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A Study of Free Amino Acids Analysis in the Atmosphere Using LC-HRMS
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This study aims to investigate both qualitative and quantitative methods for the simultaneous multi-
component and trace analysis of free amino acids (FAAs) in atmospheric particulate matter using LC-HRMS.
The method was applied by collecting samples to assess the actual occurrence of FAAs in the atmosphere. The
analytical technique utilized was LC-HRMS (Orbitrap), with a focus on the Amino Acid column, which
demonstrated excellent separation performance, with peak detection beginning approximately five minutes
after sample injection. A total of 15 FAA species were analyzed within a 20-minute run time. Accelerated sol-
vent extraction (ASE) was effective, and the relatively low recovery rate was compensated for by using 15
internal standards. The matrix test confirmed that the method can be applied to actual particulate matter (PM)
samples. Analysis of 13 PM samples collected over a two-month period revealed that L-valine was the most
abundant FAA. FAAs in fine particulate matter accounted for approximately 6% of the total FAA, with 72%
of this fraction found in ultrafine dust particles. This study advances the analytical method for trace-level detec-
tion of FAAs, facilitating their identification and quantification in atmospheric particulate matter.
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Fig. 1. High volume air sampler and structure of the ASE system.
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Fig. 2. Sampling points in Changwon areas.
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Table 1. Standard and internal standard compounds used in the analysis

Free amino acids Abbreviation Mass(m/z) Internal standard
1 L-Serine Ser 106.05022 L-Serine-13C3,15N
2 L-Proline Pro 116.07083 L-Proline-13C5,15N
3 L-Valine Val 118.08654 L-Valine-13C5,15N
4 L-Threonine Thr 120.06580 L-Threonine-13C4,15N
5 L-Isoleucine Ile 132.10202 L-Isoleucine-13C6,15N
6 L-Leucine Leu 132.10201 L-Leucine-13C6,15N
7 L-Aspartic acid Asp 134.04492 L-Aspartic acid-13C4,15N
8 L-Lysine Lys 147.11279 L-Lysine-2HCI-13C6,15N2
9 L-Glutamic acid Glu 148.06052 L-Glutamic acid-13C5,15N
10 L-Methionine Met 150.05849 L-Methionine-13C5,15N
11 L-Histidine His 156.07687 L-Histidine-HCI-H20-13C6,15N3
12 L-Phenylalanine Phe 166.08635 L-Phenylalanine-13C9,15N4
13 L-Arginine Arg 175.11905 L-Arginine-HCI-13C6,15N4
14 L-Tyrosine Tyr 182.08131 L-Tyrosine-13C9,15N
15 L-Cystine Cys 241.03122 L-Cystine-13C6,15N2

28 8w A9k& water(J.T.Baker, USA) HPLCH,
methanol(Supelco, Germany) LCH, hydrochloric acid
(Supelco, Germany) ACS+, acetonitrile(Supelco, Germany)
LC+, ammonium formate(Fisher Scientific, USA) LC/
MS+, formic acid(Fluka, USA) ACSH 2|3l n-
hexane(Sigma-aldrich, USA) ACSHE £vll& ARSI T]
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Fig. 3. Sample preprocessing schematic diagram.
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Table 2. LC-HRMS instrument operating conditions

)
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Instrument

UHPLC-Orbitrap HRMS(Q Exactive Plus)

Poroshell 120 EC-C18 column,

Column 2.1 x 150 mm, 4.0 pm

Intrada Amino Acid column,
3.0 x 150 mm, 3.0 ym

A: Water/Formic acid = 100/0.1

Mobile phase B: Methanol/Formic acid = 100/0.

1

A: 100 mM Ammonium formate/Acetonitrile = 80/20
B: Acetonitril/ Formic acid = 100/0.3

Time(min) A(%) B(%) Time(min) A(%) B(%)
0 95 5 0 15 85
5 Stop Run 1 15 85
. 10 40 60
Gradient
17 100 0
19 100 0
19.1 15 85
20 Stop Run
Flow rate 0.6 mL/min Scan type Positive
Injection volume 5 uL Spray voltage 3,500 V
Column temp. 40°C Capillary temp. 325°C
Ae PPEFED 20008 FAS F 32 AIEE Table 200 YERIT,
3 Qow FEsoIt T2l ok PHe 758
FZ 7] (accelarated solvent extractor, ASE), Zo-3} & 3. da} &t
27] TOR olF o] &3t Y FEHol TAF
ok olell AH3 FEWE AAsh] S8 ASE(ASE 3.1 2Nz MF
350; Thermo Fisher, USA)?} 223} 5% 7](VCXT50; 3.1.1. Column A&}
Sonics, USAYE 217}t ARSI, 38 9 & A7t 158 fre] ofr)ieite] A% Ass vl ehr] 218l
T Hws] 80 ¥ B2 FF PHE B AE A AL F HH9 chromatogram A= Fig. 49} 2t}
Al ARgelth FEE AR &4 AawHr] WA 7P BEFo® ARSRe EC-C18 column®] 79

