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B E AT RAEERFAEELE0R, F 2010 45 9 H—2011 4F 8 H %4k 8 ddwd:
KRR A P LT SRR T KRB R i, SR GC/MS SRR T (PM,, ) FIDHDRL - (PM,, | ) FR Y19 Fil
(C14—C32) IEMIREIR AT T B0 45 W, PM,, FIT PM, | FP IE A B R AE 1 M 8 20 51 M 632.6 ng-m ™ Fl
445.6 ng-m” , FEFEEMRF P BRI E ST AL >TSS EZ AURF b, B B & Bk
(Cmax) 7372 €29, C27.C21 #l C21 ;MK , 3 H Bk & Cmax 435128 €31.,C27,C22 A C22, A 4K+
BRAREEEC(CP) 78 1 227, Ui B LU X TE A e b 475 Y 32 8 A2 A TR AR A KL IR 4 400 B o2 ik 4
S 2.19%—57.62% 1 0.83%—49.87% , B ZERA YIS /- A (e K, 4 Ze i/, 3R R ZAH W IR % IE AR Be J 1) 5T
BRAAXTHER R, 4 ZR IEA B A HERR B BRI F AN TG sl R AR A AR S SE ) | W U8 STBRAE X 4 /0
KA H, Bk, TR, BROCSEIEE LT

Pollution characteristics and source analysis of n-alkanes
in atmospheric aerosol of Tangshan

CHENG Linglong' LI Xingru® XU Xiaojuan® WANG Yuesi®™"

(1. College of Resource Environment and Tourism, Capital Normal University, Beijing, 100048, China;
2. Department of Chemistry, Capital Normal University, Beijing, 100048, China; 3. Institute of Atmospheric Physics,
Chinese Academy of Sciences, Beijing, 100029, China)

Abstract; To understand the pollution level of organic aerosol in Tangshan, Hebei province,
atmospheric particle matter was collected by using Anderson air sampler from September, 2010 to
August, 2011. The concentration of 19 n-alkanes (C14—C32) were determined in fine particle
(PM,,) and coarse particle (PM,,, ) via GC-MS. The results showed that annual average
concentration of n-alkanes in fine and coarse particles were 632.6 ng-m™ and 445.6 ng+-m™,
respectively. N-alkanes were mostly enriched in fine particles. There was obvious seasonal variation
of n-alkanes: winter> spring >autumn> summer. In fine particles carbon number maximun ( Cmax)
were C29, C27, C21 and C21 in spring, summer, autumn and winter, respectively. And Cmax were
C31, C27, C22 and C22 in coarse particles. The CPI of coarse particle and fine particle was about
1, indicating that the pollution of n-alkanes in Tangshan was mainly affected by anthropogenic

source. And the value of the contribution of biogenic wax n-alkanes (%wax) were 2.19%—57.62%
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and 0.83%—49.87%, respectively. The highest was in summer and the lowest in winter. It could be
concluded that the contribution of biological source to n-alkanes in summer was relatively larger than
winter which was affected by anthropogenic activities ( vehiculae exhaust emission, fossil fuel
combustion) seriously.

Keywords: organic aerosol, n-alkanes, carbon number maximum, carbon preference index,

Tangshan.

Wit e ) 2 5 A DR i e BRI A R P, KR s e RO B A WF ST R W, R AU 3
AR ™ g EAG e AR R A BORL A Hh — S T A LTS Y, SRR AR YRR 1 4R
U, NN 2 R AT ORI S5 RO A BE | 1 AR U6 456 vo SR AR 0 o S 2 ) R T LA B S8 P2 B 97 LT
PRI R U HEAE . BE A IEABE S i B G BRSPS K, M BRBOK T 16 I, BERR Lt — 25
BTN, TEAERE A E B 7 K Ik, B 28 AR AR B R A FEIR | BT AR ST IE R e X A A L A

B TS DX 22 B B0 DR R R | 2 =0 e TR RO B 5 RS TTAHY OGTE | F RIS T 5t b IX A
FEFEBAR AR TS R DX, R R LD R AT YR BRI T B LU TR T AR B O
ARBRTT 5 2% S R AR, P -5 e Ty L&, ek 16, AU AKHE L, B I Ik 5 7R P M X 4 M Ak T 30 i g
POk SIS B2 LC VA0 v e R E s 23 DO P W D o o 9 A -3 <9018 s S 7 B 1 SR )
TR R Tl A M. 2014 AF 4[] 2 TSR B 22 1Y 10 T Hh R 444 25 1.

