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Application of Environmental Mass Spectrometry in
Emerging Contaminants Analysis
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In this overview article, we discussed the progress of liquid chromatography/mass spectrometry (LC/MS) and LC-
tandem MS (LC/MS/MS) in environmental analysis. The article covered challenges and achievements that occurred
last couple years for emerging contaminants analysis, especially focusing on brominated flame retardants,
perfluorinated surfactants, perchlorate, endocrine disrupting compounds (EDCs) and hormones and nanomaterials.
LC/MS coupled with atmospheric pressure ionizations (i.e., electrospray ionization and atmospheric pressure
photoionization) continued to dominate the new methods developed and the use of tandem MS technique has
become commonplace for quantitative environmental analysis. The applications of newly developed hybrid mass
spectrometric techniques, such as quadrupole time-of-flight MS and quadrupole linear-ion-trap MS, for
pharmaceutical residues analysis in complex matrices were also introduced.
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3 & e AR B 0 IEE SRR A sodium
iodide/rubidium iodide JEE AR RAR(LEY) - 6
HEIREET (PCl10,) BRELTE 99 £ 0.3 ~ ('Cl0))
BRFELAE 101 +0.3 ®EP - EEHES (PCl®0,) 1
BT ELAE 107 £ 0.3 #EIA o 45208 SEEHNE
» = (BB RO R T E B RUE EANER 3 TR
O A Po1 B Ol FIRTE LIS R 3 1 1 RlteRR
ARIREE T EEERL T IEE - B2 SIM (EH]
L THET M B M” > F{E (99/101) » 5220 MRM
BT > HARFER BT LL(E (83/85) AR 231 &
3.85 Z[H » ik 2HER{E 3.08 HY £25% ZfH °

_E" /Hﬂ?‘)

)

\

4. R ATFRYBEEFTER

W53 T#%)'E (endocrine disrupting compounds,
EDCs) X AT BRI - HEE S AHRER
2 MEYHBRIS Y - B - AEBILEYE
{LEEYIE - A L&Y R B E E B R 52
(steroid hormones * MR (estrogen) ~ TEEE
(androgen) %) HHHLIEILERRERE - JHE ABNYIHEA
RIS R RS ThRE - B8R B e Al m s
RIE > R EIEE B2 [HEAEE
—ZaniR e L BRI IEH (AT S HITIRE -
OBV - BE > RERETREHEE
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% 3.MRM {8 R]:& K ELAR B T o0 B8k T 9L T 3k T

2

B A
Precursor ion Fragment Loss Product ion
(mlz) (mlz) (m/z)
»C10, (99) °0 (16) #Cl10; (83)
C10, (101) °0 (16) C10; (85)
BC1*0, (107) %0 (18) BCI*0; (89)

$1 0 EHATRER BRI T — - B 6 BsURA it
am AR Y P Y B B MR (e R
(estradiol, E,)) HLER SR E Y - STAE R 22 E
FEEL SR o T JE AR a7 P A Y6 il 228 e B e FH
(719, FEF]AH GC/EI-MS * GC/EI-MS/MS
LC/ESI-MS E2 LC/ESI-MS/MS  $HEEREE/KEE ~ K
R A= Yk B E AT AR o KARHTEEEELL SPE B[
FHIBZEEGE (solid-phase microextraction, SPME) 5y
F o EREAR LA DI R~ INERIS BIAE AA B
OB 2 RGE R R RFEPIZE B T A B
HE L F A G ER e -
TN W THEYEF - IR
HA i s i e - R ER R TR H A
-~ B MBI YIREERON - A N R R
PR GEMEME RS (MR —a B
(17 o-ethynylestradiol, EE,)) * ;8 S fiS2iE W&
TEERIE R AT - (IR - EHfH) GOMS 7317
TARNTAALA REARI > JTRF AL, LOMS FsE
B MR - B ESI R ARBFE R 7 =0 AT A U]
NRIEEFHEERHE S & - EEERERIHH
B BT REIEEYE L= [F LC/MS BRI
BEEE] - BRENIFEERCR OB E TR & A A
ERENHEERLEREF SRR - SAGEE
AIBETIRIEED MS/MS Bt » [ (RS Fid e A i
FHIHIFZ (ion suppression)'” o FHFEHE B -
ESI K2 HER B~ K RBE T BE 1 (dopant-
assisted atmospheric pressure photoionzation, DA-
APPI) %5 &AL &Y BA BT HIRERCER S -
PIFEEEZEH (de-salting extraction) #5 & SPE » #f
HWEHEMEENRE G KR E TR AR -
LA LC/MS/MS #5BC ESI J2 DA-APPI » £51EE +
PERTIE R BT IR S - WA e e R




