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Cr>Zn >Ni >Mn,7E PM,, 4} Cd > Cu > Pb > Co >Zn > Cr > As > Ni > Mn, H PM,, kb TSP HA S5 1 4E G F
P AR TF R TR R T PM,, TR 0 B BRSO A Tl | R |
EFUKI AR RS, TR S50 56.30% ,23.88% (19.78%.
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Characteristic of elements in atmospheric particulate
matters in air of Xinzhou City

LIU Fengxian PENG Lin" MU Ling HU Dongmer SHI Meixian YANG Hua

(College of Environmental Sciences and Engineering, Taiyuan University of Technology, Taiyuan, 030024, China)

Abstract: Total suspended particle (TSP) and particulate matter ( PM,, ) samples were collected in
Xinzhou during winter and summer and eighteen elements including Na, Mg, Al, Si, K, Ca, Ti,
V, Cr, Mn, Fe, Co, Ni, Cu,Zn, As, Cd and Pb were measured. The concentration, spatial and
temporal distribution characteristics, potential ecological risk of heavy metals and the main source of
these elements are studied. The result indicated that the concentration of 18 elements in TSP was
47662.2 ng-m > and in PM,, was 17546.4 ng-m . An order of potential ecological risk index of
heavy metals in TSP was Cd > Cu >Co >Pb >As >Cr>Zn > Ni > Mn and in PM,;, was Cd > Cu >
Pb > Co >Zn > Cr > As > Ni > Mn and the potential ecological risk index of PM,, was higher than
TSP. The main sources of elements in PM,; in Xinzhou were divided into three categories including
coal buring and industrial dust (56.30% ), soil dust (23.88% ) and the construction cement dust
and vehicle emission (19.80% ).

Keywords: atmospheric particulate matter, element, potential ecological risk, enrichment factor,

principal component analysis.
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JEAL T KT Tk BE T 3 E B 11 A IR A TTRR. X 415570 X M T A g A 1) S AUk A v TE AL
JUER B e BEBEAT T TS, WFSE R R IR T ARG 3B Zn (Pb As I Cu 72K 6] T 75 5) & 4. #1f
MG A T IR 23 b PM,, 1 P, DT T SRFERFSY, R IO TC R Zn Pb 16 PM, Fl PM, % &t
B, Cr V Ni  As S5 IR Ay W2 o0 A, RUBURE) Hh B B 4 Ja b AR BR A A= 25 R L R AR
SR AR T AE F TG T 4R W5 EZAEDTE Cd Cu Pb Zn 3X 4 FhOTE (1 BE KPRl £ R
YR OG T 4 o A AT A A PR B AR D

P TR T LS e, 2 DU Tl o 3 Rk & R r BRAE T Tl RO £ 1k Tl R . AR SC
PR T R BOR 18 FOCER NHIFER R BRI R, I 0871 T Cd . Cu Pb Co.Zn Cr As,
Ni Mn 4 A PAHEAEAE 5 1, St M T O SUBURL ) 15 Y B 1 K% i <3 T o A PR A B 52 i 34 42 (1 B
M.

1 R RS i

1.1 FEAREE

ARSCHE FEAS[R] A DR IX, FEAT M T T X BB HR 4 A RAR L 7 1—4 SRR Tl X i RIX AT
T T DX DX, s i DL 1. SR KB120 AYH i i (100 Lemin ™) SREERR , 26 90 mm 2R C 4%
TENE TE 8—12 m = BEAL , [ SR AE TSP I PM,, , ¥ SR FE 20 h. SREERTEI A 2011 453 H1 H—3 A5 H
2011 897 A5 H—7 H 9 H i CERIT N T 94 22 2= ABFoE R4 80 M.
1.2 FRAR AL TR K 53 Al

