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/ N\ ZSEANT| 9B ZE SE-2

% Liquid chromatography (LC)/electrospray ionization (ESI)
-~ & Atmospheric pressure chemical ionization (APCI) — MS

> M2 28=2 48 HE

> MS/MSOIl M Multiple reaction monitoring (MRM) O| £ &t A &= 4
> Chemical backgroundE = L2 M HEH, 2 & SHA!
> ppt(ng/L) SEIHAl R Mt BtE8I0l =24 R LE=24 =4



=& J/0) O/er &£ 583

)
/)
X
'ON

- ¥ LC/ Atmospheric pressure photoionization (APPI) — MS

detg=s 242 ?lg 0|2t 2



[\ BES Y £5 55
% Stir bar sorptive extraction

» UV XtEHHI, polybrominated diphenyl ethers (PBDEs)

> Sorbent-coated stir bar AFE 0t =& > GC/MSH| =6t €&

% Hollow-fiber microextraction
- > BESIUHHA
> SPME2} S Al
> =24 == 201 2=
o S

syringe = 0fl polypropylene hollow fiber

-~ M SPME

% Oasis HLB (hydrophilic-lipophilic balance) 1!

Mot ==
> 20| 2 382 25 (S0, AASE)



RO = A
2d T T /M

/ \ ZZ20IE2 0 S&
2 = narrow peak (5-10 s)
AlZH (10&

% Ultraperformance liquid chromatography (UPLC)

[ ﬂJIﬂJ
kol

> 240 2
-/ O

> Amino J| 2} &2 =24 &
M= A 2H9

e =d =

- > H2dlam), B2ZE > D
-~ » Narrow peak, &t AZ20tE 1L =al,
= Ol LK)

- U OIXH& GC (GCXxGC)
- > Slg=o= Fdds ga, s HE stef=2 &0 7l
-~ > TOF-MS Z&
% Hydrophlllc Interaction chromatography (HILIC)
otetEo etdE 22l H HE
LHI|E N ZE2E > Z2d 2 otdE =4
IS HIZ2 o2 HRS0| M=



On-line =&/

On-line SPE-LC/MS/MS

> S screening, 3L & &4
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(N AE |9 1) 24

Analytes Sample Preparation Instrument

Extraction, concentration, clean-up,

. GC, HPLC, GC/MS, LC/MS
derivatization

Organics
Transfer to vapor phase,

. GC, GC/MS
concentration

Volatile organics

Metals Extraction, concentration, speciation  AA, GFAA, ICP, ICP/MS

Extraction, derivatization, :
Metals . . UV-Vis, IC
concentration, speciation

Extraction, concentration .
Ions i : IC. UV-Vis
derivatization

Electrophoresis, UV-Vis,

DNA/RNA Cell lysis, extraction, PCR
florescence

Amino acids, fats,

carbohydrates Extraction, Clean-up GC, HPLC, Electrophoresis

12



General Classification of Extraction
Efﬁ Techniques

Extraction Techniques

Flow Through Equilibrium
and Pre-equilibrium

Bateh Equilibrium
and Pre-equilibrium

Steady State Exhaustive
and non-Exhaustive

Membrane

Exhaustive Man-Exhaustive Exhaustive Mon-Exhaustive
— Furge and Trap| Y In-tube SPME | LLE — Headspace
L sorbent Trap | L Soxiet L LLME
— SPE —  Sorbents =] SPME
— SFE

— HSE

13
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o

Liquid Trapping

Purge & Trap

4

Solvent Extraction

Soxhlet Extraction \

MBE

SPME

LPME

SPE

SFE

14



ﬁm Solid Phase Microextraction (SPME)

= analytes between the fiber and
- the headspace of sample bottle. l

= Plunger retaining screw
{F.—'—"— Z-glot

- Hub viswing window

-~ Equilibrium partitioning of %7

— Barrsl

i
"-._

Adjustable nes=dle
guidesdapth gaugs

i
1
Septum percing nesdles

Fikar attachrmesnt tuking

Fussd-silica fibsr




(

)