CCls CCI3

methoxychlor

I—O0

op -DDT
CH
Cl
g C|10 '(
HO
estradiol, the main estrogen kepone d|e|dr|n

@E.Oi@ @@ Hot%r‘

gemsteln
CH3 C—O R

nonylphenol e
CII>_O —R

O
phthalate esters (R = ethyl,

H 6.

n-butyl, n-hexyl, n-octyl, isononyl,
isodecyl, benzyl butyl, 2-ethylhexyl)

Al DR A e R B KRR
PRI o 2% 4 Ry REIZKEREYZEHRBlR &Pﬁ—hﬁﬁ?ﬁﬂ%]
[T (ion suppression factors) HJLLERZE « EST Y17
’%ﬁﬂﬁﬂ%ﬂ%ﬁ 52 + 5% > Tfii DA-APPI HF 27 +

o fELL LC/ESI-MS/MS Fyfa B AATEIF M7J<T§
%Eﬁ@%ﬁﬁ SRS S 7KETR 7K (influent) HRE > LR
FE B RERCR I SRR © 17 7K EE R K B fROR 7K
HREZATHIS M TR R SRR - TR IR
£y n.d.—230 ng/L » MAERORAKFZIRE L nd.—
28.5 ng/L » MRS REE T » I A SR S
[Rz ESI itk LA AR &R E A A E 2 DA-
APPI Y HINEFHEE P2 TSR E
= AEAEAEREITER o HAER K EBuRKF
HEPE TR SR 2222 - A HER RS S KR I E
ST SIS Y E B PR

5. KM H
TEmEEEER » ZKM¥l (nanomaterials) Eil
ZSAKEHE (nanotechnology) HIWFE AT RR & H Aif e 2
FIRVERE . — > KER T H AR IR R B A

SRR o AR 5 e SR AR A Y Y 2 ik
TR o B2 hm 0 -

FEERTHIZRE R FEE L B LR A R R
o CARE ORI EF 2 E LT B 25 RAR
HEREERY AT R W = B - SRR
BIRERHIRAT—EBMT - EFATEERR RS
HREERT ~ AT R RERAYREE o ZORMPEIER T 2R
Duﬁ§§¢%§$ﬁﬁﬁl At ~ FEF ~ KY) ~
~ HEEmAE) BB RACEE HEURRILRE - 2
%BA%& WHMELRE K B il 2 b o KRR LB S
IR ZRL > WEENE (fullerenes) BLE HREE:
I E 8% ~ =125 (quantum dots) ~ TiO, Z3Kk1
%L o HIURHE » R Coo-fullerenes EHETH#7
RES) - TEAHEES N A SRR 2.2 ug/ll) MLEhk
2 DNA EFRIHESH] > f Coy BEASNEREE
(genotoxicity)®” * SZEktHFELL C\-HPLC [EHTE
A e ESI BT RAER SIM 530 $HAAEY)
st Cq to Cop-fullerenes FERFHEFTHAIY < 4£9)
A8/ E b (homogenization) » DLFHZRAETT - [
ZEHY » R AR B EsE A B EA TR - ©&
EDL PCeo TER PR > SRR 0.02 ug/L £
ESI-MS f&fFT > BER M]” RBEESTHET -

FHEIAE =T 98.2 45



| Comiz N
1 8Ce0 m/z A/L

[0}

o

§]_com: A

o]