VR AE S 1 08 B B AR S0 A A TR L T, n i e 2 B KR, PR A 43 AT 469 HNO, 15 mL HCIO,
5 mL; BRHETE HURAE B A TR EE R HIAE 100 °C LATF  iRE S5 BRANWT SN, S IRF AR 3 mLL i K4k
FEHUEBUTR 0, A 28 1K sk , A 15 mL, f 0. 3ot i85 Ao 5 e 8] AR b, T 2%
KOH ¥ 30 mL &% 0.5 h, FFdI8E 4 T 50 mL 255, R Si 45 i
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Fig.1 Ditribution of particulate matters in air monitoring site in Xinzhou
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18 Ft R Na Mg Al .Si . K,Ca,Ti , V. ,Cr Mn Fe Co Ni ,Cu,Zn, As Cd F1 Pb oA HY BR 4351 o 0. 02,
0.02.0.025.0.015.0.06.0.003 .,0.003 ,0. 003 .0.004 .0. 0005 .0. 002 .0. 005 .0.009 .0. 002 .0.005.0.03
0.003 F10.03 pg-m .

2 #R5HE

2.1 ORI IR S A RHE
2.1.1 TSP Fll PM,, FIC & W K

PN TR ZS S TSP F PM, HH T R W 4345 UL AL 2. TSP 1 18 Rl 2 it vk & 2 FITTE 43069. 4—
53765. 1 ng-m > Z[i] , PN 47662.2 ng-m S ICRWKE K/IMKIK N Ca > Si > Al > Fe >Na > Mg >
K>Zn >Ti>Mn >Cu>Cr>Co>Pb>Ni>As >V >Cd;PM,,H 18 FhICE i i JE 2 FITE 13191. 8—
21494.0 ng-m > Z[8], X B R 17546. 4 ng-m 18 FOCEIKEHEGIT A Si > Al > Ca > Fe >
Na >K >Mg >Zn >Cu >Ti >Mn > Cr >Pb > Co > Ni >As >V > Cd. TSP I PM,, #4550 K ¥ & HE I 7 5
AR—F, ¥ N7 ICE (Ca Si Al Fe Na Mg K) ¥ JE K F g L& (Zn Cu Ti Mn ,Cr . Pb Co Ni,As,
V.Cd). Xf Lt TSP #l PM 1 ICER & it A8, Hh5E 0 2R 7E TSP A & T PM,, , 1T flliE TR 7E TSP 1 PM
R R 220 AT i R TR R E AR N SR I
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Fig.2 Comparison of the concentration of 18 elements in TSP and PM,, in Xinzhou

PN PM, e R R ST IR PR BH A RO A B DL 1 T
TR BT PM, o 25 JC VR R A — 2, Hop | ISR WOC SR A 2 TN T PM R A e R IR
FEBIRAG , 28 2 X 55 38 SBORI 3B L e R Vs e . SPERH R EERIAE st AE B B Cu Rl Co b, FoAh
JCR WAL

PrIHTT PM, H Cu Fl Co FUR EERS T, P RE S 2k T AR S Tl Al A 5. Horp, Cu WREER IS T
IS K- HARE R AE SRR 200 ng-m ~° , AT FI5E KT HARE R fEFEFEFR 500 ng-m ~, Co MR A
K HERME R AE S5 FR 100 ng-m .

2.1.2  JUEIWRFERZ AR

Pr T4 Z=F 5 2= TSP Fll PM, 1 18 FIOC R WK e 45 0 R A M 22Uk B2 LU (B DL I 3. IR 3 7T
U TR —Fh e & B PR e AR & 2 R 2], TSP Mg F1 Ca 78 5 2k BE 4wy, ml At T 215 it
Tt Y15 Y H s Cu  As \Zn \Na |V (Al Si Ti Mn Fe Pb 7E4 R FIE FWEEAH ;K Cd \Ni Cr,Co 7E
REGFRTEE WEHAE S 4.0 4.8 11.6.,15.3 .60. 4, X A fE 5 & =R MEHR AU INA 56, PM,,
18 FIOCRIKEY AR T HEZE, H , Cd As Mn Ni Co I Cr 7E4ZEFIE R WA S, 73018 3.4
3.73.7.4.3 14.8 16.2.
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RTINS T PM, e R BE S HARIR T 9 HE%E (ng-m ™)

