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Pollution Characteristics and Source Apportionment of PM, . in Lanzhou City
WANG Xin', NIE Yan', CHEN Hong', WANG Bo’, HUANG Tao’, XIA Dun-sheng'”

(1. Key Laboratory of Western China’s Environmental Systems, Ministry of Education, College of Earth and Environment Science,
Lanzhou University, Lanzhou 730000, China; 2. Cold and Arid Regions Environmental and Engineering Research Institute, Chinese
Academy of Sciences, Lanzhou 730000, China; 3. College of Earth and Environment Science, Lanzhou University, Lanzhou 730000,
China)

Abstract; In order to understand the characteristics and sources of PM, 5 pollutant in Lanzhou City, two PM, ¢ sampling sites were set
up in Chengguan district and Xigu district, respectively. Samples were sampled during October ( non-heating period) and December
(heating period) 2013, and mass concentrations of PM, ;and its 16 kinds of chemical components were analyzed. The results showed
that the average mass concentration of PM, ; during the sampling period was 129 pg-m .
inorganic elements was: S >Ca >Fe > Al >Mg >Pb >Zn > Mn >Ti > Cu, while the mass concentrations of S, Ca, Fe, and Al, which

were the major element compositions, exceeded 1 pg-m .

The sequence of mass concentrations of

The mass concentration of inorganic elements during heating period was
higher than that during non-heating period, meanwhile, the mass concentration in Chengguan district was higher than that in Xigu
district. The sequence of mass concentrations of water-soluble ions was: SO~ > NO; > NH,; >Cl~ >K* > Na*, while the mass
concentrations of SO}, NO; , NH,", which were the main ion components, exceeded 10 wg-m . The mass concentration of water-
soluble ions during heating period was higher than that during non-heating period, meanwhile, the mass concentration in Xigu district
was higher than that in Chengguan district. The result of enrichment factor ( EF) analysis showed that the EF values of Al, Ca, Mg and
Ti were lower than 1, indicating the contribution of natural source, while the EF values of Cu, Pb, S and Zn were higher than 10,
indicating the contribution of anthropogenic pollution. The result of principal component analysis showed that the sources of PM, were
mainly derived from traffic emission, biomass burning, soil and secondary particles.

Key words; Lanzhou; PM, ; pollution characteristics; enrichment factor; principal component analysis

Bt 3T Ml Al R AR A i P, 22 T 1 PR
PARRAARA R p 15, 1] % R T R A5 G Y
AR FPE BT AE R AR W B8k, 5 KRAT5
Y TSP F1 SO, 53] T ARG 4 ), i R AKEE | 55
SRR G A5 Y ) B H F ™ B PM,
(particulate matter 2. 5) T HAAE/N 5L, 0l 1E
KA I TR B 28 ] Bl R A B i i 226 ) AR O 1Y
Mo I R R X I A A AT e i R R

T PM, JRA BRI R IR, A5 E KR
AR FY T, HA] e R AR A
T 2™ F Y N SR ) R PR, M B B
AR RAEEITTE AR TR 2 —. AT SRR

Wim B 2015-11-30; EITHHER: 2015-12-26
EEWA . bk m & L AR 5 3% % 3 (lzujbky- 2013-m03,
lzujbky-2015-225)
TEERA: FH (1992 ~ ), 4, -+, T 3WFF 07 10 il 35 2 15 30
Bkt ,E-mail ;xwang_10@ lzu. edu. cn
w JETAEE R A, E-mail ; dsxia@ lzu. edu. cn



1620 b7

B 37 %

S PM,, 5 JAFAE LA BOR TR G5 , A8 300 il 3k
ERIEPAEEENE L.

