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Direct determination of fifteen amines in fine particles by HILIC/LC-MS

LIU Zhiyi', WANG Xinfeng'", LI Min', HOU Keyong', WANG Yifeng

1. Environment Research Institute, Shandong University, Qingdao 266237, China
2. School of Chemistry and Chemical Engineering, Shandong University, Jinan 250100, China

Abstract: Background, aim, and scope Amines, ammonia derivatives with at least one hydrogen atom
substituted by alkyl or aryl groups, are an important kind of nitrogen-containing organic compounds in the
tropospheric atmosphere. Amines in fine particles constitute a significant fraction of secondary organic aerosols
and have adverse effects on air quality and human health. However, due to the relatively high volatility, strong
polarity, and low environmental concentration of low molecular weight amines, they are subjected to great
difficulty in the accurate determination of their atmospheric abundances. So far amines have been measured in
ambient aerosol particles by several techniques, including ion chromatography (IC), gas chromatography (GC),
and high-performance liquid chromatography (HPLC). However, the determination with IC was limited to the
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low separation efficiency and resolution, while GC and HPLC were generally mandatory to use derivatization
techniques to improve the separation efficiency and the detection limits. Due to derivatization processed could
bring extra uncertainty on the determination of amines, in this study, a derivatization- free determination method
based on LC-MS was developed to qualitatively and quantitatively measure particulate amines. Materials and
methods The amine standards and the reagent chemicals in this study were ordered from Sigma-Aldrich (USA),
AccuStandard (USA), Supelco (USA), TCI (Japan), and ALAF (USA). Particulate matters were collected
on quartz fiber filters (Pall, USA) at a flow rate of 100 L-min ' by a medium-volume fine particulate matter
sampler from a rural site in coastal Qingdao. Samples were extracted with methanol, enriched and concentrated
for qualitative and quantitative analysis. Amines in solutions were analyzed by using UHPLC (Ultimate 3000,
Thermo Scientific, USA) coupled with a quadrupole mass spectrometer (MS, ISQ EC, Thermo Scientific)
detector equipped with electrospray ionization (ESI) source. The separation of different amine compounds was
performed with a hydrophilic interaction liquid chromatography column (HILIC, 2.1 mmx150 mm, 3.5 pm
particle size, Merck SeQuant). The experiment investigated the effects of multiple chromatographic factors (e.g.,
organic solvent content in eluent, column temperature, flow, inject volume, salt concentration, and pH) on the
retention of amines. Individual standards were used to identify the specific amines based on the retention time in
the spectrum, and the gradient standard mixtures and Isotopic internal standard were used to obtain multi-point
standard curves for the quantification of the 15 amines. Results The HILIC column could effectively separate
most amine compounds. The retention time of amines increased as the mobile phase pH increased from 3.2 to
6.2 and decreased significantly as the salt concentration increased from 5 to 20 mmol - L. In addition, when
the organic solvent content increased, increased retention time was observed for most amines. In the optimized
analyzing method based HILIC/LC-MS, sample solution of 4 uL was directly injected into the UHPLC-MS
without derivatization. The column temperature was set at 40°C and the flow rate was 0.2 mL - min '. The mobile
phase consisted of methanol and 20 mmol - L' ammonium formate in deionized water. Fifteen amines were
determined in this study by using the HILIC/LC-MS method, including eleven aliphatic amines, alcohol amine,
two alicyclic amines, and aromatic amine. The contents of amines were quantified by using multipoint calibration
curves in combination with internal standard and the correlation coefficients were 0.991—0.999. In addition, the
average concentration of total amines in PM, ; samples was approximately 120 ng-m and dimethylamine was
the most abundant species. Discussion The results show that the developed HILIC/LC-MS achieves the direct
determination of fifteen amines with the limits of detection from 0.59 to 75.46 ng-mL " and the recovery rates of
the fifteen amines range from 59% to 92%. The precision of the analytical method was substantially good, with
the relative standard deviations for all standards less than 10%. Compared to the previous studies, the present
method displays better or similar detection limit, recovery, and precision. Therefore, it is suitable for qualitative
and quantitative analysis of atmospheric amines in the particle phase or even in the gas phase. Moreover, due to
the omission of derivatization step, the fast pretreatment process is subjected to shorter treatment time and lower
treatment cost. However, further modifications are needed to improve the limit of detection and recovery rates
of several amines and other relatively abundant amines can be tested to simultaneously detect. Conclusions A
HILIC/LC-MS method was developed and successfully applied to directly and simultaneously determine fifteen
amines in atmospheric particulate matters. It is reproducible, accurate, stable, sensitive, and significantly simplify
the pretreatment process, which provides technical support for the further studies on amines. Recommendations
and perspectives The optimized method provides methodology references for the detection of amines in various
fields (e.g., water, soil, food, and materials). In the future, the determination method can be further improved by
changing the mobile phase conditions to detect more potential species.