“ Diagram of Solid Phase Micro Extraction

\\
\

= | @
= |l &

\,

Direct sampling SPME

11
11
4

\,

Headspace SPME

16






Separation/
Injector

Interfacing

GC/MS
LC/MS
CE/MS
ICP/MS

N\ FZ =8 P

o EI

o Cl e Quadrupole * Library
e FAB e Sector

e MALDI e TOF

e ESI e FT-ICR

o APCI oIT

e Thermospray
e Particle Beam

DPor TMP

e MS/MS — Q/TOF, TOF/TOF
e HRMS
e LRMS



[\ EEE4IY 257

0|23} gt =cls
%e]ecqon impact) v HRMS (high resolution mass
~ v ClI(chemical ionization) spectrometry) |
~ ~ FAB (fast atom bombardment) v LRMS (low resolution mass
- spectrometry)
- < TSP (thermospray)
- «v MALDI (matrix assisted laser
" desorption ioniat _
- desorption 1omzat%on? | g DE:I é" Il
- v ESI (electrospray ionization) v GCMS
- v APCI (atmospheric pressure v LOMS
- chemical ionization)
— v' CE/MS

v ICP/MS (induced coupled plasma /mass
spectrometry)



Eﬁm Electrospray lonization (ESI)

ATMOSPHERIC PRESSURE curaincas VACUUM
1. Formation of 3. Coulomb-
charged droplets explosion
Mass Analyzer

High Voltage & @
| “1. b

i I + 1‘1‘ )
il i o
R vk |_|‘.'.:_ 41 i} %
Nebulizer Gas 2. Evaporation \

!

Curtain Gas

Orifice

-High Voltage (3-6kV) : Induce Charge Accumulation at the liquid surface

- LC/MSOIA D& 2EHAH 01 0| 25t -
-=d0| JALH Ol2=t # 2 & =0l A&



APCI

ATMOSPHERIC PRESSURE cutsinGas FACUUM

1. lonisation of

solvent muleculea Mass Analyser

L — ©
Gas
e =20 © " ® o
(~120°0) 2. Reaction with
analyte molecules;
Formation of

(X) solvent molecules Corona Discharge clusters T 3. Declustering

@ Sample Needle Curtain Gas
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\ Tandem Mass Spectrometry (MS/MS)

7,

TR R R N O




\ Tandem Mass Spectrometry (MS/MS)

3)

- YFullscan AHEEHNWAN S8 0|22 U
v’ quadrupole - quadrupole

v’ magnetic sector - quadrupole

v’ magnetic sector - magnetic sector

v’ quadrupole - time-of-flight (Q-TOF)

v lon trap

v"lon Cyclotron Resonance (ICR)

ol

EStst

++’I
L -:1\i"!'liiti#

'I"I"l'

D%.........mlll]l ::.
A

ESI MS-1 Colligion MS-2 Deteetor
cell




ﬁ“ Tandem “In Time” or “In Space

ESI - ION TRAP (Ms/Ms” in Time)

ESI Y ——
Ion Source \| ———

Ion Optics

) (F

Quadrupole Ion Trap
Mass Analyzer

Detector

ESI - QTOF (“Ms/Ms” in Space)

ESI /
Ton Source \

Quadrupole

Collision Cell

Reflectron
Detector

TOF MS




/-~ Z o= (Resolution)

> Resolution = m/ dm

> Low resolution: 100 - 1,000 ; Medium resolution: 2,000 - 10,000 ;
High resolution: >10,000

C;H-0O: nominal mass=83, exact mass = 83.0495
CsH,,: nominal mass = 83, exact mass = 83.0858
dm = 83.0858 - 83.0495 = 0.0363
resolution = 83.0858/0.0363 =2288
100; 100 - 101
1000; 100.0 - 100.1
10000; 100.00 - 100.01

vV V YV VY VY VYV V



Relative abundance (%)

Relative abundance (%)

100 §51.0 5513 m/ziAm/z = 6500
Monaisotopic mass =
h & 1651.0 Da, (M+H)*
504 551.7
552.0
J U 552.4
0 T T
550 561 552 553 554
m/z
100
5514 mzlAm/z = 500
Average mass =
1652.2 Da, (M+H)*
50
0 T T - Y 1
550 551 552 553 554






YV V V VYV V VY

PFOA/PFOS & perfluorinated 2}
=

=5 =

Ik

L= H| Al & OH

o

(0

.

FRI/AR2] & RHE
= Al

Benzotrazoles

[T ¥ B [ Lo
O %E I A JQ
gl
E=
IO

o >3
>

Dioxane
Naphtenic acids

vV V VvV VvV Y YV VYV V V V

Chiral contaminants
ECE PN

Sucralose

OtE| = stet =
Siloxanes

At 2F(Musks)
Melamine-Cyanuric acid

28
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>

>

Fullerenes, Functionalized fullerenes
Quantum dots

Metal oxanes

TiO, L= & At

Zerovalent iron particles

30



Lt 28-3

A Bt

=&

» LC/ESI-(-)-MS : fullerenes (Cy,— Cyg)
> &2 =24 :0.02 18/l

» LC/APPI-(-)-MS : Cq,, C,

I

31



ff“ PFOA/PFOS £f Perfluorinated Compounds-1

-~ 4 PFOA/PFOS ?

