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USF/COT Underwater Mass Spectrometry Program
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¢ First generation instruments
* 100 amu Quadrupole
* Saturn Ion Trap

¢ Field deployment instrument
* 200 amu Quadrupole

¢ Recent deployments
* Bayboro Harbor
* Lake Maggiore

* Kennedy Space Center
* Lake Yellowstone

¢ Future Development
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Schematics of underwater MS systems

Hulls: anodized Aluminum, depth 300 m; Power: 24 VDC;

Roughing Pump: 2 diaphragm pumps (KNF); Vacuum: Turbo pump (Varian)
Membrane Probe: PDMS (in house)

i Analyzer Section

Analyzer Section

Quad):’lszole 10|0 amu lontrap (Saturn 2000, Varian)
(Transpector 2, Inficon) I1D5O Wf‘ttsi é_ength t1h35 AU
95 Watts, Length 125 cm, - lameter 19 cm in the

middle 32.5 cm,

Diameter 1 Weight
lameter 19 cm, Weig Weight in air 68 kg.

in air 38 kg.
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200 amu Linear Quadrupole MIMS System
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Underwater Mass Spectrometry
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¢ Principle features of MS

Type Linear quadrupole mass spectrometer
Mass range 200 amu
Inlet System Membrane introduction system
Power consumption 105 Watts
Voltage of operation 24V
Deployment time 10-14 days max.
Dimensions  19cm  (7.57)
L 114cm (45)
Weight 33 kg (72.7 Lb)
Depth 200 m max.
DSL tether range 1609 m (1 mile)
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Modular Stepwise MS Approach
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¢ No configuration valid for all analytes

¢ Less complex configuration first
* Membrane introduction/quadrupole MS
* Shallow water applications

¢ Progressive versions
* Solid-phase micro-extraction interface
* Magnetic Sector MS for DIC, CO,
* Increased depth

¢ Use common components
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Membrane Introduction for
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* Simple Interface
* PDMS Capillary

* VOCs, Dissolved

Gases No Sample
Prep

® In-line Sample

Heating
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Membrane Introduction
Sample Interface for High Pressure
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Water out




Membrane Introduction
Sample Interface
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Magnetic Piston Sample Pump
For Samphng at Depth




Target Analytes for
Underwater MIMS
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* Gases
¢ CH,, N,, O,, CO,, Ar, etc.
(very low ppm, ~10 sec response)
¢ Volatile Organic Compounds
¢ Benzene, Toluene, Xylene, Dimethyl sulfide, etc.
(very low ppb, ~1-5 min response)
¢ Semi-Volatile Compounds
* Napthalene, PAHs, Pesticides, etc.
(low ppb, ~5-20 min response)
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Deployments
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*Moored

*Monitoring marinas and shipping
channels, tidal changes, river effluent

*Guided surface vehicle
*Mapping of voc’s and gases

*Remotely Operated Vehicle

*Chemical characterization of geothermal
plumes in Lake Yellowstone
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Chemical Surveying using
Surface Vehicle
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Deployment in Bayboro Harbor
ENG Concepts Guided Surface Vehicle
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MS Data from Survey of Bayboro

A e e e e A n e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e T e

4.50E-11
— MASS(47) —MASS(62) MASS(78) - MASS(83)
4.00E-11
m/Z 91 — MASS(85) —MASS(91) — MASS(92)
3.50E-11 1
3.00E-11 |
2.50E-11
2.00E-11
1.50E-11 +
1.00E-11 [ll/Z 92
‘A, S5 l.,‘wV,‘ A0 TN AL iy
I ‘WWWM‘M ARl e
5.00E-12 { g ghyiMHPONA
RITY \.lm‘ N‘ ““ M‘ I |
0.00E+00
v 0 v [ 2N < N~ (o) N < N~ o o n o © o — < N o < N~ O N [Te) N~ o [© 2NN < N~ [¢2] N [Tp) N o ™ n o -~ <
L v e @ v v o T NN NGO @O @O T g N N mLmn o 99y von o n NN o0 ¥ ¥ Ynononn 99
[s2) 0 o o N < © o o o <t © ®© o o <t © 0 O < N D - M 0 N~ [N o ™ 0 M~ D ™ w0 N O v« ™ 0 o O
T T YN N NN o @@ $ ¥ Y YN N onin n o999 9% nononon 4 AN NN O oo oF
Tttt ddddddddddNdddddNydd
Time