T4 TERA PM, 5 15 YRR J7 1, [ P S22
WA E AT KREHHEY "', Salameh
S SRR 5 A M IR PM, T 1 a Y
WD, e B PM, MR ELA B W i Z 15 Pk 22 5, & I
T PM, V& BE S E T 7 5 AN — 2, BLAE PM, IR
IR AT A Ak 24 21 AR B 3 R TR ZEFR [ PM,, |
W RERE i A A& 7 BRI, PM, 5 9 H AR £k 52 XL
R g IR L bR BERS A B R Er T A
Shi %5 W0 LB PM, 47 B 5 A4 B R B0y 5 e, T
ST AN W o g X R R Y BN
AN R R A PM, TS G R AR A AT AT
Wk TMTE PM, s 25 JoRIE 7 IH , 28 AT
T HEATBISE" . BATHT PM, e 5 i A
(77 1k 2N JE T AR 1) A2 AR R A 55 127 o o
S 2 (CMB )T IE S MR BE N T b v
(PMF) ) F Ak (PCA) 17 okt
[ 535 (MLR) ' | B RT3 (EF) " A ML R
B A [EANEE Gummeneni 25BN EE AR 4T
CLAY PM, i I CMB 43 B 3R B, 75 G o U5 K oT ik
BRI AIRE R THE 31% | FEE V7 HR 26% |
Pe9% . Tolk 7% MEr P 3658 6% ; Karnae 251 Xl
i 5% i M RS Tk A6 VR 3R T Corpus Christi 1)
PM, (EAT TORIEM#AT il i PMF £3H . —K AR R L
R A5 Y B 32 BEOR R B TR R O 30.4% ;
Vallius 25" ffi ] PCA F1 MLR 3 XJ 25 2% i /R 3 5t
(RS PM, SRIEHEST T 43T, B iy iAok

I AN [7] 52 A B 8 3 531 kot e ) — 2 3k i 4
L AR R ER st H e Be
ARSF ALY PM,  SEAT PRI IR A AT, U H T
MK PM,, A7 5 DT ER AT YL P2 A,

2R H R A ST, Mk b 4R 360037, R &
103°40" T BlE V6 B -+ 155 J5 9 PE 5. Hb A Ph R
ARAGAR, 7 X g AE A L R A, 2R 74 ) 5, I
BT WAy | ZE A ] A B BRI AR, 22 4y
F NS P B 0 KURITE TR0 5 5, AR N RS
YL, Nk JE 2 X SR AN VD 2 A 2%, DT 5 B
FEE YRR TG Y R BB IR 2L N TR RS
Y RIT ST o A0 TAE™ 0 (B H AT, X Le i
S TAEZ i T T BB 77 WUk (TSP) W27 | k>0
TR 282 4 (DB % PM,, ¢ Jo 5 e B AR 4k
T A0 B 22 N T KRR PM, TR A AT
BFFE, T 22 MRS PM, ST BT BT 1 oK AR
. NIEAHE ST 7 R A AN 3L 22 M 36k X KA PM,
JRERWREE | TCHLIC R MoK TR TRl 20 b
22 PNBRIX KA PM, s S HZH 435 YL ik | I 57 ok
WV AT 52 AR R v 5 4R [T (EF) AR B4 4
Bk (PCA) 78 PR N2 52 B A AT 5 M3k X KX P,
Al T2 AR, LAk i 5 22 M TIT K05 e B A R K
PEARLE AR .
1 #E5HE
1.1 FEACRE

LA ST B KA, DhREX A, A

W S RS AR A5 PR R e BOOG X (Rl S R
TR DX) 22 MR AIPE  IX ( Tolk X)) 230 R0 A A

BRI R STRR AR A . EA R E PM, FREEZPORFEG (B 1) SREFRIBES 4 10 m
367307
N
367200 -
36°10" 1= 74 [ [
1 ]
36°00" - ® e
LW X
0 5 10km
35°50" =1 I ] I ] I 1 |
102750 103°00° 103210 103°20° 103230 103°40° 103°50° 104°00" E

1 ZHEXKS PM,  REERTE

Fig. 1 Sampling sites of PM, s in Lanzhou City
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Table 1 ~ Meteorological conditions during sampling period

] i IX A JH/mes ! IR/ C AT/ % KK/ kPa
I i K IX. . ) . .
IR iJ:JQéI g 0.10 11.90 47.85 84.98
7Y [ X 0.42 10. 84 47.72 84. 47
o i IX 0.11 -0.54 42.37 85.12
T WK
Vo[ X 0.36 -1.52 46.48 84. 59

1.2 FESHT

PM, 1 Jo7 2 ¥ FE 26 SR FF T i 108 5 1) o 25 D
PROLREERBUZ TR, SRR AT IS YR g I re
EMTRERITSZS @ o i R e A Y W 1 i
M RF-H R 0. 01 mg, BTk I AR L2k &2 10
RICF- 2.