AR SO AR R 1L DXCVE D AT SR G RSP A0 UKL ) (PM,, ) ) FIHLABURLY) (PML, ) ) HHIEA B ke R4 7
T, LU N R L A T e R BEBERY

1 #5771 ( Materials and methods)

11 SEBRANES 5 24 57

IR 2R 8 dii i RAERS , - FY ( Thermo Finnigan TRACE DSQ Z£[H) (HP-5MS i 73
EAIEHE(30 mx0.25 mmx0.25 pum) , HEFEA KA (Fi+- BUchi 24 7)) , IR RA (LB RILAE) , Dk
F1(EYELA, HAR) | = M 75 P VA (AL Y74 1), B F R °F (Sartorius, 8 [ ) | A AK T
(OA na], [/, ZNTHE (Teflon 152, K 35 em, N 8 1 em).

2y SR @ bE GEC ke T BEY O (3% 21 ( Dikoma , 35 ) ; JC/KBRER B - 4347 4 ; K. 80—
100 H, =%k —47:100—150 H.IEMBERIRFR: C10—C36 (Supeleo 23 H], /) IR AFrFEH n-alkane
HY4ERE =99% , F I B ik B el T US EPA BLE R QA/QC KB i R bRk
1.2 FEECREE

SRAE ARG B TR 2% (BRAE B 24 i JUER A K2 ) FEHCEARAR T, SRAE A 500 m Y[Rl N T Jm i i5
PeHERCIE (AN T A GO AR ) BEAS BB A AR BT AE T (1 R AR BB RAE S N RE I
WA B K5 1] 360° 3 Bl B R AFESE B 5 JE IR A A B 25 K T 50 mu e 18 % 8 Jdii o RAFR AR
SEFE S CRAERF IR 2010 4 9 A FR2E5] 2011 45 8 A, H LAIM N A& RE 1 Ik, BHIK 24 h FE iR
BFIE] A 5 12 9:00 YR H 8:30, LR AE 23 1A fh RAE R ARG — M LA | B> 3=, S e I 25 28 Je 9 K
SORFEMG RN ARk & B 4 AF , Hp o HE) 11 H A8, 12 ARk 2 H 42,3 AF|
5 AfENEZ,6 A3 8 AVENE Z Kkt Andersen 73 KAFEAS (I . 28.3 Lomin™") ki T1Y 50% Y]]
H G2 RN AR (EAD) 4 9.0 5.8 4.7 3.3.2.1 1.1 .,0.65 .0.43 pm. SR FEGE 3L B8 27 4k g 5 R AE
RS DY B 27 A G JEAE S B b o 450 CRTRE 4 b, LATHBR W] B8 097G HLY , ¥& 05 A 8 5 6 e 4w -
24 h( IR EE .25 C 1B 50% ) , FHJ7 53 22— WK 2 F0L - R T-FREE R S 14 0 58 PR 6% 91 2 s e Il 52
¥ 2 FEIRTENE 24 h(JRIE .25 °C 1B 50%) , 1+ T3 43 2 — BORG % H - R FR L A UK AR HP AR TR %
IRRAE 2531
1.3 BT

U2 DE IR A — 2 - 17 20 KL (R PML, | B2 BE 2.1—3.3 um 3.3—4.7 um 4.7—5.8 wm
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5.8—9.0 pm . >9.0 pm) , 404 F (K PM, , , Kif2 Bt <0.43 wm,0.43—0.65 wm,0.65—1.1 pm,1.1—
2.1 pm) , BRI AR BB RS I — i , BY BN AR THEIE R b, A A — Sl e 5 b 4 3 0k, o
20 min , BRI, G IFPEBRTIT R U8  DEIRAEIE e 25 & AN L V80 H Vi 4 2 30 1 T 40 Y o e R A
FEACBR IR Z AT, H 70 mL IE C GBS 200 R 20 43 R 08 43 e i 7 Ao vk 4 , FH AR AR 2
251 mL, HIFCHEARZE 1 mL, FIH GC-MS A #6:i).

