558 40207] 9.0f 107 .
accustandard 10ppbD | Cal 2 |1IN220151:43 A0 10 10.0000] 13644 mEC 94556 94586 S46Q11.7] 208 13559 328%| 98] 109 S p | ke d
sccustandard 20ppbD | Cal 3 [1N220152:14 AM 20 200000] 13644 1%C msa| 18n 91.34115] 204] 13559 29093| 88 107
sccustandard S0 ppbD | Cal 4 | 1N220152:45 AM 50 50.0000] 13645 412557 540919 540919() 1082f11.7{ 208] 13559 30597] 84| 110 / amou nt
accustandard 80 ppbD | Cal 5 [1112/2015 316 AM 20 80.0000| 13644 Geadd|l” |  7OG46) 760646 56.2Q11.1] 209| 13558 UB42| B3lIAA
accustandard 100 ppbD | Cal 6 [1112/2015 347 AM 100 100.0000| 13644 7547 w8705] 918706 $1.94115( 18] 13558 1] 94] 107
aecustandard 200 ppbD | Cal 7 [1N22015413 AM 200 200.0000] 13644 127358 7| 189.0659| 129.0653) 94527 13559 27024] 92| 108
accustandard 500 ppbD | Cal 8 [1112/2015 450 AM 500 500.0000] 13644 332001 |C | so6.2679] seezera] 1013118 18] 13559 26308 9.1 108
accustandard 800 ppbD | Cal 9 [1N122015521 AM 800 800.0000] 13644 JEEJ&F’WWN 2447751 ) 10561201 21.9] 13559 31572| 88| 108
accustandard 1000 ppb.D | Cal 10 [1112/2015 552 AM 1000 100 ] 145741 (T | 11171332 125] 224] 13559 41145 93] 108
5 ppb Mdl 10.0 Qc 1 [1112201511:02 AM 500008 13644 29 44787 : 3R12.0] 206 13559 20318 3.0 109 r~

4 5 ppb Mdl 1.0 [elogRg 1 [11/122201511:34 AM 5.0000) 13644 n4aC 45218 . AN11.2| 214] 13559 32142| 90| 107 . ACCU ra cy

5 ppb Mdl 2D ac 1 [1112201512:05PM 5.0000§ 13644 wrr 4423 AQ10.3] 175] 13559 28057] 86| 110
5 pph Mdl 3D ac 1 |1N2205 1236 M 5.0000§ 13644 nu3|C 4849 7OQ11.0] 208 13558 26416 95 110
5 pph Mdl 4D ac 1 | MN2205 107 M 5.0000§ 13644 7ss|lC 48515 70Q124) 201 13559 2891 91f 11
5 ppb Mdl 5.0 ac 1 |1N2205 138 M 500004 13644 (T 4742 5R10.0] 21.0] 13559 30189] 93] 109
5 ppb Mdl 6.0 ac 1 12205208 P 5.00004 13644 mC 47843 7103 21.0] 13558 27069] 9.3 106
5 ppb Mdl 7.0 ac 1 [1112/2015 2:40 PM 500008 13644 282 48012 : Q§13.2| 229] 13559 239100 92 07
5 ppb Mdl 8D ac 1 [1112/2018 311 PM 5.0000§ 13644 I 47803 . 2R105] 202 13559 7744| 91115 Actu a I amou nt
5 pph Mdl .D ac 1 1n22nE 42 500004 13644 SRl 46725 AQ121) 226[ 13558 30213 _ﬁm/