X PM, A 10 FPICHLICE F 6 K4 2
THEAT T 530, TTHLOCR LSS AL, Ca, Cu, Fe, Mg,
Mn, Pb, S| Ti, Zn % R HLEHRE G 55 8 KR+
& 56 i AL (1CP-OES, A 5 VISTA-MPX, 3£
Varian A A ) ; KEPEE F4A 46 Na® . NH, . K™
Cl™ . NO; . SO;~ 45, R HE T @i%i (1c, Bl
Dionex ICS-1500, 25 [# Dionex 23 #]). DA FSZEG7E 2
I 2 GRS 2 B ST
1.3 JEFEBTRIEGE ik

& 5 AT (enrichment factor, EF) H Gorden T
1974 AFE e b v AR A IR P e R 0 E 4
FREE  FIWT RPN KR TR 1 H 2R R IR A
NI, HAN .

(ei/cr) s
= e
K e, WA IE 5 @ FROTR IR o,
FRRIE LR S HITE R R o] Aibied i
TCRMREE; ¢, AT S ITE R MIKE. X EF
>10, FUNZTE = %, EEORIET AL o T8
(RIS YY s 10 =EF > 1, Bi B WUk ) hiZ oo & 565
FIRF N ATEYe TG T 48 EF<1, WEHZ
TG FEORIET el e A Wb A i i

% 43 53 M ¥ (principal component analysis
PCA) & —Fh I TG iR 10 2 4 IEAS R AR e
FHSSTHE 5 PEAT R AE $2 BORD X 5080 08 17 o 42
H 575 YLl S AR B 2 (A7 76 3 LR AH SC 1,

TEAPUR 2 BRI AT T, o] HI A A AR
ApEE (T KA Z AR R IR AR R Trik
SEARIEL U Z (B A AF 5 5 2 | M4 JRy A2 4 s
LRG| AR T THR A 728, R4 I
TR R/ INFIG G YRR IE TR 4 7 1T BB A9 75 G I
I ARBIRGE A i LB 3 B8 AR SN S A 0 3 A
I MAEGETH o TR SPSS 19. 0 kAT

2 HBRESM

2.1 EMNIRIXCRA PM, i

F2 M2 MIRIX PM,, B HAL A4 o o e
IGETHEE A B RAEI R] 22 PN I X RS PM,, 5 19 5T
M MRS AL YT BN 55 ~ 230 pgem T, SEH(E
129 wg-m ™ 48 H FEZ 9% H b5 (GB 3095-2012)
0. 72 15, A HPHE G B HEBR 2R IR 82% , Fie K BRAE 4L
2.07. dERBEH PM, B vk BEAR AR YE R 73 ~ 170
pgem " EEN 118 pg-m 7 BAREEL0.57; R
] PM,, i Wk AR LB B A 55 ~ 230 pgem ™,
SEXE N 141 pg-m = EBAREEL 0. 87. SRER A XF
TAERWZI , PM, s ~F- 34 Jo1 ot ik 2 A8 Ak 3 L o K Jo
BT ISR PM, (75 LR A IR 2R
Wy, H 2R 5 52 B SR TS G ok I 45 I R I B
()5 ).
2.2 ZEMIRIX KA PM,  H CHLIGE B iR

LI X PM, o 10 FhJCHLITC 2 o vk 4l R
W (32 FE 2) RN 10 FICHLoTE B ik
JEEAE A 11,054 pg-m ™, & PM, JB 1 8. 552% ;
BICR PRI E RN E 2(a) ] H:S > Ca > Fe
>Al>Mg >Pb>Zn>Mn>Ti>Cu, HFILE S,
Ca, Fe Fll Al (T IR EAE 1 pg-m LU b, PUS5 0
T 2 A RE DT R A TR Y 86. 177% , #
FEm B FEITRASr. JUHR Mg, Pb, Zn Fl Mn HY 5T
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EWREFE 1 ~0.1 pgem > Z (0], 10 Ti, Cu B9 ¥ N
FEO0. 1 pgem LU, FERTE B[ B 2(b) ], Tl
JUER o vk BE R B by R B v AR SR A iTE

A L2 () MIE 2(d) ], AERBIAR B ],
B S LIAh, & JoHLoC 2 i i B SR B il o IX i T
[N DEENE

R2 ZNEEXPM, REFENFHESRERESIT

Table 2 Mass concentration of PM, 5 and its major chemical components in Lanzhou City

