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Fig.1 Sampling positions of the pollution end—members and atmosphere dust—fall in Jinan
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Table 1 Parametric statistics of the contents of pollution end—member elements in Jinan

e

A

fekstRat

pR

b2y
AR

BAn

b — —— — ——_ {t
SEME VM SREE Mem SREEH MM GREE Ve SREHE PN
As 6.51-21.78 11.49 6.76~12.47 9.01 13.30~29.40 21.18 5.91~16.22 8.53 2.12~8.25 6.30 9.46
Cd 0.21~0.95 0.41 0.12~0.46 0.22 0.40~1.47 0.81 0.37~0.78 0.50 0.02~0.89 0.24 2.08
Co 10.86~20.74 15.04 4.40~13.09 9.12 10.82~16.81 12.86 7.59~16.73 13.20 1.62~15.29 9.34 -=
Cr 110~459 185 43~108 71 175~377 279 79~184 151 41~37111 12388 135.95
F 423~889 602 423~544 499 726~1085 942 697~787 745 84~567 309 1230.58
Hg 129.5~525.4 313.1 34.6~494.5 150.6 195.8~446.9  296.7 121.5~183.9 148.6 21.6~55.5 374 218.63
Mn 565~1740 1015 381~709 518 573~956 700 520~2201 1850 122~1847 1070 -
Ni 27.57~48.88 38.68 11.74-30.41 21.86 32.41~64.54 4134 2502~66.90 5321 154~212.28 108.35 3147
Pb 31.33~127.53 57.48 19.40~128.93  50.75 70.11~160.99 104.92 33.62~125.66 66.39 13.18~57.56 30.13 110.78
S 0.20~0.53 0.40 0.12~0.55 0.29 0.36~0.69 0.58 0.20~0.45 0.29 0.62~5.04 1.71 0.58
Se 0.62~2.36 1.68 0.31~1.11 0.74 1.72~8.52 4.54 0.93~3.54 1.53 0.05~5.80 1.66 0.78
Zn 115~271 201 49~183 103 157~600 352 222~329 248 135~2363 718  380.22
AlLOs 8.87~11.94 10.34 8.92~12.18 10.45 10.63~15.15  12.37 4.56~8.73 6.18 0.04~9.05 4.56 -—
Ca0O 9.90~18.05 13.94 9.79~15.52 12.61 9.93~13.64 11.37 8.85~20.52 12.85 0.57~6.39 3.59 -
K;0 0.85~1.63 1.19 1.66~1.96 1.86 1.28~1.56 1.42 0.65~1.24 0.83 0.05~0.44 0.23 -
MgO 2.16~3.10 2.60 1.46~2.42 1.98 1.95~2.32 2.10 1.78~3.53 2.32 0.12~2.05 1.01 -=
TiO, 0.34~0.83 0.46 0.26~0.56 0.41 0.45~0.89 0.60 0.18~0.41 0.27 0.01~0.50 0.20 -
T =" FR AR, Hg BY & i 8437 24 10°, S . Ti LALO; .Ca0 .K,0 \MgO g 102, iR TT £ & it B3 4y 10°°,
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Fig.2 Comparison of the values of different pollution end—member elements in Jinan
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TiO) X KA E M i K, A4 R4 (CroNiL S,
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Table 2 Parametric statistics of the content of the atmosphere dust-fall elements in Jinan

JLER SR T AT triff i AR AR REEER EESS
As 3.62~35.02 9.46 8.22 3.00 0.32 12.51 0.76
Cd 0.90~3.96 2.08 1.97 0.67 0.32 0.23 8.84
Cr  35.17~3126.00 135.95 76.22 351.37 2.58 89.50 1.52
Cu  27.15~156.60 65.73 62.29 26.29 0.40 23.20 2.83
F 481~3897 1231 1147 551 0.45 498.17 247
Hg 82~1165 219 174 147 0.67 194.40 1.12
Ni 13.49~114.90 31.47 29.35 11.00 035 29.34 1.07
Pb 46.14~235.20 110.78 105.95 36.67 033 33.87 327

