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Rapid determination of three dehydration lycans in atmospheric
particulate matter (PM,., PM,,) by ion chromatography

QI Weihong' DAO Xu®™" LV Yibing® WANG Chao®
(1. Handan Environmental Monitoring Station, Handan, 056000, China;
2. China National Environmental Monitoring Centre , Beijing, 100012, China)

Abstract: A rapid analytical method of lon chromatography by coupling high performance anion
exchange chromatography ( HPAEC ) with pulsed amperometric detector ( PAD ) for the
determination of three dehydration glycans in atmospheric particles (PM,, PM,,) was established.
Samples were extracted by 45 min shaking in ultrapure water, and dehydration glycans were
separated by sodium hydroxide with a concentration of 250 mmoL - L™' and a flow rate of
0.45 mL-min""'. Correlation coefficients were 0.9999 for this method. The recovery was from 75% to
102% , and the precision from 1.2% to 7.1%. In heating season of Beijing in January 2016,
atmospheric particulate matter ( PM,,, PM,,) samples were analyzed. The concentration of
Levoglucosan was the highest, which were 113 + 100 ng*m™,118 + 124 ng-m™ in PM,, and PM,,,
respectively. The proportion of Levoglucosan and mannan implies that hardwood burning is the main
source of biomass combustion in Beijing.
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AW IR R R B s RGP i) — A BB VR 20 HE T RAE (1, 6-Mi 7K -B-D- N I 81 A8 0l ) S HL 7 1
SRR R P LR A A Wy Bk e ik e vl [ s i, RO R HLAE R AR AEZE R Ry
AW SRR B R E RS R R ) S 3 T SRR A S5 A A B9, 38 R LK T LR A R e A B Rk
WK AIRBE I 10 2 e 4 R/ H 52 R HUAE 20 4.3 BEARZ N 23.1 RAEW #R ik 200 32.0. F) X — 45
PR LA AT R AU v R ) A 0 SR PR IR A BRI IT 7 51 3l T 2 e s SR S A LA (OC)
FIAHE SC R, 0 LRSI A: Py BOR B A e B B Sk ) DRI 3% 3 b RO 2 40 o 2 75 e R 0 ) F 2 14
BT AT IR AR AT P A FEBLAR s P, R LSRG A i LA IS

FI T, AR (% - I I FH B AR 5l DL AR T B Lk T B R i E AT AT A AL T A B 3
FEER, Kt A E0 A9 68 X S2 50N B3 Y B MR fa BEASIS AR YRS SR RS ) T R TP A
Wy, Gy i TR FERPEMR SRR SR B 7 2c e a3 (HPAEC) 5 ik b 85450 %5 ( PAD ) 3k ( HPAEC-
PAD) 1] DUAR G- 5 AR A0 €033 S 39 P 325 3% 1 i f 1 F S BB i b R A Ak s Y, HL R i
B BT R AR R A BT S B O IR RS T A (1 h DA L) (EE AN BRARL A ey 2 BR
A2 SR Y TP A )RR g 0 — 2B A )R PR ARG B D SO MR AR i 6 L e T
KA HIREIS AT T /007 AR SR A 385 O S L8 i o v A O B 22, Rl TRl 4R
SR RE R, B & 5 i B (e 5 B B A AN 562, k= RGN T

A R B A S P ARG e T AR B S DA T RS S8, DOREE AL BE A
a AL IRAE T S 5 AR S5 T T T R G RALBIEGY ZEORUE Z3 A 45 2R B wi £ T R K4
TRE S BRI A AT ] ST T — R K AR (M, (PM,) Y 3 Tl A SRR A v sk RRURE Y
BRI XA BT 2016 AR 2= RE S HETT T O 1 A T R 38 O A X RE ST T A
Br 58] T AU T A R B B W bt R WM FE 45 5% AR il o8 2 1098 5 K05 4 Biia TAE.

1 SZEG#P5) ( Experimental section)

1.1 A A

TH-16A U 38 38 KU ) R AE AL (UK BT 23 7 ) 5 Dionex 1CS-5000 2 - €2 3% ( 2% [E Thermo
Carbopac MA1 Z3#14E (4 % 250 mm) Fl Dionex Carbopac MA1 P34 (4 x 50 mm) , K22 554G, 45 H
W, Ag/AgCl S LM, WK A FRAEDT B A, AL TR 30 °C 5 Yamato 2210 #7551 ( H ASHE A A 7)) IR % 1%
PR Milli-Q #E4lizK 245 (3 E Millipore A F],A10) ;15 mL B.04 (PTFE #57) .PTFE #4 53 19 7K A AL U
B ,0.22 um.RP #§+{k/Mi: ( Dionex OnGuard I1 RP).