5K R RY p/pg-m 3 KW o/ ug-m 3 BRSE p b2 o SRR 0
Sl T FieAid] T /pgem~? /pgem ™3 /%

PM, 73 ~170 118 55 ~230 141 129 47

Na* 0.144 ~2.112 0. 907 0.598 ~2.623 1.441 1. 174 0. 627 0. 908
NH,* 6.283 ~12.987 9.567 5.563 ~18.235 11.931 10. 749 3.488 8.316
K* 0.455 ~1.999 1.228 0.617 ~3.407 1. 675 1.451 0. 758 1. 123
Cl- 1.211 ~12.797 3.742 1. 831 ~13. 406 8.097 5.920 4.021 4. 580
NO; 5.329 ~17. 805 11.558 3. 860 ~30. 602 14. 618 13. 088 6. 651 10. 126
S()Azf 9.618 ~19. 140 14. 689 5.940 ~28. 986 16. 235 15.462 5.842 11.962
Al 0.012 ~1.979 0.927 0.699 ~2.629 1.525 1.226 0. 639 0.948
Ca 0.410 ~5. 632 2.396 1.015 ~5. 647 3.118 2.757 1. 401 2.133
Cu 0.002 ~0. 021 0. 009 0.009 ~0.079 0. 035 0. 022 0.023 0.017
Fe 0.415 ~4.016 1. 601 0.368 ~4.430 2.477 2.039 1. 181 1.577
Mg 0.034 ~1.193 0. 639 0.340 ~1. 118 0.813 0.726 0. 327 0.561
Mn 0.028 ~0. 196 0. 094 0.032 ~0. 285 0. 151 0.123 0.074 0. 095
Pb 0.071 ~0.316 0. 162 0.053 ~1.338 0. 551 0.357 0.363 0.276
S 2.239 ~3.962 3.079 0.944 ~7.824 3.932 3. 506 1. 665 2.712
Ti 0.006 ~0.075 0. 037 0.019 ~0. 088 0. 052 0. 045 0. 023 0. 035
Zn 0.114 ~0.272 0. 186 0.072 ~0. 560 0.325 0.256 0. 129 0. 198
B2 24.961 ~59. 559 41. 690 21. 680 ~90. 689 53.997 47. 843 21.388 37.015
JLEZ A 4.479 ~15. 368 9.131 3.571 ~19. 828 12.978 11. 054 5.824 8.552

St HEAEET AN KRR O
FELE R X BE LT PM, P ICHLC &R R W B
R S aX AT fE 5 e E Y R L AR A A i
RRAEAE G, 3k R B 22 M 25 05 G [ AR JE T Tl
MR IR A5 e s 2 MNIRIX PM, A 6 FiOCE (Ca,
Fe. Al, Mg, Pb, Mn) A9 5B % B8 fi 5, 01 Ca JC &
JE R LN R 2,757 pgem T AL ELAY 1. 255
pgem > BT 1. 107 pgem 1T E TR VDRI
f90. 520 pg-m 10,440 pg-m; HAfth 4 FiotE
(S, Zn, Ti, Cu) AT W A X Se T U R Uk %
Z )5 5 AR Y.

2.3 ZINIRIX KRS PM, ok 1 R

EHITT PM, Y 6 FhoKHE P B o it vk B 45 2R
WoR (2 & 3)  RFEIA N 2K P 2 1 T
We B M{H M 47.843 pgem ™, (5 PM,, BRI
37.015% ; £ & F SR sk B2 [ B 3 (a) 1K
K H:S0;” >NO; >NH, >Cl” >K*" >Na*, Hr
SOi_ . NO; . NH/ Y T R R AE 10 }Lg-m_3 YL,
A TR B R R R B R MR B Y 82. 140%
R EE B FH S G0 KT, Na®™ /T 10
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Fig. 2 Mass concentration of inorganic elements in PM, 5 of Lanzhou City

