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; 1.2
: 17
S 0.1 mol/L HCI 1 nmol/pLL
; 3
N . 18 nmol/pL o
: 2
- 5 nmol/pL o
2.25.4.5.9.22.5.45 pmol/pL
: 10 pmol/pL. 22 o
Cs . 1.3
pH. HPLC
. . HPLC (OPA) .
. 9- ( FMOC) o
Cig
/ pH-
( FLD) o
. Fonselius (n . Agilent Zorbax Eclipse-AAA 150
mmx4. 6 mm 3.5 pm,;
; Sidle 2 (2) A: 40 mmol/I.  Na,HPO,
. . . NaOH PH 7.8,
. i (3 B =45:45:10( V:V:V) ;
(4) ,
o (5) (1.
1
1 Table 1 Conditions of gradient separation
1.1 A B
/min 1% 1% /C /( mL/min)
HPLCI260 0 100 0 40 2
G1311B G1329B G1321B. 1.9 100 0 40 2
17 : (Asp) . 18. 1 43 57 40 2
18.6 0 100 40 2
(Glu) . ( Ser) . (His) 2.3 0 100 40 2
( Gly) . ( Thr) . (Arg) . ( Ala) .y 23.2 100 0 40 2
- ( Gaba) . ( Tyr) . (Vval) . 26 100 0 40 2
( Met) . ( Phe) . (Ile) . 1.4
( Leu) . ( Lys) . ( Pro) ;3 1.4.1
: ( Asn) . ( GIn) .
( Trp) ; . Aaba( a- )~ o
( Sar) sigmal -Aldrich ( > 570 mmx425 mmx325 mm
99.0%) ; (H ) Sigmal; o
; ; 0.45 pum

Millipore

-18 C o
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1.4.2 ;
(2) 5mLO.1 mol/L 5
o mL 12 mol/L 10 mL 100
L 0. 2% N, 2 min ;
o (3) 110 C 24 h;
DFAA (4)
0.1 mol/L :
HCI (5) 1 mL 0.1 mol/L
(1) 2mL o
10 pmol/pL 2
0.5~1L pH 1 2.1 N
; : 2.25.4.50.9.00.
(2) 22.50.45. 00 pmol/pL (
. 10 pmol/uL) 1.3
10 mL 2 mol/L+4 mol/L.6 mol/L /
o o 2 20
6.10.12.16 0.991 ~0.999
ml 6 mol/L 2.25~45 pmol/pL
(3) 6 9 pmol/pL
(4) 1 mL 0.1 mol/L 2 o
o 0.014% ~0. 254%( 0.053%)  0.223% ~
N 3. 846%( 1.219%) N
DCAA. : N o
(1) 50 mL 10 pmol/pLL o
2 20 N N
Table 2 Linearity correlation coefficient LOD and LOQ of 20 amino acids standards
RZ
1% 1% /( pmol /1) /( pmol /1)
Asp y=0.1001x+ 0. 0868 0.999 2 0.254 0.514 0.19 0. 64
Glu y=0.1154x + 0. 1664 0.999 8 0.137 0. 602 0.12 0.39
Asn y= 0.0385x+ 0. 0275 0.999 9 0.053 0.613 0.49 1.61
Ser y= 0.0769x+ 0. 071 0.999 7 0. 056 0.702 0.42 1.40
Gln y= 0.0451x + 0. 0325 0.999 2 0. 042 0. 586 0.50 1.67
His y=0. 0505x+ 0.0143 0.999 3 0. 055 2.739 1. 00 3.33
Gly y=0.1043x + 0. 0568 0.999 5 0. 046 0. 658 0.35 1.17
Thr y=0.0978x+ 0. 059 0.999 5 0.041 0. 686 0. 60 1.99
Arg y=0.103x+ 0. 0389 0.999 8 0. 036 0. 607 0.58 1.93
Ala y=0.0998x + 0. 0702 0.999 1 0. 048 0. 741 0.50 1. 67
Gaba y=0.0975x+ 0. 0835 0.999 4 0. 055 1.393 0. 56 1.87
Tyr y=0.1064x+ 0. 0871 0.999 5 0. 056 0.223 0.59 1.96
Val y=0.1537x+ 1. 5453 0.999 8 0.023 3. 846 0.92 3.06
Met ¥=0.1175x+ 0. 0562 0.999 9 0. 029 0.778 1.22 4.05
Trp y=0. 0804x+ 0. 0092 0.999 8 0.017 0.507 1.41 4. 69
Phe y=0.1217x + 0. 2477 0.999 5 0.014 1.482 1.21 4.02
Ile y=0.1218x + 0. 0587 0.999 2 0.016 0. 668 1.19 3.98
Leu y= 0.1213x + 0. 0949 0.999 0. 035 0. 965 1.41 4. 69
Lys y=0.0168x + 0. 0014 0.999 8 0. 029 2. 409 3.44 11.4
Pro y=0.0814x + 0.213 0.999 7 0.023 3. 667 1.42 4.74
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: (LOD) 85% 57.47% ~
(LOQ) S/N=3 S/N=10 o 118. 74% 90. 60%; 59. 87% ~
20 o 125. 72% 89.575% 1
Lys o o
2.2 Met
4 Val o
1 mL 45 pmol/pL 5 2.3
mL 6 mol/L. HCl 110 C 24 h 2.4.6 mol/L 2
1 mL 0.1 mol/L.  HCI o 69. 85% ~ 133. 77%( 87.67%) .
1 mL 45 pmol/pL 2 43.51% ~ 185.71% ( 89.32%) . 79.85% ~
4 mL 5 mL 6 mol/L  HCI 146. 10%( 94.21%) 6 mol/L
110 C 24 h 1 mL 0.1 mol/L
HCI o 6 mol/L.
Trp  Met NH; o

