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Rapid determination of fungal aerosol tracers using high performance
liquid chromatography-tandem mass spectrometry
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(1. Zhejiang Institute of Meteorological Sciences, Hangzhou, 310008, China;
2. Department of Chemical and Environmental Engineering, The University of Nottingham Ningbo China, Ningbo,315100, China)

Abstract; An accurate, fast and sensitive analytical method for fungi aerosol tracers including both
arabitol and mannitol has been’ developed using high performance liquid chromatography ( HPLC) -
tandem mass spectrometry A MS/MS.) without any derivatization process, which is able to greatly
reduce sample preparation time. The optimum analytical condition has been established as below
ammonium hydroxide (@: 0.0001%) as mobile phase with a flow rate of 0.4 mL-min~", oven
temperature of 45 “C ; and negative ion electrospray ionization. Under the abovementioned analytical
condition, the linear range of the two organic tracers is 0.01—1 mg-L™ (R*>0.99) and limits of
detection (LOD.) are 5.6 gL' (arabitol) and 9.4 pg- L' ( mannitol ), respectively. After
validation and application to the real aerosol samples, this new method has been proved to be a
reliable and cost-effective alternative technique for analysis of both arabitol and mannitol.
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FE R IBAE R I8 B A G 2251 R I 2R MR L) K SIE s , 8 25 R A Ve 1) 7
T, 30T DARIERE i A BRSAAE A, X RS2 R B B A 2 W A E e R AR R
FEREIE O BIF S, e I LR B B R ST AR X i = 0 2012 ARAE DY )1 4 b PO IF T 45 SR I, BL T K it
FAAE T Kt 3 3G IRBT i | BF A1 TR A b DX SR8 e 508 1 B e ) e 3 2 2Bl 1
T vl R 22 R XU DAy 2 1 A T AR DX, TR AL X M AT AL 1 S5 Tk 3 i T ik
18.29% 1 26.19%"" ; 2R 3.4 XA JURL ) Tt 35 A K i LT AL

AL AT T T AR L T 96 T 7% B0 oA D) 5 R 5532 208 5L 1 X DR 0T 4 ik O o G R A7 90 e
7107 B arabitol ) FIH 58 B (mannitol ) 45 4 |12 R I EL IR 1 F /R B, E AT T VR B 9 SO e h
LA (0550 VR B EA AR s P AR D1 RS g iR BRI 1 A 0 43 A B A L T R
A i T IR B2 R 25 R UM R vk X R R AT A A A Ak B R G E A AR I
ﬁt/([lz-lﬂ .

ASHIF S I FH e 280 TR €033 S = o DUAR AT 3 ( HPLC-ESI-MS/MS ), 3 i i Ak A XAt 2 5, 7 %
B H 8 5 2 b R LS B JE 5 A7 AE A A BRI AT AT G 4 PR ST T 1% 1
5 WL SCHRATGE. B8 J5 , 161275 15 0 TR 22 H7 R e SR B 1400 FE e it g

1 SZEG#P5) ( Experimental section)

1.1 AR 5]

EIRORAR 35 . HPLC 30A (53, HAS) s Biig . ABsciex 3200°Q trap = PUBRAF B (2 1A
B R) ARG . 7890B SAHEIEALHN 5977 A i (L HEMR, K ).

Fr it b . B ( =99.9% ) W4 [ Sigma-Aldrich /A F) (St Louis, USA) ; H & EE ( =99.0%) 1
Sigma-Aldrich 23 7] (St. Louis, USA) ; Z& /K ( {f3%4li) i B Sigma-Aldrich 23 7] ( St. Louis, USA) . X = H %
ik 3 = 3 L WEME ( BSTFA) 1 B Sigma-Aldrich 23 #J( St. Louis, USA).

