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Study on historical record and environmental behavior of
emerging contaminants in polar environments using target and
non-target analysis
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SUMMARY

* Understanding the chronology of organic pollutants and the behavior of
emerging contaminants from sediment and ice cores using target and
non-target screening analysis

= 1st year: Optimized target and non-target analysis techniques applicable to
polar environmental samples and establish D/B for various environmental

Purpose contaminants and prioritize emerging contaminants
» 2nd year: Conduction of target and non-target screening analysis for surface
sediments and core sediment, and multiple polar samples
= 3rd year: Development of quantitative analysis techniques for the proposed
emerging contaminants and finally, understand the behavior of those
contaminants in polar environments
» Optimization of non-target analytical techniques using GC/Q-TOF
» Establishing inventory of organic contaminants with optimized non-target
analytical techniques to surface and core sediment samples
= Prioritize emerging contaminants including siloxaens and organophosphate
flame retardants (OPFRs) in Artic an Antartic environments

Contents * Chronological survey of contaminants by polar age using constructed
inventory
* Development of quantification method for emerging contaminantswith
GC/MS/MS
» Understanding environmental behavior and bioaccumulation of emerging
contaminants in Artic an Antartic environments
» Sharing inventory of legacy and emerging organic contaminants in Arctic
and Antartic environments
» Suggesting on global concerns in emerging contaminants threatenedto Arctic
and Antartic environments

Expected » Establishing the scientific decision system for prioritization emerging

o contaminants in Arctic and Antartic environments
Contribution

(&E°F %

g 3}

= O |

* Providing fundamental data applying for risk assessment of emerging
contaminants in Arctic and Antartic environments

= Promoting achivements for Korean polar research activities through scientific
publications

 Communications with international authorities, such as the Arctic
Council(AMAP/PAME), COMNAP, Stockholm Convention, and SIOS to
prioritize emerging contaminants to protect Arctic and Antartic environments

Keywords

Non-target Sediment core Emerging contaminants

Arctic Antarctic Time-of—flight (TOF)
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Sample treatment

Sample injection UHPLC-(Q)JTOF MS in positive or negative mode

LE and HE functions in 1 run

Post-Target screening

Non-Target screening

List of target compounds

Component detection and
deconvolution

XICs for each compound (LE)

Non-target component list

Exact mass filtering

| Match deconvoluted mass spectra|
of each component versus mass |

! spectra library |
v

I v

Theoretical mass spectra

Empirical mass spectra

ilable?
Is standard available? library library
Non-target Non-target
e ‘ ho ‘ candidate list candidate list

v

\’ v

Retention time
filtering

Compare HE spectra with M5SMS spectra in the
literature (strategy 1) or fragment interpretation
(strategy 2)

Automated retention time filtering
& MSE (HE) spectra confirmation

v

Manual MSE (HE) spectr35

confirmation I

v

Suspect positives

v

Confirm with reference standard

a9 4 AAARJ] a8 WHY A =(Diaz et al, 2012)

O Muller et al. (2011)= dAAaZviEaH I /ALEF2F 8 YA -2 ZH2 A 7] (HPLC/Q-TOF) =
o]&3ato] Aot B g A|AHoA AelE EAIEC st vxA A A4 7HINTSA)
= Ae3toint. Alg dAZ= Isolute ENV+IIER A S o] & 14FFH(SPE)S AHE-8t
of & % AAE ATt NTSAZIHE A&ste] AFAS EA50 el ol 19 4
9} #+o] Non-target screening= F3sAth A7F 2 AAE =24 AFHS EA] 500 st
st om (1 5), FalgstEde HALdS FH35te o2 NTSA7IHS &8&35H%



Sample
and preparstion
Full-scan
=
=
@
g W _
0 Software-assisted i
data processing z
2
Relevant =
compounds =
A Allocation of structures
Database-Assisted
identification af frlete b
Organic Substances - Samele imformation
(DAIOS) - Class of i T (8.9, pesticides)
Structure elucidation
- MS" spectra interpretation
h 4 Information from other technigues
Varification - s
MISIUS mxparmants wih o weTe
2P 2 -
L Tk ti fo et g
Tran =D (DAIOS) = Reaction databases
products (TP) - Literature - Software tools
¥ h 2
Identified
‘substances

19 5. Non-target screening< 13 A 2}%(Muller et al.,
2011)
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o B30
o
= = 50
= £
Sampling point2 _| = gm
(e.g. groundwater) % = 1
0
= » Common features of all samples
@ - (Sample1nSample2NSample3)
[}
E T Redntiontmafmn]
Too: oD
B2 00
= 50 7 5
Sampling point 1 ém im
(possible source H H
of contamination) - i
0. 200
1a
SR oo " 2 4 £ & m om m % 4 IR
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Different sampling time
L
1 1 1 g
Sampling time 1 Sampling time 2 Sampling time 3