B VRN 50% 19 NaOH ¥ (BC IR BRI ) 5 Bn AT i S 92 Bt ot A BRI - B AL B/ WL
WePE 2 mg- L7158 4l7K , FLPH R =18.2 MQ - em. 3 FIOREBEEAR I i 20 e 41 R 1 7L RbH L H 55 R0 (hrifE
b, 4l E 99% , Sigam 23 F]) .

1.2 By TR I Sl AH A9 T

FRUETE T BAREY) B VR S 2 me- L7 A & R ALEN K RO TR B 2 SRR E N 10 mg- L™
PIBRAERE 20U, TRAF T 4 CUKFE R U T bRUERE A0 IR 30 1 H RRI I U s i A O B 2
50,100,300 ,500 800 ,1000 ,.2000 ng-mL ™" Hp i FH ¥ 7 B FLAC.

TRENAH . TBIAH A SRk ARSI T EE ¥ 52 mL IR A S AL A B A KRR E 1 LB
1 mol « L™" i) NaOH ( Ik UEIBIfR i LA By 1k SR A BRI T i Zs S Y CO,) .

AT R BE BE R UG , B S 250 mmol - L™ S AL A YE 40 min, 3T 0.45 mL-min™", B /5 &5
TR BB AL THE A 7E 60 min 353 500 mmol - L™, ABAARAE S o (0 B w45 A 2% o 58 4 e
1.3 FRELRAE JHTALRE

KATIRA ) REE . PM, s % PM  FESCREE N TR 16.7 mL-min™', SREENH] 23 h, PM V) #I45
Day, = (10 + 0.5) wm; ORI IR HEZE N og = (1.5 + 0.5) wm. HAYE B8 FIE A G bR 0255
HI/ T3 FAE . PM, VT HIEE : Dagy = (2.5£0.5) pm; BRI LR HEZE R og = (1.2 £ 0.1) pm. i i
16.7 Lemin™' ;1% 22 < 2%.
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FESATAL B BB R A 15 mL PTFE #9504 F, A 10 mL 3 4 20 mmol - L™ 2 CAL4A
TRWARE 60 min, #1755 BRSNS 0.22 wm f0FLJE Je B8RS 38 )5, T4 RP /NS 5.

2 25 59518 ( Materials and methods)

2.1 AR
2.1.1 O KR s AR R e

TR RS ARG L T R TR 5 B 2 Fhor B AL, 405000 - MAT (PA100, MAT X} T3 Fif
H bR 0 B8 5, HL LAk B KBRS 7= A W E S 1) T30, PATOO X1 3 B AR I A 14 i 4
BIRE BT (HH TS B i A 7 R A S R R (R B 43 B 22, TR K MATL I 28 i 18 S0 BT T
TNaE Y, A7 iR EE MAT 1R K430 i A

TUBIAHTERE . MAT 43 B A AN BETH 32 48 i A AE R, S R s AR KT 0.5 mL-min™ W28 5 & S48 1
B, I H Y s AR i L MR BRI N BESE 425 3 R H AR 0 43 5, DAY abb i 2 o 45 0k ik
0.45 mL-min™" ZUE LA BRI R B A6 6, PR R VR B G on vy AR finive s | B v SRR (R VR BE RS in
W25 R TS, I, 76 2 A A S AR T R BP0 = e, e A 22 250 mmol -+ L7
BAAER 3 B HARTTE 45 min PI5ERCH 0 I B A B ST 4RGE 43 AT I ] — R 7E 60 min"' A7 ik (4 43
st a4 AA A k2 0
2.1.2 FRifEf gy

B il e B Sk 50,100,300 ,500 800, 1000 ,2000 ng - mL ™" AAR E A W FEA 7032, 15 21 3 Fh B 454 040
KMEF R 1, HICRE(R) ¥IRTF 0.999, LM H AT AR EE T 3 i H ¥ K H Al o] 68 7= A= R B8 1)
W BB 0 AT VA TR g T DL TR 1320 i 45 R T T =B IR B R BEAE 6 A X ml plA R
AN 3 Ff HERY).

