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Chemical Compositions and Sources of n-Alkanes and Saccharldes in PM2 g from

Taian Clty During the Summer -7 e »
YIYa-an', HOU Bhan- fang1 2 YANG Qf{n Coit, LIV Xiao-di', Lt Zheng‘, bk Jing-jing' ¥, ~¥AN Liig
WEI Ben-jie', “FU Meng -xuan' / 4 ‘4 -\ ’ '
(L..S¢hool of Environment and Planning, lebcheng U-i!uveralty, Liaocheng 252000, Chlnd 2. State |Key Laboratory of Loess “and
Quat(}rnary Geology ,* AInstitute of Earth Env1r0nment Chinese Academy of Sciences ,“Xi’an 710061 China; 3. Liaocheng Environmental
Monlt()rmg Centety Llaocheng 252000 Chinaz 4. Chinese Acad_e.my for Environmental Planing, Beijing 100012, China)

Abstract To investigate the variations and sources of n- Mranes and sugars in Taian City during summer, PM, ;samples were collected
from July 22 to August 19, 2016. The identified n-alkane and sugar sources were investigated using a principal component analysis
(PCA) multiple linear regression (MLR) model and a backward trajectory model. The results showed that the mass concentrations of
PM, ; during summer were (37.2 £11.5) pg-m ™. The mass concentrations of n-alkanes were (83.3 £34.7) ng-m ™, the carbon
preference index (CPI) was 1.83, and the relative contribution of wax n-alkanes was 34. 7% -69. 4%, suggesting that contributions
from terrestrial plants were more significant in Taian City. The results showed that the mass concentrations of sugars in Taian City

-3

during summer were (73.4 +£46.6) ng-m . Levoglucan, galactosan, and mannosan were the main saccharides, accounting for

64.0%, 7. 1%, and 6.3% of the total concentrations of sugars, respectively, indicating that biomass burning is much more significant
in Taian City. The results of the PCA-MLR model suggested that n-alkanes and sugars in Taian City during summer were mostly from
terrestrial plants, coal burning and biomass burning. The backward trajectory model showed that the pollution mostly came from the
native sources of Shandong province and the inland cities in the south.

Key words:n-alkanes; saccharides; sources; PM, 5 ; Taian City
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. I F/ABECaR) 102094 7 o:lio,.-as“ 0.840.7 1~
LG 1.420.6 / /1.0£016 12506
Ly | b (ol 1.0£0.5" & 0.90.5 0:9°£0.5 *
TR Rk ,-f‘%iﬁ‘*iﬁ(‘czl) 3.01.5 & 2.7£1.5 2.9£1.5 7
= TR BTR(C,) 1.6 +1.0 /| 1.4+0.6 1.5+0.8
gV : JIE:JrE[‘Jﬁ%(_(;m.)""'_f‘ 2.120.6 2.3:1.T 2.2+0.9
o o AE A PG 1.9£0.8 2.1+1.0 2.0+0.9
| E=THEE(Cy) 5.5+2.1 5.3+2.7 5.4+2.4
IEZF7R5E(Cy) 2.0£1.0 1.9+0.9 2.0+0.9
IEZERE(C,) 5.9+2.5 5.9+2.9 5.9+2.7
Rk ngem - Efﬂ‘/\ﬁ(czg) 2.7+1.1 2.5+1.3 2.6+1.2
EZHIUEE(Cy) 12.8+6.7 11.9 £5.6 12.3 6.1
IE=5E(Cyy) 4.3+1.7 4.0+2.2 4.2+1.9
o FREIEM B E=t—5E(Cy)) 9.3+4.2 8.5+4.3 8.924.2
IE=+TkE(Cyy) 5.0+2.3 4.9+2.8 5.0+2.6
E=T=%5E(Cs) 8.3+5.5 7.1+4.0 7.7+4.8
IE = PUkE( Cay) 6.8+3.3 6.4+3.6 6.6+3.4
IE=THEE(Cys) 7.6£3.0 7.5+4.0 7.5+3.5
IE=FNEE(Cy) 3.8+1.8 3.7+1.7 3.8+1.8
it 86.0 +34.3 80.7 £35.4 83.3+34.7
IR 5.4+4.5 5.1%2.9 5.2+3.7
it K AR H 2 R Hk 4.8+3.4 4.4£2.9 4.6 +3.1
2 THE A SR 46.7 +32.8 47.1+39.3 46.9 £35.9
T2 5.4£2.7 4.1x2.1 4.8+2.5
. Fopk 4.3+1.7 3.0+1.8 3.7+1.9
s _ TR 2.1£2.0 0.8+0.7 1.5%1.7
LELT T 1.0+0.8 0.7+0.5 0.9+0.7
ok g s 2.1+1.1 2.2+1.1 2.1+1.1
e Epci 3.0£2.0 3.0+2.5 3.0£2.2
JLE 0.7+0.4 0.6+0.5 0.7+0.5
Ml s 5.8+1.2 5.9+1.2 5.8+1.2
At 75.6 +44.7 71.1£49.2 73.4 £46.6
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Table 2 Paired sample t test for the diurnal differences in

