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Hydraulic Fracturing
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Shale Gas Field
Contmental USA
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Hydraulic Fracturing for Natural Gas
Contamination Risks

Environmental Science & Technology




LC/QTOF-MS with High Resolution and Accurate Mass
In Search of “Tracers” of “Fracking” Contaminates

mm Samples and Prep

* Flowback samples from Colorado
* Diluted 1:10 and filtered (PFTE, 0.1 micron)

* Use slow gradient with C-8 column, 3.5
micron, 0.1% Formic acid/ACN gradient

» High Res Q-TOF analysis with accurate mass
« 1290 Agilent UHPLC
» 6540 Agilent Q/TOF
* 1 ppm Mass Accuracy
« 25,000 Resolving Power

Agilent Publication: 5991-5473EN
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LC/QTOF-MS with High Resolution & Accurate Mass

Chromatographic Conditions

LC run conditions

Column
Column temperature
Injection volume

Mobile phase

Linear gradient

Flows rate

Postrun

Agilent ZORBAX Eclipse XDB-C8B, 4.6 < 150 mm, 3.5 pm

25 °C
10 L

A) 0.1% formic acid in water v/v
B) Acetonitrile

10% B for 5 minutes;
10% B to 100% B over 25 minutes

0.6 mLSmin

12 minutes

Q-TOF MS conditions

Avthors

Accurate Mass Analysis of Hydraulic
Fracturing Waters: |dentification of
Polyethylene Glycol Surfactants by
LC/Q-TOF-MS$

Application Note

£ Mchiel Tmanind bina Rirer A conbinton of UHPLE follomed by LE/G-TORM

Cermer for Eradronmen el Ma:
Spectanetry
Dagart ot Evirormentsl

lon mode

Drying gas

Gas temperature
MNebulizer gas
Sheath gas
Capillary voltage
MNozzle voltage
Fragmentor voltage
Skimmer voltage
Octopole RF
Mass range
Detector rate

Resolving power

ESI, positive

10 L/min

326 °C

45 psig

11 L/min at 350 °C
4,000 ¥

1,000 ¥

190V

45y

750V

m/z 50-1,000

2 GHz

30,000 atm/z 1,522
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Total lon Chromatogram
Production flow-back water, Weld County Colorado
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Hydrophilic Zone Less Polar Zone

Masses Differ by 44 mass units suggesting CH,-CH,-O structure
for chemicals in both zones
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LC/QTOF-MS with High Resolution & Accurate Mass

Component |dentification

Kendrick Mass *Glycol Determination

Filtering technique Nominal mass of the
(scaling factor) repeating glycol unit,
(CH2CH2-0),

- J - J

) 4 )

Divide by the exact
calculated mass of the
same glycol unit

p

Separates a series of

hydrocarbons differing in
mass by a single

: methylene group, CH, )

Thurman et al. in 2014

Confidentiality Label

.3 Agilent Technologies 3 August 2015
' 8




Kendrick Mass: Polyethylene Glycols in Flowback Water
Average Mass Difference 44.0266*

Retention time  lon {m/Z}) measured Kendrick

{min} accurate mass mass lon adduct

3.5 173.0776 172.975 Na + PEG-E0-3

4.2 217.1048 216.975 Na + PEG-EQ-4 Multiplication of

5.4 261.1309 260.975 Na + PEG-E0-5 scaling factor by the
measured accurate

7.3 305.1586 304.975 Na + PEG-E0-6 mass yields Kendrick

9.5 349.1830 348.975 Na + PEG-E0-7 mass [*].

10.2 393.2095 392.975 Na + PEG-E0-8 “Thurman et al. in 2014

10.7 437.2373 436.977 Na + PEG-E0-9

10.7 432.2830 432.026 NH, + PEG-E0-9

11.0 476.3067 476.023 NH, + PEG-E0-10

11.3 520.3333 520.023 NH, + PEG-E0-11

*JR-b sample from Weld County, Colorado, based on a scaling factor of 0.999404559.
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Adduct Identification
Q-TOF-MS scan from 7.060 to 7.409 min

x108
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2711151

283.17563
(Cy,H 0,0 +H*

305.15886

Proton adduct at m/z 283.1753

and formula generated in Agilent
< MassHunter Software.

Sodium adduct of the ion.

|. 3211286 3471675 3711311

0is
260

270

280 290

300

30 300 350 340 350 360 370 380
Mass-to-charge [m/2]
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Adduct Identification
Confirming Polyethylene Glycol Structure

x10¢ MS/MS Analysis of the m/z
4.0 283.1753 can determine if the

381 890600 :
- _ spectrum will match a PEG
34 44.026 mass units

39, < structure

3.0

2.8 .
26 Mass spectrum consists of a

2_4_ . .
£97] 133,095 series of 44.026 mass unit

220 :
S1gl ¢ losses that translate into a

16 simple PEG structure*
14 <« 283.1743

12 .
1.0 <

gg 177117 <

gg 731]%7!1.0561 151.0960 | 1951222 9361480

L <. L. . v X
100 120 140 160 180 200 220 240 260 280 300 320 240 360 380 400
Mass-to-charge (m/z)

I
60 80

*Ferrer et al, ACS Chem. Symp. 850
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Adduct Identification
Confirming Polyethylene Glycol Structure

x108
8.5 Mass spectrum at 10.6 minutes for
8.0- "452.2830 €— PEG-9. Major ion; ammonium adduct at
- m/z 432.2830
6.5/ 437 2378 :
6.0- Mass differences among these
5 5- three ions are 17 and 22 indicating
2 5.0 proton adduct at 415.2539.
< 4 54
S 4.0 " Mobile phase does not contain
gg / ammonium. Ammonium adduct is
95 1159539 formed from trace levels of ammonium
20- in sample. Similar behavior for PEG-10
15- and PEG-11.
1.0 I
n.g: | 4271576 ||y ||, 446.2600 453',2”?9 461.2002 476.2874

405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480
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LC/QTOF-MS with High Resolution and Accurate Mass

Conclusions

PEG Composition

1.
2.

Produced Water has PEGs and other ethoxylated surfactants
Samples contained > 40 different PEGs

Kendrick Mass Defect

Bwnh =

Finds multiply charged species

Finds mixed adducts

Allows identification of related PEGs

Possible to identify proton, sodium, and ammonium adducts of

PEGs

PEG identification may allow use as indicators
of contamination of aquifers or surface water

Agilent Technologies
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