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Abstract: Based on the newly established high-performance anion exchange chromatography with pulsed amperometric detection
(HPAEC-PAD), the saccharides in PM,, and PM,, in Beijing from 2011- 2012 were quantified. Fourteen saccharides were
synchronously detected in the aerosols samples in Beijing, which can be divided into three categories, i. e. anhydrosugar, sugar and
sugar alcohol. Anhydrosugar, coming from biomass burning, include levoglucosan, mannosan and galactosan. Sugar and sugar alcohol ,
emitted by the primary biogenic emission, include glucose, fructose, trehalose, arabitol, mannitol, glycerol, threitol, 2-meythltrtols
(2-methylthreitol and 2-methylerythrito) , xylitol and inositol. The concentrations of monosaccharide anhydrides in summer and autumn
were obviously higher than those in spring and winter, while the concentrations of sugar and sugar alcohol in winter were significantly
lower than those in other seasons. The results of positive matrix factorization analysis suggested that saccharides compounds in
atmospheric PM in Beijing can be derived from biomass burning, suspended soil or dust, isoprene SOA, as well as direct release of
airborne fungal spores and pollen.

Key words :saccharides; aerosol; levoglucosan; molecular marker; source apportionment
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1.1 FEACRE

AL B EARIE R AL bl N W A5 T 3R 58
REBEN 2R, RS R M2 5 m. A
WF2E % A 35 [E #4 i 2 5] ( Thermo Fisher Scientific
Inc. , USA) A/ W AEAR UL B RAF 44 ( High-volume
Sampler) , 1% {1 &% 53 7 B & PM,, Y] %] &% ( GUV-
ISHBLL) F1 PM, , VI EI %% (G1200-41) , A DL 43 5% K
S PM, 80H PM, AT oR AR, RFET &N 1. 13
Lemin ™', ARSZH SR FH W 5 LA AR 0 f R AR R, 40
FIBLAE PM,, F PM, (VI EI2%, [GIES 2E4T PM, Fll PM,
X HE SR AR SR EENTE] A 2010 4F 11 A 10 H ~2011 4F
10 H 20 H R4 592 A uE AL A it A o 1 b
FLH Rk AXAANFTT. ITARRYIRE—R( ~
24 h). kI3 A7 3 £ 4 98 B ( Tissuequartz
2500QAT-UP, 8 x 10 IN, Pall, USA) ,ffi i T 600°C
YUBe 24 b, BRI AT RER I A AL 4. TR AR
S B A it 2 AR TE L 28 J5 B A% B T
= 20°C R R HELE , ELEI S HTaL.
1.2 HEa kb e

RSN AU E AR 2.20 om® B9 K
DEHERE S ARSI, A 2 mL &K, 5+
BB (O FH AR 9805 DL G 7 i 5 vk ) R
ZEHL 60 min (HE vKAS R KT ) . AR
AR L LI AR (0. 45 um, Pall Corporation,

NY, USA), 2 BR A€ OB e DLV i 10 24 2. 2o %
J& B AEBOR IS BAR R, A 15 3 09 A B0
BHRERIRAET 4°C VKA, BN 20 Hrilast. S i
FHIEES A4S X975 A K b I Be 0 R 1 0T 8 P v
Ve ARJE R AR OK | ALK A Pk 3 i, 7E58 K
AR VAT BT S B AR 1 T
fri 600°C FHERE 8 h, FARVR HIG & .
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TEJE R h LA 14 MRS,
AR MG 6E M, EILRME . A b
SROME | O | BTRLACTRERS | ER R N =R U5
BT | 2-FPJE T O 2- FY 2 0 A R 2- FY i
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AT 5T 5255 A8 H 19 43 BT AL 2% 0 Dionex 1CS-
3000 BB 7 @, S0 B AR 4Lk MY & Dionex
Carbopac MA1 43 M7 #E (4 x 250 mm ) Fl Dionex
Carbopac MA1 f£9#E (4 x50 mm). #:if: 30°C; #F
FEARL: 25 Ly LA 1 mol-L™" NaOH HIZK bk ¥ i
PEAT ZIoRR R, B 0. 4 mLemin ="', EUETHT
8]} 60 min, £04% ; 15 min (FAGH; 30 min ) 480
mmol - L.~" NaOH %ﬁ%,ﬁﬁ, 15 min 480 mmol-L. "'
NaOH #] 650 mmol-L ™" NaOH {125 M6 B itk 2 101
V5 W T RN AR i 22 40T 4%, Tl
96% ~103% , EEMESAL AP BRI PR -5 FE XS i
e W3 117 ARBIFER PR R 3 B R IR i
f) Dionex Carbopac MA1 Z3HAE. LU i AR b
5B RIS Wy 2 e B2 22 ) B0 AR ol £k AN 5% 2
Bz, HYRT UL, 20 28 Ak W 20 1 06 T AR ik
HERGLMELR, BRZWHA T HRRZLERT
99.9% . MEAb, 7S R i rf A Bl AL 5 P s 25
RERT AR R, X 14 Tt 28 4 1 5 W e % 55 B
ARG 43 B AT, Gl 1 .