|E|+# 1 &I 1 ﬂ“ﬂlﬂﬂlﬁ‘li)’[\‘&&&ﬂﬁﬁﬁ& |E|+# 1 ;(' Type: AverageofResp... ¥ Origin: Ignore ¥ Weight: None  + IEI'D
5 ppb Mdl 1.0 Anthracene mdl 5ppb 1 1780 1520, 1760 Anthracene - 10 Levels, 10 Levels Used, 10 Paints, 10 Points Used, 10 GCs
T 02 : 339764003 | 5% x1027 Ratio =112 (849 %) : & %1017y =12463333"x
7] ; 2 .\ Ratio=214(1222%) : £ 28qR2-=0808876911 . ) »
9 1 : g 144 ' 2 264 Type:Average of Response Factors, Origin:lgnore, \Weight None
2 ] RT=13.644 32 13 9 =" hvg RFRSD=7.278250
S 09 gme=Anthracene S 17 < 244
2 Cal. Conic.=4.5213 2 11 z 224
v 08 ] @ '1_ R
2 2 T
2 07 3 03 £y
[i= 06 i D.%— 164
1 gs 14
0.5 21 124
Ny 05+ 0]
' g'; 04
0.34 - 06
0.24 1
0.24 014 044
04 02
0.14 :
. 01 ; 0
0 : 2 i 02
Bé 15 16 1B 18 138 B4 15 1 W7 B8 10 01 02 03 04 05 08 07 08 03 1 11 12 13 1¢ 15 16 17 18 18 2 21
Aequisition Time (min) Acquisition Time (min) Relative Concentration

Modified mdl 5ppb 1 Anthracene || 20 Samples (20 total)




Semi-Volatiles Analysis: 2-Fluorobiphenyl
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MDLS: Semi-Volatiles Analysis

Avg
Name Transition ~ Avg Conc. Std.Dev.  Conc.fStd.  Conc,RSD MDL LoD AvgHeight  Avg Resp
Dav.
1,4-dichlorobenzene 148 2.5604 0.0507 50.54 0.133 0.152 1447 2634
1,2-dichlorobenzene x 146 2.5883 0.0744 3482 i 0.15351 0.2231 1330 2503
| Anthracene 178 1.3763 0.0471 50.4% 0.1235 0.1412 1360 3029
|Benz[ajanthracene 228 2.854 0.094 3079 . 0.2467 . 0.282 919 1600
2-ﬂunrnphenn| 112 1.8707 0.1018 1838 . 0.2671 0.2053 EF| 1036
Phennl-dS- ] 2.0783 0.1061 159.5% . 0.2785 0.3183 585 1353
54 2.0973 0.0753 27.85 X 0.1977 0.226 805 1408
43 2.0027 0.1123 17.83 : 0.2948 0.337 574 1854
Bi5[2—chlnrneth\rl:lether . 53 2.4585 0.15975 12.45 0.5183 0.55924 836 1356
E{hlnrnphennl 128 1.8842 0.1333 1413 . 0.345% 0.4 412 942
|1,3-dichlorobenzene 2.5532 0.0566 45.14 . 0.1485 0.1857 2575
| Dibenz[a hlanthracene 78 5.8961 0.433% 13.5% g 1.1388 1.3017 24 970
Benzyl alcohal . 108 2.6224 0.6737 3.88 1768 2021 337
Dibenzufuran 188 2.6192 0.0787 33.28 0.2066 0.2361
D—Cresnl 108 2.8833 0.9942 3 2.6092 2.8825 535
Bi5[2-chIDrD-I-mEthyIEthyIJ ether 121 372 0.1907 15.51 . 0.5005 0.5722
p—CrE_rvnI 108 2.4153 0.653 37 17138 1855 438
N Nitroso-di-n-propylaming 70 1.8814 0.465% 6.14 1.2227 1.3977 524
Hexachlnrnethane 117 2.4972 0.1367 18.24 . 0.3586 0.41 503
NitrnbanzenE-DS 22 2.2607 0.058% 384 X 0.1545 0.1766 861
Nitrnhenzene 77 2.1935 0.1304 16.87 . 0.3422 0.3511 816
Isophnrnne . 22 2.0293 0.0875 23.2 . 0.2295 0.2624
2,4—dimethy|phennl 107 1.308 0.0766 2361 . 0.2009 0.2297 531
bis[2-ch|nrnathnxy)—m ethane g3 2.2003 0.0797 27.62 : 0.2091 0.239
2,4—dichlnm—ph enol 162 1.3744 0.1568 876 0.4116 0.4705 253
1,2,4-trichlorobenzene 120 2.561% 0.0646 358.65 . 0.1656 0.193%
Naphthalene 128 2.5072 0.033 76.08 . 0.0865 0.0983
4—Ch|nrnani|ine 127 2.141 0.256 236 0.6713 0.767%
Hexachlnrnbutadiene 227 2.002 0.4507 4.44 1.1828 1352
4—|:hIDrD—3-mEthyI-phenDI 2.6386 0.3667 7.2 0.9625 1.1002
2 methylnaphthalene 2.4774 0.2275 . 0.597 0.6824
| 2-flucrobiphenyl 2.2854 0.0573 . 0.151% 0.1736
2ch|nrnnaphtha|ene 2.331% 0.057 . 0.1485 0.1709
2—Nitrnani|inE 2.0706 0.321% 0.8443 0.9657
| Dimethyl phthalate 2.2032 0.0793 X 0.208 0.2378
2,5 Dinitrotoluene 2.335%4 03894 0.9696 1.1083
Acenapthylene 1.5816 0.2025 . 0.5315 0.6076
|2-Nitroaniline 0.485 0.3278 0.8603 03834
Acenaphthene 2.9093 0.4256 . 1.117 1.2768
2,4—dinitrn-tnluene 10.127 0.2458 . 0.6451 0.7373
Dieth\rl Phthalate 5.1859 0.9011 1.3648 2.7032
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Conclusions: Semi-Volatiles Analysis
7890B GC and 5977B MSD HES

