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Abstract: To study the effects of deposition of atmospheric particulate matter (APM) on the properties of urban soils, the values
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of magnetic susceptibility (y;r) and heavy metals in the topsoils and road dust in the industrial, traffic, residential and agricultural
areas of Baoshan District, Shanghai, were analyzed. The topsoils in the different functional areas of Baoshan District, Shanghai,
commonly have significantly enhanced magnetic strength (e = 130.7x10* m*-kg™" on average) of about 86.2% higher than the
local magnetic background. y;s of the road dusts nearby the topsoils in the different functional areas was even more significantly
enhanced, which was 903.3x10° m*kg™' on average. Likewise, heavy metal contents in the road dust were significantly higher
than those in the nearby topsoils in the different functional areas. The contents of Cu, Zn, Pb, Cd, Ni, Cr, Co, Mn and Fe in the
road dust were 3.4, 2.4, 4.7, 22, 1.5, 2.8, 1.2, 1.4 and 1.6 times of those in the topsoils on average, respectively. Moreover, y;of
the topsoils in the Baoshan District was extremely significantly correlated with the contents of Cu, Zn, Cd, Ni, Cr and Mn (P <
0.01), and also significantly correlated with Pb and Fe (P < 0.05). Likewise, y;rof the road dust was also significantly correlated
with the content of Zn, Ni, Cr, Co, Mn and Fe (P < 0.01), and with Cu (P < 0.05). Nevertheless, such correlations in the different
functional areas of the district are highly different. Those in the agricultural topsoils are not significant. The distinctive
characteristics of the road dust in the studied areas suggested that the APM under the urban environment contain a certain amount
of anthropogenic magnetic particles enriched in heavy metals. The long-term and continuous deposition of such magnetic
pollutants has led to the enhancement of magnetic signals and heavy metal contents in urban topsoils synchronously, and also
adversely impacted the properties of urban soils significantly.

Key words: Urban soils; Road dust; Heavy metals; Magnetic susceptibility (y)
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Fig. 2 pH and organic matter content of the topsoils and road dust in Baoshan District, Shanghai, Southeast China
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Table 1 Heavy metal contents in the topsoils and road dust in the different functional areas of Baoshan District, Shanghai, Southeast China
¥ Samples IJHEIX. Functional areas Cu/ (mgkg') Zn/ (mgkg') Pb/(mgkg') Cd/ (mgkg') Ni/(mgkg')
Tolk X Industrial area ( n=21) 23.00+6.49¢ 140.6+57.55b 40.45+33.23a 0.25£0.11b 29.08+6.07a
e ZZiH X Traffic area (n=12) 37.06+23.59a  208.0£139.56a 73.01£72.98a 0.43£0.22a 30.75+7.18a
Topsoils Jii IR IX. Residential area ( n=14) 22.62+4.83¢ 104.0+£31.82b 69.16£83.27a 0.23£0.12b 28.87£1.95a
Al [X Agricultural area (n=11)  32.04+14.24ab 146.3+64.33b 28.8743.52a 0.28+0.07b 33.78+8.18a
Tolk X Industrial area (7=28)  101.0+144.6a 507.6+345.1a 112.8+60.77¢ 0.58+0.20b 51.37+£25.39a
R A3 X, Traffic area (n=17) 106.8+106.8a  211.0£173.1b  211.9+124.7ab 0.52+0.19b 44.11£17.96a
Road dust Jii IR IX. Residential area (n=17) 75.78+38.63a  288.5%£146.9b 529.14933.1a 0.88+0.58a 38.40+18.36a
Al X Agricultural area ( n=7) 72.63+39.71a  233.44£17.45b  176.1£58.11ab 0.57£0.07b 50.49+16.00a
FE i Samples IIHEIX. Functional areas Cr (mgkg') Co (mgkg') Mn (mgkg') Fe(gkeg!) PLI
Tk X Industrial area ( n=21) 72.50+25.36b 9.63+0.78b 625.2£120.3a 34.91+4.46a 1.11£0.23b
A%l X Traffic area ( n=12) 119.5+82.67a 9.62+0.61b 658.0£294.98a 38.4616.54a 1.48£0.52a
# 1+ Topsoils
Jii IR IX. Residential area ( n=14) 71.63+22.08b 10.36£0.71a 588.31£60.40a 34.55+5.13a 1.10£0.22b
A X Agricultural area (n=11)  81.14+30.68b 10.31£0.65a 557.0£58.82a 35.05+9.42a 1.18£0.21b
Tolk X Industrial area (n=28)  244.6+102.3ab 14.91£12.05a 1130+413.2a 72.28+34.63a 2.44+0.9ab
R A3 X, Traffic area (n=17) 315.54293.2a 9.85+2.87a  625.4%625.4b 44.00£14.27b 2.58+0.53a
Road dust J& R X Residential area (n=17)  152.1464.07b 8.64+2.10a 610.0£129.1b 35.07£6.27b 2.24+0.53ab
AV X Agricultural area (n=7)  207.6+54.4ab 9.59+2.48a 1105+£276.52a 76.15+£24.76a 1.88+0.61c