1

Fig.1 The blank recovery and spike recovery of amino acid in rainwater

2

Fig.2 The recovery rates of different concentrations of ammonium hydroxide
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DFAA

10—
16—

3 6.10.12.16 mL 6 mol /L
20
90.58% -~ 93.63%91. 29%- 91. 15%
( P<0.05) 10 mL 4
45 pmol/pL
NH," c DCAA
3
Fig.3 The recovery rates of different volumes of ammonium hydroxide
a: 45 pmol /L i b DCAA ;¢ DFAA
L1- (Asp) 2- (Gl 3- ( Asn)
4 (Ser) 5- (Gln) 6- (His) 7- (Cly) 8- (Th) 9- ( Arg)
11—y- (Gaba) 12- (Ty) 13-a- (Aaba) 14- (Val) 15- ( Met)
17- ( Phe) 18- (Ile) 19- ( Leu) 20- (Lys) 21- (Sar) 22-
4 HPLC

Fig.4 Analysis spectra of amino acid derivatives by HPLC

( Ala)
('Trp)
( Pro)

o



110

2019
2.4 3
1.4
11 3 5
27.25 ~ 493.87 nmol /L ( o
182. 44 nmol /1) Met DCAA Arg 2002 (Gly P TP Arg 1.5
24.61% Gly  Asp DCAA
10.63%  9.96% -
31
3 °
Table 3 The concentration of combined amino acids Gly ?
in rainwater Barbaro »
DCAA Asp Glu  Ser  Gly  Thr  Arg Gly 0.19 ng/mL
/(nmol/L) 199.99 167.79 157.71 213.42 27.25 173.33 55% .
DCAA Ala Val  Met Lys Pro
/(nmol/L) 182.03 56.91 493.87 184.53 150.04
. DFAA (1~4
2.5 pwmol /L) ** | (2.6 ~99 pmol/L 20
1.4 pwmol /L) » (0.5~110 pmol/L 22.5
17 o 4 pmol /1) 7' Gorzelska Mopper
3.94 ~ 126. 45 nmol /L( 30 ( 0.4 pmol/L
24. 59 nmol /L) Ser DFAA 6.5 pmol/L)
30. 25% Gly Asp DFAA
15.24%  9.23%, o
4
Table 4 The concentration of dissolved free amino acids in rainwater
DFAA Asp Glu Asn Ser His Gly Thr Arg Ala
( nmol /L) 38.59 16. 37 16. 98 126. 45 8.39 63.73 15. 00 5.75 32.85
DFAA Gaba Tyr Val Phe Ile Leu Lys Pro
( nmol /L) 7.01 3.94 12.96 26.70 7. 64 6. 05 17.71 11. 86
5
Table 5 The concentrations of amino acids in particles and rainwater of different districts
DFAA/( ng/m®) DCAA/( ng/m?)
2001 PM, ; 20 25.8( 14. 6~48. 5) 110( 62. 4~207) 21
2001 PM, 5 21 129( 81.9~188) - 22
84.9(39. 3~162) -
2003 TSP 10 1.83(0.27~9.13) 9.13(1.83~36.9 23
2000 TSP 18 0.98(0.14~2.81) - 24
TSP 20 45.7( nd~179) - 25
1988 13 0.01~0.368" 26
2007 TSP 19 23.54(0.82~88.7) 98.43(37.44~215. 206 27
2014 16 183.6" (33~563) - 28
1997 PM, 5 19 58.5(8.62~235.5) 280. 6( 139. 6~439. 4 29
9 97.7(32.7~210.8) 388. 8( 187. 5~699. 6)
1985 30 6.5(1.1~15.2) * - 30
1996 16 22.5(0.5~110.0) 52.98(3.9~201.3 32