F1 FEBREUESUHRNRSHENRERE
Table 1  Detection limit and relative standard deviation

of main measured saccharides

Wik 1 P 4 B4 st i) e T
" /ng-mL ™! A 22/ % AHXT I 25/ %
LB 0. 002 0.2 1.9
IR B P 0. 002 0.3 2.1
i 0. 006 0.5 2.8
[CEPA(&R 0. 002 0.4 3.3
H R 0. 004 0.5 3.5
H R 0. 005 0.5 3.2
H 2 b 0. 005 0.7 4.0
LR T 0.01 0.7 3.9
A 0. 003 0.8 2.2
L 0. 003 0.8 1.4
b 0.08 0.8 3.4
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Table 2  Linear regression equations for standard curves of saccharides
wEY A A ¥4 R R AR RE %
N etk 8 11.9157 0. 000 0 99.997 5
2- I EL &tk 8 4.429 4 0. 000 0 99. 948 6
2-HISE TR etk 8 3.2213 0.0000 99. 965 7
DIy etk 8 10.7155 0.0000 99.988 4
ZNi Ltk 8 5.5960 0.0000 99.9227
Ao e R A &k 8 3.2655 0.0000 99.946 3
(DRI etk 8 7.3679 0.0000 99. 9457
HEE R etk 8 4.4549 0. 000 0 99. 8703
TR etk 8 9.2432 0.0000 99.952 1
H {3 8 6.3265 0.0000 99.9019
(TENRIEE 37 2t 8 2.196 4 0.0000 99.6170
LR etk 8 3.2980 0.0000 99.903 0
2 Ltk 8 3.5024 0.0000 99.743 3
SRk Zetk 8 6.3779 0. 0000 99. 900 8

I-glycerol

A-threitol

Gutrehalose

2umy

]'lm.munuiwl

14-fructose

] 50 100 150 200 250 300 350 400 450
HH iR (] /min

B1 wEEESMIRERERR RIS

Fig. 1 Chromatogram of the saccharides standard samples
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Je Rt IX PM,  Fil PM,, FOBEE AL & 1) Bk i
FIAE S 259 (8 23 51 M9 (600. 02 = 399.13) ng-m ~* Fil
(792.34 +510. 10) ng-m >, ¥ & 15 Bl 73 1) 2 66. 12
~3389.08 ng+m *Fll 116. 52 ~4 302. 30 ng-m >, Il
3. Hrp s R & m R R 6w, 4

4 o R RV Y 1L 43 301 R (369. 21 £ 242,34 )
ng-m >, 23.65 ~ 2428.93 ng-m~’ il (428.32 =
271.09) ng-m>, 24.41 ~ 3061.91 ng-m>, 5
Zhang %51 1 il GC-MS 4381 J7 2% 45 9 b 5 38 X
PM, Fll PM,, " Zc Jié ) 5% W 4 X vk B 45 SR AR
[ (307 £345)ng-m *F1(397 £432) ng-m > ]. B3
AV SR ER A A2 RE WL 2. ] LUE H
WEIAL G B B 1) e (2 4R v i AR R R i
WK BT HE . HERREY
SRR 6 MM T A R SEX. X FEEE
P 6 2 Al i X 22 24, 22 WORS A1 #%
A58 7 B TE ) SRS I AR A ) SR8 7 ) 1A Wk
W BT NS 3 TR AL W) SR K i 3
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WY Bk B bR Mk B B M BL (70 ~ 1316
ng-m ), WL 4. 3 RIEBERMAE YA P, M
PM,  BAESF- 25 1 A BUIR AU R - K B2 4k
G (439 £308) ng-m P F1(498 £323) ng-m ],
B[ (90.2 £77.3) ng-m F1(162 +115) ng-m ]
MWL (61.2 £47.7) ng-m > F (117 +80.1)
ng-m > ] HABAREZEAE PM, F1 PM,, 7 S5 L

15330 73% F1 62% . A Tird #) M 2 Fie ) —
R KA &8, 76 PM, 1 PM P, 2 2B K
WEE 1 85% AiAy , LB A W BB e IR X Ik 3t RS
I BRI 52, 2 UL M SRR, N
=EEE PM,  HPM R S L S,
Y A B o T R B, A AT T R
e R AL S, R Sy bl

x3 dFEHER PM, ;/PM,, EMIEEL EWHEFEIRE /ng-m

Table 3 Annual average concentrations of the saccharides in PM, s/PM,, in Beijing/ng-m ~*

WS PM, PM, s 9% )3 710 il PM,, PM, #e BT
iy ikt 369.21 £242.34 23.65 ~2428.93 428.32 +271.09 24.41 ~3061.91
BN 22.52 +14.51 0.00 ~143.3 27.43 +16.81 2.13 ~265.92
27 b 14.82 +10.61 0.00 ~226.83 19.92 +14.31 0.00 ~213. 44
V¥ 439.01 =308.23 23.65 ~2653.31 498.09 +323.29 26.66 ~3297.01
e 26.62 £21.91 0.12 ~185.62 41.81 £31.13 1.13 ~246.52
PN ik 4.13 £5.02 0.00 ~331.44 8.00 £6. 16 0.00 ~58.00
AR 2.01 £1.87 0.00 ~22.52 2.84 £2.39 0.00 ~67.01
2-H BT U mE 13.80 £12.23 0.00 ~72.53 17.54 £15.42 0.00 ~81.47
T R 10.33 +£9.51 0.85 ~95.30 31.91 £26.90 2.19~137.42
BRTR A A 7.44 £9.41 0.67 ~74.22 21.07 £20.42 0.85~133.11
AL 3.86 +2.11 0.00 ~18.13 5.51 +2.86 0.00 ~31.22
bl 61.21 +47.72 3.37 ~444.81 117.03 +80. 14 10.32 ~544. 74
T 22.14 £15.73 7.12 ~202. 80 46.24 £27.52 3.09 ~343. 60
AW 62.01 +58.64 4.76 ~399.76 95.39 +91.43 11.97 ~567.58
bk 7.41 +4.73 1.92 ~58. 12 21.73 £10.04 4.38 ~77.84
bt 90.21 £77.33 9.85 ~459.82 162.09 +115.23 34.71 ~881.93
B 600.02 +399. 13 66.12 ~3 389.08 792.34 £510. 10 116.52 ~4302.30
1) IERIOR AR G, RHARZ R A 25
R4 AAMEBEERUEDERERENLE
Table 4  Comparison of total measured saccharides in different regions
SR HbL 31 SRR [A] A A 2 Y WL/ ng-m 3 SCHik
s s A BIX 1A ~ %A 10 A M2 s 600. 02 (66. 12 ~3 389. 08) RBF5E
PM,, 792.34 (116.52 ~4302.30)
EL PG Y Lhafh FOiN 7H PM, 5 61 (32 ~115) [19]
26 #M San Augustine EZi) 11 H~&FETH PM, s 70.4 (15.4 ~355.1)
FE M Clarksville EZN] 1~7H PM, 5 128.4 (7.5 ~372.2) 1201
2 [ 5 M Dallas IR IX 1~7H PM, 5 52.4 (15.8 ~196.0)
& [H WA ZARM Higley Al 1 X 1~4 A PM, s 24.1 (1.1 ~83.0)
HZE 84(38 ~129)
S A 2 e ABIX X PM, 5 133(83 ~175) 121
&= 375(70 ~1316)
L& 292(88 ~683)
SEE 46 Howland forest PR 5~10 A PM, 5 10 ~180 [22]
%N 9~10 A 17 ~134
Wk Wt 11~12 1 PM, § 10 ~537 (18]
RBIX. 1~6 ’ 14 ~1085
EZi} 1~12 H 1~43
P X HE TSP 399.7 [7]
] WX / PM, 5 268 8]
RBIX PM, s 340

