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Sources Apportionment of Atmospheric Particles PM,, in
Longyan with Absolute Principal Component Analysis

QIU Li-min, LIU Miao, WANG Ju, ZHANG Sheng-nan, HOU Jie, FANG Chun-sheng
(College of Environment and Resources, Jilin University, Changchun 130012, China)

Abstract: Principal component analysis (PCA) and absolutely principal component analysis ( APCA) were
used to qualitatively analyze the data of PM,, samples from three periods of 2009 to 2010 at Longyan
environmental monitoring station, Longyan teachers college, Minxi university and Longyan university for the
purpose to obtain the different source apportionments and contributions of PM,,. The results show that on the
city’ s perspective, the main sources of PM,, in Longyan City are the second dust/coal dust, vehicle exhaust/
road dust, soil dust, and waste incineration. In the view of each sampling point, the main sources of PM,, at
Longyan environmental monitoring station are vehicle exhaust/secondary dust, soil dust and road dust, the
major sources of PM,, at Longyan teachers college are soil dust, coal dust and vehicle exhaust/secondary dust,
the main sources of PM,; at Minxi university are secondary dust/coal dust, vehicle exhaust and waste
incineration, the main source of PM,, at Longyan university are secondary dust, vehicle exhaust/soil dust and
coal dust.
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AT ASSURLY) (PM,, ) R KA Y EEE ez — 2 B PM,, A58 B UG TR 2 iR
PM, o 3 850k A8 e A T PR B 25 ST T R 205 88, DR Rkt i 1 A e 5 i as <orp PM 1)
FEG YRR, A REA EE XM ] 15 Y i il SR, DT A ks e o i B o S (AR

A et 5 59 3 R 720 #1i% (principal component analysis, PCA) , BIZa X 3= K43 1 (absolutely
principal component analysis, APCA ) X A] WA JSURL ) ) K IR EA T e MR AR AT, o 2 B e AR B
AHICFRITR, Xk 32 PR 7~ B R B 32 PR 715 00 2 B MR R A T 2 b B, BRIV e 45 3] 4% 3 B 35 e P50 UKL )
Te AL 3 9 SRR AR 4 R BE T . ARSCRIF 2009 ~ 2010 4EXF 825 1T RS PML HFJEAY 3 301K
FEEE , SR 4T 3 850 i Ul e vl R0 P Y 32 ORI
1 HiEFMTE
1.1 PM, HRHIRE

ARSCRERL T 2009 4E9 F ~2010 4F 3 H7E A BTG | Jeia 2 Be | B PE R FFe A i 4 SR
KA 3 W TR, M E S AFAEZE. SR AT TH-1000 HY i it RAe 4 (2DUOR IR fB A
R, HIHAPLIERE, REERIEY 100 L/min, ELERE 24 h. H—UCREREM 16 4>, 5 T UCRER
i 20 A, B8 S UCRAERE, 12 4, HORAERES 48 . KRMENTRAELS 5 KA A s R B R E 1 T A
KT, SRR 7s PEAT R AR HAT S P AR
1.2 PM,HRITEEETESW

R H SRR 5 25 g A/ BT 23k (TCP-MS ) A AR ) v 52 1A B A it 1) 2 4 JR JU R 4
gy, FRHZEE Milestone 23 7 1Y ETHOD 5 41 GUIE T Ak ASCORT U8 58 105 A7 AW I T8 A, Ak J 100 1 o 1)
ICP/MSZMHrilli. JT&E i 4u3% Na, Mg, Al, K, Ca,Fe,Be,Cu,Zn,Ni,Se,Mn,Pb,Co,Ti,V,Cr,As,Cd,
Hg,Mo,Ba,Sh 3£ 23 Fir&.
1.3 FEFHWE

T T3 i BT 5 15 YA DG A8 i Z A A AR SR O, 7R B AR SRV fe R el 7
REEMHRE T, RINPBOU LG22 R (FHT) m MU ROk 2 AR I, IR TRy T
A, FeJ A A HE YR AR TR A 2

it ER B BRIRS ER IR, 5l AZXT T F155r APCS(absolute principal component scores ) {5
BT ITURES . BRI Z, = (C, - C)/S,, HorPy Z, AFRE sl 75 Y e 3R i B 1L
Gi BTSSR,k AFER ) 5 €, 0 B RESD § T E BT LR SEDUME; C, o i B BYFI91E; S, BT AR
i I H BB IETT 22

T ER ER PSR Ll briie iy, B, 5IA—"AWH B A F AR, HbrifEfuas
RH(Zy), =(0-C)/S, == C/S,. ST ERFE BRI BT Oy RS
15353 B Ry 4 %) 3 R 54597