R 3 FERERYI R bRE R 2
Table 1 Standard curve of the 3 polysaccharides

TR (] LIPS Y R RER
Retention time/min Correlation coefficient Intercept Slope
JETERI R BE Levoglucosan 17.15 0.9999 -0.0666 0.0069
H M Mannosan 23.45 0.9999 -0.1913 0.0200
L FLIRME Galactosan 35.55 0.9999 -0.1584 0.0160
10.0
1.7 e B8 B Levoglucosan
8.75 2. HE@&B 5 Mannosan
7.50 b 3. 7 B 4# Mannitol
a. T =EGlycerol
6.25

b. FREEFERE Erythritol
25.00 a c. AHEEI Xylitol
d. [LALEESorbitol

375 c . {3 F¥ Trehalose
2.50 . H & B Galactosan
1.25

0 10.0 20.0 30.0 400 450
{/min

B 1 100 ng-mL ' bRUEEE
Fig.1 Standard spectrogramof 100 ng-mL™'
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2.1.3  JFERE R

4 3 B B AR B IR 25 AR b B b HE DR IS, InAR i 100 ng, A 42 BUA R TP AR ED)
FTk BE NS E A 10 ng-mL ™" HZEFE S AT LR R n (= 7) RS FIRE B A5 e 45 R4 A
SRE A TR BV EE TR TN RE B RS ME R 22, #2253 MDL =1(n-1,0.99) xS 1B A R, X
MDL A 7 54 B s SRRl P A T I B e S FERBE SR n =1, BARFE N 99% B9 ¢ 4345 (B2) 5 S
o AT E BRI 2 R S A n —1, B EE N 9%, n 7 0,0 (n—1,0.99) 4 3.143.
ARG XA R BORELIS R R 10 ng- mL ™ AOFE S HEAT 7 RO , THEARE IR 22 , AR 4 130 m? SRAE &,
B BR (25 R TF £ 2).

R2 3 PERESEH B AYRS HH BR B e R R
Table 2 Detection limits (LODs) and quantification limits (LOQs) of the 3 polysaccharides

£FxR SDh/ Method LODs/ Method LOQ/
1 2 3 4 5 6 7 o 3 3

Name (ng-mL™") (ng-m™) (ng-m™)

ZE e T BE Levoglucosan 142 106 9.61 10.1 129 124 13.1 1.736 0.042 0.168

H &% B HF Mannosan 6.47 8.06 8.04 731 871 791 7.90 0.705 0.017 0.068

2L ZL BB Galactosan 132 125 13.0 142 106 129 13.4 1.107 0.027 0.107

SD Rl 22

WRAT W, Pt R AR (i 100 mL-min™") ,5R4E 23 h SRR Ly 130 m' i, Z6 i@ S0 | H 72 5R
B CEFLRER A BRANT 0.2 ng-m ™ HoAP HEE BB /NA 0.07 ng-m ™ I T4 4L GC/MS 4347
J7EEY 3.5 ngem ™ ,0.8 ng-m ',
2.1.4  MERRIE SR

RSB IES200  SPBRUE 128t IS (2000 ngmL ") (500 ng-mL™") (50 ng-mL™") ¥ JEE 45 HO B fE
SEMLIEAT 6 VI 5 A R 51 | 10 AR AR RRIE (R 2% (RSD) {28 7.5%—0.20 2 i), K31 EL U7
B S Ao I 1O B E , TSR B A 93%—107% , I3 3.

R3MERE SRR

Table 3 Accuracy and precision

50 ng- mL™! 500 ng- mL™! 2000 ng- mL™!
{4 Mean/ % 1 Mean/ = {4 Mean/ B
(:{f mL™") Reijﬁe(ryz/% RSb/% f/]n{gﬁ mL™") Reii{i{ryz/% RSD/% (?Ei mL™") Re?ojﬁeiryz/% RSD/%
22 e B Levoglucosan 53 107 1.8 508 101.5 1.1 2097 105 1.3
H#8 BB Mannosan 48 95 2.5 487 97.4 0.7 1958 98 0.5
2L 2L BB Galactosan 47 93 1.3 486 97.3 0.5 1950 97 0.5

