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Abstract

Atmospheric nitrogen containing organic compounds (e.g. amino acids) has attracted considerable attention from
the viewpoint of the oceanic biogeochemical cycle of nitrogen as well as the long range transfer. However, only a
few measurements of organic nitrogen compounds have been conducted due to analytical difficulties. In this study,
total of nine amino acids such as Glutamic acid, Histidine, Arginine, Tyrosine, Cystine, Valine, Methionine,
Phenylalanine, Lysine have been analytically determined by Liquid Chromatography - Mass Spectrometry Mass
Spectrometry (LC-MSMS). As results, Fragmentor Voltage (FV), Precursor Ion, Collision Energy, Product Ion
related to individual amino acid compounds are shown. Based on the operational conditions, Lysine, Glutamine
Acid, Tyrosine were analyzed during the China Oriented Smog Period. High concentrations of Lysine, Glutamine
Acid, and Tyrosine are discussed with organic carbon (OC), elemental carbon (EC), and water soluble ions. The
results can provide to understand the sources with aging process related to amino acids influenced by the long-
range transport from the Yellow Sea area.
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Table 1. Operational conditions of LC-MSMS system.

Agilent Poroshell 120 EC-C18,

Column Capillary 2.1 X 150 mm 4.0-Micron
Column temp. 40°C
Gas temp. 300°C
Gas flow 8 L/min
Nebulizer 40 psi
Capillary 3500V
Ion source ESI
Time segments scan type MRM
Time segments polarity ~ Positive

Eluent 90 (DDW wt 0.1% Formic acid) :

10 (Acetonitrile wt 0.1% Formic acid)
Solvents flow 0.6 mL/min
Injection volume 40 uL
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Fig. 1. Schematic Diagram of LC-MSMS.
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# 2= FAA % Glutamic acid, Histidine, Arginine,
Tyrosine, Cystine, Valine, Methionine, Phenylalanine,
Lysine®] 2z LC-MSMS A& E4 =42l (1) FV,
(2) AFolZ, (3) CE 183l (4) Aol Yeid 2
Solth. 2, & 19] LC 24 27 sto, A T o] &
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49 8Vl CEol 93] 164.9 ¥ 1359 m/z2] T XA o]
22 el H, Lysine2 80V FVol 23} 147.1 m/z9]
Aol Aol olof, 16 X 4VE] CE9f 9J3f 84 9
130 m/z2] Al o]l &L JelWth of 7] A, Glutamic acid
o} Lysine®] 4ol 2o Z2AehE ThE Ho] 2o
ofa) SpYEE R PAFS dolux] eth B 29
24 27 ATE 7] 5 FAARTE ofel o o)
% AAZ LC-MSMSE ol gsio] Raeiin] 28
T Uk A"E F BP0l 5 HF Aol EE
=4 A 9 PHAEIHA (method detection limit;
MDL) 13]3 A = (relative percent differences; RPD)
w40 ofsf A=A

A8 Ao A Liquid Chromatography with Fluo-
rescence Detection (LC-FLD) #2412 (1) proline2]

Table 2. Multiple Reaction Monitoring (MRM) conditions for free amino acids by LC-MSMS.

Amino acid Molecular FV? Precursor Ion CE" (V) Product Ion 01 CE" (V) Product Ion 02
weight V) (m/z) for PI01 (PI01) (m/z) for PI02 (P102) (m/z)
Glutamic acid 147.1 80 148.1 4 130 8 102
Histidine 155.2 80 156.1 12 110 24 93
Arginine 174.2 110 175.1 12 116 12 130
Tyrosine 181.2 80 182.1 4 164.9 8 135.9
Cystine 240.3 80 241 8 151.9 16 1199
Valine 1172 80 118.1 8 72 20 55.1
Methionine 149.2 80 150.1 4 132.9 4 104
Phenylalanine 165.2 80 166.1 8 120 28 103
Lysine 146.2 80 147.1 16 84 4 130

“ Fragmentor Voltage.
" Collision Energy.
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Fig. 2. Scatter plots of standard materials for two qualifier ions using LC-MSMS.
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28] 31 Lysine (84.0 & 130.0 m/z)2 4=} AFAS o
ehyth B A 2444507 0999 oo
W £2 484 ekt

38 HF 24 2AL o[ 8F FAAY AT ol
W A4 oo B B AT AAASE). WY
A=A 289 PHASEA A=Y AHAEA
ot AU=S Uitk AdE: AATE EE &



LCMSMSE o183 7] 3 PM,, frelobul it 24 g @7 59

Table 3. Statistical results of correlation coefficient determination, method detection limit, and relative percent differ-

ences related to Product lons.