it /4R 0.001% (£ 0.528 mmol - L) 1Y Z0/K L il 25 B8 4 . B 800 mL #B 217K , 288 75 i<,
A 160 wL 1 5% MK (B0 25 % RS K R B 5 5453 #5405 i AR H 2000 A i
SIAHER TS 2 P B ASAC B BB P U DR R 150 W, il IR N 40 kHz, 875 B8] 8 5—10 min, DLHERR
O, F1 N, SR E I B v, 4 oo (0 i (R s B | (R B b S i sl A S5 2 S CO, I M I ik R B8, W R AE
FE 75 M A 5K
1.2 gk 5k

A FH Dionéx B B2 43 B4 ( Dionex Carbopac MA1, 250 mmx4 mm) KA $74E ( Carbopac
MA1, 50 mmx4 mm)., 51351 25 U5 R FH W25 25 U5

T Bh ARG AT B4 40 0.001 % 1Y &K AR 467K (10:90, V/V) R EBEE N 0.4 mL-min~" | F R4
TLEE A 45 °C A fE BT s L IR 1B H-3800 V, 54 S BEE K 38 psi, FALIRE B3 0 650 °C 4l Bhin
PR E R 80 psi, AT TN 46 psi. BEFEAI A HARP AR B 257X B xRz 4k & 1 S8k
W 4 PR SR 10 WL B PASFE i 22 (8] R AR [R] 9 WA 25 47 #ir A 3 min.

1.3 eSSBS AR

VBRI LA S H 5 B s 1 it R Sl KA TR BEARAS 5 mg - L™ A BTS2 628 Tt 1Y) SRR VS VR D %
1 mg- L™ PIRARE RO T 7 AR AL, SEBR S0 B RE S X AR 20 SR A0 T L SRAE RS 19 24 h K i
(1.05 m*min™" ) S BCHEN , BTHL 3 emx3 em AYUERR ; JRASAY 24 h Hif i (80 Le-min™") SR A, BY
B 1/8 BYUERE, 3 BN 3 mL A8 27K FE 3 i B H#E1T 45 min PR A0, 2R HUGS R 28 0.45 pm (U8
1 3E 5 F HPLC-ESI-MS/MS #4713,

1.4 A e ab 37k

fic & 0.01,0.02.,0.05.,0.1.0.2.0.5 .1 mg- L™ FilBH AL AT H &8 BERAR W, U500 wL IRFRIA 5100 pL
T AR ( BSTFA ) AR R PO 205 5 11910, 76 80 C/K I i i I i PR B 1 h L 1 L
AT HEACAL PR R B GC-MS BEA TN, S 40 5250 92 I SCiik[ 13 ].
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2 R 5118 (Results and discussion)

2.1 FHIERE R AR

U DU E A Y B T i LT LA MR RE B 5 mg - L A BT SR H B A3 i v A
TS BT B B R B AR AR (R RS A R B AR BB A 2SRRI
Hbrs ER 0 0 b LS B R38N Ao e W55 HL R RN 35 A0 SV I TR Jmst S5 tR 1) FhL R |, 422
FAEZ A AR B AR E R B N S A S T RO S TR LA R R
A B R HEA BT AU Q1 UM 13 1, Q3 DUMAT4 4 7 85 7, W flf i BE & (CE)
ETESEL, 45 B B e, B B B AT (m/2) AR S 0.1 amu. HEEEE-1-"C 78 5L PR 2 S
BIPIRE S L ASAEAE, ZE AW 5T AR AR A PO Am 4. Bor s | 28 s 88 - 1-1 ¢ A BE S T4 o
m/z 151.0, m/z 181.0 Fl m/z 182.0. Bilpl st | H &8 B & H #8 BE-1-"C B F 3 F KK Am/z 71.0,59.0,
m/z 89.1.71.0 VI m/z 59.0.71.0 .89.1 .101.0.
2.2 WS

OYRTRE BAR PR BE T 35 A WIS 20 B 1) B B 38 43 A ( CarboPac MAW) <5 22 DETAE (1) 37 3 A
TER P BEPEVS T, oh T2 A LR WS 2 A il N AT IR 45 A, AT RE S 7 RS T IR IR R AT AR ZE
1, PRI L 356 FH 5 52 2 1) s SCBORR 800 18 B A Sk Tt sl A Dt sl kLA PRI 38 1) i 72 28 S B0 IE B X H A
Wi 435 R SRR SE A K R VA S 850 U A 2 2 X0 I 0 R R R R T A T R P A