concentrations of PM, 5, n-alkanes, and sugars in Taian City

&M P (e P
PM, 5 0.334 K 0.975
oy F i beks 0. 589 B 0.956
o TR 0.518 JiES 0.993
ERLERE 0.514

2.2 IEMKERETE YLREIE

W 1 Fron, A A I 2 19 RO be ke
(n-alkanes) ,/H\ﬁf}%ﬁéﬂm?mﬁjﬂ Cg ~ Co, TR
AALFEFE M 19.3 ~ 166.5 ng-m ~°, F e BEH N
(83.3 +34.7) ng-m . K IE M St K& A9 o 1 1k &
[(86.0 +34.3) ng-m > | W& /& T4 0) [ (80.7 =
35.5)ng-m | (¢ K1, P >0.05) ,{HE 725 AL ERE
AN Horp AR RR R SR A S0 [R) 1E A b e o e R R

£3 HZXH2016 £5F PM, ; SEMPE MM THHXTE/ ng-m?

Table 3 Comparison on mass concentrations of PM, 5 in Taian City with other cities during summer, 2016/ g m

-3

PR KA HIA(4E-H-H) EPS & 18] ¥l
Jea 2016-07-22 ~2016-08-19 60.8 £39.9 57.728.3 59.229.1

AR 2016-07-22 ~2016-08-19 42.3 £28.3 35.9 £30.5 39.1+27.4
KIE 20160722 ~2016-08-19 43.7+19.8 39.9+16.6 41.8 +16.5
] 2016-07-22 ~2016-08-19 46.0 £21.1 42.4£12.9 44.2+14.4
[P 2016-07-22 ~2016-08-19 28.8 £12.4 29.9 +13.4 29.4 £1270
1 2016-07-22 ~2016-08-19 27.0 £16.7 2372,£16.8 /5. 1';}6;. 1
Ll 20160722 ~2016-08-19__ 20.4+15.8 31.3£16.3 3043+ 14. 5.
E7s 2016-07-22 ~2016-08-19 39.5+12.7 © 35.2+9.9 37. ;+ 1.5
BY 2015-07-22 ~201508-19% 42.3£17.5 39.9418.2 43141 +)7’ 9

[(86.7 =36.8 ) sig-m" P] TR T
[ (7276 30. 7)ng m], Lmlﬁﬂﬁ%m“” @53%
MVEH%%&@H@FJ:M% 0. S 2 ﬁiﬁ%
EWF%%ﬁgﬂﬁﬁﬁﬁﬁéﬁ@mﬁﬁ KB
(#4), Z?Stcﬁiﬂi?f’]kmkxﬂ’]{iﬂ“ﬁﬁﬁjlﬁﬁ> HEA
E@Lu'ffitﬁimﬁ ArF . L= Jz%;ﬁéﬁ
W %’% ﬁﬁ?ﬁﬁﬁkﬂxﬂ’w&f“ ]EEI’J 1476

%kﬁ*%“(aﬁ@ﬂmmsﬁfﬁ ﬁﬁ
mmm&%mm&%¢%mmg (2006 4F51 6
}%%4)ﬁmlﬁ%ME*MEﬁhﬁ T
K T AR, ELIE T RN, SR
LI H el el e . DAL Hoh e, 22l
LT PM, | E M A7 £ ST b e i 0 L A T
15 YL 7K

®4 RERMEFEMRESHME T

Table 4  Comparison of concentrations of n-alkanes during summer in Taian City with those in other cities

