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Characteristics and Sources of Inorganic Elements
in Atmospheric PM,s at Chenzhou City
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Abstract: In this study, the mass concentrations of inorganic elements in PM,5 of Chenzhou city were deter—
mined by using inductively coupled plasma mass spectrometry (ICP-MS ) ,and their sources were analyzed by the en—
richment factor and principal component analysis. The results showed that the average mass concentration of PM,s in
the study area were 28.7 pg+-m=,30.7 pg-m=>,41.4 pg-m= and 58.1 wg-m~ in the spring, summer, autumn and
winter, respectively. The average proportion of inorganic elements was 15.63% of PM,s, of which Al,Fe,Zn,Cu, Pb,
Cr,Mn, As,Si and Ti accounted for 90.6% of the total amount of inorganic elements. The enrichment factor analysis
showed that Cd, Ag,Bi,Sb, As,Cu,Pb,Zn,Cr,Ni and V were mainly originated from anthropogenic factor. Particu—
larly, the enrichment degree of non—ferrous metals was higher, which was related to the fact that Chenzhou is a fa-
mous town of non—ferrous metals, and the exploitation and smelting of non—ferrous metals are well developed. Princi—
pal component analysis showed that the inorganic elements in PMys of Chenzhou city were mainly derived from the
combustion of coal and petroleum, automobile exhaust emissions, smelting of non—ferrous metals and soil dust.
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Tab.1 Basic situation of sampling points
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Tab.2 Basic situation of large mining areas and smelting

enterprises around sampling points
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Fig.2 Variation of PM,s mass concentration

at each sampling point

T X3RN PM,s P IEHLIC R AR G He 2
15.63%, H. Al.Fe .Zn.Cu.Pb.Cr.Mn.As.Si Fil Ti
ETHTE W FEEW S, HEITE SRR 90.6%.



136 IR RS A4 (A AR B R)

IXLETTER B R R BUJC RN S, AR B
WEN 1431 pg-m™. Si J& KPR by 2L
2Ry 22—, S NI T 2, SRR T -
FH72R Mn A1 Cr FEORIE T BN F A2 Ph
KR FIRG R A IHER ; Zn SRR TR AS Bk A
B EE R T EE AT RE 1) As \Cu FEORIE T IR (1
SEJEIGH IR ;AL Fe F1 Ti TR F2OR H 11
gzl e ARYRE 3, FEXEEIEE S, TiCr.Fe Zn,
As.Pb Fl Si JCER 1YV 349 J57 f vk B 7 DU 2= rh AR b 35
SR G, X BE TR AR A B 2 P 3 o R AR A
ik, 1 E'T@(ﬁ\é%ﬁmﬂ’ﬂzﬁﬁﬁﬁﬁfﬁiuy‘%
CREARAZR) R BUE MBI TT 7EA ZR RS

G TAET ™.

&l 3 AAFE XA 2R PM,s H TCALOT 3R vk
FEASAL B LM T PM, s H 48 TEH LG R 9734 i
B R BMRAR K K - Si>Fe>Ti>Zn>Cu>Cr>As>
Al>Mn>Pb>V>Ni>Ba>Cd>Ag>Sr>Sbh>Bi, H KA ZETT
ST TR REREEGTERERSET, X5
PM2.5 i)~ F-24 o b e B A2 b — 2. AL 3 rpa] DIR
R BT R R B i ) TEALOT R LS A Ti e
Cu.Zn Al F1 Si, HORJE T DA RS A 133847 20 Pk
BT A RS HEL. Zs 7|<1¢'5EI’J Si JTLER M Fe
ﬁ?ﬁi!&ﬁ*ﬁﬂ’?m, RE5 Zs FTAb IR 7k %
E’J{nﬁiffﬂlkkji,,ﬂ%kﬁl_ TR, R TR
ZAH, BRI Si il Fe JURNIZRIET 34528,
WAL 1 AT AN T ZERK A4 22745 1 3 U] 2 b
], M Ze KA RUITAL BYFEETT A TR S B R EE
DI FERK 2 215 H B Fe (Zn P T Si ¢ B fi v ) 1
G, UL R B TAUER K % B 14 UL ) i 1% 1) 52 e 448
K. Zy RSB Co TR R ER S, Cu 2N
R B RN e S HE AR ) A HE R 2 — 17, 1 Z,
KA S IEAL TR ACH X, T8 A E A

3.0 .7
25 7
o A7
520 R
’fp( i s
= 1.5 A > Zs
I ¥
= 10t . I
'W{‘ {3 o Thil
b 0.5—; i \ ;‘"