W T WA SORE IV Ry PR AR B, 2508 PRI A5- 00V A A8 B R AT DA 2B, 45 B b 4% 2 7
AR BTRRAS ;. LIRS & e R 0 B i LU VR IR 2 5, B4 b 2% 2 IR 7 B9 AR STk Ay B 22
i, AR FN TR EFOTEMRE. C = (b)), + D APCS, x b, (p = 1,2,+-,n), .
(by), HHEOW; b, ZMIHRE; APCS, JEFEM AN £ T35, APCS, x b, KR T5 4R p X5 94¥)
C, TR, FTATRERI APCS, x b, B9 EI Y5 HeR p HOTHY S0k, T o 6 Fios 20 i L 52
i AR IZEHE. ASCE R T EM TR R GE T M SPSS B aEAT, s i TR 45 S i B SAS
I EXCEL HLF &A% 58 bl

2 ARSI

2.1 =WHEREPM,,EEFHHT
ST 4 D REE S IRAEEE I T 0 A M A B S FRE T R R A T R ) B AR
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T AR AR SPSS B dE4T T Hr it 3. R4ETT p A~ Rt 7 25Tk %E =85% ~95%
F A =5 Y p =3 B, 722 TTHkR N F 82. 686% ;5 M p =4 B, J5 2% BTk %A
94.059%. 2 FHF4rHris 2 7 220 R IEAC e s B 125 far i B 81 46 1.

1 RETASH PM, MR EWKE S Hes B FH A ER

Table 1 Factor transformation matrix after varimax rotation for PM,,of Longyan City

o K171 far e
ARt | 5 3 4 I [ B2
Na 0.253 0.750 0.493 0.267 0.940
Mg 0.575 0.303 0.699 0.174 0.941
Al 0.318 0.388 0.837 0.009 0.952
K 0.329 0.357 0.013 0.843 0.947
Ca 0. 804 0.298 0.320 0.386 0.987
Fe 0.522 0.706 0.409 0.159 0.963
Be 0.791 0.353 0.298 0.314 0.937
Cu 0.422 0.759 0.316 0.355 0.980
Zn 0.354 0.777 0.240 0.316 0.887
Ni 0.308 0.759 0.465 0.311 0.985
Se 0. 866 0.360 0.169 0.194 0.946
Mn 0.563 0.412 0.388 0.447 0.837
Pb 0.581 0.650 0.221 0.398 0.968
Co 0.371 0.884 0.137 0.156 0.962
Ti 0.707 0.469 0.390 0.126 0.887
v 0.720 0.545 0.301 0.257 0.972
Cr 0.591 0.713 0.262 0.122 0.940
As 0. 644 0.616 0.335 0.293 0.993
Cd 0.422 0.547 0.445 0.329 0.783
Hg 0.581 0.226 0.449 0.523 0. 864
Mo 0.726 0.522 0.332 0.298 0.998
Ba 0. 696 0.577 0.307 0.271 0.985
Sh 0.813 0.385 0.329 0.244 0.978
FEAF(E 8.059 7.412 3.547 2.616
J5 TR % 35.037 32.227 15.421 11.374
,%%Vrir?ﬁfméé/% 35.037 67.264 82. 686 94.059

—HFHICEK Se,Sh,Ca,Be,Mo,V,Ti,Ba, As FIZk 8 H, 2 {45370 0. 866,0. 813 ,0. 804,
0.791,0.726,0.720,0.707,0.696 Fi10.644, HHILE Se,Sh,Be, Mo, V,As FE SR HEBCH 5, 1
Ca,Ti,Ba Xz sgm . Bk, BT 1 RET kb sty Hotksh 35.037% .

% —HFHICEK Co,Zn,Cu,Ni,Na,Cr,Fe, Pb MM 5 5, EATE S50 0. 884,0.777,0. 759,
0.759,0.750,0.713,0.706,0. 650, H:H Co,Ni,Cr il Pb J& V54 B MIAREICE, 1 Zn,Cu,Na 1 Fe JC
KR THAICE, FILET 2 alaEkiE R G RA/E A, Eﬁ# TR N 32.227%.

=TT E Al Mg ETRE, ERE R 0. 837 F10. 699, 3% W AT 2 2 1 X 1Y 3 B AR
,UJD%, B, 3 SRR T LR, HoTikE s 15.421%.

