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Contaminants in Polar Regions

PBDEs deposition

Condensation
DDT
PCBs
Evaporation
Nonachlors
Multi-hoppers

‘ . \ (grasshopper effect)
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Arctic vs. Antarctic

Predicted global distribution of total PCB 153 environmental burden (2010)

(Lammel and Stemmler. Atmos. Chem. Phys. 2012)
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Arctic vs. Antarctic

Antarctic Circumpolar Current




ISk ica?
EXpOSU re risks to Antarctica:
Export of e-waste
Agricultural productivity (measured as total factor productivity) growth for selected
countries/country groups, 1961-2011

Index (1961 = 100)
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growing faster than total inputs, we call this an improvement in TFP. ’
Source: USDA, Economic Research Service, International Agricultural Productivity data product. OC Com pounds

detected in:
air,'--s,_:o:il, biota

Contaminant monitoring needed to assess
impacts of increased emission sources in
Southern Hemisphere on Antarctic environment
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POLAR-ECOTOX project

«To quantify temporal changes in contaminants to
identify climatic, ecological, and anthropogenic drivers
affecting exposure in Antarctic wildlife”

« King penguin blood (2000-2017)

Crozet Islands

O

Photograph: Robin Cristofari -

» Reside within and rely on the
circumpolar current

* Provide a baseline to assess temporal
changes in OC contaminant exposure




Challenges

Sample material
 non-destructive

sampling
 Limited material
* Low concentration
levels

« Sample processing
minimized to avoid
analyte losses
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Sample preparation and analysis

Liquid-liquid extraction
50% EtOH(NH,),SO,):Hexane

Concentrated extract (50 L)
analyzed using GC-Orbitrap
HRAM

* Full scan

» Targeted SIM




GC-Q-Exactive

AQT Bent
C-TRAP Quadrupole Flatapole

g ExtractaBrite™
( Orbitrap lon Source
Mass

Analyzer

120K mass resolution
FWHM (routine at 60K)

Resolving power useful to
remove co-extracted
matrix/chemical inteferences

Detection sensitivity at ppt
levels using full scan
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PCB standard (7 pg/ulL)

RT: 11.96 -21.84 SM: 5G
RT: 12.28

Method details

1 pL injection (SSL injector, 250°C)
Splitless time: 1.5 min

Column: Thermo TG-5Sil MS
Oven: 40°C (hold 1.5 min)

100> PCB 28/31 25°C/min -> 180°C

el e 5°C/min -> 280°C
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Pesticide standard

Method details
1 pL injection (SSL injector, 250°C)
Splitless time: 1.5 min

RT: 8.83-23.06 SM: 56 Column: Thermo TG-5Sil MS
R 'HCB - Oven: 40°C (hold 1.5 min)
o +-o POH 25°C/min -> 180°C
OE 5°C/min -> 280°C
100, RT:10.20 . s o .
||/ c-HCH: 38 pgipL 40°C/min -> 320°C (hold 5 min)
5o RT:10.90 Fullscan: 50-600 m/z, Res: 60K
0 y-HCH: 26 pg/pL
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Antarctic penguin blood sample (full scan)

RT: 4.02-29.90 SM: 7B
100+, 4.42
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Antarctic penguin blood
sample (PCBs)

Method details

1 pL injection (SSL injector, 250°C)
Splitless time: 1.5 min

Column: Thermo TG-5Sil MS
Oven: 40°C (hold 1.5 min)

TEE N\ veao - o
o N A bR 33 9°C/min -> 280°C
505 RT: 12.51 / 40°C/min -> 320°C (hOld 5 mln)
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i ions present at higher concentrations
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Antarctic pengiun blood
sample (pesticides)

Method details

1 pL injection (SSL injector, 250°C)
Splitless time: 1.5 min

Column: Thermo TG-5Sil MS

RT, @

AA: 1514170

RT-1033
HCB

Oven: 40°C (hold 1.5 min)
25°C/min -> 180°C
5°C/min -> 280°C
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40°C/min -> 320°C (hold 5 min)
Fullscan: 50-600 m/z, Res: 60K
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Antarctic penguin blood sample