S 0.01~1.97 0.6 0.48 0.50 0.82 0.42 1.46
Zn 115~1645 380 325 245 0.64 87.79 4.33

0 R DBy 784, 430y 4001 s Hy A B BA7 2 10°,S S 1072, Hi e E  10°°,

http://geochina.cgs.gov.cn 1 [E#ii, 2014, 41(1)



FALE 1

Vet 5045 T e T OB AR MR AL R E K 75 i Te R oY

289

R3 FETASELEFTERSERXRY

Table 3 Correlation coefficients of the element content in atmosphere dust—fall in Jinan

TLHR As Cd Cr Cu F Hg Ni Pb S Zn
As 1
Cd 0.126 1
Cr 0.695% 0021 1
Cu 0249%  0243*  0.264* 1
F 0.305% 0338+  0.046 0.221 1
He 0262%  0295%* 0154 0.399%* 0.118 1
Ni 0.188 0.238*  0278* 0.166 0.144 0.174 1
Pb 0492%  0.551%% 0238 0.512%* 0247¢  0434%*  0.196 1
S 0.224* 0.101 0.135 0.181 0.638**  0.066 0.178 -0.024 1
Zn 0.031 0.123 -0.038 0.142 0.033 0.139 0.118 0.163 0.116 1

T8 IRTE0.0L K b BE DG, ¥4 TE 0.05 K-F- E ARG .

Ni (-3 & e 5 R s 2, 0 AR T 1
T S8 s B b Hy 1 734 & AR 5 47T 5
el CEERE1.12) (A48 7 R EGK 0.67, BLHHRER
Hg LR - i AN, JRikis 4™ &, S.Cr.F.Cu,
Pb.Zn.Cd & AR K, 5 5885 i AR Lk,
X TE 2 0 e, 2 O AR R A A
TR B AR R S BRI Cd(8.84) . Zn(4.33) .
Pb(3.27) .Cu(2.83) .F(2.47) .Cr(1.52) .S(1.46) , i
TNIX TR AT REAZ B Bl 75 42, ifii Ni 7] g
FERIRT TR (A SRR IR .
2.3 KEMKALTEEEXME

JGE Z B A S AT LU R R KA R R
YFORRSGERR B . hFm i KA LI R &
HIAH S R R (2 3) 0] L, #£ 0.01 5% 0.05 1Y .
KT, BRoeEd, B Zn 5HAL 9 FoT R A
Ko F£0.05 1 i % /KF T ,Cd.Cu.Hg.PbILE Z [H]
5 IEAHE, R BT R A MRk I, §r
W5 R W], Cd . Pb \Hg ZRAMER /R ERTTER | A1 4K

2.4 KSMELMITEFKIR

TR ARG A A E AR &I
SONBURED LA ZEA TR BN ROl A = 42
[i) F 2 25 1 [ R 25 Ay PR AT 2 25 () v 25458 il ] 7
RN, o trbrrE i R T R Z MR
MEISCHR , #— e HoR IR S5 WK R @
SPSS B A Bt 1A T 3 o o3 M AR B ) 4G PR 1
AR, N T IHBRAS R T R & 8 80 Jom R 5
M) , SR FH 5 K 7 22 1E 28 Tt 3 Jis A 380 R 07 2806
(F4) , HETW,5MHFHEBTEE N
78.45%, RN e T 545 YL 2 Al Horp i 355 4y
PEXF AR AR ) DTHR 2 7 60.42%