2.2 JiKkE
o AW | =5 AL S A2 e A S LA Kb Y H R

RBERBTRLAA R, PM, AT PM, HP i 7K 8 o 2 ik
FE B A Y754k ) DL 3. A A v 43 A A 41
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Ky (PM, 5 ), PM, s i & i 5 B T PM, R Y
85% ZiAi. XFPIL G AR T 22 i A B M 55 A= 1
WORBEHE i 1 R ) # LA 20 kL 4 Ay 320 20 B
MIE 3 ] DUE B AOBEFERR R 11 kB e, 7
PM, s il PM,, 1 J3 43 551 O (1349.42 = 798.80)
ng-m I (1804.09 +839.93) ng-m’; FfEiK
W B B2t BAE 5 1 78 PM, s Fll PM,, v i 2
I35 R (128.93 +£70.15) ng-m > Fl (161.59 =+
102.22) ng-m ™. 7E PM, ;B & A9 H -3
W (11 H) R EARA P (5 A) 105 4%,
PM,, "R 11,2 A5, 65 b DX A ) R 08 1) 24
FER 3 AHEB FU(6 H) ., Bkl (9 ~10 H)
FREIEIE (11 7)) AW KRR B A 3 S A ) i
Wby H i R T m AR, Foh DL 6 H 2 Uik
FHRBER IS S B I (ILIET 3) .

2000

N % B PM,
E 1500 [
2 Z
= 7
5
£ 1000 (4

.

P 7

2 0l ?

& s il ) z

1IN e

o 4 4 (4 A Y A A F9 (Y 1Y

12 0

20104 20114

3 PM, 1 PM,, PRk ERERENAHTK
Fig. 3 Monthly variation of anhydrosugar

concentrations in PM, 5 and PM,,

2.3 h

WEAE Y i . B R RS f i i) R EIE A,
B OkrT kol N Y AYSE S I I EE
VIR . PM,  FI PM,, Hom o B 3k G H 15
AU 4. AT DVE BETER | BT T4
B, ORI OB R BE K P de e 1 R
17 A, 1E PM, Al PM,, ik B8 0 531 R (129. 85 +
91.01) ng-m > F1(241.36 +138.76) ng-m ", Ak
PV EE N BLAE 5 H 76 PM, s Al PM,, PR BE 43 51 R
(46.58 + 24.64) ng-m" Fl (96.02 + 40.93)
ngem . FKZEMIER EE G =, 1T RE SR A A KO A A
FAMVIEBNAHIC. B R S A AE W FoK SR B 2215,
LAEPUCE] | KA KA AR B ERR T BEXT KRR
T A A W TR B3 fn A EE LRSS e A L AT
& ,PM,, Y 3 Bl A A AR IR RRAE L PM, A9 S
F,PM, Y 3 RS AR 2N R A ARy
TE—E MR L, X PT RE 2 SR, B0 o

A B A . AR T 2 1
YO PRV T AELISOR 0 2 95150 2
VR £ RIe] e LI A C, F0096 0 RE
A RIS 2 XPIELISORL o B A 90 .00
T,

250

3 PM,s

200 a8 PMyy

W e i /ng-m
2

100

wn
=

]

=

R ]

B4 PM, F PM,, HHEREREN BHTL

Fig. 4 Monthly variation of sugar concentrations in PM, 5 and PM,,

2.4 BHEE

WEREZRAL A W S B AR W UR — UHE Y, A4
FEREREE | BRLAOREEE . Y =R 2-F LT DU EE A
KRR | MR WLEBEAE. BR2-H LT UmEZ
Ab HARRRRE R AL G W ERL ORI 43
. 2-H LT DU RS 2 AR 5 s 1 A
NP H AR AR R — kA LA I S
SOA 4y TR EEY) , T2 B4 A £ 4 ok g v . b
BEAE L R R N AR S R B2 AL S RN 1 835
FEMIVER DU DL H S B A R sy 32, 2 2
W T FE BT, W R M AR I 5
TREERO P PM, I PM  HOR T R 4 A
KA AR LI 5. D il AT H R A o B KA
KETHEETA, EFN. 6 ~ 12 AR L
B S AR R X AR A A v R v e e
Py B 11 A, 78 PM, 1 PM,, 9 ¥R B2 4 1k
(124.74 +89.81) ng-m > Fl (221.74 + 144.20)

