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Fig.1 Sampling sites of the study area
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2.1 REBLERETENETRERIERHE

WFFE XA b R TR & R e it
W1, R RPN FEIRE TR &
RO ) HIORE R, A S AR OO s T 2 S
K, EEAETCRAE SRR N Pb>Cu>Cr>Zn>
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S ZRBAAN I 3 A KA, 73 R 5 A S AR S
Fisg Az 572 b Pb Cu (Cr Zn Se J& TSRAE S, B
BUORREE Ry, &5 [B) 3 A 22 S R, UL Ph 78 5 2 8K
1.68 fiefe, UL ® TS, B nR
BT E Y TR X R S35 1. 09
~ 18.94 fif , H A Cd Se & & FHME B E H
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Table 1 Statistical parameters of main environmental

elements in atmospheric dust fall 1076

. N s B CRHE
ERRCKM BUME B R oyt
Cu 296.2 30.7 67.4 59.4 0. 88 17.7
Pb 899.4 21.3 91.8 153.9 1.68 23.67
Zn 746.5 157.2  374.5 188.3 0.50 45.29

Ni 53.4 14.8 32.6 9.4 0.29 21.9
Cr 153.5 19.3 64.7 38.5 0. 60 59.62
Cd 1.95 0.33 1.22 0.42 0.34 0.10

As 2030 2,58 1033 3.44 033 8.75
He 0180 0.028 0.098 0.033 0.34 0.0266
Se 541 008 322 122 038 017

2.2 RSELFIERETENENRES
Fe (1) THEAR A 5T XOR A2 vh £ 2R

TCREMAETIRE M &, i 2 i, TR T EEMKAe

LIV SIRE ST e a1 5 W S N

RIAETIREE R T SRR A AN B 5T R
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WA G, 50 R WAR DR & 22 7 K, P A
0.008 4~33.85 mg/(m” + a) ZI[d], Hg i fik, Zn fi
1R, 0 R 1 TR A TR AR TR i S R R S
REES/N AIBICRAR UM 2 5 & A 25 ) A8
S LA AR, 4% 00 3 AR IR 1 25 1) A ] 2
FI7R o FERUGT 30 AT LA 7 G 2 (] AR B G R Ak
PRSI A O e AR IEAR R T 1 3 AR
F(R3), ARG RNEE N 76.851%,
FHF F1 AR =LA SN Ni As Zn Cd .Cr Hg,
FHF F2 REMEZL AN P Cu, EHF F3 1R
FIAS A Se, TR 4 (A &S AT %, Cu . Ph

13221 pg/ (kg « a) , HIKHN Pb Cr Hl Cu, 7354
31.55 pg/ (kg - a) 22. 15 pg/ (kg - a) F122. 15 pg/
(kg - a),Hg MI4ERE AL/, 79 0.032 9 wg/ (kg -
a), ST RSB R SR REZE LT R AEN
HEP A — 80 (AAE  B /N TForm it —
ERRRE b TG TAL R & RS . 0 RAEY
B R R R B RN A TR R R S
0.04% ~0. 61% , HtAE H A Ry 1L Fadfe,
KA PR I BT R 1 — M AT,
2 IENBEAEERKEER

Table 2 Annual sedimentation flux of main

BOAR TR 1 52 0 5 IEAH S Ao R EGK 0. 840( P< environmental elements  mg - (m? - a)”'
0.01),Zn Ni Cr,Cd, As Hg B4F UL R i 2 5 3 E A BUMA VB bR BREN
P IEAH G, Se 5 HAh 76 22 49 41 O R 1 A DG AN Cu 26,66 2,04 567 477  0.84
e N O R
O AR T T4 R, Cu Pb Y Ni 5.41 63 278 100  0.36
AR TR 25 ] A oA AR, Cu EZE 51654k Cr 14.98 1.86 5.67 3.5 0.63
MO BAAE TR Ph A R D R
BB R B A P AR Cu (P B4R He  0.0174  0.0045  0.0084 0.0035  0.42
TIOR3 £ 5 B A G, SRR DL N BT 5 BUm 4 Se 0.44 0.00 0.27  0.08 0.30
S, B GRAF VU 0 s (X AT BB 5 00 Tl el A 06, - 3 FEFREHE
MEEIX S5 NW [ % £ AL AV A, Zn, Table 3 Rotational load of main factor
Ni Cr,Cd ., As Hg [4F TR 225 8] 5341 78 H A A i ERF
I, ZE 0 E X S A e T X Bl | 2 B A 5 0F9119 0F0272 0F1368
LA X, FRWAZ AT B, Se IOAETTRE N . 0. s 0,193
S IR S PR AR R Se SRR IALE Zn 0.760 ~0.019 0. 139
FVIAH R, 22 BB 5T DX M o R Joe 8 1 DX 1 22 57 td 0.749 =0.028 0. 164
58 FERTHE T AL 28RN S S A K U TR o e D Not o1
JCE AU R AREIX Ph -0.007 0.956 0.157
2.3 KERBRAMNKRETEFTEMETEHZ Cy 0.093 Q. 935 ~0.148