O 6. BARY AFA Bxzo tld witho]lo] 1@ (Muller et al., 2011)

O  Hernandez et al. (2011)= dAZZviEadu)/ALSSFA v YA A FEA 7
(UHPLC/Q-TOF)E o] &3to &F5Al =0 Eﬂé}oq H x4 2ae2d 47/ (NTSA)E 4 &5t
Atk A sFEEE FEF 2 2 gAAel dig T 769 Fol diete] st Als A
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O Portoles et al. (2014)= 7|AAZrE 23] /Abg =2 Bl PA A 22 7] (GC/Q-TOFR) & ]
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FEZH(SPE)S A&t d o, FEd AEd &= MeOH< o]l &3ttt tid =2 g
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O Zhang et al. (2014)= 71AAZvtE 29 /AEs2A v P A 7HE 25224 71 (GC/Q-TOF)E  °]
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Blending3te] acetonitrileS &m]2 A&ttt 18 69 2L Az UAZEAI|E. do
Elwlo] HA Fo 7YE F43e] NTSAES st

'__Data '

Detection

R Spectrum
% | ]

Libirary Match Identification

Confirmation

gﬁes or N_fg

a9 7. GC/Q-TOFE &83 NTSA AA%=(Zhang et al., 2014)

Accurate Mass Measurement

O Hernandez et  al (2015)+= WA 2 vt E 13| /A= A} H] Y A] 7H2 2R A 7]
(UHPLC/Q-TOF)% 71 Al A= ntE 12 3] /A5 52 v A - 224 71 (GC/Q-TOF) & &
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=X 717124714

=4 K| 7Y Xtz X2 7|E
AN E g 2y | x5}
Seawater/lce/Air GC condition Pretreatment Deconvolution
Core sediment TOF condition Extraction Mass spectrum
Biota E:tt:bblaizg Clean-up Retention time

a9 9. AFE AlEel i W EALIY R oY dAs

O MEAAAYYRAIHS 48T F BAR GId dPedRAL 440 8 Baw
Am Aele] U PRES HYSHES ), A28 BAL JHeA BEse A= A
Wk AR G, ol & 27 FA4 B)e FHGES 3

Polar Environmental Matrix
Sample pretreatment
GC-HRMS

Full-scan HRMS spectrum

Standard available
YES NO

Target screening Non-target screening

Blank subtraction Mass spectrum deconvolution

In-house Library Total lon Chromatogram (TIC) Deconvoluted lon Chromatogram (DIC)
so¥Etiam Mass spectrum Mass spectrum

Vplegular Retention time
Ghemics! Q/q ratio

Identification & Quantification Identification

Legacy/Emerging contaminants

79 10. GC/Q-TOFE o] &3 #4-HFAaed&A 7Y 3 A dx=(¢h)

SA/ANE BELEEA HolHHE 5
o A AA %'d 2AHE Fote] SAY A6 IFE ThsAdol =2 of 2000159 4 i &
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Instrument Matrix Target compound Extraction Clean-up Surrogate ISTD Reference
- Ground water
GC-Q/TOF | _ -280 compounds (GC) . . Hernandez et
LC-Q/TOF | Surtace WAlerl 1600 compounds (Ly|  0asis HLD cartridge al. (2015)
- aste water
-Fish tissue Vé)}rl;ekxe ((310 nsfrf)) Z*Szgr (gbc’mg) For GC, For GC,
GC-MS/MS (10 g) -51 compounds (GC) 6 labelled compounds 13C-PCB 141 | Baduel et al.
LC-Q/TOF | -Breast milk | -26 compounds (1LC) | ACN 10 mL)*MgSO4 (4 MgSO4 (150 me) For LC, For LC, (2015)
(3 g) g)rNaClll g) For LC, 8 labelled compounds Diuron-d6
Centrifuge Captiva ND lipid
Sonication For GC,
GC-Q/TOF House dust -76 compounds (GC) -HEX:ACE (3:1, 3 mL) 9 labelled compounds For GC, Moschet et al.
LC-Q/TOF (0.1 g, N=38) -56 compounds (LC) -ACE (3 mL) For LC, DBOFB (2018)
Centrifuge 16 labelled compounds
Shaking
ACN (5 mL)
PSA (125 mg)
GC-TOF Bee (2 g) Mgs04 (2 g) Z-Sep (125 mg) Triphenyl phosphate Hakme et al.
NaCl (05 g) MeSO4 (750 me) (2017)
Trisodium citrate (0.5 g) € g
Centrifuge
< B . B 13C-PCB 97 | Veenaas et al
GCxGC-TOF | Sludge (1 g) PLE GPC Phenanthrene-d10 13C-PCB 188 (2018)
-PAHs Oasis MAX cartridge
UPLC-Q/TOF Tap water (17 compounds) MeOH (6 mL) Phenanthrene-d10 Wang et al.
(500 mL) -Alkyl-PAHs Ethyl Acetate (12 mL) Chrysene-d12 (2016)
(4 compounds) HEX:DCM (2:1, 6 mL)
_Seawater Antibiotics . '
LC-TOF “Sediment *Oxytetracychne Oasis HLB cartridge Flumequine—(1,2-carboxy-13 Gonzalez-Gaya
. -Flumequine C3) et al. (2018)
-Biota .
-Florfenicol
Oasis HLB (200 mg)
B River water Isolute ENV+ (150 mg) Park et al.
LC-HRMS 1L 189 compounds Strata-X-AW (100 mg) 5 labelled compounds (2018)