Key words: amines; determination; HILIC; LC-MS; particulate matter
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o DAAERFSEUERT: A HLIE AT DL 3E 5 % A H
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et al., 2009; Almeida et al., 2013; Yao et al.,
2018) , JF H AT DLl i i — 20 A0 2R A )
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P EZORE . H AT S RS A HLE
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2011a) o A& 48 & K SOA B I B 2 03 Hr 7 i
FE A L3 M1 5 (Beaudry et al., 2017) . X
A (Akyiiz, 2007; Liu et al., 2018) .
AL (HEKEE, 2017; 22/ KFIPMESE,
2017; Shenetal., 2017; Wangetal., 2022) . &
FiEEE ( VandenBoer et al., 2012; Zhou et al.,
2019; Hao et al., 2020; Chen et al., 2021 ) &TE&
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B o BRI 7 2 AT e Ak it TR TR A
R R TA VR AR R

ARIFTEA T —Fp 5T 25 K AE F A (i A
I R A 23 - BTk I HROR | A4 E KR
TR h A WL B B e b ik, AT7
BT AT EAGAR B, fRifk T AR S AL B R
T — 7 AR B LB i TR it R S R AT S
BEAR AT AT BOAR o AT 5 X6 S ) €2 3% 8 RN R ) 43 A
ZME T B HLBERE S AR IR AT X L
Fifl, feZCdsr T B8 Killf AL 2k
B4 BN E T, XTSRRIk 15 Rl
WA (BAERENIN . J5 &l . Te3ihe . BE
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1.1

A FE A A AR 1 A 32 AL v I
BiW R eSS (TH-150A, KiT, &) . <EHE
EEIR (GWQ-128, EIHEXER, #M ) | ek 7%
KAL (RE-52C, WoRAfbi#s, L) o T30
AL (HGC-24A, THBRBHE, KRE) ; H&
WA %Y (Ulimate3000, Thermo Scientific,
) . B BFT BT % A (1SQ EC, Thermo
Scientific, [ ) .
1.2

A JIURL ) FE i 1 B2 BV R0 Oy HE B (g
4li, Sigma-Aldrich, 3EE ) , i 3hAHALHE H EE,
WG ({83540, Sigma-Aldrich, 5[ ) . W 4%k
Mm% (g4, Supelco, EHE) . B FK
(182MQ ) o FrifE S ALFE 11 PR iR H e
( =98.0%, Sigma-Aldrich, 36 ) . —H & (2M
BRI, ALAF, £HE) . —HIE (=98.0%,
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CNW, fE[E) . &M (TCl, HA) . M ik (99.0%, TCI, HA) . PHEME (98.0%,
(=98.0%, Sigma-Aldrich, E[E) . =28  TCI, HA) , | Fi5F M. M (100 pg-mL™,
(99.0%, TCI, H 4) . W M (98.0%, TCI, AccuStandard, J2[E ) , 1 FEERE: ZEEHE (99.0%,
HA) . Ik (99.0%, TCI, HA) . =Wk  TCI, HA) . #HA, —HEWFENGZEY R _H
(98.0%, TCI, HA) | IETHE (99.0%, TCI, H  J-d6 (99%, Sigma-Aldrich, &) 1ERMNAR.
). ZTHe (99.0%, TCI, HZA), 2FPsErpz Jr A bR e A BN T 1,

RSP S RIRI LK. 2. TR

Tab. 1 Names, structures, formulas, and molecular weights of the fifteen amines and the internal

% 45t 7 i
Names Structures Formulas Molecular weights
e (MA)
§ . HoN— CH;N 31.06
Methylamine
— Wk (DMA ) ~N-
i : T}\’I CHN 45.08
Dimethylamine
WK -d6 b b
(DMA-d6 ) 3\§/ 3 C,HDN 51.12