2017 17 0.25(0.11~0.52) * 0.25(0.22~0. 34)

L pmol/L; -
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A High Performance Liquid Chromatography Method for
Measuring Dissolved Amino Acids in Rain

LONG Chaojun' > XIAO Huayun' XU Yu'?® ZHAO Jingjing' *

( 1.State Key Laboratory of Environmental Geochemistry Institute of Geochemistry Chinese Academy of Sciences
Guiyang 550081 China; 2.University of Chinese Academy of Sciences Beijing 100049 China)

Abstract: The dissolved free amino acids ( DFAA) and the dissolved combined amino acids ( DCAA) in rainwater were determined by
the OPA/FMOC-HPLCFLD method ( phthalaldehyde /9-luorene methyl chloroformate-high performance liquid chromatography-fluores—
cence detector) . Rainwater samples were acidified and then experienced following processes of adding internal standard enriching by
cation exchange resin column eluting lyophilizing and redissolving then DFAA could be measured on HPLC; similarly after con—
centrated digested lyophilized and redissolved DCAA could be measured on HPLC. The average relative standard deviations of
retention times and peak areas for different amino acids were 0.053% ( 0.014%—0. 254%) and 1.219% ( 0.223%-3.846%) re-
spectively. Except lysine the limit of detection ( LOD) and the limit of quantitation ( LOQ) of other amino acids were 0.90 wmol/L
(0.19-1.42 pmol/L) and 2.95 pmol/L ( 0.39-4.74 umol/L) respectively. The recoveries of spiked samples were 59.87% —
125. 72% with an average of 89. 58%. The blank recovery rates were 57. 47%—118. 74% with an average of 90. 60% which ensured
the accuracy of sample determination. The concentration of DCAA in rainwater of Guiyang measured by this method was 182. 44 nmol /L
(27.25-493.87 nmol/L)  of which methionine accounted for 24. 61%. The average concentration of DFAA in rainwater was 24. 59
nmol /L. ( 3. 94-126. 45 nmol /L)  the minimum content was tyrosine and the maximum content was serine. Our extraction and analysis
methods can ensure the accurate and reliable quantification of amino acids in low concentration ranges and can be used for determining
concentrations of amino acids in rainwater.

Key words: high performance liquid chromatography; dissolved amino acids; rainwater; extraction