SR T HICE K i E, AN 0. 843, HORE RSB | TThkE K 11.374% .
2.2 BISLIEX PM, B9 RREHT
2.2.1 Xt EEFEERMBNFE  FEHBEF 0L N TG Qi 8B Al L 58 i 2% =
For BT s A RS Yl PM, 1 BTRRAE B2 4R, S B0 UEIZ T ik A ERf 1, 38 LR T BE B
A () FPATTAEL R WL A 2[RI A AR A R FEEA T I, &1 1 MR T KA P, 4 it 32 R i (5 5
PRUSINE 2 (B Y E AR g 3. L Rl 0L, £4b2A 40 AT (S EIIME 2 U AR T 1, KMot R
FIAIRHR2ZE FEATE £20% 2N, HH Fe, Cu,Ni, Co,Cd F1 Hg FOFEAT(E -5 W IAE 2 18] A AR RHR 22 80K
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Fig.1 Ratios of monitoring value and analytical value of variables
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Xof 3 R Tk AT BT 15 YR B SR E = AR 87. 11 wg/m®, AT L8 X 35 K T O &S ARAT T ATl
PM, A RIARTR, B A T ORUBIRLY) PM, R 2ORIBUE — kA A | B3 | IRG R V/1E
FRANFIRLIRBE B 4 285 YL

K2 ]y 257 e X PM,, 0970 dH. di & 2 ] el B
W, TR AR AR TR R AR PM 1Y B BTG LR, or

X PM,, A HHFGL 53% , BRIP4 "G RA/ Jor
TE A LIS 3 B b 2 S X PML, BT MR B K B 5 A L£3or
=g

3R ETE Y, SRS Bk 18% ,13% F1 6% . e B AE

VRS AL 5 T THAS B 0 B B AR DR 3 5 0 s B
S S AR O, R AR TR R K, {1 R R T
SR 2 B PR RER IR, MR % i 56 T e e

VT, B TAREE IR HE R, MELARE SRR, BT LA B2 A5 PM, RS B RRT 4 R
AR — MMM HE N K SR B P ST At A Fig.2 Results of sources apportionment
BAIF A R A SRS 2R s iEsh, of P in Longyan City
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Br i A 35 G IR PM, RS R 2 4L 9 - R AN TTRREL, Z52R90 T3k 2. lisk 2 al UL P, Hh &% {4l
SYBIARTR, XSG FOCEIE T b A 75 G IS R i )
2.3 JBEREMEET 4 DRES PM, SHEZNERTER

F 20T R FERTAF8] T e 4 A REE S PM, 15 PR DTk, 4509 TR 3. MR 3 AT,
T A PR N DNl S RAE T RS R IONR G R g | BRI AR FE B A, STHRRARTE 10% A
b, HARER A kAR sl R . ORI 07 T3k e, N EROR, Wl &
B AR S, WY Tk Ay IR AR NI A DU oy T 2 M A LT, T
ERUREZ , I b i k.

AL KA R E R TS YU £ 4 | BB AR R/ ke, HP otk R Ry
Je LIPSO T IA L R S AL T T A, SR B, MR i ATl HAR
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®2 ESFEX PM, FUFAESOTMENTERMBTER
Table 2 Contribution values and share rates of sources to chemical components of PM,,
SR/ RERAVIE R EHEAIb R R FELE R f e Rl
SUERE e TUEkE/ aE TEEME/ g STEME, 4 Saby CPIE

(pg-m?) F/% (pg-m?) F% (pg-m”®) F/% (pg-m>) F/% (pg-m™?)(pg-m™>)
Na 0.0861 29.78  0.0742 25.67  0.0679 23.47  0.0219 7.59 0.2501 0.289 1