10-15 min

15-20 min 20-28 min
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Full scan vs. reduced full scan

RT: 4.02-29.90 SM: 7B
42

Scan:50-600 m/z NL:
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Antarctic penguin blood sample (PCBs, 170-600 mz)

» Higher detection frequency of
f— .
RT: 11.99 T221.§8293||4: 7G PCBs with reduced scan
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Full scan vs. reduced full scan

RT: 4.02-29.90 SM: 7B
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Antarctic penguin blood sample (pesticides, 170-600 mz)

RT: 9.89-23.93 SM: 5G
RT:10.33

100, MA-525364  Pesticide detection
g HCB

50

frequency also increased
ol with reduced scan range
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Antarctic penguin blood sample

Method details

(Ta rgetec Sl IVI (TSl M )) 1 pL injection (SSL injector, 250°C)
| _ Splitless time: 1.5 min
wy NL: Column: Thermo TG-5Sil MS
Scan:170-600 m/z 9 7g | Oven: 40°C (hold 1.5 min)
o ' 25°C/min -> 180°C
* 5°C/min -> 280°C
o 40°C/min -> 320°C (hold 5 min)
= Targeted SIM: 8 m/z scan window,
. Resolution: 60K
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Antarctic penguin blood sample (PCBs, Targeted SIM)

RT: 12.15-22.58 SM: 7G
RT: 12.67 H H 1 H
oo AATIEED  Similar findings to reduced
] e full scan
507 AN20048 — PCB 153 detected in
h 13.09 . 0
Y WA 1427 TSIM by removing matrix
100 A 34663 co-elution
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Peak shape comparison

Reduced full scan: 170-600 mz

PCB 138

p | |

PCB 180
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Targeted SIM
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Antarctic penguin blood sample (pesticides, Targeted SIM)

RT: 10.01-24.04 SM: 5G
RT:10.73
AA: 479949

100 « Similar findings as observed
with PCBs

An: 4705 — Additional pesticides

RT: 11.09 detected
AA: 1307

Ll — DDD, DDT, cis-chlordane,

A 180266 cis-nonachlor
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Simultaneous full scan and targeted SIM

5 NewNILUPOP_E_SSL_TSIM30K_Fullscan6OK.meth - Thermo Xcalibur Instrument Setup &
File Help
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Antarcti in blood (T t SIM/Full )
RT: 6.97 -30.00 SM: 7B
100 14.15
Scan: 50-600 m/z
907
Bé 1713
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Antarctic penguin blood (Target SIM/Full scan)

: Scan: 50-600 m/z
RT: 9.92-24.01 SM: 7G ®
RT:10.70 & 9.44 28.15
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E HCB &5 1382
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— § 2017
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2 s .
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100i AA: 844 10 (1760 1864 n
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< 50
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= ]
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OC concentrations in penguin blood sample

PCB congener | Concentration Pesticide Concentration
(pg/g ww) (pg/g ww)
52 HCB 290

11.5
101 16.3 aHCH 3.9
118 6.4 p,p’-DDT 1.38
138 13.2 p,p’-DDD 4.72
149 3.8 p,p’-DDE 101
153 11.6 trans-chlordane 11.7
180 5.3 cis-chlordane 3.5
183 1.4 trans-nonachlor 11.7
187 2.0 cis-nonachlor 0.9
Mirex 38
M\ » Blank subtraction performed on sample results
walls  LOQ: 0.1 —14.2 pg/g ww (compound dependent)

NILU
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Versatility of G.C—Orbitkap Mass spect'rometry for
the ultra-trace detection of persistent organic
pollutants in penguin blood from Antarctica

Authors Goal
Nicholas A. Warner' and In this study, the performance of the Thermo Scientific™ Q Exactive™ GC

Cristian |. Cojocariu? Orbitrap™ mass spectrometer was evaluated for routine analysis of POPs
NILU-Norwegian Institute for Air within King penguin blood from Antarctica.

Research, Fram Centre, Tromsg,
Norway, “Thermo Fisher Scientific,
Runcorn, United Kingdom

Introduction
Persistent organic pollutants (POPs) have been studied extensively over
the past five decades due to their toxicity and environmental persistence
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