Deuterated dimethylamine

—Hi& (TMA \
E_ﬁﬂﬁ \ . : N— C;H,N 59.11
Trimethylamine /
W& (EA)
el : H,N— CH,N 45.08
Ethylamine -
M (DEA) SN
S Bl CH;N 73.14
Ll Diethylamine H o
Aliphatic amine
=2 (TEA SN
.Hﬁ . ) Nk CeHsN 101.19
Triethylamine
Pl (PA
() H,N— CHN 59.11
Propylamine
e (DPA)
Pl ( DP: S CH N 101.19
Dipropylamine
. NSNS
=Pl (TPA)
. e . CoH, N 143.27
Tripropylamine
TH (BA)
o HyNoS™S C,H;N 73.14
Butylamine
— DBA
Tﬂﬁ ( ; ) /\/\H/\/\ CHLN .
Dibutylamine
i MOR /M
qﬂ* (h i : HN O C,H,NO 87.12
HEF e orpholine
Alicyclic amine £ PYR H
PG .(. ) <N7 CHN 71.12
Pyrrolidine
I5 e g (AN)
7 . * . e o CH;N 93.13
Aromatic amine Aniline NH,
E3ils Z I (MEA OH
R I ( MEA) HN— C,H,NO 61.08
Alcohol amine Ethanolamine
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Oy BIFREE E A — o AR, IS B
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1.4
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FG, Millipore, ZE[E ) U855 2 A WIHT,
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T2 ug-mL kR ( HE -d6) AH AT T
BV, R 200 pL RS IA TR EAE GUERE
B8 (—18°C) 1447, 5.
2

2.1

211 GIEAER SR

ARG HE T C18(4 35+ ( Accucore C18,
Hypersil Gold C18, Thermo Scientific, 3£ [F ) .
Pk C18 {4 3% A (Atlantis T3, Waters, 3¢ [® )
FIXS S AAE AR (4354 ( ZIC-HILIC, Merck,
TEIE ) X2 FhA AL 2H o3 1 o3 B RCR . S5R W
7N PP C18 €8 3% A ) 5 A% Ve i A B 2R Ak &

YA PR BBAER, T8 SEBRAE il e 2ok A% v e X
G318 53 S AR PR AN Al AR BT, R 52 0 A AL
A 5y W HERS E Ve S . T HILIC 68 3% 1 )
AR T AP H IR 5008, HidamA
MU, AR T RS Bk e, P, A<z
B e 1 T o B R A R ) B 1 HILIC A3 4%
(2.1 mmx 150 mm, 3.5 um, Merck SeQuant ) A
£EPFE (2.1 mmx 50 mm, 5 um, Merck SeQuant )
HATEHURH I 8. ok, AR OGSOk 1E
TR S AR AR SR KA T 35 S B R, R
MG rhE R GUREE . pHH . FEIR. KAH/ A
BUAH I o 6 B s oz 1) O B A & 520 ( Guo
and Gaiki, 2005; Dejaegher et al., 2008; Hao
etal., 2008) , DNMCABFFTMIA, XL T ARG
SARMEE . pH fH . B, Wi L AR A T Y
STERCR, AL . i AT A
2.1.2 BRI R

HILIC €83 A i a5 it sl AR e A LV R R & 1
P ER IR AN, PR G2 b v o WY R B
LR o BRSNS, an i R RT LBk A%
MR VA BOoK i A R A SR AR B AE ] (Guo and
Gaiki, 2011) , WRREL 5 2R Bl i I 1) 52 P R
PR W 225, N H W RS pH EARXT ALK B
TN, PR AR T IR E 2 vhdh . 1
Hb, A HURH YR I B 731 D4 B IRF ] 1 53 B A%
RARERZEEW, FHAAEIAEA NG TS,
Horh ZE R AR AT, BRI A
filPERe 2 . ACHEEE TR R (HEE - 7K
MM - KRR ) XA ERCR (Bl 1),
ZERFH . IR - KA R oA B o3 O B A
Tk TE —0.22—7.24, 1M NG - KA FR R R
T kAE0.08—7.24, WEERIUERIRE JIMEE T LK
OEH THEER 4T (0.93) FiEZRFHET
(0.62) ¥imF LM (019, 031) (T Ak,
2019) , M7E—EFEEERZ M T 3% /K o3 FCAE o
WAL, ABFFEIA LS 1 PR SRR F 0[] 53 544
RE sy B, R B o (REETFIE) K
JEE B P A QB 0 A ¥ B 1 2 B AR 00, B
DN 2H 53 (0 P2 B s 1] ) 25 AN B 0.05 min, DR 23
B AN N, i - KA R W5 2
M, =HWRSWKE., OS5 Th., —ok5 =
WRE AT B o 435020 1200 179, 1.47. 1.60,
CNE - KR B AT 53 8 BE a 43 3 o 1.27