K
e

Mg 0.2949  65.27 0.0452  10.01 0.1450  32.09 0.0215 4.76 0.506 7 0.4519
Al 1.2926  36.04 0.4589  12.80 1.3771  38.40 0.008 9 0.25 3.1375 3.586 7
K 0.3816  43.19 0.1205 13.64 0.006 2 0.70 0.2363 26.75 0.7447 0.8836
Ca 3.726 1 73.44 0.400 8 7.90 0.5995 11.82 0.4323 8.52 5.1588  5.0739
Fe 1.3080 36.76 0.5142 14.45 0.414 1 11.64 0.096 0 2.70 2.3323 3.557 8
Be 0.000 1  75.57 0 9.74 0 11.48 0 7.23 0.000 1 0.000 1
Cu 0.0832 66.55 0.0435 34.80 0.0252  20.19 0.0169 13.53 0.1688 0.1250
Zn 0.3481  56.11 0.2221 35.79 0.0954 15.38 0.0750 12.08 0.7406  0.620 4
Ni 0.0035 50.87 0.0025  36.39 0.0021 31.03 0.0009 12.39 0.0090  0.006 9
Se 0.0012  82.88 0.000 1 10.01 0.000 1 6.54 0.000 1 4.47 0.0014  0.001 4
Mn 0.2844  60.17 0.0604  12.78 0.0793  16.78 0.054 5 11.52  0.4786  0.4726
Pb 0.4865 66.03 0.158 1  21.46 0.0748 10.15 0.080 5 10.92  0.7999  0.736 8
Co 0.0003  34.55 0.0002  23.88 0 5.13 0 3.50 0.000 6  0.000 9
Ti 0.390 6  68.49 0.0753  13.20 0.0872 15.29 0.016 9 2.96 0.5700  0.570 4
\ 0.0026  70.86 0.0006 15.58 0.0004  11.98 0.000 2 6.11 0.0039  0.003 7
Cr 0.0103  70.57 0.0036 24.72 0.0018 12.63 0.000 5 3.51 0.0162 0.0145
As 0.0572  66.94 0.0159  18.60 0.0120 14.07 0.006 3 7.35 0.0913  0.085 4
Cd 0 96.39 0 36.51 0 41.10 0 18.13  0.000 1 0

Hg 0 45.13 0 5.10 0 14.10 0 9.81 0 0

Mo 0.0009  70.61 0.0002 14.75 0.0002  13.06 0.000 1 7.01 0.0014  0.001 3
Ba 0.0257 71.16 0.0062 17.12 0.0046  12.69 0.002 4 6.69 0.0388 0.0361
Sbh 0.0015 65.55 0.000 2 9.02 0.0002 10.73 0.000 1 4.75 0.002 1 0.002 3

R3 EETERERMAEESFRATHE

Table 3 Contribution rate of the main sources of each sampling spot in Longyan City

Jvia 15 QIR (TR % )

Wk KRS/ Z Rk TR iA A HoAh
(35.64) (33.92) (16.95) (13.49)

g/2% =1 [ o | 97 R BB KRS/ "R HA HoAth
(76.12) (15.18) (5.66) (3.05)

MR Wi R KERA R AEbeck HAth
(42.94) (24.97) (10.95) (21.14)

BHFR —kd HERS/ R4 BRI HAth
(46.88) (46.55) (5.49) (1.08)

Vo) PG R 2 SR A S e R TS G 5 IR b R A, OO IR G R AU B B ekl L 32 28 2
AR5 G, 32 R Sk T R R S BTG sl FE B, HLMEE &0 R B RIS 5 3%, RERA
R Y KA AT Yot OB ™ . S 27 PR A L RS R Ik h | RER SR/ TR
RFRBEAY  RIIAL B N R TG SRR, Hoe A w i i 5, R Kot A b, sz,
AR T, RERZ, PPAEKEES, 0 AT .

2.4 RETKSPM,,i5RiIEHEH

H4 PCA/APCA BIFEATEE SR AT, Jesm i i) 205 Yl IR/ it R RA/IB A
TP TR ABE R A, XA TG YA AN FIFREE B DTk e W00l SR a5 25 YLl iR 4 2
SRk RIS RE R A e I SRAE R AT G IR TD A | B R G R
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R/ TRy, PR 2R SRR ) E BTG YR kb R R R AR I R ek, AR
SREES BB YRR TR RERR/ BRI AR A, AT, BR T 3 bR A1, HL
| KN RN O N REE S 1N

3 & g

(1) EHEFHHT LN FFF o0 e a5 B8 . JeA T R BRI PM,, 1Y 4 28 F 2RI —
Wi/ R IR RAR/IER A IR R R Br e s by, STlkR 4> 510 53.18% ,13.33% ,
18.12% 1 6. 48% , HA R AR,

(2) T RA T AR PM,, o5 Yol i) ook R HAT B 0 9 2 (R AR ARRIE . HRER AR A
SEIERT UL . BT W A R PG A e T D BT, B o IR AR R RA, A
FANRTENEINE, HYLSh T RORIRZ 80 Jea 2# B MR R L T30 sl BT, 2805 Ye i 2
TR,

(3) SEERFRW, TR TR ] LUK AT B IR B B PM,, 1) 2 ZERIE , 4 Xt 3= R 7 b
WU — 25 B A BT 4575 A U5 0 SRR RN BTRR .. PCA/APCA J7 B AL HTE T 7] ITEAR T 15 Qe J5 i % B
TS O R A5 Gk IR, A 1o YR IR RS ARREL B, AT 15 YL VR A BTk R A STk
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