>

5

STt e R, OIS, DA, A, ZEH|,
Al

Perfluorinated compounds (PFCs) : flurotelomer acids, alcohols, and

sulfonates

et C-FEE, 8d S0lA If< &HE
PFCs2| H & 2 & : perfluorooctane sulfonate (PFOS) 2t

perfluorooctanoic acid (PFOA)

32



ff“ PFOA/PFOS £f Perfluorinated Compounds-2

- M3=

> Perfluorinated compounds (PFCs) : flurotelomer acids, alcohols, and

sulfonates
> perfluorooctane sulfonate (PFOS) , perfluorooctanoic acid (PFOA)

> perfluorohexanesulfonate (PFHS), perfluorooctane sulfonamide

(PFOSA)
> 2-(Nethylperfluorooctane sulfonamide) acetic acid
> 2-(N-methylperfluorooctane sulfonamide) acetic acid

> Perfluorononanoic acid (PFNA)

33



ﬁm PFOA/PFOS £f Perfluorinated Compounds-3

i
0%

EH
=

- U=
»> PFOA, PFOS 2 1 2 (1 long-chain perfluorinated acid & alcohols &
2t O] =HCH
» LC/MS, LC/MS/MS 2 8 & LC system (fluoropolymer = & = seal
S)0ll 2t L0l &MY

F

nol

» GC/MS, GC/MS/MSIt LHA AFE EID &

Al

— O I
=, 5

> W& OHEE A ofd =, 8l =,

12
0l

34



ﬁ“ PFOA/PFOS £fPerfluorinated Compounds-4

=

>

=

Serum: PFOS (33.1 ug/L ), PFOA(15.1 pg/L), 2 =8t AHl : tissue (0.3
—13.6 ng/g)

51 =2 : PFOA (3640 ng/L), perfluorohexanoic acid (PFHA) (247

ng/L), PFOS (193 ng/L), perfluoroheptanoic acid (PFHpA) (148 ng/L),
perfluoropentanoic acid (93 ng/L)

Al E . N-ethylperfluorooctane sulfonamide (N-EtPFOSA), PFOSA,
N,N-diethylperfluorooctane sulfonamide, N-methylperfluorooctane

sulfonamide, N,N-dimethylperfluorooctane sulfonamide.

35



ﬁm PFOA/PFOS £f Perfluorinated Compounds-6

- MM &EE

b 2= : PFOS (99 ng/L), PFOA (260 ng/L), 0| & 2| PFBS, PFHS,
PFOSA, PFHA, PFHpA, PFNA, PFDA, and PFUn-DA &=

-~ » &J|:GC/MSOll 28t PFOHs, N-alkylated fluorooctane sulfonamides
(FOSAS), sulfonamidoethanols (FOSEs). Z| CH 190 pg/m?3.

36
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A

-

i
OlI

EH
=

LC/MS(/MS) : ESI (electrospray), APCI (atmospheric pressure chemical)

» MRM (multiple reaction monitoring)
S T3 & GC/MSUMS)
Q-TOF-MS

s
00
o
X
il
[

LB cartridge Al

UPLC/MS/MS : &= =& Al 2t

39



[\ 92=2E S22 EDCs-4

. Bzs
> He=2: A= 22 HAHM, 2oidtE 8= ?Iof MS/MS Ol E
> opioids, tranquilizers, antiepileptics, cocaine metabolite benzoylecgonine,
antidepressant doxepin, calcium channel blocker verapamil. (ng/L)
» of& = :50-170 pg/L

> Hl=:03-11ng/L

40



OH

e

<J

: DBP (disinfection byproducts)

0il A DBP

St A A

)

= : chloramines, ozonel} 22 A= XM 2| AFZ 0l

41
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[\ ASEAM2-)D

=
TT

ORA

Y
» Brominated DBP, Iodinated DBP, Nitrogen-containing DBP (“N-DBP”)

> Brominated DBP & Iodinated DBP : Iodinated DBP= chlorination0f
O|oH A4 ZJI, Brominated DBP= preozonationX| 2|6l S It

> 1o0do acids, bromonitromethanes, iodo trihalomethanes (THMs), brominated forms of

MX, haloaldehydes, haloamides.