Strata-X-CW (100 mg)
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* Legacy contaminants
- Old-POPs
: PCBs
- PAHs

= Emerging contaminants
- OPFRs
- Siloxanes
- Phthalates

% 14, "HiolEH o] =(D/B) 5 flgk 5%

= Legacy contaminants
- Old-POPs
: OCPs, PCBs, PCDD/Fs
- New-POPs
: PBDEs, PFASs, HBCDs,
SCCPs, Endosulfans,
PCNs
- PAHs

= Emerging contaminants
- BFRs (NBFRs)
- CFRs (DP)
- OPFRs
- Siloxanes
- Phthalates

rio
o
>,

* Legacy contaminants
- Old-POPs
- New-POPs
- PAHs

* Emerging contaminants
- BFRs (NBFRs)
- CFRs (DP)
- OPFRs
- Siloxanes
- Phthalates
- Chlorinated paraffins
- Plastics and microplastic
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4 %R FA AT BHLAEA dolE o] =(D/B)
PCNs CLBz DPs NBFRs | OPFRs | Phthalates | Siloxanes | SMCs | BUVSs
PCN 2 123-CHB anti-DP ATE TMP DMP D5 HHCB | UV-P
PCN 6 124-CHB syn-DP PBT TiPP DEP D6 AHTN | UV-9
PCN 13 135-CHB PBEB TEP DiPrP D7 MX |UV-234
PCN 27 1234-CHB DPTE TPrP DAIP L4 MM |UV-320
PCN 28 1235-CHB HBB TBP DnPrP L5 MK |UV-326
PCN 36 1245-CHB HCDBCO | TCPP DnBP L6 uv-327
PCN 46 PeCB BTBPE TCEP DiBP L7 UV-328
PCN 48 BEHTBP | TPeP DnPeP L8 UVv-329
PCN 49 EHTBB | TDCPP BBzP 1.9
PCN 50 TPhP DnHxP 1L.10
PCN 52 TBOEP DiHpP L11
PCN 53 EHDPP DEHP 112
PCN 63 TEHP DnOP 113
PCN 66 CDP DCHP L14
PCN 69 ToCP ATBC L15
PCN 72 TmCP DEHA 116
PCN 73 TpCP DEHT 117
PCN 75 TIPPP DINCH L18

TOTM 119
120
18 ea 7 ea 2 ea 9 ea 18 ea 19 ea 20 ea 5 ea 8ea
O MEA tFss A L9522 HEH o= dolHuolAE sy, vxd 2~y
A7l g HEE A 4 F gARAE Frtste] 54 SBHdEL ARE F
WHES g
2. 2% ATAH
P} FA #7 AR su 2 A3
0 A B AR F AT FHLGRAL BAA] Aste] Amd ARGFHEAE) 2 A
H 3 ARE ofd & 7Y Zo] SgHEAFS. Fe AFTIIA AR B A Y A
Fo T A, B, SN R B V) BANEE Fusas
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A2 AHA S AEFTF A& A H] 31
AES MEEAAANERZ Y FHEHAE 16 43 cm o] A=
A EE 9 WA, A, 2, E7AE
o] 3 g S
T A4 5 g obdg =7 H(Liver)
5 1 2 Fo} ZH(Liver)
ETHAE 3 nhg] okt sl o)
mh2] Qb ARk <+ 5 2018 12€ dF=xA}
s, AES e 2 2018 12¥ dF=xA}
o AZE 714 WWTP WWTP %7 1 2018 12¢ x4}
71291, CZO A EoF 6 2018 129 dF=xA}
1A Q1 CZO AH 7] 3 20183 12¥ x4}