SRR SRAE ] (4E-H-H) A /ng-m 3 CPI %WaxC, SCik
dbst 2004-06 ~2004-07 105. 4 3.98 59. 1 [22]
K 200707 107.2 1.03 26. 1 [23]
L 201106 ~2011-08 367.8 1.29 25.7 [24]
HRM 201507 89.0 1.3 18 [25]
EIpy 2014-06-24 ~2014-07-10 25.6 1.73 49.3 [26]
i 2014-06-24 ~2014-07-10 26.3 1.42 41.1 [26]
=ik 2013-06-06 ~2013-07-25 5.7 1.20 14.2 [27]
Il 201206 ~2012-08 26.2 1.10 12.0 [28]

W 2010-07-03 ~2010-08-26 6.5 4.10 — [29]
1l 2006-05-28 ~2006-06-28 178 4.52 — [30]
eI 2006-06-02 ~2006-06-05 199 3.90 — [31]
R 2016-07-22 ~2017-08-19 83.3 1.83 49.7 AHIFSE

) " FIR SRR RSB

AT R It A A T B TE R e L
=543 F 1 (high molecular weight, HMW ) h£J& ( C, ~
Cyo ) T, T HL AT HCBR bt e 55 8 B e A L o5 248 %o AR
s AT EHABE 7 R W E R LI 73T 4 (low
molecular weight, LMW ) &E4e (C,y ~ Cys) A E, HC
A 8 Bl e DA, PRI, 0Bl ) A R AE 5 iR T

XA AR A IR, G 3 s AT H 2R
ot BRI L BRI i D AR A3 A E Cop T Cyy AR TR 3 0
{H,7E Cyy ~ Cos 20T 2H B &5 8500k 5 A8 % HMW 1E
FIENE (Cog ~ Cig ) JoT 5 VAR B 7 B0 1E ) o 08 R B 1)
54.33% ~94. 58 %, 2% W HE W 5 N R IR %) 28 2 b X
R BERE I DTk BTt . 53 A, B G 48 £ ( carbon
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Css Gy Css

IEfbeks

B2 5 CPL (AL 1.26 ~723 Bﬁi’é{ﬁﬁ/

1.83 %%ﬁﬂiﬁtcﬁi PM, , i IER B RS2 A R 5 N
HURRISLIE SR, fi 3 4 AT, ZE e CPE I AR
THIGHHIX (4.1) , ZEILHIX (5 H 28 H ~6 J
28 H:4.52, 6 H2 H ~6 H5 H:3.90) }db &t
(3.98) fHE T RHE(1.03), = (1.20), "M
(1.10) F1 b6 (1. 42) Sk X, 5340, % T E
Z= CPUES B R (1. 73) M4, Bt B 0 IE M ke iz
FEOk AP IR G HEAL. ] AR T
Z5: 1F MR e A 2 A 0 S VR A S I R 5 T R R A
h E M 5 A RN T AR e R 1 TR
2 A AT e HE %) T e o T TE A e s 1Y) BT
Bk (%WaxC, ) #F—2 31, it A (4)
Fis .
c -0.5(C,_, +C,.,)
C,

% WaxC, = x 100%

(4)

Lh, €, Y EA BRI (n HAED) L C,
M C,, R C, FEATAERIE R e AR

2 9%WaxC, A FEITE A 0. 4 85 1 F4 ke J

TURRA A, 0 2R B A ) U SR . 28 22 T A A

.,-‘

NF
.--r-""’II

H’JXEFE’J}%;%U“M% 5 +29. 8)ng?7-ﬁr:
(4) 13 2 9WaxC, 15[l '34. 7% ~ 69. 4 ﬂjéﬁj]
49.7%. ﬂn%ﬂ i 7 ﬁiﬂfﬂm%&zﬂﬂﬁﬁ'%@,@ﬁ@(
zﬁuaﬁmjﬁ’ﬂez%(% %Y. JEIL(25. 7%>ﬂrr~*m.
(12.0%) , Jﬁf‘fé}?’fﬁ TR % (49. 3% Y AAY. ﬁﬁ‘
22T HLA é%muﬁm i 2 gl Ssis
44, 679%, 17, 31,28 i 5 5 LA W s i
-itﬂﬁﬂfﬁﬁ mmwammz A e ] DAAS
F 22 T I 2 1T M o 4 2 A 00 O R 4 R W G T %
YNV NpATE
2.3 WA YIRS YRR