Table 1 Comparison Xinzhou with the other cities on the concentration of 18 elements in PM,,(ng-m )

Pl
TLE - w12l dEyRi B FKels] Jeste]
¥ i 2
Si 5246.8 517.3 11055.1 10959
Ti 141.4 13.83 787 474.3
Al 5060.7 853.7 9722 9273.9 1295
Mn 111.4 15.9 229.8 68.6 254.3 119.4 103.3
Mg 365.3 87.0 2640.5 1102.9 931.1 1579.0
Ca 2484.8 774.2 7239.5 8226.9 4901 7031.7
Na 1009. 4 75.9 2529.5 2254.1 1159.0
K 982.2 176.7 2981.3 1710.5 3305
Cu 213.7 36.1 551.6 82.7 174.9 154.9 78.7
7Zn 292.0 40.8 770 280.3 510.3 623.8 442.7
As 2.0 0.5 80.3 22.2 39.2 66.0
Pb 38.9 9.36 327.8 62.9 241.5 302.3 241.6
Cr 110.0 3.2 151.3 288.6 76.1 167.7
Ni 5.5 0.5 13.4 47.8 16.3 76.4
Co 14.4 4.1 7.4 1.9
cd 0.2 0.03 0.5 5.7
Fe 1460.0 156.5 5068.9 3024. 1 4033 3168.0
v 1.5 0.2 15.9 3.5 12.4
100000 = Tsp . 4 Clxzx —€— Wi 7
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= =y
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#&
R 10 H30 ®
R e
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Fig.3 Cocentration of 18 elements in TSP and PM,, during winter and summer in Xinzhou
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TR TIABEIA S| RIHZ X A I X, TC R Tl 3, 55 46, 76 TSP 1 PM,, H Ph iy i
IKEHRIAL TR TEE(E 3) , AW &2 Ph 138 5 T RS B T2 R R o BRI kb SRR A 1
TSP 1 PM " Co BYHEEE 43T A 2R A p, 3 (FIXTIE IS X ) 1) 2. 3 Fl 4. 6 £%, HR K EAELAEHE & TRE
25 HAZoS A F LX) Co W 388 i mT RE VR T ToMb oM 20 R A R I 52 )

R2  A[ERALEIRETZS S TSP A PM, PG E R E LA (ng-m ™)

Table 2 Comparison of elemental concentration in TSP and PM,, in four different monitoring sites(ng-m )

_ REEE 1 RFE R 2 RFEA3 SREE 4

LR TSP PM,, TSP PM,, TSP PM,, TSP PM,,

Si 11038.7 £3749.4 5169.7 +1741.0 11236.5 £5222.0 6260.5+2672.3 11737.3£7729.0 4012.3 +1462.9 12403.7 +1706.2 5498.7 +2630.4
Ti  373.1:145.8  146.4x91.4 174.8 £93.2  155.5£69.0 25.1+173.4  106.4 £45 333.7495.4  155.3+98.9

Al 10113 £3581.4 4438.7 +1161.6 11480.8 +4848.4 6317.1 +2889.5 10453.2 +4271 3527.1+939 13073.8 +£2626.8 5906.4 +2978.3
Mn  243.5+186.2 116.9 +62.5 192.9+142.6  114.1 £100.5 278.6 £224.1 71.0 £36.8 191.8+128.3  141.3 £138.3
Mg 2232.7+606.8  220.6 +64.8 2134.1 642 397.3£321.3  2172.4+646.2  290.3 £118.8  2414.5+348.7 547.4 £265