55—, Cd.Cu.Hg.Pb.As HAT & K A
T R4, 7 0.01 1 EAF /KPR, AHC REIR FHE N

T4 FETRSRETEERITREITER
Table 4 Factor load matrix of the elements in
atmosphere dust—fall in Jinan

o W
it 2 e AR Cd .Cu . Hg P, A 1T AT LATA AEEE LT WTE2 WEs WEd WTs
RS RERH Cd .Cu Hg .Pb T S5 BRBEE 3l X4k AZ 0322 0188 -0.803 -0.113  0.064

o . c 0.716  0.179 0271  -0.161  0.428
BTG YR . E0.0L I B E/KFEF,Crit 5 As Cr 0.074 0004 -0913 -0008 0.155
BEIEML, CriefRERA P & i, AsTEACTHE Cu 0.613 0201 0278 0298  -0.158
R RS HED Cr As AT BE L 55 A5 F 0.247. 0872 0.003  -0.022 0091
s ) B He 066 0015 -0.164 0189  -0.032
159G 2% 5 7 Ni 7E 0.05 i 1. 7K - V5 Cd .Cr i Ni 0.061 0101 -0229 0152 0886
A, HS 3 0, Ni R E R T 11 Pb 0.863  -0.003 -0213 -0009 0.128
¥Rl REMERE R . TR MR T ST E 4% S 0.069 0912 0147 -0.022 0045

Zn 0.148  -0.051 0106 0907  0.133

¥k /. N/ VSN . e V= 7N
ARHOTHERIEH ﬁ;ﬂﬂ b T'ﬁfﬁjf 15%1'43 Cd, F‘_ LA 3003 1525 1414 0961 0842
Hg .Pb.Cu.Cr %50 .32 3] \ 236 275 5200 , 117 Ni W% 31027 15253 14143 9.609 8421
FES [ R A% 31027 4628 60.423  70.032  78.453
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Fig.3 Spatial distribution of F1 factor scores in atmosphere dust-fall in Jinan
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Geochemical characteristics and pollution sources identification of the
atmospheric dust—fall in Jinan city

PANG Xu—gui', WANG Xiao—mei’, DAI Jie-rui*, GUO Rui—peng’,
YU Chao', CUI Yuan—jun', DONG Jian'

(1. Shandong Institute of Geological Survey, Jinan 250013, Shandong, China;
2. Chinese Academy of Geological Sciences, Beijing 100037, China)

Abstract: Samples of atmospheric dust—falls and pollution end—members were collected in the urban area of Jinan City. The
characteristics of element content in atmospheric dust-falls and pollution end—members were systematically analyzed, and the
spatial distribution of atmospheric dust—falls and their pollution sources were studied. The results show that the concentrations of
elements vary obviously in different pollution end—members. A comparative study of the concentrations of elements in different
pollution end—members shows that the As, Cd, F, Pb content in coal dust are over 3 times that in vehicle exhaust dust, and 1.26-
2.35 times that in street dust, smelt dust, building dust and other pollution end—members, thus greatly affecting the environment
quality. The concentrations of Cr, Ni, S, Zn in vehicle exhausts are the highest, those of Co, Ni, Pb, F in smelt dust are somewhat
higher, whereas the concentrations of most elements in building dust are the lowest. Compared with the background values of soil,
the concentrations of Cr, Cu, Pb, Zn, Cd, F, S in atmospheric dust—falls of Jinan city are slightly higher. These data show that the
atmospheric dust—falls are polluted by human activities in different degrees. The coefficient and factor analysis suggests that, in
atmospheric dust—falls, Cd, Cu, Hg, Pb, As mainly come from enterprise coal consumption, the values of these four elements near
chemical factories, steel plants and smeltery plants are generally high, which is consistent with the spatial distribution of the coal
pollution sources. F and S might be related to vehicle exhausts, while As and Cr mainly come from traffic discharges. These three
kinds of dusts (coal consumption, vehicle exhausts and traffic discharges) are the main pollution sources of atmospheric dust—falls in
Jinan City, with the contribution proportion of atmospheric dust—falls up to 60.42%. Studies reveal that industrial coal emissions
have gradually replaced the vehicle exhausts and become a major source of Pb in atmospheric dust—falls.

Key words: pollution end—member; atmospheric dust—fall; enrichment degree; factor analysis; Jinan City
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