DOI: 10.7515/JEE222044



HBERFRIE 274l

2,08, 1.59, 2.00, HER>EIRFEILT M.
AR, AT vl B sl 2 O RS FE N IR
SIRH (1) A% B At R 26 B 1 A RE T 2 AT WL 140 1

a 3.85x10°
3 08x10° %
2.31x100 =
_1.54x106§
7.70x10° =
A [0 E
| — - o
|- &J¥ 46
] X §0
WG = 5%
] A
. ot” &
\Z A1 8
1307 &
T T T T T T T T T 144
0 10 20 30

{1 A]  Retention time/min

1
Fig. 1

GEMRA S pH (E I

G ph R B A AT A A% R A AT E A T [ A
ORI ER (Y A =87 5 | ) E N B AN I DA |
e KZ, FEREMIL RN, WSS s] ),
T D T AR B A, ARSI T 5 —
20 mmol - L' ZZ ik i 254 T A LG I O B IsF D
2 AT, BRSOk B, KR
HUIE I £ B8 sf [B) i, 3 5 LA 98 — 2 (Guo
etal., 2007) . kRIS Pk RENE TR HE TR 1Y
ZEuhfe )1, UL AWESE 38 20 mmol - L™ (2% vh
a8

2.13

40
—— 5 mmol- L™}
354 —@— 10 mmol-L™!
s —A—20mmol-L!
=t
> 304
E
= 25
.2
5204
o
o
2 159
=
‘%10-
=

5_

Nt ----""-"—"
IR T EY
="Z T ESETAzT0ERF

%4> Names

B2 ARk B2 25 A BILINE 1A Ot B I 1]
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of buffer solution

DOI: 10.7515/JEE222044

e 2L, 5 08 B R UBURL AR il 1) 42 U 571
PP, Ay ol 9 ) A R0 i 4 B 4% T A A
*IL*H o

b i 2
5.60x10° 5
420x10° =
_280“0"%
1.40x10°
.’0 «D@

T kp)
- I 46
zﬂ i 7\ N 22690
I\ J 4
AN AR
88
;24—4 { i Y ),/5“
S A
,....,....,....,....,.'/144 &
0 10 20 30 40

- I Retention time/min

HiEE (a) FIZHE (b) VNN A HLIE R 120 E A80R

Separation effect with methanol (a) and acetonitrile (b) as the organic phase

TLBAHM pH B2 — M HEM EIESEL,
AT e [ A AR P I o 1 ey IR, AT 2
0] €A AT X S I 2 53 A P2 B 5] ( Guo and Gaiki,
2011; Alvarez-Segura et al., 2019) . 458 3%
Wl: 78 pH=4.6—06.2, ZHCAPLIALST LR R B E]
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2 0.1 amu,

AN, EFFRACEAAR S5 (s IR
L EARL BB, EEmIE IR ) LI E
DL A R AT U LA S s AR AE s rh iy
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Fig. 5 Mass signals of amines under different voltages
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HNFRY, FIH E AR 535 N AR 5 i AR L
HARRALIE . B oMrik 5 WA kMRS &,
FH B AR 535 bR P 1) 0 TR LU A R B 22 () 1Y
KARHEARMEMZ . 2 JBR THMRES NIME
SEETEM bR e, Hrh y AU R EE