Ca 11873.8 £3982.4 2383.1+1528.2 14319.2+6301.7 1800.8 +913.1 12238.9 +3077.1 1367.1£721.8 16201.4 +4624.9 4428.4 +2998.9
Na  2120.9£573.4  897.3+244.5  2759.9 +1731.7 1046.4 +414.1  2097.8 +1020.6 931.5£363.4  2235.1+270.3 1161.7 +565.4
K 1634.5£1271.4  675.8 +255.6  1853.1+861.6 1143.0+£616.0  1926.3 +1531.5 913.3+436.3  2132.6 +1125 1307.1+703.5
Cu  225.4+104.7 101.1 £88.7 310.5+144.2  195.3 £44.3 184.7 £72.9 161.1 £48.3 309.2+107.8  259.4 £74.7

Zn  282.4x172.9 247.0 +£162.5 393.7+228.0  348.9£233.0 405.4 £242.4  338.3 £213.4 226.5+119.8  201.4+145.7

As 4.5+3.5 3.2+1.6 7.2+4.4 2.1+0.9 5.3+2.4 1.31.1 8.0+3.1 1.5+1.1
Pb 28.1+17.3 23.8£21.9 44.7£36.1 44.1+37.1 60.1+37.5 57.3+35.6 33.0+17.4 26.7+£21.7
Cr 128.1£95.9 115.8 £45.9 187.4 £83.2 102.3 £50.5 163.1£82.1 110.8 £87.6 180.0 +25.2 111.8 +58.0
Ni 5.2+1.8 3.8+2.2 22.4£29.8 6.8£5.5 18.6 £11.0 5.1+1.9 22.5+£9.9 4.6+2.6
Co 70.9 £49.6 18.8 £7.4 34.2+22.4 17.3£12.3 30.4 £14.5 4.1+2.1 39.7+11.0 17.0£23.2
Cd 0.2+0.1 0.2+0.1 0.3+0.2 0.2+0.1 0.3+0.1 0.1+0.1 0.5+0.2 0.2+0.1
Fe  2856.1+264.9 1233.9+394.0  3056.0+207.8 1634.4+184.6 ~ 3552.7+191.5 1293.3+342.2  4005.0+151.3 1673.6+291.2
A 3.3+1.2 1.3+0.2 3.2+1.7 1.9+0.7 3.2+1.7 1.2+0.4 4.0+0.9 1.7+1.0

2.1.3 ORI G AT AR A XU AR A B

TATELE 25 KURS: 3 BT 248 7 FH T TE AR 2508 48 (R X 1 48 @ #EAT PPN 2007 1207 1k A R Al 25 R
JCER FREma R, BIGTARY) v 4 I i A= 25 e 3 A A, M0 R BETTARY h 46 i T YA B2 5 hn w3, %
AEPRATT

_c
G =g (0
E, =T, -C (2)
RU= 3B = X70¢ = X7+ 5 (3

A, CONS i FEE BRI TS YR G € AL AR P B B i S, mg kg Y5 €, DR i PR
GIRATERE, mg kg ™' 5 E, E | M GRS R R T8 M EGR R R R, ek
HCFEHECTFA 0 Ho 5 e A BURRE 5 RIS 50 o 4 i 1 0 A A A5 XURLFR 80 0 0 A AR 8 XU DA
RAREI IR 3.

R3OWIEEENEIER AR IR 72

Table 3  Classification criteria of the potential ecological risk index

Ei WA S e R RI S T LR S KR R
<40 B <150 B
40—80 Ex 150—300 &g
80—160 i 300—600 R
160—320 R > 600 R

>320 &
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AR K 9 FpH 4 JE Mn Zn Cr Cu Pb Ni Co.As Cd PEFTIETE A 25 KU 5 AE 20 BT, HEa v 2240000301
H1.1.2.5.5.5.5.10,30, 0% T S B B [E 1 5 (H, 730k 583 .74.2 .61 .22.6,26 .26.9 12.7 ,
0.097 mg-kg """,