250

= B PMys
. 200 |- @ PMjo
|E ?
2 150 — 2 7
=R 99
07 U nn
4 ZI 277
= 1 ‘N 9 4 4 A
1 ¢ A U gl A [E
s0 4 1 B A1 A U A A
[ Al HF A A
dn i
o [EA 1A E ZMSZHEZ NS MR Mz Sz HES
11 12 |1 2 3 4 5 6 7 8 9 10
20104 20114¢

E 5 PM, fnPM,,PiEERERENAHTL
Fig. 5 Monthly variation of sugar-alcohol

concentrations in PM, 5 and PM



3940 o

B 306

ng-m "y FARWEE L BLZE S A 76 PM, FPM, Y
WP K (23.79 £17.19) ng-m 7 Fl(61.46 =
42.86) ng+m™’.
2.5 BERISWRRE

RAARW WS WA 53 1R+ 53 T
17 BRALTE I, RPBLEE 3R T30 B VYA L i
W, L AE s A RS DL A HOBE B TS
00N A ELE L AR DL R TR R R
XoF T RURL ) i R S A B W 2H o Y 2 A B T
K500, Fu 2500 R PMF Y ik bR R BIE 5T A PR,
B [ B 5 KA T R B W R R 5
FALFEEY B BE . BT YA AEk AR
W/ NS & R R, AW ST PME Y A BT A5 78k
IR AE RS PM, PR 28405 W) B R R I8
Br, 3274 AEESL. 7E PMF BRI M rf B 5 45 Fh 2
SIRINRR 552 3 ~7 R4 5ilia 47 PMF, 455 [
T4 30 Y. M4 PMF B IR0 23 b7 445 SR i e
PP AR 6 TR IL R KB T &)
A BRI AT, 25 R 6 . I Al LIE
AR R A T B R R AR 1

100
- ] (a) BT A R ikee
% 80 -
2 o
e
g 40
S
20 +
Rt
0 I 1 L L I L H L 1
90
80 (o) W3 MM [

F Wb B i iR %
£

1 1 1 1 1

] (e) TS W =REEHE

F R B0 ik

s 2
T
R |

i #gHE ]

Seietiyen [
b ]

5=
2-1 35 TIAE [
H Y
Wl i el [
it 5

T 1AL A TR R R H 8 R o] B T
M 82.24% 1 92.61% . N N XPiFp b &8 18
K H 5 AW 0 £ 4 AL 2 R Y TR
Py, GBI 1 E2k B T AW Bk beHEROIR Y 51
fk. 2 2 DL 2-H L T PUBE R RRAE, 2-H 36T g
2 T R 90, 71% . 2- WL T PUEE | A BRE
R KA AE YR VOC—R 1k — otk E 4k
7R BT LA 2 EEoE A T 55 T SOA HERUE
(R DTiR. b R BT R A R 2 B A R A T 3
oA B TR 3 AR 80.90% il 74. 81% . X
PR Iy B SR IR 2 T B, U 1 3
FEORIE T B S STk, s R s e e
K 4(77.09% ) , G BR8] V2 AF7E T 5 | 1
VLS TCHEHES Y, A IR R D A
) T B4 T B RS R ATT
PR RH P 4 2 ORI T 38 B2 Fvb A2 1 5
Wk, NP5 EELAN = BOMERE, N+ 5 WER =
s 3 T AR 93.57% . TN = AR [ AR IR
BRI Tz, e A DL R R b
R AN =l (2 R IE T ALY, U R 5

100

o, ]
0 1 1 L L L
'1._ e
2 ie T

2 ] (b) HF2 R TARSOA
% L
2 60
H"
g-ﬂ]—
&
] 2wl
) i
o LA ] I T s I vy
80 —
L o0f @EF e
= 60|
550—
M 4o -
Jocsd
= 30
gzo—
10+
0le= 1 M1 1 ||_|| 1 ||-“l||—‘
40
o 35| (DET6 ek MRS
g 30
2 5
520—
= 15|
§10-
o
B E EBE =
E ox B =
= 2 =®

Feivetiisens [0
R
H B

2-E T YR

B6 ImASSERPELRLGWHISIERNT

Fig. 6 Source apportionments of saccharides in the aerosol in Beijing



11

EMOARSE ;. JERUH R

JBE FHORE AL 0 4 2 R B R R

3941

UG T — Py =B AR R HEBCUR , WA B . A
BRI S AR TP AE R F 6 T, 1 6 v 40 H Al
SRHEAY ) G B R AY 28, 04% T 28. 44% . 7 HE
FRBEERSEAT Y 1R N fews WAL &4, T iz M Af
FETHPIR RS FF, nb 48 R, Fu %
AW Z Rk i & i i m AR &, T IS AR
KA TR EED, R LU R 7 6 2ok H T
AER AR e S A HE IR, i ELIR - 3 s A e
H S 32.20% , Ui W 5L TR S I R A e
HORE P A — 2 B BTR , 3X 5 Elbert 257 X1 2 38h B
WA IR 45 1 — 3K

3 &g

(D AR KAE B R T 14 FipsZsfe
EY 045 3 RPN, B ZE e B e 2R R
FREZLERM ; 3 Pl RIHE 45 0 . S0 R Sk 8
Fobi e, BIH 8 i BT R A s B 2-H 3L T DU
(2-HSE IR ME BN 2-H L AR B RIS ) | T =B, T3
Pt AHHBEA LB,

(2) LTI X (V5 2 B R A 1) PM, 5 Al PM, H
WEEACG W) BV FE I 3 51 66. 12 ~ 3 388. 08
ng-m F 116. 52 ~4 302. 30 ng-m ~* , 4EHME 5351
}9(600. 02 +399. 13) ng-m > F1(792.34 +510.10)
ng-m_3.