A e e e e A n e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e T e



Mapping of Dimethyl Sulfide and
Toluene




Chemical Surveying of
Lake Maggiore
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MS Data from Survey of Lake
Maggiore

e L e e e e e e e e e e e e e e i e e e e e e e e i e e e e e e e e e e e e e e e e e e e L e e e e e e o i e i e o o e o o™ e i i it o P e e e i,

7.00E-09
02 ——m/z 32 —m/z 44
6.00E-09 -
5.00E-09 -
4.00E-09 -
>
‘0
=
9
<
3.00E-09
2.00E-09 -
1.00E-09 - C O 2
e
0.00E+00
~ D N~ [Ye] ™ ~ [=2] N~ 0 ™ ~ [*2] N~ o) ™ ~ (2] N~ 0 ™ ~— D ~ [Te] ™ ~— D N~ [Ye] ™ ~ D N~ [Ye) ™ ~ (o2} N~ o) ™ ~— {2}
o ~ oN ™ < < w0 © N~ o] (e} (2} o ~ o N ™ < Yo} [{e] © N~ o D o o ~ N ™ < <t o) © N~ [ee] oo} D o -~ o N
~ (V] [3p] <t [Te] [{e] ~ [ce) D o -~ N < Yo} © N~ [=e] D o - N [¢] < o) N~ <o} (2] o -~ N [+2] <t [Y9) © N~ @ D ~ N [sr] <
~— ~ ~ ~— -~ -~ -~ ~ ~ N N N N N N N N N [3p} [32) ™ [32] [32] [Sp} [sp} ™ ™ [3p] <+ < <t <
Scan number

e L e e e e e e e e e e e e e e i e e e e e e e e i e e e e e e e e e e e e e e e e e e e L e e e e e e o i e i e o o e o o™ e i i it o P e e e i,



Mapping of Dissolved Gases
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Lake Maggiore Experiment - 200 amu underwater mass Lake Maggiore Experiment - 200 amu underwater mass
spectrometer - August 8, 2003 - 30 second offset used for gases spectrometer - August 8, 2003 - 30 second offset used for gases
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Joint Environmental Science Investigations
Conducted at the Kennedy Space Center
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Principle Point of Contact: Alternate Point of Contact:

Denise M. Crimmins
Code 82201 Code 82201 Contractor
NavalUndersea Warfare Center NavalUndersea Warfare Center
401-832-9411 401-832-2395

crimminsdm @ npt.nuwc.navy.mil yozuraja@ npt.nuwc.navy.mil

Jason A. Yozura
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UMS Deployed on the FMRI’s MARVIN Platform at
Kennedy Space Center
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Mapping of O, during transect of the
Banana River
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Deployment of UMS aboard a ROV
at Lake Yellowstone
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Tethered Deployment Scheme of UMS for
Lake Yellowstone
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110 VAC - 24 VDC Power Supply / DSL Hub & 110 VAC
DSL Converter

Power Switch

«— 24 VDC Supply 200m Underwater Power &
Line to MS Communication Tether
«—DSL Communication m
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y \ 110 VAC
Y ———— Power

Underwater Mass Spectrometer Laptop Computer
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Step One: Freeze the Mass Spec
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Step Two: Deploy 1n a Blizzard
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Lake Yellowstone transect
Bridge Bay to Mary Bay (m/z 44)

Legend

m/z 44 - picoamperes
219- 236
J37 - 253
254 - 270
271 - 287
288 - 304
305 - 320
321 - 337
338 - 2354
355371
372 - 388

A e e e e A n e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e T e



m/z 28, 32, 34, 40, 44 & 45 Intensities at
Otter Vent (3m), Lake Yellowstone
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m/z 15, 32, 34, 44, 45 Intensities at
Vent (30 m) 1in Lake Yellowstone
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Even an Underwater Mass
Spectrometer needs a Break
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Future Development Plans
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¢ Alternative Sampling Interfaces
® Solid Phase Extraction (SPME)

¢ In-line Acidification
¢ DIC to CO,

* In-situ Magnetic Sector Instrument
Intelligent Ion, Inc.

¢ Unattended Remote

Operation
® (cean observatory

¢ Full Ocean Depths
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