ey HES Performance:

* Preliminary results suggest a significant improvement in linearity and system
stability at the lowest concentration level

» Wide Dynamic Range
* Possibly eliminates need to dilute and reanalyze samples which would have been

over range on previous systems.

* Reduces re-runs
» Signal improvement provided a more stable platform to perform day-to-day analysis

%% Agilent Technologies




Nitrosamines Analysis




N-Nitrosamines in Drinking Water
GC/MS/MS with HES

~

N-Nitrosamines like NDMA are inadvertent by-products of wastewater treatment through
chlorination.

>1 <

EPA method 521, (2004) specifies use of ion trap MS based liquid CI/MS/MS measurements
for the detection of N-nitrosamines in drinking water

J
\

Industry requires alternate, sensitive and reliable procedure for the analysis of N-nitrosamines.

J
~

GC-MS tandem quadrupole technology deliver very high sensitivity and selectivity in the small
molecule mass range and allow the detection of nitrosamines meeting and exceeding current
detection levels attained using CI/MS/MS measurements.

J
~

Method designed to demonstrate application of GC/MS/MS instrumentation to determine nitrosamines in
drinking water satisfying EPA method 521 requirements

J

- Agilent Technologies




Method: N-Nitrosamines in Drinking Water
GC-MS/MS with HES

Leveraging Technological Advance

*Method was developed using Agilent 7890B GC coupled to the 7010 Mass Spectrometer (MS) in positive
electron ionization mode (EI), using HES (high efficiency source).

GC configuration

*Multi-mode inlet (MMI)
*30 meter DB-1701 column
+7693 Autosampler (A/S).

Sample Prep

«In this study solid phase extraction for sample preparation following the protocol outlined in EPA Method 521

Analysis

*Run time was less than 14.0 minutes.

Triplicate calibration curves were set up using 5 levels
*1.0 ng/L to 20 ng/L extracted
*1.25 ng/L to 20 ng/L solvent standards

*Data analysis was carried out using MassHunter Software

Agilent Technologies




Approach: Method: N-Nitrosamines in Drinking Water
GC-MS/MS with HES

mmmm Analytical Approach

* Only 0.5 microliter extract was injected into a GC/MS/MS system employing
electron ionization.