1 PLI SRR 15 Y A 8 50 38 50N S A (B ehm o 25 - R 91 50 /NG 5 B[R] 3R 78 22 57 1 3 ( P < 0.05 )oNote: PLI is the pollution

load index. The data in the table are presented as mean values + standard deviations. The data in the same column marked with different

lowercase letters are significantly different ( P < 0.05) .
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R S E AR RN BV R AEZE: &
LT 8 e, SRR A B ( SIRM ) 5 HE 428 ( Fe,
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Table 2 Correlations between heavy metal content and magnetic susceptibility (y¢) in the topsoils and road dust in Baoshan District, Shanghai,
Southeast China

Ff i Samples Yjfg X Functional areas Cu Zn Pb cd Ni
TlkIX Industrial area ( n=21) 0.632%* 0.826%* 0.732% 0.620%* 0.470%*
A ZZiIX Traffic area (n=12) 0.638* 0.421%* 0.252 0.784%* 0.613%
i fE RIX Residential area ( n=14) 0.644* 0.682%* 0.778%* 0.837%* -0.029
Topsoils
£ IX Agricultural area (n=11) 0.098 0.319 0.081 0.343 0.347
ATAE Al the samples ( n=58 ) 0.525%* 0.776%* 0.313* 0.696** 0.345%*
Tk X Industrial area ( n=28 ) 0.227 0.215 0.491%* 0.578%** 0.731%*
ZZiIX Traffic area (n=17) 0.910%* 0.353 —0.289 0.121 0.791%*
TR IR JEEIX Residential area ( n=17 ) 0.762%* 0.337 0.418 0.193 0.581%
Road dust £l X Agricultural area ( n=7) 0.380 —0.244 0.179 0.045 0.072
23R All the samples ( =69 ) 0.275% 0.421%%* -0.197 0.004 0.616%*
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¥ Samples YjfE X Functional areas Cr Co Mn Fe PLI
Tk IX Industrial area ( n=21) 0.554%* -0.152 0.563%* 0.738% 0.926%*
A58 X, Traffic area ( n=12) 0.667* 0.252%* 0.836%* 0.842%* 0.858%*
o J& R IX. Residential area ( n=14) 0.087 -0.211 -0.109 -0.281 0.805%*
Topsoils
X Agricultural area ( n=11) 0.139 0.124 0.055 —0.502 0.326
£3BKE All the samples ( n=58 ) 0.593%* —0.198 0.719%* 0.313* 0.780%*
Tl IX Industrial area ( n=28 ) 0.812%* 0.613%* 0.688%* 0.094 —0.431*
TR IR ZZiIX Traffic area (n=17) 0.825%* 0.628%* 0.631%* 0.538% -0.039
Road dust J& R X Residential area (n=17) 0.752%% 0.358 0.370 0.868%* 0.167
£ IX Agricultural area (n=7) 0.353 0.354 0.259 —0.181 0.308
L HBEE All the samples (=69 ) 0.444%* 0.637** 0.752%%* 0.418%%* -0.155

. *RIRIAE] 95 %R E MK **+RIRIRF] 99 %A K. Note: *Means a 95% significant level; **Means a 99%

significant level.
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IEAEM: (n=14; P<0.01), 5 Cu HA7 W FIEAE
PE (n=14; P<0.05); RIXEXLEXHELIRITES
TR EMHENE (P>0.05) (£ 2), RilIXFE+
22 Tl A V5 Y5/, i ELA L B Al it F A
AR RS X AR X Rt e SEER
JOE M RIRPERES , ST A MBI A R L

