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Abstract: Amino acids (AAs) are dissolved organic nitrogen, which are widely found in water
bodies. During chlorine disinfection, AAs can be converted to potentially biotoxic disinfection
byproducts such as haloacetonitrile, halogenated nitroalkanes and haloamides. During the process of
chlorine disinfection, chlorine rapidly reacts with the vast majority of free amino acids, particularly
o-amino acids, forming organic monochloramines or dichloramines. These organic monochloramines

undergo decarboxylation and dechlorination reactions, resulting in the formation of aldehydes and
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other odorous disinfection by products. Odor has been an important problem and challenge in the
water supply industry, which can cause residents to worry about the safety of tap water, and the rapid
warning and the traceability of tap water odor are an effective strategy to deal with the odor of the tap
water. Therefore, it is necessary to determine the concentration of AAs in water bodies, especially the
tap water. However, the concentration of AAs in water bodies is trace amounts, mostly in the range of
nanograms to micrograms per liter, which puts more demand on the development of analytical
method. In this work, a method of solid-phase extraction-ultra performance liquid chromatography
tandem triple quadrupole mass spectrometry (UPLC-MS/MS) was developed for the determination of
18 amino acids in water bodies, and the sample pretreatment conditions and instrument conditions of
UPLC were optimized. The optimal pH value of water sample is 2.8, the eluent of the drip washing is
methanol-acetic acid solution (1:9, V/V), the eluent of the purge is ammonia-methanol solution (1:9,
VIV), and the mobile phases are 0.2% formic acid in water and 0.2% formic acid in methanol-
acetonitrile solution (1:9, V/V). The results showed that the standard curves of this method for 18 AAs
have good linearity with the correlation coefficient (R”) larger than 0.991 3, the limits of detection and
the limits of quantification are 0.06-0.23, 0.19-0.76 nmol/L, respectively. The recoveries are 60.1%-
123.2%, the relative standard deviations (RSDs) are 1.7%-18.7%, and the inter-day and intra-day
precisions are 3.7%-7.0% and 3.3%-7.1%, respectively. This method was used to determine the
source water in a drinking water treatment plant, the total concentrations of 18 amino acid are 300-
500 nmol/L, in which the concentration contribution ratios of alanine, valine, aspartic acid and
asparagine are relative high.

Key words: solid phase extraction; amino acids; quantitative analysis; nitrogen-containing organic

precursors; ultra performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS)
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Table 1 Optimized parameters of mass spectrometry

4R By THET ES NS Tl R T 2 Y 1T R R
Name Precursor ion (m/z)  Product ion (m/z)  Declustering potential/V  Collision energy/eV  Cell exit potential/V
H 2R 76 56 41 14 6
(g1 90 443 29 16 7

ETEAlA 118 72.1 38 15 6
SR 131.9 86.2 38 15 6
SESERIR 132.1 86.2 44 13 7
ENER 166.7 120.1 46 14 14
HER 205.1 146 58 23 9
it R 182 135.9 39 19 6
RAEIR 134 88.1 30 14 7
KA 133 74 45 20 3
WER 148 84.1 49 21 7
R 147.1 84 43 22 15
AN 1472 84.1 40 22 6
PR 150.2 104.2 43 14 9
227 R 105.9 60 26 15 5
IR 120 74 36 14 6
i R 116 70.2 42 20 6
HER 156.1 110 64 20 5.5
F R = iR -d3 153.1 136.1 51 13.3 7.53
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Table 3 Comparison of the limits of detection and limits of quantification
between this method and other related studies
ik W5 5% R H AR B ST AL 2 WEE R E R 7%
Method Measurement Target to be Sample Calculation LOD/ LOQ/ SCHk
etho environment measured pretreatment method (nmol/L) (nmol/L)  Reference
AR (- i Ham ., . — — 0.01x10°~ 0.001x10°~  [24]
FRIB BT AR (T) 0.20x10°  0.100x10°
FHIR TS L-NRBR . L-22% N-o-(2,4-—fif%E-5- — 0.49~ 245~ [25]
MR . D- KA HREL)-L-N &k 420 8.40
(26) Jliz(FDAA)
FREERAOKIRR REAHER . BE THHFER IEL4 20~ 80~ [26]
i, R RR%(18) (DNFB)fiidifk 470 1570
TR (1% - MR AR, RNER  RENAAL fEMELL 11.64~ 38.80~ [27]
%(20) 58.60 195.40
BEABAR RS- BEESRER LOaERR. A Mk EEA Gz — 0.10~ [28]
PUBR AT - L L R SR (26) (e 0.25 mg/kg
TE B o B
RS- SRR R AR AR . — IEL 3 6.05~ — [29]
VURAT & AT TH] MR (15) 95.16
i Zen R . KRR BLAERL fEE 0.13~ 0.25~ [30]
R IR (35) VERET U 25.00 mg/kg 50.00 mg/kg
OB - ik HER . RA/E  6-ZFEMmh- N (S 1x10°~  2x10°~ [31]
AU AT BT M. BEBEE  FEIEHIBEW LA 1x10* 2x10*
(34) FEHRERATAE L
RRORAR (% PN NIIN REAR FA FERARN fEMEE 3x10°~  10x10°~ [32]
. 2&iR(16)  (PITORiAEAL 18x10° 59x10°
WORH (35 EE 2R AR K fift fEMet 0.0001~  0.001~ [12]
RIS KEmRa (21) 1.00 10.000
[ HIAE - S 22500 WA I HIAE frlk it 020~ 0.65~ [19]
T R TR (- SERIRAF (20) 38.16 123.47
IR K R, R, BEMEI B2 001~ 004~ [21]
SRS (15) 0.27 0.90
K 28R, WA, [ AR FrEfRZE  0.06~ 0.19~ A7
SR (18) 0.23 0.76

TE: FRl H AR P i (o) 50000 E b S LR

THAAS B LA D YRR, 302 i T C
AR iAo, A D% HAT K LOD #1 LOQ,
H & ZHEM M LOD/LOQ ZE shyui F #H L B A 7
I, R RWATTIEE R BRGE.