(TurboVap LV; Biotage, Sweden)E ©|-8-3}] §=3}2L,
A8 AlE gdo=R guf X|$H(methanol:water=1:3)3}
o FF 54 Alge] F97t | mL7t HEE S5

24. 717|124
AMg3 22417171 UHPLC-ESI-HRMSS!  Thermo

Fisher Scientific Vanquish £} Q Exactive Plus Orbitrap
mass spectrometry(Thermo Fisher Scientific, USA)°|t}.
A AR vET ol 28 AHS AGsh] S8l F
TR AEe ARSete] Blasisith. AREE dE2
Poroshell 120 EC-C18 column(2.1 x 150 mm, 4.0 pm;
Agilent, USA)Z} Intrada Amino Acid column(3.0 x
150 mm, 3.0 pm; Imtakt, USA)°]t}. o] 5422 EC-
C18 column?] 73-$- A: water/formic acid = 100/0.1 <}
B: methanol/formic acid = 100/0.15 A}&-51$3.2™, Amino
Acid column®] 73-$- A: 100mM ammonium formate/
acetonitrile = 80/209} B: acetonitrile/formic acid = 100/
0.35 AREs] 45 Jsisint. ApAeh 4 212

o]l peak7} TAYSIAL o157 71&714l
eak 2]l WS YAt o= f2 of
uicto] o] oJgks WK ¢l adlE £ Xyt
7] WEQ] Aoz ek WYl Amino Acid column

B Y O] SRE] BE peak’} HEE7] AlE}
P FEs 5t 1A Y Aol o 7]
H3}ol retention time(RT)Z peak’} W= A&
AAT}. T3, o] AQ leucine’?} isoleucine
9] baseline ¥2]7} 73159t} o] WEL FAls) A
g glo] 43 & = Aol o] 4] Alke =Y
= A9} W Amino Acid columng- o83l 2087
9] run timeS = FAsh= WS ARESl] 1559 fE
oM :eAke A BA 3R} Fh

3.1.2. MS/MS &2l

9 vpHo R Mel® columnd}t LC-HRMS #4 2748
olg3ld F 1559 fal ofrliAt EFE target IR
%]
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Fig. 4. Chromatograms of free amino acids using EC-C18 and Amino Acid columns.

AAFEE 3l7] 8 19 15%9] {E oAk
MS2 ZRE AU} collision energy(CE)E 242+ Al 7}
Z]2] oA (15, 35, 50 V)E T3] 2 o] (precursor
ion)S 7lrez om | A4 o] (product iony> Orbitrap 2
FEA71E ol&3te] SR FAAs 2 Aol

9] Top 5 m/z 358 Table 30 YElW o, o]2 HAE
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Table 3. Product ions of free amino acids identified by LC-HRMS

FAAs Adduct CE(V) Product ion(m/z)

Ser M+H 15 60.05 89.06 88.08 70.07 106.09
Pro 35 70.07 116.07 71.07 117.07 114.09
Val 30 72.08 55.06 70.07 73.08 118.09
Thr 74.06 56.05 102.06 120.10 58.07
lle 86.10 69.07 87.10 130.16 57.07
Leu 86.10 87.10 130.16 57.07 74.10
Asp 136.02 74.02 89.06 88.04 132.90
Lys 84.08 130.09 85.08 149.02 148.09
Glu 84.05 149.02 102.06 130.05 121.03
Met 56.05 104.05 61.01 133.03 152.12
His 110.07 156.08 95.06 111.08 83.06
Phe 120.08 121.08 103.05 131.05 166.09
Arg 70.07 60.06 175.12 116.07 130.10
Tyr 182.19 100.11 136.08 83.00 183.19
Cys 151.98 120.01 74.02 122.03 241.03
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3.2. QA/QC

A 7] A 1589 8 ot B4
3k QA/QCE AAISIATE A% =4 (calibration curve)y
1582] 8] oprli=ite] 34 2,500 nmol/mLe] &
o] YN S o] g3t v 4 Al BEEdS g
218ke] 0.125, 0.25, 0.5, 1.25, 2.5, 5, 10, 20, 40 nmol/
mLe] He] F=E ZA8kL, 1719 100 nmol/mLe] W
FREFENS 200 uL FH38 2E 1 mL7t SJA 3,
HEH o2 AAFAE Adesltt. o A=Al (limit
of quantification, LOQ) =5 Z} 77l A5l Wi =