SRR, EEEKA 39 Zn, Ni, Cr, Co,
Mn. Fe & 2B EMCHE (1=69; P<0.01), 5
Cu B BEMAENE (n1=69; P<0.05). 1iH., ZMHE
PETE AR Dy E X A8 B R AR A 25 5. TolkIXGE
KA %5 Pb, Cd. Ni, Cr, Co, Mn EATH &
IEAHE (n=28; P<0.01); A XIBM KL v 5
Cu. Ni. Cr. Co. Mn HA M & EFEAH XM (n=69;
P<0.01), 5 Fe 2B EIEMHXYE (n=17; P<0.05);
JE R XIEHE KA e 5 Cu. Cr. Fe HA &5 W3
IEMZEME (n=17; P<0.01), 5 Ni 583 FEAMH

(n=69; P<0.05); {HARML X I B KA e 55 H 4
J& E R A G A R (P>0.05) (£ 2), #F—
2 B Tl KR A2 3 X [ K 2 VR A2 Ak A 1
RO SE I s Rl GE B R A, BR T & A CH L
PR R B PR SORL , 7T RE A 1 22 M A7 A il + F 4% Y
SO, e 5 AR A A A OGRS .
3.3 KRER#EMEFALT M T LSRR
30T B B A U T T R ARUORE ) Y T IR T
M, SRR T 4%, R4k F AR IE R R KR
AR IR RIS i+, WA
SRR AR e £ o A A RIE 2R Tl g 8h
SEIEIB N . AF S AU T R R A S R, AR
WFFTIE K pH 38 8.55, A MU & f-F-1ik
78.82 gkg ', WETAB R L (K 2). EEIKA v
BTG R R 1753 x 10%~3 367 x 10 ¥ m* kg ™' ( &
3), G T b SR AT ) v 0
MH, Tk, X, Rl X JERIX A
e X B Ay N R T RE X AHAR e 11 8.3 5. 3.0
f. 10745, 7.2 f%. ERKA Cu. Zn, Pb. Cd.
Ni. Cr WP a0 0 R RE X AR R 119 3.3
fif. 23485, 4945, 23 /%, 1.54%. 2845 (K1)
Fo 43 F WIBIFGT IXCIlE f K 2b B S M R e 4 )
TR, SAARAAREER, BREZ T
A2 308 ORE P HE IR 52 o 22 N AT R B T T A R
Rl HA s e 22 R P At 3k T A 9 4 B R K
SKEALEARSMESE SR, HRAELN Cd.
Cu. Hg. Pb EZRIFET Tl FERIALE, As Fl Cr
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TR R T A HE )

AR T RE DX G 6 B 22 g Ve -5 ek fb 2 R ) 22
S, BT R AR AR AR A ] A R XS
T A P P A v R B B R S ) A AR
T AZ s DX FIAE 3 2 4 DX 3 4 P I 38 v 13 S 0
MO I Al X 3 £ o A/ AP TR e
T

ST 8 B A4 1) 5 R 4 s R A iR
BT IR T R AR A — i i A A R PR
PRI 2 5 0 R TR 52 Tl 1152 388 5 1 ) [X 3
KATIRLY b R R0 A i e Sk 1 o s . A
I, W RAER Y R TR, P REXT I
R B R L 5 RRUE AR RZE W . IR
T SN T A SR AN A R A A
P15 I0AT 5C o BUMNANER) B 2 £ e A 138
10 f5~25f%; H Cu. Zn. Cd. Pb &I & TH
I AR HERT R IX I S E SRS
AT, (AR Tk %+ 30010 ¥ m’ kg !,
HAHKEE S He ) MR ARk /NS R,
i 3 T RN gt U 47 T e %o 3k i - 49
A - e IR 5w A B AR

4 4w

L DG B R R, pH R TSR R
+ o EEKAEAPLE S R EE S TRLS (P<0.05),
o LT DXGE R AR HLE & e e o FIL X
86.2%% L FE ye i T YT SLREE . SR LML
T AR e BT N R, F¥ik 903.3x10°
m* kg o KR T 4R 09 BB T T A AR
T, EEEKAFEL e SEHES BRI HRE
HEAHEME (P<0.01 8 P <0.05), [HARFEINAEX ¢
HESETE SR CEEA 25, £k XX
FPAR G55 . T8 K A2 B RE SR R A I T KRR
UL 15 — S e Ay B PR P AR o L HOR IR
3% Tl RN AG 38 5 M 9 DX 38, 336 20 ek e 5 d e s
A R R R LA s s A R o e, K
W1, SR TR TR T - R = A TR 5