> N-DBP : chloramination = & chlorinationi| 2|of M AH &

» NDMA ((nitrosodimethylamine), N-nitrosodiethylamine, N-nitrosodipropylamine,

N-nitrosodiphenylamine, N-nitrosopyrrolidine

42



a4

SHE

> Haloamides : GC/MSU| 2| oll bromoiodoacetamide & =

» Nitrosamines: NDMA (ng/L & =), N-nitrosodiethylamine, N-
nitrosodibutylamine, N-nitrosopropylamine, N-nitrosomethylethylamine,

N-nitrosopyrrolidine

43



[\ ASEAM24

%

=t

>

>

Headspace SPME-GC/MS 2O Z =HE 0| &
THMs =&

ol

AE 2| B0 A

=3 &0 M trichloramine, dichloromethylamine, dichloroacetonitrile

0Y
L

NDMA, J| El nitrosamines= GC/NCI-MS/MS (EPA Method 521)&

S=H (=8FUHAMHng/L Z2==

N-Nitrosodibutylamine , N-nitrosopiperidine & =

44



High molecular weight DBP
> A A= E H==20M 500 Da 0] & 2! TOX (total organic halogen)
2

=
o=

45



Z! 1t NOM (natural organic matter) 1t Bt S6H0] M &

» Pharmaceuticals, personal care products, estrogens, pesticides, textile

dyes, alkylphenol surfactants, UV filters, diesel fuel St A~== 1t

grSot(] -

0|

» Pesticide DBP : (il) chlorpyrifos 2t chlorineO| Bt= 06t 3,5,6-trichloro-

2-pyridinol &4 &

rol

» Disperse azo dye2| & A otEHS0f 2et A4

46



/A TET T

SHXl (UV filter) ?
HAlL 2SS S0l ALE

47
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[\ LT M THET -2

ORA

=
TT

=

» Organic UV filter: UVE S &

» Sunscreens, cosmetics, beauty creams, skin lotions, lipsticks, hair
sprays, hair dyes, shampoos :

» benzophenone-3 (BP-3), 4-hydroxybenzophenone (HBP), 2-hydroxy-4-
methoxylbenzophenone (HMB), 2,4-dihydroxybenzophenone (DHB), 2,2'-
dihydroxy-4-methoxybenzophenone (DHMB), 2,3,4-trihydroxybenzophenone
(THB), octyl-dimethyl-p-aminobenzoic acid (ODPABA), 4-methylbenzylidene
camphor (4-MBC), ethylhexyl methoxycinnamate (EHMC), octyl
methoxycinnamate (OMC), octocrylene (OC), butyl methoxydibenzoylmethane
(BM-DBM), terephthalylidine dicamphor sulfonic acid (TDSA), ethylhexyl
triazone (EHT), phenylbenzimidazole sulfonic acid (PBSA), ethylhexyl salicylate
(EHS), benzhydrol (BH), and 1-(4-tert-butylphenyl)-3-(4-methoxyphenyl)- 1,3-
propanedione (BPMP).

» Inorganic UV filter (TiO,, ZnO) : UVE BtAt L= &EHAZ

48



[\ ZE/ALIA THE -3

=

Bl

ZEIE

> GC/MS, LC-UV

> =1J| 0l Al &2 : homogenize = Soxhlet extraction » GPC & SPE
clean-up 2 LC/ESI-MS/MS & &

» ot& == off ==, Hl =0l A BP-3, 4-MBC, OC, PBSA, ODPABA, BM-
DBM, phenyldibenzimidazoletetrasulfonic acid (PDT), benzophenone-4
(BP-4), isoamylmethoxycinnamate (IAMC) J} 7-46 ng/L s & 2=

» BP-3, BH, HBP, HMB, DHB, DHMB, THBE MSTFAZ = T Xl 2f
BtE = GC/MS &= :5-100ng/L &H

49



B 83t YA KMl (brominated flame retardants) ?
> AE: oA, Z2H, SetAE, 8 XK S 2l foam cushion, (1210 &%
> 175 32 HAM

> PBDEs

50



S5 LOAR-2

I l=1d=;
o -

GC/MS, LC/MS
NCI-MS, EI-MS, EI-high resolution-MS, MS/MS
GC x GC

I

o4 22 XX S =2 MY AIRUA 24
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Benzotriazoles

Benzotriazoles ?

