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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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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')
e Tk 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
Topsoils 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
J& R X 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
SIN %9/ TolkIX Industrial area (n=28)  101.0+144.6a  507.6+345.1a  112.8460.77¢ 0.58+0.20b 51.37425.3%
Road dust ZZi 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
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
# + Topsoils Tk IX 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
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
18 %K TolkIX Industrial area (n=28)  244.6+102.3ab  14.91+12.05a 1130+413.2a 72.28+34.63a 2.44+0.9ab
Road dust A%l X Traffic area ( n=17) 315.54293.2a 9.85+2.87a 625.4£625.4b 44.00£14.27b 2.58+0.53a
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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A 8BA%MIME A xu%<2%. FoIrRWIWITE X 3K 1
E’J leijtﬁiam, Z N AR, HARR A —

T R Y SPy 38 B A BB A 1 R L
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PR B KL SR (MDY SD ).
32 HWHRIMEBKRE (SEE£ES=EER/IE

XEXR

MR XEL 5 Cu. Zn, Cd. Ni, Cr, Mn,
PLI W W& FAHE (n=58; P<0.01), 5 Pb., Fe
HERFIEME (n=58; P<0.05) (F£ 2), I+
R S E AR RN BV R AEZE: &
LT 8 e, SRR A B ( SIRM ) 5 HE 428 ( Fe,
Pb. Zn, Cu Ml Cr) &, PLI 2 8 EHK ( P<0.01),
W2ty SIRM Fl PLI B 25 [8) 53045 5 8045 Tl X
FI 43 AT AR, 3% BT 3 REPE S 405 PLI B
FHOCAE (P<0.01), HEAIABE I AE 8 HE U T 15
FE AL 43 FEEORIEY FF BT 3% 455 Zn, Cu,
Cd. Pb., As. Cr. Ni f#7ERZ R IEHSE (P<0.01) P,

BESHMAE (g BXXFE

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
Fz4+ Tl IX Industrial area ( n=21) 0.632%* 0.826%* 0.732% 0.620%* 0.470%*
Topsoils A2 X Traffic area (n=12) 0.638* 0.421%* 0.252 0.784%* 0.613*
J& R X Residential area ( n=14) 0.644* 0.682%* 0.778%* 0.837%* -0.029
X 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%*
EEE IR Tk X Industrial area ( n=28 ) 0.227 0.215 0.491%* 0.578** 0.731%*
Road dust ZZiIX Traffic area (n=17) 0.910%* 0.353 —0.289 0.121 0.791%*
J& R X Residential area (n=17) 0.762%* 0.337 0.418 0.193 0.581%
f\r 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
x4 Tk IX Industrial area ( n=21) 0.554%* -0.152 0.563%* 0.738% 0.926%*
Topsoils ZZi X Traffic area (n=12) 0.667* 0.252%* 0.836%* 0.842%* 0.858%*
J& R IX. Residential area ( n=14) 0.087 -0.211 -0.109 -0.281 0.805%*
X Agricultural area ( n=11) 0.139 0.124 0.055 —0.502 0.326
4FRRE All the samples ( =58 ) 0.593%* —0.198 0.719%* 0.313* 0.780%*
E IR TAlkIX Industrial area ( n=28 ) 0.812%* 0.613%* 0.688** 0.094 —0.431*
Road dust ZZiIX Traffic area (n=17) 0.825%* 0.628%* 0.631%* 0.538* -0.039
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
4= FRAE All the samples ( n=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.

4 R TG YT R AT B B AR N SR BRI A R
WORLR T b, B0 DL B U ARG/ R
R AR R ol A5 T 4 A 58 i S B
SEITTERM BB,

B2, RRIIEER XL ELE SRS R
BAEES. T XEL 5 Cu, Zn, Cd. Ni,
Cr. Mn 2% 0 FEAHCH: (rn=21; P<0.01), 5 Pb,
Fe & 35 IF A G (n=21; P<0.05); ZZ X3+ ¢
5 Zn,Cd. Co.Mn, Fe HATH B 2 1IEAH M (n=12;
P<0.01), 5 Cu. Ni, Cr & BFIEHME (n=12;
P<0.05); JERIX KL 3¢5 Zn, Pb. Cd BANWE
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
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