Wi KRB, RGN L, KGA M ARFT
23S G ik RN R, DT B P, 5 1 R AR
FEZS ] b AR SR B ] IR OC X PM, BTtV BE 116
wgem AR TP X 120 pg-m 5 EAEERN
B OC X 2 M TT AT B TR S RIS
DX, T PG [ DX 22 N AT O Tk X, X A A
W2 ARA T ZINAAE T AR, PR AT
SR ALY, 33X 28 Tl A 7= 3 3 4 HE K = Y
SO,. NO,, NMHC (JEH B4 ) . WUk ¥y DL M P
A OGS fER AT R RV, PM, |
Jot R BE AR AE BT A W] D BB IX 2 [R] 22 AR K, S 28
W > Tl IX > Bl X > KUEE X i 22 T B fig
X PM, o SEBR WA AR T 5 Tl DX 8 2 5 Hh
WA AR 5 (R e B 458 e X 22 M T K
SREASRLFEFRAE BT R K B 24 N T B 45 T RE X
PM, F1 PM,, 2H 53 W43 A AR B K, A — 7 T
S et = M T 2% D) R X oA O IR L, Tk IX R A
T IX G AR ORI R Tl X A A 36 X I [R] 5Tk
A7, W 22N T PM, o i TR R ik
B RIAEE T P A TR . FERIBEWIN], WOCIX PM, 5T
YR 145 pgem 7 A S TV A XY 136 pgem

MR R 8 5 28 R IR OCIX PM, 19 J 2 Ve 3 34 i
0. 25 %, 1 7Y [& XA 0 0. 13 £, 3¢ X AH X 7 [&
XIS R BT AR R (R 1) BRI, MR
P PR B N - N WA S € Y TR A R
88 AR — B, T XL 7 PG ] XA — 2 BRI, AR
FETEOC X AR 3 AT ARSI & Z KUK
AR i, 2 SRR Y R XEWE R
I () SO A5 R T ) 3O X5 e i, & 5 3008
fi6] DX 75 4 SRR, T S B b3 OC XA XS P [ X PM, 5T
SRR TR R i AR AT BEHE 7R TR BRI G X HE
TR ECIE SR AR A A S FH

22 IR IX KR PM, 10 FCHLICE R 6 Fhk
ks i R BE AR 1] E [ B 2(b) FIEI3(b) ]
BIRB N R W i TR R B, 7E25 ] |, JoHloT
F (S BRAN) FB MR X I T PERE X[ 2(c)
FE 2 (d) ] FIEHLICERA R, KEHEE T
(K" BRAM) 7E23 8] 1 52 B 7 [ X 30 56 X 3L
LK 3(e)ME3(d)]. TCHLICEFMKEES T
Jo e VR K /INTE B[] b — B, 7 4 B) AR I 5 3%
SR R JCHILIC R K B 743 A AN [ ) = 2k
Pi. 22N T R P b b B R Y Tl Ml T Y
[ B2 22 T A A% O Tl X, H R i T LA A i



1624 wowm B % 37 %
tf @ &Ik s i | Z2txun (b) R
14 F 13.088 14 ¢ Z
—— 7
.2 10.749 Lo 7 é
E 10} £ 10t
5.920 % % %
6 L 6 | % % é
2F 1174 1.451 2 % % % %
o LL1 o LEA % % é é é
Na©  NHe  K' cr NOy SO Na*  NH K cr NOy SO
o | ©) SR | BB @ R
14 | 7
g o 7
; / B
Na*  NHy K cr NOy SO

Na NH,4 K cr NO 504

B3 MK PM, FARME T RERE

Fig. 3

T, BRIR . RS FUB AR = KRR S Sk
H TR R , XA P E A A AR 22
AL T AR, VE BB R AL
A 22 T Y [ XA A T R T Y A
FERIL, 2 E A0 22 M AR ] 22 Rk
TR S AL B T2 B, SO, . NO, |
C,H, . NH, 1 H,S %75 49 H ¥ EAe va [ Tolk
X A 1M SO, . NO, F1 NH, Z57E eI 4 F &
KA F R N AL A SO . NOS FIl NH, %5k
BFPY T S0;T . NO; A NH, =H Bz
FE BT B U Y 82. 140% , X I 75 [ X ix 3
S 1 S B 2> B S 3000 [ X PM,, 5 K i P
BT — B TR R K

25y S MK * [RIHE TEHLIT R MUK A B 778
Z3[A] B RIAHSL. RN ICHLICER S i T ik i
e PG [ X 5 v (52 2 FHIR2) X443 S S0 Lk
PERLE 25 (& 4) SR ZEPE[E X S A SO; - AYAHSE
PEETIL 0. 942, M I SE X S A1 SO;~ MY A KA K
0. 660 , FITEPE [ X S F1 807~ A HA—F Ay H I,
PR, JEZ S 7E P4 [ X 5 e (2 i T 3 Tl A 7
TESHHEA S S SO, Z IR B A B AL fL fr gk, Rk
BIN KA T K 00 BB R B IR X 4 s (3% 2