> AHE  EATXAE@NA A2/, &

OK

I Z2E A S), AITAEI0

v
OB

v
M
9

: Benzotriazole, tolyltriazole

. 51 & 2=, B 20l A SPE-LC/MS/MS 2 =8 (8/L 55)

52



Dioxane

Dioxane ?

> 1,4-dioxane

» &0, B, &=, A=
» SPME-GC/MS AtE

53



/~~\ Naphthenic acids

- A Naphthenic acids ?

= Alkyl-substituted acyclic & cycloaliphatic carboxylic acid 2
» sd L= Z2ZcpHUHA =0l &£ =20 ABHEdAH &
> AR0A AHES 2 B2
» GC x GC-TOF-MSZ =&

> LC/Q-TOF-MS 24



f\ Chiral Pg=2Z&

% Chiral ?

» Chiral isomer : 2t &8Oz = H

M
ol
C
o

\J
=
x
a
=2
i

» & &: Chiral pesticides, PCB, terpenes
> =2: chiral column= Jt&l GC, LC, CE AI=

» Chiral selectors : cyclodextrins, proteins, crown ethers, polysaccharides,
polyacrylamides, polymeric chiral surfactants, macrocyclic antibiotics,

ergot alkaloids

55



-\ ZX& =(Algal toxins)

>

= & : microcystins, nodularins, anatoxins, cylindrospermopsin,

saxitoxins.

= &8 LC/MS(/MS), MALDI-MS, ESI-FAIMS-MS, LC, ELISAs
( ng/L —ug/L)

A= A=, 20 AH UPLC/MS/MS= &=

56



/-~ Perchlorate

- M Perchlorate ?

57
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:A
0

I

D

-
1o

IH
UI0

-
1o

IH

o

<

e
1o

IH
=0
0
<

o
1o

il

A
T

J

> LC/MS, LC/MS/MS, TOF, Q-TOF J} 2 AF22 DX FH | AIZE

> J
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[\ HI£(Arsenic)

- dulA?

> &S5 :arsenite, arsenate, monomethylarsonic acid, monomethylarsonous
acid, dimethylarsinic acid, dimethylarsinous acid, trimethylarsine oxide,
trimethylarsine, arsenobetaine, arsenocholine, tetramethylarsonium 1on,

dimethylarsinoyl ethanol, arsenosugars = 2001 & 0 &f

> IC/ICP-MS, LC/ICP-MS & S8 : 8/l s &

59



Sucralose

Sucralose ?

2 SucraPlus clole= 21220l &

> Splenda =

IR E)

> SPE-LC/ESI(-)-MS/MSZ £4: 2Z5HH 10 ng/L

> Z=0A 1 ug/L DK

=3

cC A
— O

60




/~~\ o'E/=(Antimony)

- MoE=7
- > 2NN 0 =M
- > a7 dH,Ac == 2 Sd=FH 28

-~ » polyethylene terephthalate (PET) SctAE S H0WHAN 2 =E € PET =
ct A8 B Al antimony troxide Jt S E AHZE D] &

A\

H==20AN 2-6ug/LZ Ol=, R0l A X

61



gﬁﬁ Siloxanes

- U Siloxanes ?
> &S, et Bls, elA, Hel S sk SA F=HEF,
b ZEM S0 AtE
» & 5 octamethylcyclotetrasiloxane (D4), decamethylcyclopentasiloxane

(D5), dodecamethylcyclohexasiloxane (D6),
tetradecamethylcycloheptasiloxane (D7)

> =& & headspace-GC/MS (& = SHHl 10 ng/L)

> Hl=:31-400ng/L 2=

62



/- Musks

- A Musks ?

> sk 28 SHEIXIEHH|, SHebM, MIE MAH S0l EOHH 2 AFS
> S5

> Nitroaromatic &~ : musk xylene (1-tert-butyl-3,5-dimethyl-2.4,6-

trinitrobenzene) , musk ketone (4-tert-butyl-2,6-dimethyl-3,5-
dinitroacetophenone),

» polycyclic 2 : 7-acetyl-1,1,3,4,4,6-hexamethyl-1,2,3,4-
tetrahydronaphthalene (AHTN; trade name, tonalide) , 1,3,4,6,7,8-hexahydro-
4,6,6,7,8,8-hexamethylcyclopenta-(g)-2-benzopyran HHCB; trade name,

galaxolide).
> 2498 SPME-GC/ECD, GC/MS (ng/L = &) 63
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