S ETE A BN SRR ( 2 =99.999%) ,1.0 mL-min™ ' fE AL AR O 5 & E
I 250 °C ;AR N 1w, A HiA sl B TR . 50 CHEIR 5 min, A 15 Comin™ ' TFE 160 C , £
5 min; 2L 6 Cemin™ ' FHZ 280 °C , fHi 15 min. JJTiE A EL AL B REE 70 eV, B TURIR B 230 C, 1Y
WAL EE 150 °C , FHH8 & [l . 50—550 amu.

HAn A Y3 2 3% BT SR AEY) T L O B3 B 8] S Bt 11 e M 43 A, S i
1.4 JoE R E o 4 il

G3HT A A AR R 80 5 4l BT A TR B R M L kI ST AR A T AT — S T b 72 h Hilid2,
I g i Ak ; oA a0 BT A 5 ) BT R B AR A AR HL S 8 0E e 20 min, PR T B
20 min J5 i 5 S50 B FH 3 B gt 0349 28 50 R VA IR O , TR V2 YL s -0 FH . SR ASE T M B8 358 & A B A AE 5 o
Wi 450 CREBE 4 h, ATHBR AT REIA B .

S E A5 A FUR AR RS 1 5250 43 B 26 W RS L0 BT 200 09 AR5 4, AU e 1 <0 8 — H iR

B T, A T 2 S 3 R v A R TS Y, AN T LE A e R 2 43 B A3 BT R E AR ST 5 A R e R B B

HEMZ Gt R 47, AHC R B KT 0.99.

2 75 59718 (Results and discussion)

2.1 IEABERR TS YRR

FE i AN 3] 19 FOERMIGERE (C14—C32) | IEMSe ek BE B9 2= 1 22 AL &1 1 fir7R.2010 4F 9 H—
2011 4F 8 A SRAEMAME], ik £, B 2 Bk A5 4 DR R EE 43 5 561.1,367.8,475.0,
1126.5 ng-m ™ ,AEIEN 632.6 ng-m ™ MR T F B Bk AT F U E 5 5110 346.0,304.0,304.5
827.8 ng-m™ AEHI(H A 445.6 ng-m ™, 5 Duan %S BFSE AU HCHLIX PM, 28R B (425.7 ng-m ™)
R4 AT IER B AR T B A LR T 22, R IE M bR T AR AR AR TP IR e
R EA WA ZE AR . &> B/ > B, AW m T AHAL 3 AN F  AEgR T A FERE RN
345, FERLR TR AT RE RN 2.7 5. X SAFEFET AL FEAHEREA — & LR AFTHRDW, K
SIZEHRE R RAR, K PR TS , 15 G R A 308 A R T IE A e i -k ik, 422 s
FRIE S, KA SR 2 IE AR e e B I Jd 1 T S Al A B, v 2 0 B 1 T A e 3 K
H I 20 B e | 2 SONHRLAR A, WK AR &2 45 R TR ) ) A s 25 B
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Fig.1 Seasonal variation of X n-alkanes in PM, and PM_,,
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2.2 IEAGGERR SR A AT

ARSCHE A FHAES B FEIEE(CPT) | T8 (Cmax) AEPINE 734 (% waxCn) LA K F 15353 Hr, 0F
TEF eSS IR AT 1.
2.2.1  FUERRE

F2 AR ( Cmax ) A28 TE A8 18 45 Vi B rhoRE R 5 ok e 1 AR ER , TE A e Je 1Y) T Dt B — eV S A ML s
S U5 R B A s A I = e B B3R WA LT ) b B 8 v, A v ) 2 D e 50 W LT Bl 8 A
%, A A IR B 5 5 SRS HE R 1) IE A e — B AR TP B (<C24) , A BRI e 85, HL A3 (R 3
ANHH S 5 5 A HE I 1) TE A S BB — T 2415190 | B v IR, AR B L 8] 2 4
PM, , Al PM., , "P A BEAE AR AR 53T

BB/ INT 18 B IEAS B T i v BE AR, 35002 F T B0 /N W e s 1 e M A, 6 R ) o 5 i A
s iR TR A R R R BUE A B R B R LA AL E HURL - rh 4 AR AT LLE A AL & R 1IK
BB A B e 5 T H B 2 | 5 Huang 4517 BRIP4 3 —30, nTRE SR A IR, EA AT
A HIRBA I ) R A e A Ak b B L B A Cmax 435128 €29, €27 .C21 Fil C21 5 MR,
HH Bk A Cmax 205008 €31, €27.C22 F1 €22, F B JH 1L T 7 B 9 2 LE AR B A ) HE OS2 B R U A 52
Wi FE AR, 32 T B AL R T IR & 20 A 1K R AR K8, T SO W IR HE O . A Bk 25 1E
Pt A HER 22 NG SR sem , 54 K E B ERFHRBeA R R X R.