mk 1 PR, 8L H 2 PM, s bkl i 10
RO A 9. B L A Y B B AR AL FL oM 9. 4
~247.1 ng-m >, ¥{H K (73.4 +46.6) ng-m ", {ik
T ¥ % (420.2 ng-m” )Mk (267.5
ng-m ) B (H K 177.9 ng-m ™ B
226.97 ng-m_3 >L33J’ mE T £ H (52.4
ng-m ) AEE((30.3 ngem ) P RRE TN &
(47 ng-m ™) P S Ah  ZRUTE MR I S
R (6.5 ng- m'3)[29]ﬂﬁ|:ﬂ/3 11.2 1%, %W
TR TS Y ™ . (R, Z 2T L Z i
() B A R A 1L 2006 AFE 22 (5 H 28 H ~6 A
28 H.720 ng-m_3, 6 H2 H~6 A5 H.706
ng-m ) #) 1710007 KA AEY) FRIR GG 5 1 48 4
e LT 30 s X 7E 2R o

T2 PM, 5 FPORESS S 72 o 8 e B AN &) 4
s BB RHEAS B3 (¢ K25, P >0.05). Toig
TE A RS2 W 1, 2 4 R K B b B v
o MG A s (R L4, o A JEE 114 64. 0%, HoR Ay
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ﬂW%F%Jﬂ&;yﬁ%ﬂ%EH% B1E (TR
ﬂ%?&ﬁ%ﬁmﬂi%zﬁdﬂﬂﬁﬁk PRI I 7 i s SR
ATYEAE 5 AR L )32 o8 1% A 00 o AR e /s
Y. GO0, LR H 2 R MR N 47 2 2/ 27 4
S P, AT AR R A W R RO
UL, ACERT SR | 2 FL IR 2R M = Z
FXMEAR TR (R >0.8,P <0.01,%5).
TR ) 0 . 2R OBLR I B Y R EE

T“]ﬁﬁﬁ*m%m%ﬁ A @%ﬁcﬁ
ﬁwMZ%ﬁﬁ%@ﬁmﬁim%¢aWM%wﬁ%
E/M“é}%ﬂﬂa(ﬂ 781 9 ng-m CHI(4.8 +2 5y
ngem ™, FEK TR 2R E Y | W
%%%&i Mi%mjﬁﬁﬁﬁﬁﬁﬁ%%ﬁ\
LB BRI G R B (R 4R34 0,61

0.56 F10. 64) T, A= 11 R be o A A M0 — 2

DTHR. TR R R OR A v SR O, v
JE 9 K (1.5 £ 1.7) ng-m ™ F1 (0.9 +0.7)
ng-m . RENE S AP AL R BRI TR Bh A G, &=
B L A R IR R AR, WRE N
FETP AR EEY O R 4 AT AR | SRR
TR Y 1 R R B T TR, 5 Graham 26 1)
WL R — 3, X P o R BE R 22 19 46k A1
BR R AE SR T B R A A M R A i AR I8 I
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Table 5 Correlation analysis of sugars in PM, 5 during summer inTaian City

R HERERM ATEWERE R T2 TR TR bTREEE O HERE LR oy
LR 3 1. 00
T &% R b 0.84 " 1.00
e TE R SR A 0. 86 ™ 0.84 * 1.00
Rk 0.46 ™ 0.51* 0. 48 ** 1.00
Gk 0.56 ™ 0.64** 0.61™ 0.70* 1.00
A 0.07 0.18 0.20 0.64 ™ 0.55* 1.00
iR i 0.28* 0.33* 0.27* 0.56* 0.71* 0. 66 ** 1. 00
g 0.51* 0.52* 0.56 0.59* 0.76 0.36* 0.62* 1. 00
HERn 0.25 0.23 0.19 0.38™  0.57™  0.29* 0.61* 0.67 ™ 1. 00
N 0.45* 0.48 0.43™ 0.80* 0.57 0.46 0. 60 ** 0.53* 0.34* 1. 00
ey 0.88™  0.88*  0.98™ 0.59™  0.72™  0.30* 0. 40 ™ 0.68™  0.32% 0.53*  1.00