WRA PR T BT KRR, A 05 7k 5 Je i g 7
(15 Fh 2 56 R 7 2 PV B B K LoD AN
LOQ, fHFEANXT L B Fh 2 FE /R, nT A4S H AR Jr ik
R BRGE, SR TR 40 Ak,
A &R LOD BT 0.25 nmol/L, LOQ HJ 1k
F 0.80 nmol/L, 7% #h i I /N, 7 83 AAR S 1
YA g R Blan, V8 iR WY I B R
RS H SR AN 202, A7 A R BR B . it
A, AT BT DL TR BT 1 3 R R, B
6 HH BRALAI

18 Pl FE R 7E 24 h Y% H 18] FN H PR 2 B

3R 3.7%~7.0%, 3.3%~7.1%, ta & Pk B i,
4R T3R5
2.4 ERREE@mINEK

A A T7 8 X5 7 A A Ll BE K A 5K i
17 6 D H MR BRI E, 15 A48 [FH
FE B VR K M REXT Le, 25 B8 TR Ta, WL,
2023 4%, 18 P & BE R 1 B Mk B UK OF- S 300~
500 nmol/L, “F- ¥k £ °4 403 nmol/L. 5 2022 4F
FHEE, WEK b S SE TR B F B B E R, X TR S
B RENE O G Tl A 7 1 sh Wk 2 TEH AT 6.

& 7b AT DL B, JRAK 18 Fh A IR A
Rl IR . RN AR & i 5 i o TR
) 3 P FE R, KA & i s . K&
T fre 114 S 2 R 7 1 B E 52 RE 8 X AR (gt
FEAEV AR e, B VIO, Bk, vk
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Table 4 Comparison of LODs and LOQs of amino acids determined between reference [21] and this method

FOLR ¥t BR LOD/(nmol/L) SERFR LOQ/(nmol/L)
Amino acid SCHR[21] AIriE k21 Ak
Reference[21] This method Reference[21] This method
HER 0.22 0.10 0.71 0.35
[N 0.19 0.10 0.61 0.33
SRR 0.05 0.11 0.18 0.38
SR 0.17 0.14 0.58 0.46
e R 0.17 0.18 0.58 0.60
KNER 0.01 0.06 0.04 0.19
ER 0.04 0.15 0.12 0.50
i SRR 0.11 0.18 0.35 0.61
RAAR 0.12 0.17 0.39 0.56
KAk — 0.14 — 0.48
BAR 0.24 0.10 0.80 0.34
R — 0.16 — 0.54
eI — 0.22 — 0.72
F iR 0.13 0.20 0.43 0.67
22T R 0.17 0.20 0.57 0.67
IE R 0.27 0.23 0.91 0.76
it = R 0.24 0.11 0.80 0.38
HAER 0.11 0.14 0.38 0.48

x5 I8 HREMMABE. B NEEEMREELIE

Table 5 Inter- and intra-day precisions and stability data of 18 amino acids

K5 )% Precision/(RSD/%)

FasEME Stability/%

H [8] Inter-day H P Intra-day 6h 12h 24 h
H&Em 5.4 5.1 105.2+6.2 100.6+7.9 103.243.6
(=Y 48 43 100.7+2.1 104.1+1.4 101.1£3.2
ETERN 4.0 3.9 97.746.3 99.0+2.6 105.3+4.4
SERIMR 6.3 6.5 99.9+6.7 101.0£5.6 100.4+1.6
e E R 4.1 3.9 106.4+3.5 101.142.1 102.3+1.4
KNER 7.0 7.1 101.9+4.8 102.1£1.5 104.4£2.3
(R 5.6 5.4 102.5+3.3 103.4%1.5 91.2+7.1
Pk R 49 4.2 101.2+4.1 102.6+0.6 102.6+1.2
REE R 3.7 3.6 102.8+1.3 102.1%1.0 97.0+6.3
KAk 52 5.9 101.6+3.6 100.7+3.1 101.246.0
BER 6.5 6.0 100.8+3.7 102.3£2.5 101.0+4.4
TR 3.3 3.7 101.7+3 .4 102.5+1.2 101.4+£2.8
B E I 44 4.7 100.710.8 98.0+3.6 100.3+3.4
iR 6.1 6.3 108.9+5.4 101.7+0.7 103.6£1.0
225 R 3.8 33 99.4+5.5 95.5+3.4 99.9+2.7
INRIR 6.8 6.1 98.8+4.3 92.8+6.7 100.2£2.5
i 2R 5.6 4.9 105.246.2 100.6£7.9 103.2+3.6
WA 3.8 3.7 99.843.6 103.8+1.4 100.2+7.0
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Fig.7 Total concentration (a) and percentage (b) of 18 amino acids

in source water of a waterworks in different months
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