Eay

O FnE FA BPAR L ABAR AW L GF AFRA A4 OIS AAsE
AAARE obel 9 150 eSS

e} Q4

PAS (XAD resin)

: of 7|gHE ANES HEEF]
(Beaufort Sea) ®|#1 %] E &3 (Mackenzie Trough) | GolA FH3 FAEHAE A8 3K
;P‘}i%

4 E M B (Z =9 ARAOSCO2-2BC)< 43cme] ZeolzbA AAHAem, o 3eme] (Ao
»Hoaxa F 1679 ARE T A8
O grg A At Az dste] 1ad=e 7] &3 dAe 2 7724 7Ie A8
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a9 16 F5 v Al S RNA e 24 EAA A LdEEY] v &
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A Ay B3 HAE AEARNA HEE YALFGELY 2dude 18 179 Y
EFUI . Siloxanes®] A% AFAS=Z D5-D7, L4-L107F4] F 10F°] T2 AZHAoH,
BE wjAANA Mg fASHA ExEa %S, OPFRse %9 TMP, TEP, TBP, TCPP,
TPhP, TBOEPS] % 6%°] #AE%9oH, PAHs= 7%, PHthalatest 3%°] F2 AEFHS

= = 2= e}
skelgk 4 9l

N

Water Sediment Biota
Phthz(a)lates Phthalates
(1%) (5%)

PAHs PAHs

PAHs (9%) (15%)
21%)

OPFRs
Siloxanes OZPGIZ}QS Siloxanes (19%) Siloxanes
(50%) (26%) (60%) (66%)

OPFRs

(28%)
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MHo

327
1 1
7
368 19 314
= EY
a9 19, g A HE B
E 734 A9 LEEA ASE A% A A HE 2 55
Compound Name CAS# Formula MW Uses
O O'-BIPHENOL, 44’'6,6'-TETRA-T-BUTYL- 6390-69-8 CosHuoO5 410 -
1,1,3,3,5,5-Hexamethyl-1,5-diphenyl-trisiloxane 17977-72-9 | CigsHy0-Si3 | 360 |Siloxanes Al <€
2,5-Cyclohexadiene-1,4-dione, oo Benzoquinone
2,6-bis(1,1-dimethylethyl)- mmzzmz | CullaOr 122014 o) o
3-Chloro-5-methyl-5-(4-nitrophenyl)isoxazoline  [2000331-27-2| C1oHoCIN2O3 | 240 -
Cyclodecasiloxane, eicosamethyl- 18772-36-6 | CooHeoO105119 | 740 |Siloxanes Al <4
2,6—di(t-butyl)-4-hydroxy-4-methyl-2,5-cyclohexadie 10396-80-2 C1eHuiO 936 B
n-1-one
Cyclotetrasiloxane, octamethyl—- 556-67-2 CsH2404S1, | 296 |Siloxanes A4




WREEZ=E ®7t
('3C-labelled Siloxanes)

- oo
A4 ==

(Liquid-liquid-solid extraction)

&% (0.5mL)

GC/MS/MS
(El mode)

19 20. Siloxanes &3 g

= =
o=

¥ 8. Siloxanes 7|7]%#4 =4
ZAZE2EE T Y I (GOZEH
TUT 2= 200°C
Zd] DB-5MS UI (Z°] 30 m, W70.25 mm, ¥&+7 0.25 pm)
S x1 40°C (2F) — 220°C (20°C/H) — 280°C (5°C/+#, 103#)
FRE7F FF (1.0 mL/min)
NEE 1 ulL
da9AFEN7ITMS/MS)=Z
o|3} HHH AR 54 ol 23HEDH
° %-‘1— et 70 eV
ol =% 230°C
N2l o 7k 3l 5 (25psi)
Q8- 72~ 3l 5(2.25 mL/min), £4(1.5 mL/min)

O Siloxanes =82 A9 72 g o2 Qo] A AA AR A A
o

4g s ATt AT
o] glont, B AN A% RS F9G



O GC/MS/MSE o] &3 42 A
. 34 tholAl S AR
O A Tl BANR F

< HAETA /M(d= £F
A2 1778 A (AX 5= 9O0A, F=i7 3704, 24 3 47H
219t @9 =4 Siloxanes®ll gk FFAEH ZUHPS a5
O HAE wHo A$ EE AFoA Siloxanese] AEH3oH
A=HAJF. o= = Siloxanes?| 4% = s F&Gol wAsHA

a8 21, =A

H] A E-uff Aol 4] &l ¥ Siloxanes? &%=
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