Amino acids Precursor Ton (m/z) Product Ton 01 & 02 (m/z) P MDL(1) RPD(2)
Glutamic acid 148.1 102.0 0.999 0.928 3.774
130.0 1.000 0.882 4.123
Histidine 156.1 93.0 0.999 0.061 6.814
110.0 0.999 0.031 4.680
Arginine 175.1 116.0 1.000 0.105 4518
130.0 1.000 0.050 2457
Tyrosine 182.1 1359 1.000 0.080 2.860
164.9 1.000 0.084 1.803
Cystine 241.0 119.9 1.000 0.053 5.798
151.9 1.000 0.062 0.370
Valine 118.1 55.1 1.000 0.034 2.385
72.0 1.000 0.044 3479
Methionine 150.1 104.0 1.000 0.039 25917
132.9 1.000 0.079 0.725
Phenylalanine 166.1 103.0 1.000 0.037 6.099
120.0 1.000 0.030 0457
Lysine 147.1 84.0 0.999 0.097 2.348
130.0 1.000 0419 3.464
(1) Method Detection Limit: Unit of ng/m’
(2) Relative Percent Differences at the MDL concentrations.
Table 4. Results of Tyrosine, Glutamic acid, Lysine concentrations by LC-MSMS.
Free ammcz acids Precursor Ion Product Ion Oct. 21 Oct. 22 Oct. 23 Oct. 24 Oct. 25 Overall
(ng/m’) (m/z) (m/z) average
Tyrosine 182.1 164.9 32.26 32.68 23.40 24.44 23.90 27.33
Glutamic acid 148.1 130.0 47.70 45.39 36.35 36.37 33.24 39.81
Lysine 147.1 130.0 25.78 28.68 23.95 20.21 23.67 24 .46
Sum 105.74 106.74 83.70 81.01 80.81 91.60
Aol whe B 2 BEAE HHER Yl 2 stel, o7 F 24 ) FAAC) iRt B4 =A% A%
o], FAAEIAL B ATlA AN LCMSMS  AFaisic
B 2702 olgste], B4 b3 AR S FEA
BE 79 BHE BAT &, £4 22HA 3.14 (p)E 3.2 LC-MSMSE 0|8%t AA 115 Atdl| &4
B grolch. Ak vhS £ AVIA BHAGG T 20159 109 2190 597 TP BAL £33
7 WHAESAE A 0.031 ng/m’ (Histidine) o] A] o], LC-MSMS¢f ]3] FAA 3 Tyrosine, Glutamic acid
31 0.928 ng/m’ (Glutamic acid)7}x] Yebsgt}. Cys- 1231 Lysine®] 3 Ao tsfjA] ofu]|=AkS A, A

tine2] AYELE Quantifier 151.9 m/zo]| 4], Methionine
9] Quantifier 104.0 m/zo| Al 3L 259 %7}A] e
o AETA e 2 479 W] AREE 2
4 25 &5 1 d7] 5 =2 FAlste] U
W Aolt}. Methionine2] Quantifier 132.9 m/zo| A=
0.725%= A= o], JfA ez mj¢ 22 RPDE U

Ehict. olo], Sk HYE BE B 27, wE 22
Ao 24, RS 193 UE 5 T

X BABYT F5 3 AR o|2jo] 271 FAA 4o
ol 7k B4R ol 9ol & 4ol ko] ofolie
A2 A3 420l e ofuldl w8 & B
T 91.60ng/m’E EAE 9t} Tyrosine 5= 32.68
oA 23.90 ng/m® Ato]oj| A, B 27.33ng/m’E EA g
9l o, Glutamic acid B4+ 39.81 ng/m’, Lysine 24 .46
ng/m’ S & et} Glutamic acid 7% 0.27 nmol/m’
9] =2 M 4= 9l o1, o]= Wedyan and Preston
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Fig. 3. MODIS colored by AOD (color bar: AOD level) with three days of HYSPLIT backward trajectories and PM,, con-
centrations (PM network) measured by the Ministry of Environment between October 21 and 25 in 2015 (during

the China Oriented Smog Period).
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Fig. 4. (a) Pie charts of chemical compositions and (b) time series concentrations of amino acids, PM,; mass, cation,
anion, EC, and OC (WSOC & WIOC) between October 21 and 25 in 2015 (during the China Oriented Smog Period).
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