(3) At KA B B | BRI =
FAG WAL 2 AR ARARRAE . SRUR T A T
BRI AHE  BR AT B B TR R IE T4
YIS HE A BE RO R | A< 22 B A AL R

(4) i PMF U5 fift B 455 280 X At 30 301X 42 4F
PM,, TOBERAL & W AT ok U5 A r. S5 R W db ot
KA HRERAL G T L4 R 6 FhoR i, AL
FEAEYI TGS . I M SOA, Wk ERE M T,

B ARLIAE T E S IR Guenter
Engling Z08% 13256 % 58 B, JBag 52 56 22 T4 A\ DXt
AR A3 B FH 7 B A S B
B 3k
[ 1] Simoneit B, Elias V O, Kobayashi M, et al. Sugars-dominant

water-soluble organic compounds in soils and characterization as

tracers in atmospheric particulate matter [ J]. Environmental
Science & Technology, 2004, 38(22) : 5939-5949.

[ 2] Després VR, Huffman J A, Borrows S, et al. Primary biological
aerosol particles in the atmosphere; a review [ J]. Tellus B,

2012, 64 15598, doi; 10. 3402/tellusb. v64i0. 15598.
[3] HeKB, YangF M, MaY L, et al. The characteristics of PM, 5

[4]

[10]

[11]

[12]

[14]

[15]

[16]

[17]

in Beijing, China [J].
(29) : 4959-4970.
Wang W, Wu M H, Li L, et al. Polar organic tracers in PM, 5

Atmospheric Environment, 2001, 35

aerosols from forests in eastern China [ J ].

Chemistry and Physics, 2008, 8(24) : 7507-7518.

Atmospheric

Fu P Q, Kawamura K, Chen J, et al. Diurnal variations of
organic molecular tracers and stable carbon isotopic compositions
in atmospheric aerosols over Mt. Tai in the North China Plain; an
influence of biomass burning [ J].

Physics, 2012, 12(4) : 8359-8375.
Zhang T, Claeys M, Cachier H, et al.

Atmospheric Chemistry and

Identification and
estimation of the biomass burning contribution to Beijing aerosol
using levoglucosan as a molecular marker [ J].
Environment, 2008, 42(29) . 7013-7021.
O3, THEE, SBHE, % M KREKBRPHESLE
YIRS EERIR (1], BheFidai, 2009, 54(17) : 2562-
2567.

228 PR, FRISE, SR 1 PV, s PR A I AL KR
WA [J]. iS4k ( AARBLSERR) , 2013, 19(4) .
387-392.

E#, EWE, @O, GRS Yo b
[1]. 43Hrfk2#, 2001, 29(2) ; 222-227.

TRIRE , NI, SR, A AU B T sc i A -k e &
I o T AN P (], @i, 2008, 26(5)
626-630.

Atmospheric

Engling G, Carrico C M, Kreldenweis S M, et al. Determination

of levoglucosan in biomass combustion aerosol by high-

performance  anion-exchange chromatography — with  pulsed
amperometric detection [ J]. Atmospheric Environment, 2006,
40 (Supplement 2) ; 299-311.

Liang L L, Engling G, Duan F K, et al. Characteristics of 2-
Methyltetrols in Ambient Aerosol in Beijing, China [ J].
Atmospheric Environment, 2012, 59, 376-381.

Burshtein N, Lang-Yona N, Rudich Y. Ergosterol, arabitol and
mannitol as tracers for biogenic aerosols in the eastern
Mediterranean [ J]. Atmospheric Chemistry and Physics, 2011,
11(2) : 829-839.

Ho F K, Engling G, Ho S S H, et al. Seasonal variations of
anhydrosugars in PM, 5 in the Pearl River Delta Region, China
[J]. Tellus B, 2014, 66:. 22577, doi: 10.3402/tellush.
v66. 22577.

Yang Y H, Chan C Y, Tao J, et al. Observation of elevated
fungal tracers due to biomass burning in the Sichuan Basin at
Chengdu City, China [J]. Science of the Total Environment,
2012, 431 68-77.

Zhang T, Engling G, Chan C Y, et al. Contribution of fungal
spores to particulate matter in a tropical rainforest [ J ].
Environmental Research Letters, 2010, 5(2): 024010, doi:
10. 1088/1748-9326/5/2/024010.

linuma Y, Engling G, Puxbaum H, et al. A highly resolved

anion-exchange chromatographic method for determination of

saccharidic tracers for biomass combustion and primary bio-



3942

® b

2% 36 &

[20]

[21]

[22]

[23]

[24]

particles in atmospheric aerosol [ J].

2009, 43(6) : 1367-1371.

Atmospheric Environment,

Yuri K E, Dye C, Kiss, G. Ambient aerosol concentrations of
sugars and sugar-alcohols at four different sites in Norway [ J].
Atmospheric Chemistry and Physics, 2007, 7(16) : 4267-4269.
Graham B, Guyon P, Taylor P E, et al. Organic compounds
present in the natural Amazonian aerosol ; characterization by gas
chromatography-mass spectrometry [ J]. Journal of Geophysical
Research, 2003, 108 ( D24 ). 4766, doi: 10.1029/
2003JD003990.

Jia Y L, Clements A L, Fraser M P. Saccharide composition in
atmospheric particulate matter in the southwest US and estimates
of source contributions [ J]. Journal of Aerosol Science, 2010,
41(1) . 62-73.