TEAHIETE 2 O O B, ek (2) 3 o o o
FAT IR IR SRR )2 1 R T F7 /% 41.210 22.457 13. 184
ROV E S, SR 5 PR, Zn ARG R K, TR/ % 41.210 63. 667 76. 851

x4 FERETRETMEEERXESHF
Table 4 Correlation analysis of annual sedimentation fluxes for main environmental elements
TE Cu Pb Zn Ni Cr cd As Hg Se

Cu 1

Pb 0.840" " 1

n 0.087 -0. 063 1

Ni 0. 100 0.014 0.641" 1

Cr 0.021 -0. 001 0.427" 0.720" " 1

cd 0.108 -0.103  0.629°*  0.652% " 0.387" 1

As 0.114 -0.053 0.528** 0.724" " 0.548" " 0.531" " 1

Hg 0.342 0.360 0.410" 0.672% " 0.404" 0.286 0.577"" 1

Se -0.079 0. 160 0.300 0.328 0.356 0.333 0.078 0.340 1

T RN RMERE 0.01 W RN CHETE 0.05 W,
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Fig.2 Spatial distribution of annual sedimentation fluxes for main environmental elements
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Table 5 Annual increment of main environmental elements

in topsoil caused by atmospheric dust fall g - (kg-a)™'

TE RAM BOME PR b g’z i;g;‘
Cu 104. 13 7.98 22.15 18.63 0. 84 0.13
Pb 356. 39 9.52 31.55 61.56 1.95 0.13
Zn 390.81 40.96 132.21 82.46 0.62 0.29
Ni 21.15 6.38 10. 87 3.90 0. 36 0.05
Cr 58.53 7.27 22.15 13. 87 0.63 0.04
Cd 0.57 0.15 0.39 0.09 0.23 0.39
As 12.52 1.15 3.57 2.09 0.59 0.04
Hg 0.0678 0.0175 0.0329 0.0137 0.42 0.12

Se 1.74 0.02 1.04 0.30 0.29 0.61

®6 REREEMBNRNETEEE
RESYEIFNIEEERT

Table 6 Minimum annual sedimentation fluxes required to

reach the limit value and its comparison with the

current annual sedimentation fluxes

AT JI e B/ MEDT
FTE  HHETRE REE [“S TR Fif3 £ (10 4F)
107° 10° mg-(m?>-a)”" mg-(m®*-a)”’
Cu 17.7 50.0 5.67 827.0
Pb 23.67 70. 00 8.08 1186. 00
Zn 45.29 200. 00 33.85 3961. 00
Ni 21.9 60.0 2.78 975.0
Cr 59.62 150. 00 5.67 2314. 00
Cd 0.10 0.30 0.10 5.10
As 8.75 30. 00 0.91 544.00
Hg 0. 0266 1.3000 0. 0084 32. 6000
Se 0.17 3.00 0. 266 72.40
2 *
41