1) % = F/RTE 0. 01 ZLB (XUR) _EHIEE B3,

* FRIRTE 0. 05 G (RUB) ARG 3
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PEWE, I AETE T EL I | A TR AR S A ) S — F6 REWES PM, ,FEMEEIERNERH S
%%%*ﬁ% %ﬂﬂf}ﬁ'*ﬁzijj % EF‘ , ﬁ?%ﬁ,ﬁz ﬂ‘j + i%% ‘i? Table 6 Pnnclp'al compor;cn.t analysis (P"CA).of n‘—.alkancs and sugars
e ,dzil (7] NG - o s B in PM, 5 during summer in Taian City
%ﬁm’zh’i%mﬁ@*ﬁﬁﬁ%ﬁ“ TR o EWA 1 kWA ERAs A
AR SRR O AOCE (R >0.5) T 80 T
Vi B - B v Uk 2 BRI LR S SRR Co 0.20 0.82 0.23 0.20
AHOCME REIE 0. 80, FR B WLEE 5 S BH () R U AH L, BRI Cap 0.16 0.76 0.49 0.08
i) Coy 0.37 0.73 0.36 0.03
N y sz . . . .
2.4 TEHIBERS R A R BT ) e
2.4.1 PCA-MLR ##1 c; 0.42 0.75 0.26  —0.12
RHIRFF LT HZE PM, s T IEM B Bt 0.65 0.73 0.45  -0.09
BN, 321 PCA-MLR BB HHEAT 4007, I Co 0.6 oss 0 0w
H6 PR LML, PCA S5 RIIRA AR v om0
GrAE TR 1 h, o - C BT RBRARBT
( >0.6) K HMW IEMGERE FZK H T m Sy Cyo 0.87 0.18 0.23 0.08
SRR, BT E Y | R ERIREHERCIR. 7205 G 054 ol 008 009
25 LMW IERIBERE (Cyy ~ Cog) L BOKBECEFLE oot AN 4
HELHEERME, RN R R R O o I PN o o
WAE ( >0.5),C ~ Cos TERIETFIABBHE  c, AR 0.26 H;.}"ro. 13
Be, AR A A BNk B TR kb, . G [ 083 06 0.39 % 004"
LMW it 5 2 R e e e et (g FARm [ Wm0
= N - 4 L A . = R 'y = {-. . 3
>0/5) R IR FAEL G kb g R L e, W oe 0
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R W B Y, 6 % S R P B ) L e ohs e 0l
PR B s ) T2 W b DU
b e N ’ el i 5 . E . .
Ij;J . %E]ﬁ%fﬁ%ﬁ‘jﬁﬁ I}"% ':F‘ Eg é/‘J 7J(‘{’/§"I‘ét'@)%7j( H—ﬁ@‘ 0.11 0.09 ~-0.07 0. 85
AW, WLEETT LA AE 9 6 TS 0 0 A6 B v B8k Lz 0.26 0.38 0.59 0.22
S5 B I TR Ay 3 FRAF A AR K RN R T ). I TUKk T 2/%  43.8 65.4 80.9 92.7
s s 1 LR 7 3 F 2 LA AR + MR 1
B Wﬁﬂ%@ﬁwﬁﬁ%ﬁiiﬁiﬁf o AT B Ejﬁ P37 WIS e RiRRS
FE(=0.7) , W5 BBy 2 00 20 A i B+ 4 TR % 46.8 25.6 15.3 12.1

RPN B T U IZE T RER A ) sk r e i T 0.5 RS
TR R

s A BT A5 UL TE M e B S A A M S Ay a 1 10,05
DY & WL S R & (SRR R - i LR vl i e O FM: =360 =18, B=0M
JE ACE Y SR BEAE 78 | FIIHT SPSS #4720
LAEEIH (MLR) A5 H BRI, an=Xi(5) B ’-’i 120 |
Z, =0.713F, +0.390F, +0.233F, + 0. 187F, ;;;
(R* =0.89) (5) £
Kb,k MR AR A B B (3) kAR i 60
e 2R DT AR
PCA-MLR BETUES KW, 22 5 PM,
TERERE MO S AL & 05 G IR £ 2ok A THEY) 2 _ . .
W A A BRORHR B RN AE W BT RR B, BT R 3 43 i 0 ﬁ&ﬁ}z-l-]r- S 30 40
46. 8% 1 25. 6%  AYLELAIRE B VR 2+ b b B 5 RHFEIESAEERERXESH
TR PM, s B ST RAR X /0N, STRRR 2350 0 15. 3% Fig. 5 Correlation analysis of low-molecular-weight (LMW )
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