x Ay 0 T AR m 0 AR LA, LR A OC R K
(R*) 5[4 0.991—0.999, AHIEME R A4F,
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Fig. 6 Extracted ion currents of fifteen amines in the mixed
standard solution
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SRR RE 4 R A R, A B ST 0k — 20T
£ T H5F HILIC/LC-MS AT HILIE I 5E Tk A A6 H
PR A% W iR, 4 0.05 ug‘mLfl HIRA
PRUE IR TR 5, A9 B4R A AL 115 1 L,
HE— R S/N=3 FI S/N=10 £&1FF 15 FhAHL
MR BE, 45140 B 5 ik i A H BR LOD (limit of
detection ) FIE R LQD ( limit of quantification )
(XURUIHAE, 2017 ) o BEAk, XTI A AR HERE S L
R PR KA IR A ST 7 I, A5 B AR
i 25 5 - YA ) E A RO AR X bR iR 25 RSD, LU
TNIZONT RGNk 3 s, el 15 Fh
BB 53 A R AE 0.59—75.46 ng-mL ', f#
B s [ R T AR RS 25 53 1R 0.11% —0.56%
1.3%—9.5%. o = H e iy st BRI i o 1 A
WAk A4, F B R T IR M B e DS s
BENAERCBARFTEL, AT X shAl . B R
FpégiE— Ak,
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Tab. 2 Linear standard curves and correlation coefficients of the fifteen amines
PIN7S AR + AR
)% External standard method External standard +internal standard method
Names Ao R Ao I
Linear standard curves Linear standard curves
MA y=1.074x—3.239x10" 0.998 y=1.510x10°x—5.226x10" 0.992
EA »=3.295%10"x—9.709x10~ 0.999 y=4.770x—9.933x10"° 0.999
DMA y=2.314X10"x+2.647x10 0.999 y=3.344x+2.829%107" 0.999
PA y=1.944x10"x—1.209x10"° 0.995 y=2.822x—1.358%10"" 0.997
TMA »=0.183x—0.194 0.991 y=24.211x—0.105 0.997
MEA »=5.022x10"x—2.863x107 0.992 y=7.512x—3.833x10" 0.993
PYR »=5.087x10"x—1.835x107 0.998 y=0.739x—2.174x10" 0.999
BA y=1.130%x10"x—2.284x10"" 0.999 y=1.640x—2.664x10" 0.999
DEA y=4.195%10"x—7.477x10™" 0.999 »=0.608x—2.311x10"° 0.999
MOR y=1.286%10"x +2.128x10"° 0.999 y=1.863x+1.922x10" 0.999
AN y=0.179x + 6.609x10"° 0.999 y=26.745x+2.826x10"* 0.999
DPA »=2.620x10 x—1.372x10" 0.998 »=0.380x—1.646x10"" 0.999
TEA y=2.780%10x+1.538x10" 0.999 y=0.402x+1.538x10> 0.999
DBA »=2.116X10"x—2.749x10~ 0.998 »=0.307x—3.198x10" 0.999
TPA y=1.952x10"x+8.563x10"° 0.999 y=0.282x+7.739x10"° 0.998

TN, APPSR IUR P R i 1AL B T AR
AHURE IR R, ARWFGEE I E T b2 A
FERY IR, 28 U8 AR S 2 A & iR A
MUK AL 3 s R AR TR R, BT HR 172 5k
B AR & bR VS W, R B T ER R Mk
A, AAFROVE WA LR R TR, Ak 3
fn, 15 B HLE I Tl i Bk b F ol $ sz
WEN (59%—92%) . HS5ERMATAELE

B N ITIE L, AR A BIAE L (W
PR ) WIBCREAL, Ko 28 if — 20 B0t i 4b
P73 LI D A LR Bk . 2R A UL R, ARHE
5% BT ## 57 HILIC/LC-MS 2087 7 i vl B 4% . [a) A
I 5E RATORL Y 15 Fla HLIE, X T8k
JE (ng-m” ®%) A VLI 5> A AR b i 4G
RO, K PR EAR, TR AR, W RS
iz,

3OS FAEYUIRARILR . KEE (N=7) KEeR

Tab. 3 Limit of detection, limit of quantification, relative standard deviation (N="7), and recovery rates of fifteen amines