2.2 DRI SRAE AL

VERRIE FH T A ML RAE 0 A S REEA TR Y., SR FHRAE 115 25 s s SN A 25 R D R P AR AL, 43+ 931)
FLAT 500 C FHE2 h o4 h S UERERYZS FIEL, 3 A0 H AR B3 R4 Y DRI 6 SR i A 0 ol 5 s
HEF 2 b, B .
2.3 AN[RIAE TR O HO R

DA i BB 7 s O RO B T8, T kAR AT R I AR S8 SR BT 7 4R B 3 IR %
FEECT G T AR R )R PR AR O X, 45 R 26 4. 9% 15 (4R B0k B W 0 TR R AR R TR T
ek Py ) 7.

X} 3 ASEPRFE S HEAT T 15 min 30 min, 60 min YR, 9% 500K R BE 4Bk 180 YR H & 2 AT L,
60 min[EICF S, {H 30 min (5,3 HARY) EDECR EL 2800 3K 95.7%—98.4% , A, £ #% 30 min PR35 12
B AR RAERY 1 h @ SR, TARRCRA BRIt
2.4 FEGEL

2RO A P 5 A 1A A , B2 BB R A €0 B B i 0 2 LA DR o074 o, g il € 1 A
X EHARY 53 B8 7 e 52, DR X T2 28R R B RP AR 3 385 I 2 (RP AEF75 48 5 mL I EE TS Ak
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15 min, FRAK S RHT) AT AL S A LRI L 4521 WL T 36 5, il )is RO AR A S U
TR, 3 B HARYIIY IR R T 90%.

R4 HARBUGIRG RPN L (ng-mL™)

Table 4 Extraction ratio of ultrasonic and oscillation

i a Sample a FE&h b Sample b
PR - -
Name #7760 min YE7% 60 min HFE 60 min YE7% 60 min
Ultrasonic of 60 min Oscillation of 60 min Ultrasonic of 60 min Oscillation of 60 min
JETER B BE Levoglucosan 2377 2822 704 725
H & B Mannosan 6.40 6.67 4.47 5.33
7| M Galactosan 117 130 31.6 37.7
180
160 -
~ 140 L ZEjEH R pE Levoglucosa
O
E 120 |
2
s 100 H &2 B Mannosan
2 80t
5 60
o
5
S 4t L —
20 + —_— ##L%ﬁ Galactosan
0 | | f 1
15 30 60
t/min

B2 =P S AN IR P I R T SR Gk

Fig.2 The concentration of 3 kinds of polysaccharides in different ultrasonic time levoglucosan, mannosan and galactosan

RS5O

Table 5 Comparison of different sample cleaning methods

SURE Z i FSuRs ¥ in s
, ) W 55 2R . ) 7 25 51 ST E
LT E 5L i
FRAREAEL Concentration/ FRREE Concentration/ Recovery/ %
Color . Color .
(ng-mL™") (ng-mL™")
JETRER B BE Levoglucosan bRl 2377 i 2629 90
H # H A% Mannosan HioRT 6.4 W 6.3 102
2| BB Galactosan BE 117 I} 127 92

2.5 FESBIGRAT
DO i e N = S o I s 71 s iy e B T D el D o 1 D S i = D= B A = B = el G
AATEM AR 2 6, AT FI7E-18 °C FAR-AFE 1,3 Ry ot i [ R 2 78 P 4232 9 el 4.

£ 6 AFMEAEHT ] HRE S RICR /%

Table 6 Sample recovery under different storage time

—J& One week P Two weeks —A~H A month
22 JER B HE Levoglucosan 107 106 95
H 8% R B% Mannosan 91 86 103
A FLRHH Galactosan 94 110 91

2.6 SEBREE I

(1) SEFRAE 3t e i 7K S

8 FF A7 2B I (PALL, 90 mm ) HEFTRAE , SRAERTOHIB A THE T 2 b, 30040 R 5t HEA TR RERT (6 I,
IR 7 SR — G 3 RS AR ME I (10 ng) TN TIEME b RRIERET IS, bR BERRAE, K
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FEALE 100 Lemin™" SRAEEWIE] 23 h RS A RAT T 18 COkAM I T 1 A H IE SR AL RUR 1R
F 1A A RRERINRSS SR IR 7, Horb ZE et SRR U A PM, s J2 PM,, HH A JBE 25 A5 HC Al T b SR S 1)
WRREWG , 73008 113 118 ng-m™ 2 FZAPHHIEY) BT 0 i 715 PM,, ;"R B8 UMD, 70 18 4 SRR/ H S SR
N 19.7,PM,, ok 24, 0T LIRS SR 8 25 14 6 ) ARG S B AR