« EPA method 521 utilizes large volume injections (20uL) to reach the required
minimum reporting limits (MRLSs)
* 1.2 ng/L for NDPA)
* 2.1 ng/Lfor NDEA

 Using surrogate (NDMA-d6) and internal standards (NDPA-d14, NDEA-d10)
ensures accurate quantitation

 Accounts for analytical variability that may occur during sample processing,
extraction, and instrumental analysis.

Agilent Technologies




Target Analytes: N-Nitrosamines in Drinking Water
GC-MS/MS with HES

Name ABR RT Quant Mass Re
N-nitrosodimethylamine NDMA-d6 710 80>50 IS Surr
N-nitrosodimethylamine NDMA 715 74>44 0.99968
N-nitrosomethyethylamine NMEA 8.28 88>71 0.99981
N-nitrosodiethylamine NDEA-d10 910 112> IS
N-nitrosodiethylamine NDEA 913 102>85 0.99996
N-nitrosodipropylamine NDPA-14 11.00 144>126 IS
N-nitrosodipropylamine NDPA 11.08 113>71 0.99922
N-nitrosomorpholine NMCOR 1147 86>56 0.99993
N-nitrosopyrrolidine NPYR 11.64 100>70 0.99131
N-nitrosopiperdine NPIP 11.85 114>84 0.99837
N-nitrosodi-n-butylamine NDBA 12.56 116>99 0.99937

Retention Times, Quantitation Mass, and Linearity R?

Agilent Technologies




MRM Transitions: N-Nitrosamines in Drinking Water
GC-MS/MS with HES

Compound Transition CE Compound Transition CE
NDMA-d6 80>50.1 6 NDPA 130>43 20
NDMA-d6 80>48.1 14 NDPA 130>113 8

NDMA 74>421 14 NMOR 116561 20
NDMA 74>44.1 6 NMOR 116>86 4

NMEA 88>71 6 NPYR-d8 108781 10
NMEA 88>43 10 NPYR-d8 108>621 14
NDEA-d10 112>94.1 10 NPYR 100>70 10
NDEA-d10 112>62 20 NPYR 100>55 10
NDEA 102>56.1 20 NPIP 114>97 10
NDEA 102>85 10 NPIP 114>84 10
NDPA-d14 144>126.1 4 NDBA 15899 20
NDPA-d14 144>50.1 20 NDBA 158>1411 12
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Analysis: Method: N-Nitrosamines in Drinking Water
GC-MS/MS with HES

mm—  Angl|ytical Approach

« Matrix blanks were interspersed during the calibration and MDL
injection sequence to verify there was no carryover.

« All calibration levels were performed using three replicates.

» Matrix blanks were spiked at three levels (2, 8, and 15 ppt) to verify
recovery. Results at the 2ppt level are listed in the next slide.
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Recovery Results: N-Nitrosamines in Drinking Water
GC-MS/MS with HES

Average of 3 replicates of 2 ppt Matrix spike

Compound Conc  Ave. Calc. Conc. Ave. Recovery Limits
NDMA 2 2.36 118.20 70-130
NMEA 2 2.23 111.65 70-130
NDEA 2 2.06 102.92 70-130
NDPA 2 1.99 99.70 70-130
NMOR 2 1.94 97.12 70-130
Npyr 2 2.24 111.92 70-130
Npip 2 2.16 107.83 70-130
NDBA 2 203 101.55 70-130
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Results: N-Nitrosamines in Drinking Water
GC-MS/MS with HES