% i PR FE PR A4 B B T AR X o O 2 U T AR XS o O 22 IR
Names LOD/(ng-mL™) LQD/(ng-mL™) RSD-t;*/% RSD-area*/% Recovery/%
MA 13.94 46.47 0.28/0.37 7.78/2.35 63
EA 7.06 23.52 0.11/0.46 6.75/1.61 63
DMA 9.33 31.10 0.18/0.46 5.91/1.61 63
PA 6.07 20.23 0.28/0.34 6.92/6.49 59
TMA 75.46 251.53 0.38/0.32 5.68/6.50 75
MEA 0.81 2.70 0.16/0.35 5.76/6.81 62
PYR 3.89 12.97 0.22/0.17 6.37/4.58 65
BA 5.50 18.33 0.24/0.31 6.34/6.61 78
DEA 7.86 26.20 0.29/0.24 2.57/5.17 80
MOR 491 16.37 0.18/0.31 8.31/1.33 81
AN 10.00 33.33 0.20/0.27 4.63/3.16 63
DPA 3.30 11.00 0.33/0.56 3.49/9.52 92
TEA 5.41 18.03 0.28/0.31 2.11/2.35 84
DBA 0.92 3.07 0.39/0.14 4.42/2.94 84
TPA 0.59 1.97 0.37/0.16 1.46/4.35 76

a: e / Bl a: standards/samples.
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%145

% W AN B8 2 A WL AL B, Rl 2 R 4
FIRFE K FRENAE UG, SR, BT AE L
RGP EA — WL, ATty Eg
SR T AT A AL AL BS54 M T v
BRI S, ASBFSE 8 57 9 HILIC/LC-MS 43 #7 77
DILA BRI 2 KA WA PR L o v R 1Y
Bk, PIBCRIE EEZIEE N, LT R
A AL A T Bt L 428 0 5 LA R [R) 4 S ) R ) A 3

SIS

K4 WIWRSAYNMEELINENZDR . KRR, BeR | EE

Tab. 4 Species, limits of detection, recovery rates, and RSD of common offline analysis methods for atmospheric amine

s Al

ik L Yk S R Ml E= BTN
Derivatization or X RSD-ty RSD-area
Method . Species and LOD Recovery Reference
no
Tt MA. DMA IB5E, 2013
GC-FID m ‘{ . - 88.1%—103.2% - 2.0%—8.7% EJ‘ A%
Derivatization 1540—1650 ng- mL (YiJetal,2013)
A B etk 37 Fh
GC-MS . 37 aliphatic and aromatic amines  75.6%—96.8% = 1.0%—4.4% Akytz, 2007
Derivatization i
0.1—0.8 ng-mL
R . 240, AL 13 S
PR N Lt 2 200
b aliphatic, heterocyclic an .
GC-MS e pratie, aeteroey 54.4%—159.7% - <30%  (LiuFXetal,
Derivatization aromatic amines
= 2017)
0.08—17 ng-mL
fii MA. DMA. TMA Asif Igbal et al.,
LC-UV WS Y ~100% - - stidbaeta
Derivatization 2.5—6ng-mL 2014
iGxta MA. DMA. EA. DEA
LC-FLD 1 _{ . . 84.3%—97.1% — — Shenetal., 2017
Derivatization 10—140 ng-mL
gl D57 . HAtE 25 Fif
i 25 aliphatic, tic and
LC-FLD R AHPRATLE, ATOMAHE Al - - - Wang etal., 2022
Derivatization other amines
59—140 ng-mL "'
fiitkdl MA. DMA. DEA, MOR i
LC-UV-MS . 5 81%—96% = = Miiller et al., 2009
Derivatization 17—78 ng-mL
A, A AUt 65 F
fiiAAk 65 primary, secondary and
LC-MS-MS it B, S - - - Rampfl et al., 2008
Derivatization tertiary amines
5—108 ng-mL™"
. RIS 6 Fif
FATAA PR
1C o 6 aliphatic amines 65.4%—105% <1% <3% Zhouetal., 2019
No derivatization "
0.3—11.9 ng-mL
. INGy TR 9 i
Jifiid: Ak . .
1C o 9 low molecular weight amines - <20% 2.3%—8.9% Hao etal., 2020
No derivatization 5
3.4—14.8 ng-mL
. IR 15 N
TeAiA: Ak , , ARBITE
LC-MS . 15 low molecular weight amines 59%—92% 0.11%—0.56%  1.3%—9.5% .
No derivatization o This study
0.59—75.46 ng-mL
2.5 TS bR R ASBURL YA i b I B 8OR 43 1 AE