DA B AR 22K e BE R LA B A5 4 1 58 08 £y, LA RT3 ash ek 2% Vi sl A LU 491 (220K 5 R Atk
F LL A5 ) SIS AH TR B Y AR | 28 22 UK s A2 S I S U sl AR 22 K 7E i £ 43 20 0.00001%—0.001%
(25 0.005—0.5 mmol - L") A4 3t Bl P S A . A1 1,2 0T LR 5 00 1) W6 {1 52 0 30 A /K e B 1) 72 Ak
SRR S 3 BT PR H R B A I Sl ARV B 0.000 1% it 43450 ) Bof BRIV 3L 2l AH 227K (Joi i ¥k 290.001% ) -
HBALK LLAF R 10:90 (V/ V) B 8 AR B e PRI UG, (AR I 19 9 20 A 207K %) J5 v 2 356 3 A 0.0001% ( 24
0.0528 mmol-L™").

PRI A UG S 2 A 9 8114 o 00, AT IR AN ] 19 7 3 T 75 380 AN [ ) A 3. — P O e v, O B
i PR A, A AR R SR T T, A AN IO 8 o A 19 e v . AR A 9 R I i i D R, el T A T
FAY3E FH A S Rl R 0.2—0.5 mL-min™", Vsl AL ALEEREAE 0.2, 0.25, 0.3, 0.35.,0.4.0.45.0.5 mL-min"".
B2 FESL PRSI AE | B Y PR =0.45 mL-min ™' B, AF BT BT f B 2000 psi, PG, 37 38 1)
PeALEFEAE 0.2, 0.25.0.3 (0.35.0.4 mL - min™" . [&] 2 I 7 Pl 4 A A H 88 BEAE i sh A% N 0.4 mL -+ min™
B, WA dpe e TR, A4k R B O S A % 86 0.4 mL-min ™'
- -8 25 18
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Fig.1 Optimization of eluent concentration Fig.2 Optimization of eluent flow rate for arabitol

for arabitol and mannitol detection and mannitol detection

AN TR Rt 2 B L S AR 2o B 2R, TR g, A i O P R, D PR 0 ) i 7 (g AHL
FEMR A B A AL 7 A S R TR BE Y AT 5T 52l B2 Dy 4—50 °C i RAT 7~ BOAE AL, (I Tl FAE T



2686 B2 5% 1k 2 36 &

IR DUASER 3 e S IR B 1 90% M B, R, A VR AR TR B A fk 3 %k 25, 30, 35, 40, 45 °C. 10
E 3FTR 2 Fl B PRIEA IR A IR N 45 C b (i e, R, 405 A IR A IR e 50 45 <C.
26 - 6

—o— [ gHfY Arabitol
—a— H & Mannitol

Peak intensity of arabitol( X 10%)/cps
— )
oo N
T T T
L A
- w
Peak intensity of mannitol(X 103)/cps

—
-~
w

—
=4

1 1 1 2
30 35 40 45
Oven temperature/ 'C

B3 ARATREE AL X 2 R H AR BRI 20

Fig.3 Optimization of column oven temperature for arabitol and mannitol detection

[Se]
%

23 FESHHf

SRR 22 SR I ( MRMD) 5347775742 (MRM 7 32 BAT S30RE e B B A7 RAE B 12 050 P 2, i
A CRIII T S AN ) | 45-E DU AR B8 IBOR Z 5080 E 1 A9 STIR T LC-MRM 5 3. 3% 07 i 5
AN B4 ST 0B T8 49 70 mim, 17 25 AR R4 < L syne™ BIVVRCAR 15 462X SR R i 5 2 W
(MRM) M7 77 T DA 258 T8 70 R A ) A 3 745 ( QqQ) I, FIF Q1 DU
PR T AR5 Q3 NUBGAT I 71T, Boi R B 151,0 1181.0.,182.0 (U RF B T (3% 1) fiti it
— LRI (MS1/Q1) HEARE#HEE (q2) , BEE 7E M % AT RERYBE T F85 1 71.0,59.0 ,89.1,101.0 45 5¢
TEF B F (R 1) BRI AL 405 (MS2/Q3) 3Bl & (MW 2 K60 5 AH1 T B 7 B8 7 X AL B B B8
R IA). fi e i 4 A B i e B B 1 B 2 5 A i A B 7B 4L TE M