Calibration from 1.0 to 20 ng/L

A ——
Sample NDMA M. NDOMA Results Qualifier | NDMA-d6 (15| Qualifie .| Qualifie. _“
@ T Name Data File Type Level Acq. Date-Time Exp. Conc.| RT | Resp. | MI|Calc. Conc. | Final Conc.| Accurscy| Ratio (M| RT | Resp. | Ratio| MI| Ratio| M|
Hi ines_Cal_2_03 N ines_Csl_2_03.0 Cal 2 [2/9/2015 9:24 PM 2.0000| 7.158) 2994 2.1200| 2.1200 106.0] 128.1 7.130| 36463| 176 427
Hitr _Cal_2 D4 Nty _Cal_2 04D Cal 2 | 2/872015 346 PM 2.0000] 7.143| 3226|[] 2.1746] 21746 108.7| 114.4[O0] 7.126] 38595] 17.0|[C0] 41.9|O0
Hi ines_Cal_5 01 N ines_Csl_5 01.0 Cal 3 [2/9/2015 11:55 PM 5.0000] 7.158| 6347|[] 4.8576] 4.8576 97.2] 137.6|[C1] 7.130] 40760] 17.1[[C1] 41.6][C]
Nitr _Cal_5_02 Nty _Cal_5 02.0 Cal 3 (21072015 12:16 AM 5.0000] 7.158| 6363|[] 4.8110] 48110 96.2| 130.3[[C0] 7.130{ 41190] 17.0|C0] 1.1
Hi ines_Cal_5_03 N ines_Csl_5_03.0 Cal 3 [210/2015 12:38 AM 5.0000] 7.158| 6717|[] 4.9091 49091 98.2| 123.0|[C1] 7.130] 42757( 17.2|[]] 42.1][] | |
Nitr _Cal_10_01 Nty _Cal_10_01.D Cal 4 [210/2015 1:42 AM 10.0000] 7.153| 12449([C] 10.2407)  10.2407 102.4] 1346 [C0] 7.130] 47432 17.1|[O0] 422|O0
N ines_Cal_10_02 N ines_Cal_10_02.D Cal 4 [210v2015 2:04 AM 10.0000] 7.149| 12527|[] 10.1310|  10.1310 101.3] 134.8|[C0] 7.121] 42104 16.3([C]] 41.8][C]
Nitr _Cal_10_03 Nty _Cal_10_03D Cal 4 [210/2015 2:25 AM 10.0000| 7.158| 11985|[] 102157)  10.2187 102.2| 128.4|C0] 7.130] 39931| 17.1([C0] 421]|O0
N ines_Cal_20_01 N ines_Cal_20 01.0 Cal 5 [210v2015 4:56 AM 20.0000| 7.158| 22633|[C] 19.8555| 19.8555 99.3] 135.2|[C1] 7.130] 40595| 17.0|[C]] 42.0|[C]
Nitr _Cal_20_02 Nty _Cal_20 02D Cal 5 [210/2015 5:17 AM 20.0000 7.158| 22825|[] 19.8203)  15.8203 99.1] 1345[[C7] 7.130| #1078] 17.2|[C1] 425]|[7
Nitrosamines_Cal_20_03 Nitrosamines_Cal_20_03.D 5 [210/20155:39 [ 20.1153)  20.1153 134.6([C1] 7.130 17.0{[C1] 424][C]
7:48 AM
_matrix_5_2_02 i ines_matrix_5_2_02.0 Sample 2102015 8:10 AM I I I
_matrix_5_2_03 i ines_matrix 5 2 03.0 | Sample 21072015 8:31 AM 1 1 1 =
_matrix_7_2_01 i ines_matrix_7_2_01.0 Sample 210/2015 10:40 AM [ O O |
_matrix_7_2_02 i ines_matrix 7 2 020 | Sample 27102015 11:02 AM T T 1
_matrix_7_2_03 i ines_matrix_7_2_03.0 Sample 210/2015 11:23 AM [ 0 I
i ines_matrix_9_2_01 N ines_matrix_3 2 01.0 Sample 21042015 1:32 PM 7.143| 25437|[C] 17.8681 17.8681 130.1)[1] 7.126| 50313) 16.7([]] 41.8|[7
Nitr ines_matrix_3_2_02 Nity ines_matrix_3_2_02.0 Sample 210/2015 1:54 PM 7.153| 24786([C] 18.0645| 18.0645 135.1|[C1] 7.125| 48517| 17.4[[C]] 427([O0
i ines_matrix_9_2_03 N ines_matrix_9_2_03.0 Sample 21042015 2:16 PM 7.143| 25295 17.8358|  17.8358 1152 7.126| 50113] 16.8 414
[*] Mit _matrix_sample_01 | Nit _matrix_sample_01.0 | MatrixBlank 2112/2015 B:48 AM M [ [ [l
[*] N ,_matrix_sample_02 | Ni ines_matrix_sample_02.0 | MatrixBlank 213/2015 5:0% AM
9 Mit _matrix_sample_03 | Nit _matrix_sample_03.0 | MatrixBlank 2122015 9:31 AM 0 [ [ [l L4
Compound Information « X (Calibration Curve - X
@"3&Ii—|ﬂ [&] [=] f_\lﬁljﬂﬁ I T A N N O N LN @0333'5@@ Type: | Linear ~| Origin: Ignore ~| Weight: None =~ ISTD QC CC
+ MRM (74.0 -> 44.0) Nitresamines_matri.. | 74.0->44.0  74.0-> 740 + MRM (7.092-7.286 min, 41 scans) (74.0.. |[NDMA- 5 Levels, 5 Levels Used, 5 Points, 5 Points Used, 0 QCs
2 x102 7.152 min. = x102] Ratio=117.7 (315 %) 2 x10% 740 | 8101y =0672262"x +0.025097
g 14 T 2 114 ¢ 2 R"Z = 0.99967649
(&} 1 2 414 a % 5.5 Type:Linear, Origin:lgnore, Weight:None
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Results: N-Nitrosamines in Drinking Water
GC-MS/MS with HES (all concentrations in ng/L)