ﬂﬁ%’i?‘i‘??‘é
—
— T
o—{TH
[0}
o—{T+——o0

0
8 *
.11
*
2 o
31
Cu Pb Zn Ni Cr Cd As Hg Se

TE
B3 FERMETHRMBRIEHHEXE
Fig.3 Box diagram of geoaccumulation index

for main enviromental elements
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A T2 SN T B X A B RS RN A A, 3R
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RS R YRR BRI R0 ER SR
K Hg Cu Pb LI EEVS Y B TS Yool A
TERRARBYT5 YR, Hg £ 22 P2 A0 RIS I
FAM Y Cu Ph AT SCHTIR, 5 MR DI AR G,
SN AT o S S Z 8 WIVE S EE SNV DK i AT
T RETR, DB/ AR TE FE R, R S 4R TS G, il
E 15 Y Bl At

1) MR IX RAREAR T EEIRBEICE Cu Pb,
Zn Ni Cr .Cd As Hg.Se W F-35 5 55 5k 67. 4%
10 91. 8x107° . 374. 5x107° 32. 6x107°  64. 7 x
107°.1.22x107°,10. 33%x107° 0. 098 x 10™° 3. 22 x
107, 40 e FHE AY 3. 81.3.88.8.27.1.49
1.09.12.20.1. 18 3. 68.18. 94 1%,

2) RAFEA Zn Ni Cr.Cd As Hg 1K IEAH
1, RIAFEHWF F1;Cu Pb BYARTEAHLL, RIA R T
F2;Se AT R 38 1 52 B0 AR v P AIG, A b L — A0
RIAFEHF F3,

3) RAEAE L F R TR B EEORIE,
K LR A He e/, 0.032 9 pg/ (kg -
a),Zn K, 132,21 pe/ (kg » a) s ARG K
Cr.As /N, 5 0.04% ,Se Tie K, 0. 61%, 245
RZTFHH Cd BT RABERER, FHXTH
TR AR B EE

4) Hb ZRIEECE M R o, KA T2
HEEICE Ni As Cr RILA LT R EREITYL; Se
() AR B ¥ G IX 32 22 A0 38 T 4 A N FV AR IX 4y
A1, Hoft X DA ER VS Y4 325 Cd Zn RIS
YR H IS YL Hg Cu Pb LA JE 5 Yy 2 i 5 e
R E ARG
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Cumulative effects of atmospheric dust fall on major environmental elements in soils
and their evaluation: A case study of Gaomi City, Shandong Province, China

JIANG Bing"?*?, ZHANG De-Ming', LIU Yang'
(1. Shandong Provincial No. 4 Institute of Geological and Mineral Survey, Weifang 261021, China; 2. Key Laboratory of Coastal Zone Geological Envi-
ronment Protection of Shandong Geology and Mineral Exploration and Development Bureaw, Weifang 261021, China; 3. College of Earth Science and
Engineering, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract: This study aims to investigate the pollution distribution of major environmental elements of atmospheric dust fall in Gaomi
City, Shandong Province, as well as its effects on soils in a supergene environment. Hence, this study systematically collected and
tested the atmospheric dust fall from Gaomi City, obtaining the testing data of nine environmental elements, including Cu, Pb, Zn, Ni,
Cr, Cd, As, Hg, and Se. Furthermore, this study calculated the annual sediment fluxes and annual increments of these elements,
simulated the minimum annual sediment fluxes for them to reach limit values, and evaluated their pollution levels. The results show
that the average contents of various elements in atmospheric dust fall all exceeded their soil background values, exhibiting different de-
grees of enrichment. In terms of annual sediment fluxes, Cu was significantly positively correlated with Pb, while Zn, Ni, Cr, Cd,
As, and Hg were mostly positively correlated in pairs, and Se showed a non-significant correlation with other elements. A higher corre-
lation suggests a higher homology. Atmospheric dust fall, serving as an input end member of major environmental elements in soils, re-
sulted in annual growth rates of various elements in topsoils ranging from 0. 03% ~0. 52%. Cd would be the closest to its soil limit value
over a few years. As revealed by geoaccumulation index-based evaluation, Ni, As, and Cr exhibited non-pollution to slight pollution,
Se primarily manifested heavy pollution, Cd and Zn displayed moderate to heavy pollution, and Hg, Cu, and Pb mainly showed slight
to moderate pollution, corresponding to a pollution order of Se>Cd>Zn>Hg>Cu>Pb>Ni>As>Cr.

Key words: atmospheric dust fall; environmental element; annual sediment flux; annual increment; geoaccumulation index
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