S % 3CHk ( References )

[1]

Wang J, Huang Y, Li T, et al. Contamination,

morphological status and sources of atmospheric dust in

[ 4]

[6]

[8]

[ 10 ]

[11]

[ 12 ]

different land-using areas of a steel-industry city,
China[J]. Atmospheric Pollution Research, 2020, 11( 2 ):
283—289.

Prokof’eva T V, Shoba S A, Lysak L V, et al. Organic
constituents and biota in the urban atmospheric solid
aerosol: Potential effects on urban soils[J]. Eurasian Soil
Science, 2021, 54 (10): 1532—1545.

Zong Y T,Xiao Q,Lu S G. Magnetic signature and source
identification of heavy metal contamination in urban soils
of steel industrial city, Northeast China[J]. Journal of
Soils and Sediments, 2017, 17 (1): 190—203.

Lu S, Yu X, Chen Y. Magnetic properties, microstructure
and mineralogical phases of technogenic magnetic
particles ( TMPs ) in urban soils : Their source
identification and environmental implications[J]. Science
of the Total Environment, 2016, 543: 239—247.
LiuD X, MaJH, SunYL, etal. Spatial distribution of
soil magnetic susceptibility and correlation with heavy
metal pollution in Kaifeng City, China[J]. Catena, 2016,
139: 53—60.

Yang T, LiuQ S, Zeng Q L, et al. Relationship between
magnetic properties and heavy metals of urban soils with
different soil types and environmental settings :
Implications for magnetic mapping[J]. Environmental
Earth Sciences 2012, 66 (2): 409—420.

Bourliva A, Papadopoulou L, Aidona E, et al. Magnetic
signature,, geochemistry, and oral bioaccessibility of
"technogenic" metals in contaminated industrial soils
from Sindos Industrial Area , Northern Greece[J].
Environmental Science and Pollution Research, 2017,
24 (20): 17041—17055.

Orosun M M, Oniku S A, Peter A, et al. Magnetic
susceptibility measurement and heavy metal pollution at
an automobile station in Ilorin, North-Central Nigeria[J].
Environmental Research Communications, 2020, 2(1):
1—9.

Chang SH, Wang KS, Chang HF, et al. Comparison of
source identification of metals in road-dust and soil[J].
Soil and Sediment Contamination, 2009, 18 ( 5):
669—683.

Hu X F,Li M, He Z C, et al. Magnetic responses to heavy
metal pollution of the industrial soils in Shanghai:
Implying the influences of anthropogenic magnetic
dustfall on urban environment[J]. Journal of Applied
Geophysics, 2022, 197: 104544.

Zhang G L,
methods[M]. Beijing: Science Press, 2012.[5k H %, 28
T, LA SRR LML JEat: Bl
#, 2012.]