ARG B ASHIF T 57 ) HILIC/LC-MS 43 #7 )5 1
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WY, FEVUAS PM, s A G A A 21 14 FhoAT HLRE :
Wi, W, =Wk, o, —ahe. =%,
e, B, IET R, T, Mok, mE
Mg R, HAT— RSB SN, B
FE S A FIA ML v B L3R 5. Ay 15 Fhf
MUY B 290 120 ng-m >, i =/ Jhe ik Ji

e
B A o

HARERENIE, VAR RV R 38 ik
W75 A UG A ok BE A7 AE — 0 26 5%, B an <A 6,
T - BTG I D7 i A I 4 SR v TR Ak
(Huang et al., 2014) . K, 7EJ5Ze05% TAE
AR B S R R AIURL A it X AN [ 43 By
D7 ¥ DN e 25 B AT X b, DT 4 T PP A A b 43
B s AR 5 T S

S5 PMys B ALY AR B K

Tab. 5 Concentration levels of amines in PM, 5 samples/(ng-m )

5> Names S 1 Sample 1 FEAh 2 Sample 2 FEAh 3 Sample 3 i 4 Sample 4 V1 Mean

MA 5.8 7.2 8.8 4.6 6.6

EA 1.9 1.8 2.2 1.1 1.8
DMA 66.0 89.6 111.3 78.2 86.3

PA 0.8 0.7 0.9 0.7 0.8
TMA 3.7 52 7.3 2.0 4.6
MEA 0.8 0.5 0.9 0.2 0.6
PYR 0.3 0.2 0.3 0.1 0.2

BA 34 2.6 2.9 1.6 2.6
DEA 6.2 8.4 8.1 6.5 7.3
MOR 1.7 2.7 33 2.1 2.5
AN 0.2 0.4 0.3 0.3 0.3
DPA 0.1 0.1 0.1 0.1 0.1
TEA 7.3 3.8 7.9 34 5.6
DBA 2.6 3.5 2.5 23 2.7
TPA 0.0 0.0 0.0 0.1 0.0
AHUEEE ) Amines 100.8 126.7 156.8 103.3 121.9

A5 3 1 T SRR I X EE R
Ak, #7723 TR KA O (835 A FRCRE £,
T - B R R AR AN EUR Y 15 R P
(BN vk, THRATAE bR,

ABEFEMR X H T A [R]E A AOR [ S Hr
AT DL 53 43 B SR W R R, & B HILIC
s BRI A A B A MU G, S i
VRO 5K pHLECHS 4 S S 20 AL 1) £ 7 B
[, 17T 38 0 9 A H A LA Y A ) 2 2 4K £ BR
IFlE] . BT BT EE 7 AY HILIC/LC-MS 708 ik, 15
Pl A P PR B B[R]l 2.6 —13.6 min, R
Tkl 1.01—533, BB akl1.17—1.72,
TER NSRS 59% —92%, 44 B3 s ) 1 18 FR G
KRS0 M 0.11%—0.56% . 1.3%—9.5%,
KB Al 3% 0.59—75.46 ng-mL ™", REMSIH £ KA
OB A A A DN A3 BT 2K o 5 VRO €8
T - R IBC TR BRI E KRR P e A
Y, HRAWFIE RSA DAL T 7 ik 50 he,

oy HAB ST AU A I A S 8L 7072
RA T B — LU R IE Tk, =
TR R AR W e . BR3P . BER . A
SN S YA E B, AT 4 AR A
BN LIV i ¥ S ENREE LR (RSP St A

oH, B R O, %2013 BRI EYEEKER
L R AT MR [0]. @ 5%, 31(11): 1051-1056. [Fu
Q, Wang J, Liang T, et al. 2013. Systematic evaluation
of retention behavior of carbohydrates in hydrophilic
interaction liquid chromatography [J]. Chinese Journal of
Chromatography, 31(11): 1051-1056.]

Tk, T, AR, 552017, H 3l AH AR 8
e e VAR 0 3% —— = 8 AT BT 3 R I TR R K
Rl T ) A e 23 e W) (0). BE IRERBER Y, 31(6):
56-58,64. [Gan Z Y, Yu P, Li Y R, et al. 2017. Detection of
nitrosamines in drinking water resources by aspe-uplc-ms/

ms [J]. Energy Environmental Protection, 31(6): 56—58, 64.]
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