Wan E C H, Yu J Z. Analysis of sugars and sugar polyols in
atmospheric  aerosols by chloride attachment in liquid
chromatography/negative ion electrospray mass spectrometry [ J ] .
Environmental Science & Technology, 2007, 41 (7). 2459-
2466.

Medeiros P M, Conte M H, Weber J C, et al. Sugars as source
indicators of biogenic organic carbon in aerosols collected above
the Howland Experimental Forest, Maine [ J]. Atmospheric
Environment, 2006, 40(9) . 1694-1705.

Simoneit B R T, Schauer J J, Nolte C G, et al. Levoglucosan, a
tracer for cellulose in biomass burning and atmospheric particles
[J]. Atmospheric Environment, 1999, 33(2): 173-182.

Fuzzi S, Decesari S, Facchini M C, et al. Overview of the
inorganic and organic composition of size-segregated aerosol in
Rondénia, Brazil, from the biomass-burning period to the onset of
[ J]. Joumal of Geophysical Research-

the wet season

[26]

[27]

(28]

[29]

[30]

Atmospheres, 2007, 112 ( D1):
2005JD006741.

D01201, doi: 10.1029/
Liang L L, Engling G, He K B, et al. Evaluation of fungal spore
characteristics in Beijing, China, based on molecular tracer
measurements [ J ]. Environmental Research Letter, 2013, 8
(1): 014005, doi: 10. 1088/1748-9326/8/1/014005.

Claeys M, Graham B, Vas G, et al. Formation of secondary
organic aerosols through photooxidation of isoprene[ J|. Science,
2004, 303(5661) : 1173-1176.

Bauer H, Claeys M, Vermeylen R, et al. Arabitol and mannitol
as tracers for the quantification of airborne fungal spores [ J].
Atmospheric Environment, 2008, 42(3) . 588-593.
Bauer H, Schueller E, Weinke G, et al. Significant
contributions of fungal spores to the organic carbon and to the
aerosol mass balance of the urban atmospheric aerosol [ J].

Atmospheric Environment, 2008, 42(22) . 5542-5549.

Elbert W, Taylor P E, Andreae M O, et al. Contribution of fungi
to primary biogenic aerosols in the atmosphere: wet and dry
discharged spores, carbohydrates, and inorganic ions [ J].

Atmospheric Chemistry and Physics, 2007, 7 (17). 4569-
4588.

Fu P Q, Kawamura K, Kobayashi M, et al. Seasonal variations
of sugars in atmospheric particulate matter from Gosan, Jeju
Island ; Significant contributions of airborne pollen and Asian dust
in spring [ J]. Atmospheric Environment, 2012, 55; 234-239.

MR, JUIT A S SR A R IR B XA LAV e Dk
RIBEFE[ D). Jbat: iFHEReE, 2014.

Paatero P, Tapper U. Positive matrix factorization; a non-
negative factor model with optimal utilization of error estimates of

data values[ J]. Environmetrics, 1994, 5(2): 111-126.



HUANJING KEXUE Vol.36  No. 11

Environmental Science ( monthly) Nov. 15, 2015

CONTENTS

Composition and Source Apportionments of Saccharides in Atmospheric Particulate Matter in Beijing = +:eovesvereeesseerssesenennens LIANG Lin-lin, Guenter Engling, DUAN Feng-kui, et al. (3935)
Comparing Cell Toxicity of Schizosaccharomyces pombe Exposure to Airborne PM, s from Beijing and Inert Particle Si0, ++esveeereereeseseeens LIU Meng-jiao, HUANG Yi, WEN Hang, et al. (3943)
Analysis on Regional Characteristics of Air Quality Index and Weather Situation in Beijing and lts Surrounding Cities During the APEC -+ GAO Qing-xian, LIU Jun-rong, WANG Ning, et al. (3952)
Analysis About Spatial and Temporal Distribution of SO, and An Ambient SO, Pollution Process in Beijing During 2000-2014  «-+- CHENG Nian-liang, ZHANG Da-wei, LI Yun-ting, et al. (3961 )
Characteristics and Formation Mechanism of a Multi-Day Haze in the Winter of Shijiazhuang Using a Single Particle Aerosol Mass Spectrometer( SPAMS) -
............................................................................................................................................................... ZHOU Jingbo, REN Yi-bin, HONG Gang, et al. (3972)
Modeling Study of A Typical Summer Ozone Pollution Event over Yanglze River Delta «++eeoeeerereresvsssineniinininnine ZHANG Liang, ZHU Bin, GAO Jin-hui, e al. (3981)
Distribution of Regional Pollution and the Characteristics of Vertical Wind Field in the Pearl River Delta ++-veeeveeresreresresennensininiiiinineinnnen LIU Jian, WU Dui, FAN Shao-jia (3989 )
Distribution Characteristics of Urea and Constitution of Dissolved Nitrogen in the Bohai Sea and the Huanghai Sea in Spring «««+seesseseeereeee LI Zhi-lin, SHI Xiao-yong,ZHANG Chuang-song (3999 )
Relationship Between Agricultural Land and Water Quality of Inflow River in Erhai Lake Basin =~ «ereeoeeeereeessssmssensiiiniiiinen PANG Yan, XIANG Song, CHU Zhao-sheng, et al. (4005)
Input Characteristics and Pollution Assessment of Nutrients Pollution in the Primary Pollution Source of the Daliao River + MA Ying-qun, ZHANG Lei, ZHAO Yan-min, et al. (4013)