Yao S T, Li Y Q, Wang D L, et al. Distribution and

pollution assessment of soil heavy metals in Wanzhuang

Gong Z T. Soil survey laboratory

gold mine area in Beijing[J] China Mining Magazine,

http://pedologica.issas.ac.cn



1842 + o IR 60 &
2018, 27 (82): 59—65.[WEtHT, Z=Ef, LA, 37 (5): 53—66.[ L5, LM, DmE, % L=
S ACHOTE S IX R G R o3 A R AE KOS YA P AN A B2 23 [ AR AR ARRAE (], I RS, 2021,
[31. *FEH ., 2018, 27 (S2): 59—65.] 37 (5): 53—66.]
[ 13 ] WangY, Wang Y G. Background value of soil environment [ 22 ] XiaDS,YuY,MalY, etal. Magnetic characteristics of
in Shanghai [M]. Beijing: China Environmental Science urban dustfall and the implications on pollution origins[J].
Press, 1992. [E£ =, HEMA. gL HEFRER S [M]. Journal of Arid Land Resources and Environment, 2007,
Jent: HEFSERE AL, 1992.] 21 (12): 110—115.[B &Mk, b, D&, & RS
[ 14 ] HuXF, SuY, YeR, etal. Magnetic properties of the R 2D B 2 A X R TT 95 IR B HR R[], TR X E S
urban soils in Shanghai and their environmental W55, 2007, 21 (12): 110—115.]
implications[J]. Catena, 2007, 70 (3): 428—436. [ 23 ] Wang]J, Zhang X, Yang Q, et al. Pollution characteristics
[ 15 ] LuSG,BaiSQ,CailB,, etal. Magnetic properties and of atmospheric dustfall and heavy metals in a typical
heavy metal contents of automobile emission inland heavy industry city in China [J]. Journal of
particulates[J]. Journal of Zhejiang University Science Environmental Sciences, 2018, 71: 283—291.
B, 2005, 6 (8): 731—735. [ 24 ] Yang X M, Zhong Y Q, Li G F, et al. Distribution
[ 16 ] LuS G A comparative study on magnetic minerals of red characteristic and source apportionment of heavy metals
soil and paddy soil[J]. Bulletin of Science and in atmospheric dust in a typical industrial city - A case
Technology, 1999, 15 (6): 409—413.[/ . 414 study of Jinan[J]. Environmental Chemistry, 2022, 41
5 L0 KRS - T R W R P Y LU RIS (7], B (1): 94—103.[#7H W], Bhfeslh, 2, % MAT
AR, 1999, 15 (6): 409—413 ] Ml 39 T IR R 2 v < R A R B R TR AR AT ——
[ 17 ] Li S, Zhang B, Wu D, et al. Magnetic particles LIGrra i A BI[I]. BEEfkef, 2022, 41 (1): 94—103.]
unintentionally emitted from anthropogenic sources: Iron [ 25 ] Wang M M, Yuan M Y, Su D C. Characteristics and
and steel plants[J]. Environmental Science & Technology spatial-temporal variation of heavy metals in atmospheric
Letters, 2021, 8 (4): 295—300. dry and wet deposition of China[J]. China Environmental
[ 18 ] Szuszkiewicz M, Petrovsky E, Lukasik A, et al. Science, 2017, 37 (11): 4085—4096. [ A%, Jr4s
Technogenic contamination or geogenic enrichment in =, L, FoE KK ELSE T IRUTRERAE M 23 454k
Regosols and Leptosols? Magnetic and geochemical HUEET]. HEFRERE, 2017, 37 (11): 4085—4096.]
imprints on topsoil horizons [J]. Geoderma, 2021, 381: [ 26 ] XueY, HuXF, Ye R. Magnetic susceptibility of topsoils
114685. and their implications for heavy metal pollution in the
[ 19 ] Aguilera A, ArmendarizC, Quintana P, et al. Influence different functional areas in Baoshan District ,
of land use and road type on the elemental composition of Shanghai[J]. Chinese Journal of Soil Science, 2016, 47
urban dust in a Mexican metropolitan area[J]. Polish (5): 1245—1252. [R5, SHEIE, M3, FERILARE
Journal of Environmental Studies, 2019, 28 (3 ): YIRE X 2 E #E AL SR AE SO T 4 15 YL A8 s VR D).
1535—1547. T, 2016, 47 (5): 1245—1252.]
[20] An B N, Hu X F, Zhang P F, et al . Magnetic [ 27 ] LuS G, Bai S Q. Study on the correlation of magnetic
characteristics of the tertiary red clay in the Chinese properties and heavy metals content in urban soils of
Loess Plateau [J] Chinese Journal of Soil Science, 2018, Hangzhou City, China[J]. Journal of Applied Geophysics,
49 (6): 1261—1269.[ZAHAF, FAEIE, TKIGHM, &, 2006, 60 (1): 1—12.
T RERE R AR R RRIETT R (0], R HGE R, [ 28 ] Wang B, Zhang X, ZhaoY, et al. Spatial and temporal
2018, 49 (6): 1261—1269.] distribution of pollution based on magnetic analysis of
[ 21 ] Wang G, Wang Y Y, Ma L J, et al. Magnetic spatial soil and atmospheric dustfall in Baiyin City, Northwestern

variation characteristics of indoor and outdoor dustfall in

Shanghai[J]. Environmental Monitoring in China, 2021,

China[J]. International Journal of Environmental Research
and Public Health, 2021, 18 (4): 1681—1696.

(REHE: HRF)

http://pedologica.issas.ac.cn