Mass concentrations of water-soluble ions in PM, 5 of Lanzhou City

FIE 3) K" AE PM, 5 1o 18 Lo 451 23 ) A A R 192 )
B8] s EEX 1.03% , PHE X 1. 05% ; RBEIE]. 3
KX 1.66% ,VE[E X 0.69% . T IIEX K* i
B e AR 3 S TR M N K R Y 2 R B
KK A R HE O (4 B R R ]
3G DX SR Wiz 00 PR A O R 14 2 40 o o

FiAN R R ) R K B BT NO,; R SO; -
4D BT v BB L T LA T 1 ¥ G IR A BT L T Y
AT B [ NOS 1/[ SO T He (88 s , 156 B 37
G RER AP Pk E R, — RS,
P SRR B HERL I [ NO, 1/ S0 [{E R 8 ~ 13,
PRIEHERCAI [ NO, 1/[SO2™ B M 1 ~2, i T mi st
W) Z A 3% B R AUEORL Y i [ NO, 1/[S0;” 1
WHFEMCNT 1) 22 0 RIX KA PM, kK
PEESF NO; F1 SOy MYLLIE (35 3) , RIS AF
BIE R 0. 84, 3X UL B 22 MR X PM,, 5 /K 3% 14 2 7
P BT IR AR AR 4 46 [ W R 5 b AR R T L
{ELPE G DRG] X X5 24 0. 79 , 158 BA 78 JE SR 12 30 ]
IO DXV [ DX [ 55 I SR X PM, 5 oK
PEESF 0 TTHRFE A — B TR 2 S 7 30k OC DX 75 []
X% FAB AT AN TR B 35 R, 6 PR AE R A ), =
FNIBIX. PM, 5 FRK U 1 5 —F 78 LIAIR R0 24 26 ] g Y



5 34 EBAE . MRS PM, (75 YRR IE R I g b 1625

9 ERIHTEE R P R AUHE S TR S IR B STk B
N, 3 AT B TR B R BN T8 | AT T 15
TIFG AT, (B AN BRI, V4 R R
V1PN

24

o HEK -
2F o K Ymz = 4258 + 3.306x o
R*=0.942
20}
o 18F
8 ° f
If?" 16 7" g = 4402+ 3.019x
"C'F 14+ R?=0.660
v
121
10t
2+
6 )
1
1 2 3 4 5 6 7

S/pgm™
B4 ZHEEXPM, F SHSO;- MEERE

Fig. 4 Linear fitting between S and SO3~ of PM, 5 in Lanzhou City
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Table 3 The [ NO; ]/[SO3~ ] ratio of PM, 5 in Lanzhou City
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Fig. 5 Enrichment factor of inorganic elements in PM,