BB A s R P50 205 PR30 BB JH LC-MRM 7332, I B 564 75 ( Flow injection
analysis/ FIA) , B E A F R B TIRAE SIS0 , vl URIE B si#Eee i oA 251 | LU M &
YR FRAERBE T T X TER R R T UL 9 2 BOR (R ORI, IR SS St R0 4 fo g 0 (1
(145 S HON 2R TIBR HIDT I L 280 A B 10 WAL 5 W) 2 80 s 22 2 A s e A (E LAl
HR BRSS9 7k P B T IRSEON . RS (CUR) ,46.0 psis B T HLIE (1S)
~3800 V; B TUREALIEIE (TEMY , 650 °C;Z L (Gasl) ,38 psi; MBI Gas2) ,80 psifba %
B 1.

&1 kaPEH

Table 1 Compound parameters

) il 2 A 1 HL R ) il =
LR I HL il 45 fi
BB THT iﬁﬁ%r ARk Collision cell MHEHZ T
. . Declustering Entrance Collision .
Parent ion Product ion rential /V rential /V entrance v Collision cell
potentia potentt potential/V enerey exit potential/V
151.0 71.0 -32 -2.5 -10 -25 -1.2
] Ak e
151.0 59.0 -30 -3.0 -10 -28 -1.0
181.0 89.1 -32 -2.8 -15 -20 -1.7
R
181.0 71.0 =32 -2.2 -8 -30 -1.2
182.0 59.0 -38 -3.0 -10 -30 -1.2
a 182.0 71.0 -38 -2.2 -10 -30 -1.2
HiEm-1-"C
182.0 89.1 -35 -2.0 -15 -20 -1.5

182.0 101.0 -35 -2.0 -15 -20 -1.2
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2.4 JriEvEAE
2.4.1  FHEWMATIER TN

SR FH A 3 A ST ) R RO A i R — DU AT 1 B SR ik 2 R B AR s B R N AR ) R
FE-1-"C RS IERE ST T 00, BRI R B e UL 4.t &1 4 v 2 B B AR & 15 2
TR B, H EE B BR - 1-0C PR B B R — 30 AR 3 2 R A R R R B, B
I, A B X AT 43 Sl DA P B B A T A3

120X 105
1.00X 105+
B Yo e
2.80x10°F g T
RS - Mannitol
2 L Arabitol &
v Y
5 60X10° 1510710 Hgmz-1-C
= 4- 151.0—59.0 Mannitol-1-"*C
4.0X10*+ 181.0—89.1
- Eren
20X 104 A—182.0—89.1
L / —1820—71.0
0 ! i 1 | 1 L 1 1 I1820I_IOIIl

10 20 30 40 50 60
Time/min

B4 2FAPUREYFHEEEE-1-1C B9 BB AR B 58 1 s
Fig.4 The HPLC-MSMS chromatogram of 2 organic tracers and mamitol-1-"C on selective m/z

H bR Pl ER ) B REAEB): T B 7 DR B B[R] ARG PR G v B 2 R i T etk R B B s [ WS
RN 2. FERIIFR(LOD) & UNEME = 3 A1k &4 i B2 . A6 BUR 0 ARG IR e J3F [ I 5
T HAEZS SR 24 h H W 1.05 m® min™" #Y K 23 40 PR WAL i (24 h SRAE BURFR,
1512 m*) DLJ2 A 80 Lemin™ FPii i 25 AN OB At (24 h SR AEEATL . 115.2 m?) W03 2 B, ZE UK
HARIBR AT 5.6 e L7 (FIHERE) F19.4 pe- L7 (CHEEEL) Z 10, FAL U 1.05 m™ min™" {9 K R AEERS
FAEM AT H WS 0.7—1.2 ng-m, F4EAUH 80 L-min™ 1y i i RAF SRR AE M 2= P H
I BE A 1.2—2.0 ng-m ™, B/INT A4 B 228 SOk o ARSI R 1> R A X L Al 4 ARG 9 L 1
Ty X FRARHR BE (ng - m™> 90) B B ) AARLT ARSI SUR.