PN T R AR ) T 4 8 VAR A e R S A A8 5 L 3% 4. X He 3 3 W] HL 78 TSP 7, Cd
B A 25 A AR i | Cu B S G E R iR | Co MYAE A5G H5m BE N B8 , Ph 14 5 0E SR N
As Cr.Zn Ni Mn 5 Fe 4 J& 0 o 35 A% B2 o0 8240 B N T AU 4 v o 4 s A 2518 3 1 R/ IMIRICY
Cd > Cu >Co >Pb > As >Cr >Zn > Ni > Mn. £ PM,,#', Cd ,Cu f&E R Ak, Pb 4 2508 & 0 i A4
5% ,Co Zn Cr PAESfEEMRE I, As Ni Mn 3 M4 )8 WG FERE WM. 4R ESEERK
9 Cd > Cu>Pb>Co>7Zn>Cr>As>Ni >Mn. SMAKRFE TSP Fl PM,, i 75 764 A XS 18 5048 J it B
PM,, 5 TSP #H LA & HLA A (0 AR 25 fa 3 v, Bk — 25430 P, P B 4 1Y) R R

R TR AUBOR ) E R YA AR AT R SRS TR KL

Table 4 The potential ecological risk index of heavy metals in particulate matters

. TR S KRS R AL EL AR
HRLD) Mn Zn Cr Cu Pb Ni Co As Cd U5 %L RI
TSP 2,29 25.23 31.66 279.17 44.69 18.38 97.78 33.06 533.97 1067.13
PM,, 2.27 46.86 42.96 578.55 89.02 12.09 67.70 20.76 687.34 1548.43

2.2 FEORIEET
2.2.1 EERTIH
& £ K F ( Enrichment Factor, EF) T TR RS RIE R T O R TR FIR RPN S
IR F-HIC R MR IR ( A SRRIRE A R ) . 28— P AR R E TR RIERSLTER S 1L
JLEA Ti Fe Al fl Si. &L+ (EF) B9E LWF .
_(C/C) s
FT(C/C )
Kb, CHCABRIAICE | MBILITREMBTRIKRE ;C' M C' J2ITHR | MSInR T 5tE.
AW Si(29.56% ) MERS TR, B s ERCD E HIE 4 T R 8 5 (8, Ti . Al Mg, Ca Na K,
Cu.V . Fe 75 5{H %4 0. 38% 6. 62% 0. 78% 1. 54% 1. 02% 1. 86% .22. 6.82.4 mg-kg ™",
2.949% "8 TN T AEE 2R PM, A JC R I SR 1 L 4.

1000 —

EF

HERETF

p 0 HAn A HAARAN S

Ti Al Mn Mg Ca Cu Zn As Pb Cr Ni Co Cd Fe \

B4 PN PM, P17 MR E £ T

Fig.4 Enrichment facters of 17 elements in PM,; in Xinzhou

FICR M E L HF/NF 10, WA AR T 7 (8 38 R IEW A &4, 22 h LIS A Xk
(2R3 B AN B AR PP R #] 10—1 x 10*Yu IR, Ak iZoe E W 45, 5 AN AR sh AR TR) 5T ik
A HE 4 w0 PM, PR SRR TR T 10 BICEALRE M Cu . Zn Pb . Cr Ni Co . Cd, &M PM,, X
JUFP TR FER IR TTEREY, R T5 R R, Al 9 Moo R & E N /0T 10, MXF F ST R & 4,
FEZRIET A RVE.
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2.2.2 FERTFHHT

F2 A F43#1 (Principal component analysis, PCA ) J& HIZDEU LA A7 iR 28 bR B 2R 22 1H] B9 BK
R, BRREAR DG B VI LA A8 s A e ) — 2 v | B — 288 s st R — A TR, DT A D g LA IR
PN N EI=Sa

ARHIGE R SPSS BRI M T KSR PM , H 18 Fh ot 2 A MR BE R4 185 Ky 28 e 5 IR 430,
FIUR S FHEFHMEERELES.