Temporal and Spatial Distribution of Nutrients in Daning River Sediments and Their Correlations with Chlorophyll in the Three Gorges Reservoir Area +«esseseeeesessessesssenensnnsmncnennens
............................................................................................................................................................ ZHANG Yong-sheng, LI Hai-ying, REN Jia-ying, et al. (4021)

Summer Greenhouse Gases Exchange Flux across Water-air Interface in Three Water Reservoirs Located in Different Geologic Setting in Guangxi, China «++s+-eseseerereesesenenennienienene
.................................................................................................................................................................. 11 Jian-hong, PU Jun-hing, SUN Ping-an, et al. (4032)
Distribution of Redox Zone at Different Water Layers in the Presence of Periphyton and the Responsible Microorganisms ««+:++«+sssseeeereers WANG Feng-wu, LIU Wei, WAN Juan-juan, et al. (4043)

Distribution Characteristics and Source of Fluoride in Groundwater in Lower Plain Area of North China Plain; A Case Study in Nanpi County

............................................................................................................................................................ KONG Xiao-le, WANG Shi-gin, ZHAO Huan, et al. (4051)
Distribution Characteristics of Fluoroquinolones Antibiotics in Surface Water and Groundwater from Typical Areas in A City »++reereeeseereereenees CUI Ya-feng, HE Jiang-tao, SU Si-hui, et al. (4060)
Distribution of Aerobic Ammonia-Oxidizing Microorganisms in Sediments from Adjacent Waters of Rushan Bay —«ereeoeeeeseereresenimmenenninicnenn HE Hui, ZHEN Yu, MI Tie-zhu, et al. (4068 )
Sources, Migration and Conversion of Dissolved Sterols in Qingmuguan Underground River LIANG Zuo-bing, SHEN Li-cheng,SUN Yu-chuan, et al. (4074)
Water-Sediment Partition of Polycyclic Aromatic Hydrocarbons in Karst Underground River -+ ++ LAN Jia-cheng, SUN Yu-chuan, XIAO Shi-zhen ( 4081 )
Variation Characteristics and Sources of Polycyclic Aromatic Hydrocarbons in Karst Subterranean River During Rainfall Events «+-++++++++++ JIANG Ze-li,SUN Yu-chuan, WANG Zun-bo et al. (4088)

Distribution and Transportation Characteristics of Heavy Metals in Nanshan Laolongdong Subterranean River System and Its Capacity of Self-Purification in Chongging ««++«=++sseseesessereereenees
............................................................................................................................................................ REN Kun, LIANG Zuo-bing, YU Zheng-liang, et al. (4095
Distribution of Mercury in Plants at Water-Level-Fluctuating Zone in the Three Gorges Reservoir +-v+eseeseessreessserensienienenennnenne LIANG Li, WANG Yong-min, LI Xian-yuan, et al. (4103
WANG Ren, LI Da-peng, HUANG Yong, et al. (4112
-+« WEI Hong, SHI Jing-zhuan, LI Jia-lin, et al. (4121
WANG Zhong-ming, HUANG Tian-yin, CHEN Jia-bin, et al. (4127

Development of Sediment Micro-Interface Under Physical and Chironomus plumosus Combination Disturbance ++-+*

Norfloxacin Solution Degradation Under Ultrasound, Potassium Persulfate Collaborative System -+

Degradation of Acid Orange 7 with Persulfate Activated by Silver Loaded Granular Activated Carbon -+

Kinetics and Reactive Species Analysis of Dimetridazole Degradation by Ti0, ««+e+rerererrereresrssseserensscnneinsie s CHEN Dong-mei, YU Ze-bin, SUN Lei, et al. (4135
Performance and Mechanism of Ferric Tannate in the Removal of Inorganic Nitrogen from Wastewaler +:«+s«ssessesesesensensssnenenninenennnenenes ZHANG Rui-na, LI Lin, LIU Jun-xin ( 4141
Performance of an Intermittent Aeration Membrane Bioreactor for Removal of Veterinary Antibiotics from Piggery Wastewater «+eeoeeeseeseereeeeees DING Jia-li, LIU Rui, ZHENG Wei, et al. (4148

Advanced Treatment of Incineration Leachate with 05-BAC and Double 05-BAC
Effects of Hydraulic Retention Time and Dissolved Oxygen on a CANON Reactor with Haydite as Carrier

DU An-jing, FAN Ju-hong, LIU Rui, et al. (4154
WANG Hui-fang, FU Kun-ming, ZUO Zao-rong, et al. (4161
CUI Jian-hong, LI Xiang, HUANG Yong, et al. (4168

Inhibiting Form of Ammonium to AOB and Inhibiting Rule

Nitrogen Removal Using ANAMMOX and Denitrification for Treatment of Municipal Sewage «««+«+eseesserseesenenenemienenenninnenens ZHANG Shi-ying, WU Peng, SONG Yin-ling, et al. (4174
Rapid Start-up of Simultaneous Nitrification and Denitrification Coupled Phosphorus Removal Process and lis Performing Characteristics «++++++++++++ LENG Lu, XIN Xin, LU Hang, et al. (4180
Effect of HCO5™ on Nitrogen Removal Efficiency in Partial Nitritation-ANAMMOX Progess +oeseseereseseeessesensnssnniiniiniens LI Xiang, CHENG Zong-heng, HUANG Yong, et al. (4189