during sampling period in Lanzhou City
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Table 4  Correlation matrix among PM, 5 components in Lanzhou City
Na*  NH, K* cl-  NOy  SOi- Al Ca Cu Fe Mg Mn Ph S Ti Zn
Na* 1
NH, 0.747* 1
K* 0.552* 0.217 1
Cl~ 0.829* 0.730"0.506 " 1
NO; 0.843* 0.75470.390 0.761" 1
SO;™ 0.506* 0.728°0.098 0.568* 0.665* 1
Al 0.771" 0.49170.437 0.663" 0.662" 0.122 1
Ca 0.525* 0.165 0.632* 0.402 0.416 (0.133)0.798* 1
Cu 0.357 0.079 0.852* 0.482 0.219 (0.013)0.415 0.579* 1
Fe 0.490* 0.125 0.804* 0.475 0.341 (0.097) 0.681* 0.916* 0.809
Mg 0.543* 0.166 0.494* 0.387 0.407 (0.133)0.850* 0.927* 0.421 0.810" 1
Mn 0.498* 0.144 0.920% 0.520* 0.349 0.002 0.544* 0.776" 0.899* 0.943" 0.645* 1
Pb 0.316 0.095 0.842* 0.454 0.172 0.032 0.320 0.473 0.981* 0.729" 0.320 0.857 " 1
S 0.562" 0.752%0.155 0.614* 0.632* 0.935*0.259 (0.070) 0.109 0.009 (0.068) 0.096 0.152 1
Ti 0.598* 0.270 0.619* 0.484" 0.480* (0.056) 0.892* 0.956" 0.564* 0.883" 0.947* 0.742* 0.464 0.028 1
Zn  0.656" 0.405 0.827" 0.689" 0.553* 0.223 0.677" 0.695" 0.850* 0.834" 0.586" 0.892" 0.806" 0.328 0.705" 1
1) = FRIRTE 0.01 B AFEEKN- (R 1 REAS; 55 A FRREUE I 71
£R5 ZMEER PM, EFHEER"
Table 5 Factor loading matrix of PM, 5 in Lanzhou City
5 PR RIX PEAIX
PC1 pPC2 PC3 PC1 pC2 PC3 PC1 pC2 PC3 pCc4
Na* 0.221 0.478 0.765 0. 652 0.523 0. 380 0. 495 0. 668 0. 486 0. 004
NH,/ (0.048) 0. 105 0.900 0. 408 0.118 0.775 0.293 0. 860 (0.027) (0.128)
K* 0. 879 0.261 0. 131 0. 833 0.384 0.310 0. 105 0.102 0.973 (0.111)
Cl- 0. 368 0.274 0.773 0. 845 0.235 0.287 0. 401 0. 746 0.118 0.282
NO5 0.077 0.379 0. 830 0. 181 0. 484 0. 622 0. 354 0.750 0. 288 0. 235
SO;~ (0.042) (0.319) 0. 887 0. 024 (0.165) 0.972 (0.254) 0.873 0. 048 0. 344
Al 0. 198 0. 854 0.422 0. 476 0. 809 0. 094 0. 920 0.353 0. 081 0. 100
Ca 0. 407 0. 882 (0.039) 0. 290 0. 901 (0.070) 0. 990 0.033 0. 071 (0.059)
Cu 0. 955 0.203 0. 066 0. 945 0. 235 0.157 0. 583 0. 547 (0.318) 0. 460
Fe 0.717 0. 665 (0.047) 0. 655 0.722 (0.027) 0.977 0.070 0.117 0.078
Mg 0.209 0. 950 (0.025) 0. 105 0. 975 (0.096) 0.977 0. 025 0. 161 0.038
Mn 0. 883 0. 427 0.034 0. 826 0. 509 0.114 0. 676 0. 095 0. 569 0. 360
Pb 0.974 0. 064 0. 044 0. 964 0.126 0.112 (0.064) 0.571 (0.162) 0.763
S 0. 081 (0.215) 0. 905 0. 348 (0.045) 0.918 (0.118) 0.923 0.029 0. 233
Ti 0. 368 0. 903 0. 082 0.342 0. 924 0.072 0. 993 0.072 0.038 (0.014)
Zn 0.787 0.414 0. 344 0. 843 0. 395 0.255 0. 643 0.362 0. 169 0.557
FRAF(E 8. 492 4.022 1.979 10.379 3.128 1.584 8. 621 3.921 1.581 0.759
75 25 5THR/ % 53.075 25.139 12. 369 64. 870 19. 551 9. 899 53.882 24.508 9. 881 4.742
SR 25T % 53.075 78.214 90. 583 64. 870 84. 421 94. 320 53.882 78.390 88.271 93.013
54 RN ew cywr SR e wwr am —wer BT s
1) BARF IR BUEAE 0.5 VUL 355 RS BUIE R iy
B R R Y 1 ARER TR TR BRI S e SRR, MO R T R SR Y IR HE RO s ot
R A A, FAHCME (R 4) A0, H IR ITE Ti Ml Ca, Mg
ERSY 2 TUER TR 25.139% i E A BIRISCRECN 0.95, 0. 94, KT ESRIEIRHICE Ca

5 Al, Ca, Fe, Mg, Ti BA#LFBH I, HF17
#Z5 0.854 . 0.882. 0.665, 0.950, 0.903. H
HHIEE Al Ca, Fe, Mg BEVI >k B +3 Bn] >k B &

Ml Mg Z [ A SE 2 %0 0. 92, W] Ca, Mg 1 Ti J2&

[l — e s 4 P T4 BTt 2 B X LR OE K 7E
PM, AT T 0 5 4, SRR TR T L A
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