<

-:%:] Cgo m/z /L

S e AR
} Cgg mlz J\
L A
0 5 10 15

Time (minutes)

7.LC/ESI-MS #} fullerenes SIM /& #7 B "

Coo 19 m/z By 720 "Cyo B9 miz 5 728 to 740 5 Cqp
Cs, ~ Cys I Cog B m/z 5351y 840 ~ 984 ~ 1056 F
1176 - [& 7 E LC/ESI-MS HY fullerenes SIM HYJEHT
(21) o

= EP R ERE R IR AR
FER

FEt il B BT S 5 b AR T SR
AR A RAFRUBERURE FOEIR TR M A58 i
AR — » HR DL =BTt B s s
(triple quadrupoles MS, QqQ-MS) K i+ [ E 5 &
(ion-trap MS, IT-MS) S @6 - HfE R il
EARERH N ETRIHTBE S - B S el E AR EL5
Qe 3G TR R B E FE EL T (hybrid MS
techniques) * 1Pz — B 28 2R AT IRF U ol s i
E R (Qq-TOF-MS) B PY i — i M Bt [
IR E R (Qq-LIT-MS) » FHAE LR A
HEdniRE - S EERNENT T (W Qq-TOF-MS)
K S BEUE (W Qq-LIT-MS) » Kl EL7F 4 {1E e FH 4
IR ERTZ (A - SRR AT R i B R ai
= AN SN RETRAEE AT (ultra-performance
liquid chromatography, UPLC) K [JE @it it
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%k 4. R BRI ER S I E R T H E T o

Spiked recovery (%)

E, | E, | EE | E | DES
ESI
D. 1. water 96" (4) | 91(2) | 93(4) | 97(2) | 96(5)
Tap water 95(2) 1963) | 97(4) | 95(6) | 99(3)
Ground water | 99 (4) 99 (2) 93 (5) 89 (4) 77 (4)
River water 82 (9) 854) 80 (12) | 79(7) 80 (5)
Effluent 83(@) | 61(5) | 64(7) | 82(6) | 70(3)
Influent 0 40 (15) | 43 (13) | 47(17) | 53 (11)
APPI
Effluent 73(14) | 65(11) | 70(8) | 76 (11) | 74 (13)
Influent 7109) | 6109 |6106) | 80(7) | 71(12)

Ion suppression factor, ISF (%)

E, | EE | EE, | E | DES
ESI
D.I. water 0° 0 0 0 0
Tap water 1 0 0 0 0
Ground water | 0 0 4 9 20
River water 15 7 14 19 17
Effluent 14 33 31 15 27
Influent 100" | 56 54 52 45
APPI
Effluent 24 29 25 22 23
Influent 26 33 34 18 26

“ Mean recovery (n = 3) at final concentration of 200 ng/L for each analyte.
b Rrelative standard deviation (%RSD) provided in parentheses (n = 3).

““0” Ton suppression was not significant.
4+100” Ion suppression was most significant.
Hrf B, 1 E, B E, {X3#% > DES & diethylstilbestrol.

{# (rapid resolution liquid chromatography, RRLC) Y
fiEH > FEORIEHE A LC/MS/MS FRIRE R s 14
RSO TS - HS AR & 0 FHEEY) R (A
748 i (Rl Ry pharmaceuticals and personal
care products, PPCP) » #5S5W {18 A 1) A 58 2 (Xt
{EPERS AN - BB A il R - AR
A REH /KR ISE TR » AN AR RS 7K i g
METERHEEEYTEENYERR - Bk
PPCP VIR BENE/KEREH » R PPCP K
=AY ELERERHERL - (Kt PPCP K H ARG Y17
TER /KRG R ESE RS Y M AR RE - (55 EIR



3.97
100
1 Da window
S/N:PtP = 1.53

3.33
% loseoes

1: TOP MS ES+

237

o Rt SELALAMERS & RS Al 18 > i LR L |
20 4.0 6.0 S
1: TOP MS ES+
100 5.78 237.10 0.10Da
100 mDa window
S/N:PtP = 8.06