R 2_ AR (35 K = FE OB 3% i 0T kA 45 2R
Table 2 Evaluation results of HPLC-ESI-MSMS analytical method

KFR LoD KEUERRZ Calibration curve WETHF Peak area RSD%
~ CES =
s S iy ERE AR
' " . AR R R TN 5 2 Recovery of (BRUERERD (SIRICHES
Reteiition VRS ) ) S BMRM & _ _
et Extracted Aerosol Aerosol Concentration ; spiked n=15) n=4)
time/min nechion concentration/ concentration®/ concentration”/  range/ Teiﬂ standards/% Producibility Producibility
volume /pLL -1 4 coefficient ~ Standards/vo
(pg'l™) (ng'm™3) (ng'm™3) (mg-L™") (standards, ~ (aerosol samples,
n=3) n=4)
b 24.5 10 5.6 0.7 1.2 0.01—1 0.9998 101.3 2.3 1.4 0.4
iy 483 10 9.4 12 2.0 0.01—1 09995  1003:13 22 18
HEmE-1-13C 4.3 10 5.6 na.* n.a. 0.01—1 0.9996 101.3+ 1.8 1.6 na.

U2 24 h PN, sREfh, 1512 meRoREZ SURRLD 24 b PM, B , 115.2 m ¥R B2 SRR, BB RE-1-PC 1R bR S b AR LT A AELE A RERIRR TS,

24 h PM, 5 sample, 1512 m3 air volume.” 24 h PM, 5 sample, 115.2 m? air volume.® Not available as '*C-Mannitol can't be detected in aerosol samples.

FAN ANE S B K ST Y HPLC-ESI-MS/MS A9/ 712 545 48 i S 6 3% i s (GC-MS)
3 SR ) e A v T L RO RE S X B3RS 2 b H AR MLAS R 9000 M 35S0 R i wff v i A7 He A
W5 A I H R s AH O R BUAE] T 0.948(R*=0.8996, P<0.001 ) ; K& Bk | 4H G 240553 170.951
(R*=0.9053,P<0.001). I AT WL | 358 37 19 HPLC-ESI-MS/MS 44387 J7 1 2 A 25 HL AT SE Y.

ZE LTI R B0 3 FUR BRI T B EAT [R5 A 4 AN /R B A RS DU BR 3535 3 ng - m 4,
IR R AR, T R, IR TR, 2 bR S 8t SRR S I v R L T R
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1.2 X H & B Mannitol
Lok o FapgERE Arabitol
X
y=1.09x-0.024 -~ A
081 R2=0.8996

,,,,,,,, y=0.837x+0.058

Tracers measured by GC-MS/(mg-L™!)
=]
[=))

A
,,,,,,, R*=0.9053
04
02 A
0 " 1 ] 1 1 1 ]
0 0.2 0.4 0.6 0.8 1.0 1.2

Tracers measured by HPLC-ESI-MS/MS/(mg-L™")

B 5 HPLC-ESI-MS/MS %5 UM (L i M Rk BE 1) LAk
Fig.5 Comparison of tracers concentrations measured by HPLC-ESI-MS/MS and GC-MS methods