A X uy g LoD B Noise SN VG Pesp.

b 1 I e e MRLs Resp RSD(%)

NDMA 1 715 162 00471 0141 0471 0141 16 5 228 3275 39
NMEA 2 828 148 00287 008 0287 0086 15 3 288 2073 4.1
NDEA 3 913 143 005/9 0174 0579 0174 2.1 3 Inf. 1347 53
NDPA 4 1108 129 0.1423 0427 1423 0427/ 12 10 214 238 89
NMOR 5 1147 119 00411 0123 0412 0.123 3 1912 2478 39
NPyr 5 1164 132 0124 0372 1240 0372 14 1 1525 375 75
NPFp 6 118 141 0045 0135 0450 0135 14 3 216 1206 35

NDBA 7 125% 147 00395 0178 0595 0178 14 8 Inf. 928 38

MDL/LOQ/LOD at 95% confidence level:
Calculated from 8 replicates at 1.25 ng/L using 0.5 uL injections
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Conclusions: N-Nitrosamines in Drinking Water
GC-MS/MS with HES

e HES Performance:

* The enhanced EI sensitivity of the HES ion source meets and exceeds the
detection requirements of EPA Method 521,

» Excellent alternative to the method specified PClI MS/MS lon Trap systems.
» Rapid EI/MS/MS method demonstrated good stability
« Calibration in the 1-20 ng/L range
» Excellent detection levels ranging from 0.08 — 0.4 ng/L

» Well below the required levels with only a 0.5 yL sample injection.

* Recoveries at multiple levels all demonstrated highly sensitive, accurate and
reliable performance.

« Smaller injection volume led to less sample on column, less matrix and longer
time between system maintenance
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The Source of New Possibilities
The Most Powerful EI GC/MS Source

5977A Extractor Source

NEW!5977B High
Efficiency Source

5977B High Efficiency Source
with Magnet Removed
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Driving Technology Innovation
Inspiring discoveries for a better world

Your research helps protect:

e the air we breath
e the water we drink
* the soil we depend on for food
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Thank you

Let's Continue the Conversation
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