180 — . .
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3120— g
k| g or
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5 5
2 2 40
Q (=]
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= = 20F
TR ASILSREBAZ @ ISR E2RANSILSREARE S
VOUVDLLLLULLLLLLULLULLUUU VLUVLLLLULLLLULLLULLLULLUUU

B2 (a) 4085 EAG Beke B RR A o A1 R (b ) LR T IE AR ek iy ik i o A
Fig.2 Carbon number distribution of n-alkanes:(a) PM,, and (b) PM_,,

2.2.3  HEYIIEE (%waxCn) FIERIEFEFEEL(CPT)

AT FN A PR AN N A TR UL H L A e J A A R T M R % waxCn S B0 B HR = SR AR

1 T 2 HET (14 1E A e et U ) P E AR e R B Tk, SR sk R,
%waxCn=[ Cn-0.5(Cn-1+Cn+1) ]/Cnx100%

ZSHUB E & 4 A1 B 1 1544 e ke L ER AR 0 HE k7 A Bt LB R €25, €27, €29, C31 i
YowaxCnlITH., X% waxCn R TAERTIEHR 0, TR LRI 1.

TR R E CPT A7 550tk 1) LE R e e vk J3E =2 -5 AR 450 sk 19%) L A o H R 3 2 R g AL, 30 3 FH DR BF
FEAE IR IR XTSI 0 BT R L3N 2 e SHEORUAB AT 30 (A A BERHER e AR W T A AN 58 42
BRIEE ) oA B IEAR B CPT LT 112 TSk A AR I i IE A B2 CPT {5 6—10' | — kil CPI
KT 3 W IE R e ke T2 B IR T A IR > CP B OK , U RA R A AR HE R () 1E 8 e b TR A , CPT
R /N DU 150 B T AR e 1 32 B2 pR VR 2 R ORI AL A SRR e 55 A\ k™ A=

4 AT JCIS R AR TR 2R, CPIEAE 1 224, U BH R L b XS0k 4 1 9 IE M Bk 52 A
T B B AR R - A 00 S ST Ak %43 5 R 2.19%—57.62% il 0.83%—49.87% , fe T & /N By A [24)
TFSE B ) L DX A Fe A s Bk % (0.17%—5.80% ) . H Z= %o wax (5% K, & Z=% wax 5/, Yowax (HAL
4 9.3% N 5.22% , 3= W I Z=AE Py U5 0 TEAG e k8 1 DT BRAE O 4K, & ZRIEA e i i HE L 2 2R TR T A0
5 30, A IR TTRRAR /D X R B T A A - R AR R HE T B LA o R ) e 92 | A< ZR R I
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R N PRHE ) TEAG B ke iR 75 Qe il 5 5228 ey T AL A RO AL D Sk v

Rogge %5 g 1, HAE Ay - R S5 S HIUARVE P 7 26 1) SO BOREAR — B LR SR, A 0 7 A 1 TE A
FEAERURLT P SRR, IR P9 SR 22 SCHR L & 2408 > 20 AR U5 Y ) B B SR AE R ORI
X AT e AL ORL ) T A ) B TR A T A R 1 s

F 1 AFEZEF CPI M%wax

Table 1 CPI and %wax in different season

PM,,(n=23) PM,,,(n=23)

CPI Powax CPI Powax
4 (Spring) 0.99—2.17(1.29) 11.6—39.28(21.05) 0.75—2.69(1.24) 6.72—24.43(15.38)
% (Summer) 1.04—1.91(1.29) 2.37—49.87(25.73) 0.90—1.93(1.36) 2.40—57.62(36.54)
K (Autumn) 0.98—1.19(1.11) 7.84—20.13(13.11) 0.98—1.06(1.00) 6.40—26.65(14.60)
£ (Winter) 0.98—1.18(1.07) 0.83—11.59(5.22) 0.94—1.16(1.05) 2.19—25.95(9.30)