R T ALRIERES 3 M ERAEEY BOR L KF (ng-m™)

Table 7 Concentration level of the 3 polysaccharides in the heating season of Beijing(ng-m™)

PM, PM,,
SN e/ ME FHE D SN /M FHME s
Max Min Average Max Min Average
2 JER B AE Levoglucosan 390.73 13.13 113 100 499.4 37.8 118 124
H &% R Mannosan 17.74 0.84 5.73 5.38 26.3 0.88 4.78 6.96
2L ZL B BE Galactosan 11.99 0.72 3.86 3.68 20.3 0.70 3.41 5.32

2002—2003 4F, Z- e SRAETE . Bk 455 3 A B MR BE 401 (33.9 £22.4) ((116.7 +82.2)
F(77.5 £54.4) ng-m™>""" 2016 4EAZEAH b 2003 45, 2256 15 JWHE 10 1k 2w AT 384 . € WF 95 R W, 7 %
T8 Jo 0 1 G038 DX R 72 e 40 B AR 10 - 249 35 4 334 ng-m ™%, 2014 4F 10 J 56 H PM, 15 ft>
2562. 2 + 1194.7 ng-m """ P TIAHXI RS AT A B 245 M {5 YLK, 2016 4F 1 A ALt &R B K5
YLy 00 A ) SR8 R R TR AR

(2) SZBRA i 4k A ot s I 5 s

3 AR A3 4 ] SRR it 0 () U 32, TN 524 300 ng, 388 305 %85 B S 56 42 AR U o 1 KG
W AR 8—9. 3 B T MW R I TE 89%—104% | [T FRAGHT: | X SEBRAE i 43 W HEA T 6 AT
B AERTAREIR 2ZTE 1.2%—7.1% , 77 A % B ik iR B R

FT 8 SIBRFE S BIMETH B

Table 8 Accuracy of real samples

FEf A SampleA FE5h B SampleB
" bR RE e s hRREHC
B PrpR N Peotepy R N
: Concentration of [a] it % : Concentration of [a] i
Concentration/ . Concentration/ .
. Standard addition/ Recoery% . Standard addition/ Recoery%
(ngeml.™") ‘o (ngemL™) 5
(ng-mL™") (ng-mL™")
JEHERI R BE Levoglucosan 170.7 439 90 491.2 759 89
M Mannosan 12.2 316 101 11.4 310 99
2 Z| M Galactosan 9.4 316 102 9.1 320 104
9 SLRREE S IR
Table 9 Precision of real samples
P 1 Sample 1 P 2 Sample 2
i SD/( L i SD/ L)
Concentration/ ( ng_ ;n) ) RSD/ % Concentration/ (( ng_ ;n) RSD/ %
(ngeml™) "= (ngemL™) "
JETER R BE Levoglucosan 57 4.05 7.1 32.6 0.54 1.7
H &% B M Mannosan 106 1.98 1.9 169 2.4 1.4
L FLIRME Galactosan 66.7 2.26 3.4 116.9 1.42 1.2

3 4512 ( Conclusion)

ARSCHEST. TR ) HPAEC-PAD 35 %E KR (PM, o PM,,) 1K) 3 b i 7K SROWH . 20 e 7 SR A
H R LI S AN BE R BE 250 mmol - L™, 334 0.45 mL-min~",3 F B TE 45 min N5
K 4575 77 AR BORE B HR BRI R] A AR 9 60 min, 4558 3 30 min. @ L 50T 2016 4F 1 7 (SR
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Z) YRR IR AT IR, S5 SR LI, FEA R, 3 P AR Wy BR B 48 s W) o vh 20 e 5 3R R TR R e i, MR EEAE
113 (PM,5) 118 (PM,y) ng-m™ . A J5 35 X SE B di 0 3l i b [T IS0 89%—104% , K %5 FETE 1.2%—
7.1% 7 R FRE TR IR KRR 3 Fh SR BRSSPI AE
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