%

100

20 mDa window
S/N:PtP = 115.25

%

2.0 4.0 6.0

b BAEYITEER) PPCP B VIR EL S [FUAHE K
FIRATE » AT (5 DAR FR IR R HR I B 3 R Al (e A 2R
RS PPCP R A T R E—rig -
FHY Qq-TOF-MS EA = f i 8 i B =i
W1 SEFERCEEREEMILR T - s TR
LYY R B R R E VI E T RE RS 2 > I6AR
FERE TR E S HE f BT 2R R ERGAYET - K
i o A 1R 5 T O i s SR S Nl T2 1% © Qq-TOF-
MS FR T A5 EI B R E T L (exact m/z) FRAEAEEL
B 57— (parts-per-million, ppm) DL F3HI E(E
A > JRE] FEERfE/ NI E =R EF (mass window)
BRI b B S B T LA R T T 32718
B A& 8 FEEY) carbamazepine (m/z 237.103) 1
7k (ol % | /Y UPLC/ESI-Qq-TOF-
MS EEEEEITE > EER&HER 1 Da fii/hE
20 mDa ff > H S/N 271 70 5 > Bl RRAE &
BT (isobaric ions) HYT-H8 » AARFEF gAY EE i
£ o @ 9 J3%EY) N-acetyl-4-aminoantipiryne (4-
AAA > m/z 246.12 + 0.02) 1EBE75 K a0 {] Ll
LC/ESI-TOF-MS #% =5 BRI EAS R A ™

8.0
1: TOP MS ES+
237.103 0.02Da

8.

B4 carbamazepine (m/z 237.103) £
FEF kT [ sibEEMN ] 8
UPLC/ESI-Qq-TOF-MS #3## % % &
BE®

8.0

S—IRBCERFE RO Qq-LITMS » AHEEH
B R EEREEM LC/ESI-Qg-LIT-
MS HETTEE S KPR ZEY) R VIR - Qq-LIT-
MS EestaE 10 Frs - Q1 M #HER, B
T FERE (RF/DC) » R iEE DU iRSE SR e » q2
TERshiifE= » Q3 REAEEEFEMAS T (mass-
selective axial ejection) HIFRPEBET-FH (LIT) - ZRA] i
7 RE/DC {ERVYMiESE EidEjEas © Qq-LIT-MS H&
AIA—MER) QqQ B &3 - HAE Q3 PYflifzE -
T — AR EBE TP > AR E 7R A S A EE R A Y
W b R il A) U EE R A H U B R BR (exit
lens) » BEATFBE TN Q3 - FRMETTIR BT
W iR ERE T DR - Y Q3 TR
REYIA BB D ThRERIRFRT/ A 1 27 (1 ms) »
B ATHER— (@ 53 A R FIRF T QqQ K Q3 B[
iae i BB o Qq-LIT-MS [ T HRE —K QqQ
IR DR » A0 S E(H IR X (selected-
reaction monitoring, SRM) ~ B F ff ¥ 52 =
(product ion scan) ~ FEFESAF (neutral loss scan)
KRHEE T = (precursor ion scan) 4 > JREE{E:
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w 19e7
o
o
Z MWVU
‘@
GCJ 1-187 MMJ -
=S
3.0e6
34 42 50
Time, min
A) XIC of +TOF MS: 246.12 £0.02 m/z
20.58 o
| | g I
] HsC HoN CHg
” 1.5e6 ] =
Q | 4-AAA —N
S 1.1e6 NG HaC M0
£ 1 13M15N302
§ 7.0e5 Accurate mas: 246.1237 @
2 |
3.065 M+H]* -
{ e 2[4 12] C) Accurate mass and elemental composition
130 K170 210 250 6.1237
Time, min Formula... Calculated | mDa Error | ppm Error | DBE
1.05e5 ?32 CigH16NgOp 2461237 |-0.0033  |-0.0136 7.5
[2] —
g 7.50e4 B) Mass spectrum & HSC’N"N Formula... Calculated | mDa Error | ppm Error | DBE
o HeC.  NHg Cy1H14N3O 2041131 |-0.1386  |-0.6792 |65
>
gt
2 4.50e4 HSC‘N‘N O Formula... Calculated | mDa Error | ppm Error |DBE
- C13H14N30 228.1131 —0.2386 —1.0461 8.5
204.1130 2981129
1.50e4 | 104.0493 ‘
m/z, amu