Research on Cultivation and Stability of Nitritation Granular Sludge in Integrated ABR-CSTR Reactor - WU Kai-cheng, WU Peng, SHEN Yao-liang, et al. (4195
-+ XU Xin, PU Wen-hong, SHI Ya-fei, et al. (4202
XIE Hai-ying, WANG Xin, LI Mu-yuan, et al. (4208
Research on the Screening Method of Soil Remediation Technology at Contaminated Sites and Tts Application «+««ssereeeerereerensenesieneneneiencnnens BAI Li-ping, LUO Yun, LIU Li, et al. (4218
Comprehensive Risk Assessment of Soil Heavy Metals Based on Monte Carlo Simulation and Case Study = +++«seessereeseseserenenenienenennenes YANG Yang, DAI Dan, CAI Yi-min, et al. (4225
Heavy Metals Pollution in Topsoil from Dagang Industry Area and Its Ecological Risk Assessment ««eseseereereeesererenesenennens ZHANG Qian, CHEN Zong-juan,PENG Chang-sheng, et al. (4232
LI Zeng-quan, JIANG Chang-sheng, HAO Qing-ju (4241
LAN Mu-ling, GAO Ming (4252
(

Influence of the Application of Activated Persulfate on Municipal Sludge Conditioning

Influence of Temperature on the Anaerobic Packed Bed Reactor Performance and Methanogenic Community

Effects of Land Use Type on Soil Microbial Biomass Carhon and Nitrogen in Water-Stable Aggregates in Jinyun Mountain -

Influence of Different Straws Returning with Landfill on Soil Microbial Community Structure Under Dry and Water Farming

Carbon Source Utilization Characteristics of Soil Microbial Community for Apple Orchard with Interplanting Herbage —«++xesvereeseseesnereens DU Yi-fei, FANG Kai-kai, WANG Zhi-kang, et al. (4260
Effects of Different Kinds of Organic Materials on Soil Heavy Metal Phytoremediation Efficiency by Sedum alfredii Hance = «++++++-eeveeeeee YAO Gui-hua, XU Hai-zhou, ZHU Lin-gang, et al. (4268
In-situ Study on Effects of Combined Amendment on Translocation Control of Ph and Cd in Soil-Vegetable System —+««+sesseseeseesessenesnsenenineens ZHU Wei, LIU Li, WU Yan-ming, et al. (4277

Effects of Rice Cultivar and Typical Soil Improvement Measures on the Uptake of Cd in Rice Grains WANG Mei-e, PENG Chi, CHEN Wei-ping ( 4283
Pollution Characteristics and Ecological Risk Assessment of PAHs in Water and Fishes from Daging Lakes * WANG Xiao-di, ZANG Shu-ying, ZHANG Yu-hong, et al. (4291
Depth Profiles of Methane Oxidation Kinetics and the Related Methanotrophic Community in a Simulated Landfill Cover +-+-++esseeeseeeeeees XING Zhi-lin,ZHAO Tian-tao, GAO Yan-hui,et al. (4302
Enhanced Performance of Rolled Membrane Electrode Assembly by Adding Cation Exchange Resin to Anode in Microbial Fuel Cells = «++veseseeeeesesneeeees MEI Zhuo ,ZHANG Zhe, WANG Xin (4311

Development of a Monoclonal Antibody-Based Sensor for Environmental Pyrene and Benzo( a) pyrene Detection +«+++++sssessseesesssssnssnssninnesnnnienenes LI Xin, QIAO Yan, ZHONG Guo-zhen ( 4319

N N N N N s N N N N NI NI N N )



F &K
BlE%Hm. &

CGMEFRZFE)FE 6 RmEE

EREpr
S OMGEI B I

% F. (RUEKREIHET)

Ji

YL EARIE EULE
KE O XEER X B
AT Bt %2 A
OO S

w w #E

(HUANJING KEXUE)

T W Nl
Wi
B i B
WV B

=
A

AN
=

HE @ %
JEI Sl A
KFE WOE

ENVIRONMENTAL SCIENCE

(Monthly  Started in 1976)

(HT) 1976 4E 8 A4l
20154E11 A 15 H 436% H11H Vol.36  No.11 Nov. 15, 2015
+ & P EPER Superintended by Chinese Academy of Sciences
* B P EBERE A S ETEE 0 Sponsored by Research Center for Eco-Environmental Sciences, Chinese
i g (LABINSeE ) Academy of Sciences
U BT 3 85 5 B B 2 WF 5T B Co-Sponsored by Beijing Municipal Research Institute of Environmental
WOk o 2% FROME 22 B Protection
* % ORI [ i School of Environment, Tsinghua University
% B O(IRBE R ) A E R A Editor-in -Chief OUYANG Zi-yuan
£ 1=
. e Sy N Edited by The Editorial Board of Environmental Science ( HUANJING
JLHCTT 2871 {5 A (T3UE DX XU ’
KEXUE
18 5, HBIBL T : 100085 ) ) _
LT .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
1 .010—62849343 ’ Tel ;:010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn E-mail : hjlx@ 'rcees. ac. cn
http:/www. hikx. ac. en http : //www. hjkx. ac. ecn
i BR 44 3 " & i Published by Science Press
bR AR AL 1 6= 16 Donghuangchenggen North Street,
ZIN N B
MR B S . 100717 Beijing 100717, China
BRI 2 3T  dtatdbakepiin— Printed by Beijing Bei Lin Printing House
* 1T 4 4 & K ik Distributed by Science Press
135 .010-64017032 Tel:010-64017032
E-mail : journal @ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT W & 2ELHIHEE Domestic All Local Post Offices in China
EsE&RIT TEREFRERES BN Foreign China International Book Trading Corporation (Guoji
(b5t 399 f546) Shudian) ,P. 0. Box 399, Beijing 100044 , China
= ISSN  0250-3301 N
R EHS 5. 2-821
RERRATIS, Do o030 EREER S,
E M E fi:120.00 ESRITRS: M 205

EMWSRFET



	封面2015.pdf
	中文目录.pdf
	20151101.pdf
	英文目录.pdf
	封底.pdf