A .CPI= Y CI15-C31/ Y C16-C32 %wax f&%wax C25 %wax C27 Yowax C29 Fl%wax C31 E(JEFZV}]{E; n EFEAE

2.2.4  FEWSHT

T AR T Y 3 4343 BTi25 ( Principal Component Factor Analysis, [ #% PCA ) J&fdi i 2 1) A
TNz —, N e AT RGN B A LA SRR A i R S b o T i T
fift IEAR BE AR R, AR SCR T SPSS 20.0 GE i3 M X HLAIRL T4 it 73 0 AT 2 L0323 07, 23 3 AR5
PIAS E LA, 43 ) i) il R 5 22 1Y 86% T 75.5% . 43 M4k A UL 2 MLk 1 26 1 S WLo3 vl fle e Oy 22
9 53.8% (KL ) F1 42.0% CHUBLT) | B o 75 ZE 400621 R T-RURE 5, JF H. C15—C25 T8 1 e,
TS 1D F B B AR (A BB AR R AE M) SRR ) | I ELRHAORE (% DTRREC R 4 2 A
TRL oA RE T 22 04 32.2% (RLT) I 33.5% CHLALT) , H. C26—C32 Tak A T8, al FIWTER 2 4>k
7> FEOK A = AR HEL

R2 ORI TS
Table 2 The results of factor analysis of PM,, and PM_,,
PM,, PM,,,

F1 F2 F1 F2
Cl14 -0.046 0.709 0.127 0.548
C15 0.715 0.207 0.287 0.408
C16 0.91 0.133 0.588 0.39
C17 0.977 -0.019 0.825 0.125
C18 0.965 0.12 0.871 0.161
C19 0.978 0.008 0.725 0.045
C20 0.984 0.014 0.903 0.121
C21 0.97 -0.039 0.887 0.166
C22 0.955 0.12 0.953 0.181
C23 0.972 0.146 0.951 0.215
C24 0.974 0.176 0.933 0.256
€25 0.871 0.449 0.8 0.543
C26 0.546 0.803 0.614 0.714
c27 -0.212 0.718 0.286 0.756
C28 0.352 0.909 0.277 0.906
€29 0.02 0.819 0.146 0.942
C30 0.197 0.942 0.248 0.866
C31 0.17 0.915 0.014 0.955
€32 0.168 0.941 0.135 0.88

Eigen value 11.2 5.1 12.2 3.7
Variance/ % 53.8 32.2 42.0 335
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3 %518 ( Conclusion)

(1)2010 4 9 A—2011 4F 8 J RAEHIE], il PM,, 1 PM., , H 1E #4) e 48 45 251 ¥k B 4 il oy
632.6 ng-m " f1445.6 ng-m™, FEEHELEYR T IE A ek o vk B Z T AR AL LA I 8, &> > Bk >
H O AZEBEEN 3G, XEZRTALHBZMHEA — € XRAETHROW, RUZE5WRE,
T FE AR, K PHAR SRS | 15 P WO G R A B 308 A R T IE M e i SR fb, & 22 8 TR K
ORI 25 E AR e Ko vk FE W S T B 2 ) A S %, T S ) HE T TE A e R A (B 2 i A
15, 28 ST, K % A I T ORI A 8 25 R

() gk, B2 B A EIERR Cmax 43908 €29, €C27.C21 M C21; MUk, & 7 Bk &
Cmax 43728 C31,C27 .C22 £ C22 M4k T CPI{EAE 1 24, Ud WA B 1L s X KA Uk L ) 1E #4) o
52 N IR SE AR R R AR rP AR 0 DTk 551 2.19%—57.62% F1 0.83%—49.87% ,  ZEHH Y
I3 Gowax HIK , & h/IN AUH 9.3%F1 5.22% , 3 W I Z A0 JE 0 1E A B (0 SRk AR X 45 K, & 2= 10
Faydoe b B HE T B BRURE T AN TG 3, A IR SRR AR A X B T A AR R R A IR HE ) 1E
Bk D R A 75 oK T BRI N, TEAG B A A T e Il 5 32 2% ph AR A K% AR TR BT
HRAE R 55

(3) 38t A AT, URBH R AR P IE R e ke R VR 32 5k F AR VR (A BB R A e R A 4 Jot
BRI ) Il SEAE P HE B, I FLN AR X 4R ) SRR K.
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