RS5  UIINTRSIREE PM,, 18 FhITR I K Jr 22 e R 743 i

Table 5 Orthogonal rotation-Varimax matrix of 18 elements in PM,; in Xinzhou

TLH EHF1 FHF2 FHTF3
Si 0.584 0.394 -0.160
Ti 0.452 0.288 0.213
Al 0.747 0.664 -0.038
Mn 0.758 0.336 0.559
Mg 0.160 0.927 0.339
Ca 0.301 0.442 0.845
Na 0.255 0.909 0.329
K 0.097 0.987 0.113
Cu 0.410 0.390 0.824
Zn -0.186 -0.247 -0.951
As 0.692 -0.719 0.030
Pb -0.687 0.057 -0.724
Cr -0.207 -0.612 0.764
Ni 0.447 0.105 -0.888
Co 0.967 -0.004 0.254
cd 0.965 0.258 0.050
Fe 0.389 0.921 0.027
v 0.665 0.725 -0.182

Ty 22 DR/ % 56.30 23.88 19.78
I TR % 56.30 80.18 99.96

(1) EFEF 1 555 Co M Cd BIAH MR, M Co.Cd B R FIEIE KT 10, 5 EHF 1 RAET
N AT B BeHE I A e B R BRI B« = R S Y3 de il R A9 Cd 2 RS Cd 1)
FHEORIED . Co IEAFWRE B KT H T RE 5 & FRIEA 56, B F 1 AR T B Tk ky
b BTEREIE 56.30% , S 5 L.

(2) EHTF 2 550% K Mg Fe Na FFHSCHEAR & , Mk 2Lt R 7E e A7 e | 739/ F 10,
FEORVET ALRIE, B =T 2 R T BRI A, 5Tk %3k 23.88% .

(3) EHF 3 5I0FE Ca Ml Cu MAHCHEMR S, i Ca B2EFUKIRAMIREITE , ML 4 B <HE
OB 2SS Cu B ZDRIE B N7 3 R TEFUK RTINS, 5Tk RiA 19.78%.

3 4

(1) YoM #h5E 25 S TSP Al PM,, 18 FROTER MR L4331l Ky 47662. 2 ng-m ~> Fil 17546. 4 ng-m
o PM, Y Cu Al Co AR BERS T, (H Cu YR B AR 3 4858 /K7 H PR (AR A, Co TR B AR 1 #1455 7K
- HARE M A SRR

(2)JGE Mg Fil Ca 7€ TSP H B Zyk FEAL &7, W] RBJ& EEARUNE 17 A= 3 20 BT 85 I JC 3 7E PM P 4
FURERI T H 290K Co fEA R 5 B MR B AT AEAE W] W22 5], 76 TSP A1 PM,, i) LUAE 53301 A
60.4 1 14.8. JGE Pb 7£ 507 3 EIEE /K-, BRI T8 ITER Co TR0 1 WRIE T, 200 i
AMECTHIEDX) 19 2.3 £ (TSP) A1 4.6 fi5(PM,,) , TLIE Sl A4 ZRIR MR IZ w7 1 25 YL IR, TTR AT
2 AR 25
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(3) Pril i XM EE 2R TSP F 4R S G ERK/MEKIK A Cd > Cu > Co >Pb > As > Cr > Zn >
Ni >Mn;7E PM,,"F % Cd > Cu >Pb > Co >Zn > Cr > As > Ni > Mn. TSP Fl PM,, A 78 75 A= 25 XU 48 5034 R
Wi, H PM,, 5 TSP AH LA T8 1 A= 515 35 1

(4) BT R TN T EREE 2 < PM o P Mn Cu . Zn \Pb ,Cr Ni Co Cd 5 ANZEHY &R S A7
K. ERF At — 23R8 P, thoe R 09 F ZHERCOR A A B A A Tl R e | XD KR
DFNRAE RS, TR 94 56.30% 23.88% (19.78% , I iE— s A ik 3 25 A das il LA
B RERARR AR 4 % IR B 2 R T .
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