2.4.2  SEBREEA AT

FE 2014 48 11 1 12 HZE 2015 4 11 H 12 HEFRK =AM 4 D SRAE SR i BoRFECREEZS
SRR (PM, ) RE S s SRR S . T IIRAR (UNNC) T T X ( NMB) Il Z2450X. ( LRABS ) LA K bt
T X (HMB) SRARSRBETERE 6 d 1 ¥R, 1 YORFE 24 h, 25 FRE S AR A YRR 1 RGK R # (1.05 m* min™")
RFE A B F DR (IR AT, 18.2 emx23.2 em) FERAEFHEHT T 550-C FHLES 5 h, LLLBRATRERI A ALY
58 SR G AEE IR R I A A5 F T A 24 h J5 L RF (B85, AL 104, Mettler Toledo, #5#f & 0.1 mg)
FREE, AR A 405 B e F T )5 SR A s SR AR5 P BRI R RE AR 76 S B e A7 - 18 CIIMKAR T &
XIFE A AT R BT i i (80 Lemin™" ) SRAE (1) A7 HEJE I (Whatman , L2 90 mm ) £ RAEHTF 550 °C
THUE S b, LARBRATRERY A MLAER B | P R R 1Y 2R AT 24 b JE B RO (B SE2-F,
Sartorius, KGR 0.1 pg) FREE, AR TEACE BB TIa SR AT s KA IS M BB AR (R RE AR 9 2% B 5 A7
F=18 °C BIVKA b 1 XA S A TR AT

BN SR MR 1 A0 BRI i 22537 5 AR 1) 3R A HLR B i (A IR 6 Fifs. & =
DX (4 A SRAE S EIE) BrBH A H R B AP B 4 51 8 5.620.7 ng-m 7 H15.7 + 1.3 ng-m ™~ BT XK
SAHLIX 4 A S SRR AT 2 SR T A, DA AT ) PR R H R A R A B R R L
B Rl H R, T BE A DR PR B R e R 1 25 A R A 0 B I A B R AR B
TR TR, 35 v ) 0 th 2 o BRI A H 28 B — 2 1) B ik

O F#3MEF UNNC T X NMB 8 i %4 LAPBS | HiH T X HMB
15 a o b

g 10 § fe\ or % =
- = | B ||| LB
: i i cncal AR
g 7= = = 3L S = = =
el lne CIAlIE R
I%E NN - || -
= = = = = = = =
0 %E %E é% é% 0 %E %E 7= =
Spring Summer Autumn Winter Spring Summer Autumn Winter

Bl 6 = X AN R B R A R AR ER ) Y 2 24
a. i #& 1% mannitol; b. Bl BE R arabitol

Fig.6 Seasonal average concentrations of fungi aerosol tracers at typical field sampling stations in Yangtze River Delta

3 %5 ( Conclusion)

ST AR B RO (35 be =T PURRAT 55 0038 B o A D7 ik, S BOKT B e 0 H B ok 2 b
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B A MR B T T A AR AR AL B R0 T R 4T B A DN, S5 AL GE i 7 iR A L, AR O vk B R T B P
P RAUE B S R S B9 HPLC-ESI-MS/MS #2087 5 B 548G 1) GC-MS 4381 5 4643 51 AR
[Fi) ¥ 5 40 O T L )R o | S5 R S 7 FH R A ok G ) T B A 2 ) A G R 8000 3R B T 0.948
(R*=0.8996,P<0.001) LA & 0.951( R*=0.9053,P<0.001) . i It 7] W, , & 57 59 HPLC-ESI-MS/MS HY 43
W5 A R E AT S 1 SR 25 R R B %0 i T R T B AR B T, A B TR R R R
JE I B ARG D A8 38 55 48 S M Pl s #E AT

X A LXK 4 A 5 SR AR R 23 AR BORE ) (PM, ) RE S 3BT 485 5 0] 8 K = A L X ) B
BEAH B BEAE 2014 4F 11 A 2 2015 4F 11 J [ A9AEHREES3 5179 5.6 £ 0.7 ng=m ™ F15.7 + 1.3 ng-m™.
H e Z 0 B L s, e R H R, nT 8 1% AL DR 2 2 T I Vb i) 19 2 SO R 170 7 1 4.
Ab, B 70 A T 22 BRI TR I im0 A0t 2 PR H B W — 2 1Y TR
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