[ 9. ¥ 4% N-acetyl-4-aminoantipiryne (4-AAA > m/z 246.12 + 0.02) F& i 75 7K 4w 4 vA LC/ESI-TOF-MS #& =4

s ek ey 2 o

TR ER B S BT DA ST INRE - 03RS AR o
Qq-LIT-MS EEA mdl i ﬂ’fe (duty cycle)
AR R R BRI & 2 B ] » HIET %
S/N T > %Uﬁﬁiﬁm?r%‘éﬁﬁmfif (EPI) AJ:EFT 43
THE - HREAREMENT T RAEHERE - EEMR

MRM #A{EE&RE » Ditg il -2 RafH i ZEY) (B-
blockers)(zs) o FIIA Qq-LIT-MS FfA 1Y B f ik =
information-dependent acquisition (IDA) » I Z(HE
@ EMS Bl EMC (& Q3 Ryt T-BHIIRERR) & SRM
B PR AT (F Q3 RlUMiEIhRERY) - £ 7 K

BErh BT RERE ST - MR ZE R IDA £ilr » il B-3Z ke fH s
7 6 K5 LC/Qq-LIT-MS 758 1 B 7 VIR e EE - FREs (IR R E BARIR - 7EheiEl
(EPY) T~ [E] Rf LA = i A~ [F] 77 B Y 5 fifé 78 R S 1T FEE /KRR B2 RSPV EEYIIG - HOE B R
Y
10. SLOMR }d.qéygg Q1 EJIT“WE%; N %Eﬁ%g)gn

Qq-LIT-MS # % (RF-only)

& B (& Applied

+=sm==&

Biosystems 2 3] $% TERER 7x107 torr ST2 MiEE  grg g
) o
48 BHERITAIZE =165 05 98.2




PR, | Q1 Q@ Q3 (LIT)
B Q3 (E R MR- BHEF
1. 163 Q3 = — KBt .
= -~ s e Bl = L
(enhanced Q3 single MS, EMS) RF-only Rl T S e ff
2. BT B T I i e
(enhanced product ion, EPI) Mt (EIERET) | BT fiHiE it
St
3 SRERIE MS) AT (ELEBET) | BT T
4. IRF AL T 2 - * , R L
2o S g Z
(time delayed fragmentation, TDF) AT (EIERET) | e R i
5. 3870 Q3 AR i — K E _
= -~ Eins <2 950 | =
(enhanced resolution Q3 single MS, ER) Moy SRR T 2 i
6. YEEE 25 (E A A .
-~ LT e 2 = He
(enhanced multiply charged, EMC) gty SR T 2 fiHE
Compounds R (min) | Precursor ion | DP-CE-CXP | MRMI1 | DP-CE-CXP | MRM2
Atenolol-d; (IS) 340 | 274 [M+H]" | 60-20-10 274 > 190
Atenolol 351 | 267 [M+H]" | 60-35-8 267 > 145 | 60-35-14 267 >190
Sotalol 389 | 273 [M+H]" | 60-25-8 273 >213 | 60-25-6 273 > 255
Pindolol 11.84 | 249 [M+H]" | 60-30-8 249> 116 | 60-30-14 249 > 88
Timolol 14.52 | 317 [M+H]* | 60-30-20 317 > 262 | 60-30-6 317> 44
Metoprolol 1494 | 268 [M+H]* | 60-35-10 268 > 121 | 60-35-8 268 > 133
Carazolol 1742 | 299 [M+H]* | 60-35-8 299> 116 | 60-35-2 299 >122
Propranolol 18.57 | 260[M+H]* | 60-30-8 260 > 116 | 60-30-10 260 > 183
Betaxolol 18.93 | 308 [M+H]" | 60-40-8 308 > 116 | 60-40-14 308 > 121

DP, declustering potential; CXP, collision cell exit potential; CE, collision energy; IS, internal standard.