. \/ \ i
0 1 \;‘:;.4 | ’ ?*T ?‘ = Y’l’ ! E‘ o

Ti VCrMnFeNiCuZn AsSrCdShPbAl Si AgBaBi
THITE
(a) HZ

2019 4F
3.0
- Z]
_ 25 B
3 —a—7,
201 A
ig 1.5 . > s
I A
= 100 I ¢ ¥
e » 4
R ” Al
0.5 E\\ A [ o ;
A\ ‘ \ ¥ >*'~ <4/ \
0 L *";"" 1 " ‘ ?\ ’5’- S A»"' L1 homoa
Ti VCrMnFeNiCuZnAsSrCdShPb Al SiAgBaBi
THLTTE
(b) HZ
3.0 . Z
25+ ¢ %
¥20 T Z
= 2
g 15 l:\ -
b °
B 10+ i
{lﬁé e .ji\ A
05 ; i <‘ 3 |
‘ \
* L ' * g Db Y L \
Ti VCrMnFeNl CuZnAsSrCdSbPb Al Si AgBaBl
THLTTE
(e)fkZ=
3.0
> s 7
25 * L
B < | 7%
20 v 7
f " ® < 7
gls ﬂ A > Zs
i3 A\ . *
=10t , / _ i
Hfi’é Y AW >
| N Rt o
05 a8, ¥4 t“ !/'-.
¥ x 4
0 T N S TN N S SO T “* ‘ 1 L«“ = 3
Ti VCrMnFeNiCuZnAsSrCdShPb Al SiAgBaBi
THTTHE
()&%

B3 FREBEANAREERREY
PM,s ' R E 2 RE
Fig.3 Concentration of inorganic elements

in PM,; at each sampling point of the study area
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Tab.3 Comparison of average concentrations of inorganic

element in Chenzhou City with other reported values
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Al 21306 32155 24114 — 26 —
Fe 99980 11927 1160 8265 204 163
Zn 47756 4169 11701 — — 240
Cu 41693 857 410 1785 9 41.1
Pb 24292 1850 549 17802 30 243
Cr 24437 839 541 8165 — 255
Mn 25250 1058 233 134.84 4 50.3
Cd 4671 0.32 05 1.88 — 32
Ni 10104 353 8.5 537 1 37.9
Ba 5540 3.02 — — — —
Bi 1939 0.36 — — — —
As 23501 497 — 2413 — —
Si 142176  — 93947 — — —
T 49202 45.97 — — — —
Sh o 3493 — — — — —
St 4331 3.17 — 1.70 — —
Vo 17668 130 10503 1954 2 —
Ag 578 — — — — —
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Tab.4 Inorganic element enrichment factor

of PM,; in Chenzhou City

THER  HE CES e &% 2FETY
Cd 4 181.70 12 856.28 6 816.30 10 880.90 8 683.79
Ag 624.81 103.93 315.35 1599.15 660.81
Bi 730.26 444.19 598.13 1523.38 823.99
Sh 138.87 255.21 685.27 758.42 459.44
As 333.47 196.95 234.38 521.09 321.47
Cu 205.48 383.70 366.15 370.02 331.34
Pb 101.19 90.34 153.80 262.44 151.94
Zn 107.25 69.61 81.76 155.79 103.60
Cr 36.37 66.88 67.22 106.79 69.32
Ni 43.95 43.69 95.83 66.75 62.56
v 37.04 35.09 32.38 45.66 37.54
Mn 3.88 3.69 5.80 14.00 6.85
Sr 448 2.08 2.97 7.59 4.28
Ba 1.75 0.77 1.74 3.28 1.89
Ti 1 1 1 1 1
Fe 0.47 0.57 0.73 0.63 0.60
Al 0.06 0.15 0.03 0.02 0.06
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Tab.5 Principal component rotation factor load matrix

TCE PCl PC2 PC3 PC4
Mn 0.657 0.444 -0.320 0.134
Fe 0.701 0.016 -0.004 -0.032
Ni 0.204 0.490 0.331 0.698
Cu 0.328 0.627 -0.428 0.001
Zn 0.245 0.500 0.331 0.630
As 0.426 0.674 -0.244 0.165
Cd 0.582 -0.167 0.548 0.058
Pb 0.866 -0.007 0.250 0.059
Al 0.705 -0.309 -0.222 -0.259
Si 0.872 -0.141 -0.043 -0.058
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