(method detection limit, MDL) ¥ “g33HAl= RFHA}
o] Z}7} 3.149F 105 wste] AREsSlTh% ARt
(precision,% RSDYE 75171 13l ol A=A o] 294
el FEE 7t Ml ZAlsl] Wi 2583 AAENY #
THAE P81 % AHETHAE MRS A48
73%(calibration curve verification, CCV)S $Jall 7A4=
o] T2k ol sFele B8-S ZAlSt] 2 4
Yol 10% oHellX dA|skes st A=A 759
7= A& 201 S9= st 22|aL v 74 A
AR5 o]&3ste] AA AE9} FUT AT WRHoR
HWPHUIEIA] S (method blank)E #4131 WHAETH
o3} gto] HEF 3%

I A3, BE EFe A% A4S (correlation
coefficienty’} 0.999040 2 94251 24438 R}t 1
HAEIAE A 0.03 nmol/mL(L-arginine)oll A 32

2
d

g\l

ofl X

Table 4. QA/QC results for free amino acids (FAAs)

0.22 nmol/mL(L-seriney/FA| A =|St}. aeHAl= A
0.09 nmol/mL(L-arginine)*|4 3 0.70 nmol/mL(L-serine)
7HA] AE AT g, FEad 3 WEEEER %
HEFEA 20% oS EIoH, AR A5 A8

2 A Fke] 10% ofWiellA dAjekdnt. 2t 249
A4 A3} QA/QCE] AIE Table 49 1713}
t}.

2 o orr

3.3. Recovery

331 F= ¥ A4

-3 3= HE A S8l 259 =714
ASEE Hla8ich. #3589 5 nmol/mL U3 ool
methanots ARS8l FEate] EAsIh 229t 571
9} ASEQ] Hi 3582 712} 85%(min = 81%, max =
96%, S.D.=4%), 70%(min=65%, max ="76%, S.D.=
%)= Z20 F2719] FF Aol e Zo® YE
Sk 2o A2 gl AR} 98% = 28 1
2oL A2 FEAZE 55 HEE ul ASE FE71E
AREBEE Zlo] E&Aoletar Asigict. ok vlaa vt
2 3gL 1550 WWRAETEES AMEslo] Retksisint.

3.3.2. Matrix recovery

B Al AFshe Alse A 7] T2 A E
ol A|F B WAz el sk IS
Qlef dlel EEd Alokt B4 WOl e ¢ 9l

o mebd 24 H84E BRlsh] flal e =2

o

Cal level MDL LO RSD ccv

FAAs RT (nmol/mL) o (nmol/mL) (nmol/?nL) (%) (%)
Ser 9.29 1.250-40 0.9997 0.22 0.70 0.11 0.91
Pro 6.10 0.125-40 1.0000 0.10 0.33 0.16 1.03
Val 6.26 0.250-40 1.0000 0.09 0.25 14.73 0.37
Thr 8.15 0.250-40 0.9998 0.06 0.18 2.80 0.05
Ile 5.58 0.250-40 0.9996 0.05 0.17 4.11 231
Leu 5.31 0.250-40 0.9998 0.08 0.25 4.26 2.13
Asp 9.13 0.500-40 0.9994 0.15 0.45 4.53 0.35
Lys 17.71 0.250-40 0.9997 0.06 0.19 0.67 1.05
Glu 8.55 0.500-40 0.9998 0.09 0.30 2.10 0.50
Met 5.83 0.250-40 0.9996 0.04 0.13 2.10 1.80
His 16.89 0.125-40 0.9995 0.04 0.12 1.38 1.88
Phe 4.99 0.125-40 0.9999 0.04 0.11 3.33 0.54
Arg 18.47 0.125-40 0.9999 0.03 0.09 1.92 1.52
Tyr 6.12 0.250-40 0.9996 0.06 0.20 2.07 0.71
Cys 13.79 0.125-40 0.9998 0.05 0.16 1.85 0.74
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2 olgdlel 1 e Asgh MEY2: B
Urban Dust(SRM 1649b; National Institute of Standard
and Technology, USA)E A-8-3}1.0™, HEO 2 e 7]
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3.4. FAAs |48 s
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9] £02 min Woll B0l YRAEAEE S 4
MS?2 product ion FROA 271A] o LX|EPH s &
A2 FAAsATE. X3, isotopic pattern 2 library
matching scoreg Fr2Q1 THOR o]&3le] HF A
SIATE. Fig. 59 L-serine®] A A& peake} 7+ o]
(fragment ions), isotopic pattern “L2]3L library search
ARE dA=Z Yelloh oeb L-tyrosine  library
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