% 7.LC/Qq-LIT-MS £ % £iF##: X IDA FAxAl B-

= o

L 22 2y g 4 M B[]

x5.

Qq-LIT-MS & &
IR G BT R
AR By 5 < AR )

@
I

* 6.
LC/Qq-LIT-MS %
o5& T AT AT 4
(EPI) T > Bl B A
ZEFREAL Eag R
# & R AT MRM
PAFZE > A
- B LA B (-
blockers) °

~ AR B AR AR R T EARIR o

Xz
Linearity (%) IDL MDL (ng/L) MQL (ng/L)
(0.1 —200 ug/L) | (pg injected) | Wastewater effluent ‘ Wastewater influent | Wastewater effluent ‘ Wastewater influent
Atenolol 0.9998 2.3 1.5 1.1 50 40
Sotalol 0.9997 2.7 64 6.5 220 220
Pindolol 0.9994 0.2 02 04 0.6 12
Timolol 1.000 04 04 04 14 1.1
Metoprolol 0.9999 22 0.5 1.3 1.8 43
Carazolol 0.9965 0.6 04 04 13 12
Propranolol 0.9985 0.7 04 0.5 1.2 1.5
Betaxolol 0.9988 20 30 34 10.0 11.3

HEEL QqQ ERIAHE - (HAEG M T B T i 1 =X
o AlE LR TR E R E - B 11 & DL Qg-LIT-
MS a5 /K R B-Z REFH I EEY) atenolol
Rf > (ERESR T B TR AN o S ENE RN T T

PEEERE - HRBEIEAR > Qq-TOF-MS
Qq-LIT-MS HYE AR [ R R AE R il EAY
JE R S RS A

FHEIAE =T 98.2
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Total lon Chromatogram of MRM

3.89
6.0e5
5.5e5
5.0e5
4.5e5
4.0e5
3.5e5
3.0e5

Intensity (cps)

2.0e5
1.5e5
1.0e5

12,28

2.5e5 ~18.94

39.47-

5.0e4 L ‘H
[
0.0 lg 123.64

10 15 20 25 30 35 40

Time (min)

Extracted lon Chromatogram for Atenolol

Enhanced Product lons Scan for Atenolol

3.89 267.2
4.0e5 267>145 9.065 HCu A \)\ mNHZ
3.5e5 8.0e5 N T o °
OH
3.0e5 7.0e5 - o
11. & 2.5e5 & 6.0e5 é’=°=°“2 ¥,
i o = > 5.0e5 =
24 Qq-LIT-MS #il i 220 g || s
- . g S 1.5e5 g 400 >
FARE RGN BT e € 3,05
e 1.0e5 208.
FEL# 2E49) atenolol B > ¢ 20e4]
93 YN A 5.0e4 st
23 T AT AR R L 18] f51] | pp
X T BB mAF0F "5 10 15 20 25 30 35 40 100 150 200 250 300 350 400

2R R AL -

I~ #558

TR E RGO R - BRI E A
T3V TR SR B B8 R R - FRRERER
Kb BEEHE - (B E SRR SR E
AR E R —THEEAIHICIRE - A EREREE
T4 - (EEEEE &5 e S CUR B R BV E R HIT
HIEEF » JRREFE T A B2 Rl B R E B -
& B RO A 22 R B FE F AT {S RN BR B R S ey
AR ~ VAT SR & AT AT TEAHRER » DA
(R 5 Y AR T e L BRI - B
HABRAE AW DARHR L7 G R R B A RIS
> BRI ER R EERE L — - B’
B LR i S LY A S A A 28 0 2Rk
e B ZHHAF] Analytical Chemistry > {EEFEEE Y
(el R B T & A BR AR R Rl Bk BR S A e
[FIRESCE - AN22E SRR 26 B 27 Fr o eEhA S
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m/z, amu
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