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Abstpact Ihel use of mlneral magnetic measurements as-a potentlal pollution proxy is explored as an.alternative means of monitoring
heavy! metal polluhon in playground dust in industrial“areas” D_y.s’f" samples were collected from playgrounds in an industrial area in
Nanjing! The magnetic properties of the samples were dnalyzed and the total and acid-extractable concentrations of heavy metals were

1
and saturation

measured. Mineral magnetic concentration parameters [ mean magnetic susceptibility (x,) 939.31 x 10* m’-kg~
isothermal remanent magnetization (SIRM) 16 618.74 x 10> A-m’-kg '] indicate that the dust samples contain high concentrations
of magnetic minerals when compared to the non-industrial zone of the city. High and stable S-ratio values (mean 0.97, standard
deviation 0. 01 ) indicate the prominence of ferromagnetic minerals. Low values of anhysteretic remanent magnetization (X ,py )/Xi
(2.35) and x,py/SIRM (0.12x107° m+A™") indicate predominantly coarse pseudo single domain (PSD) and multi-domain ( MD)
magnetic grain size assemblages. The playground dust is considered moderately to highly polluted, and the enrichment factor values for
Cd, Zn, Cu, and Pb indicate extremely high contamination levels in the playground dust. Mineral magnetic parameters [y, , SIRM,
hard isothermal remanent magnetization (HIRM) , x zu > and X ,zu/SIRM ] reveal significant correlations with total and acid-extractable
concentrations of the trace metals, and the correlations with total concentrations are stronger. The most significant correlations were
found with mineral magnetic concentrations (Y ,zy and SIRM) and total concentrations of the elements Mn, Ni, and Cr and the
Tomlinson pollution load index (PLI) (0.69=<r=<0.86, P <0.01). Consistent spatial characteristics between them were also found,
showing that the total concentrations of heavy metals and magnetic parameter values are higher in the playgrounds near and downwind of
the power plant. Results of a principal component analysis indicate that anthropogenic activities ( mainly from coal consumption by
power plants) are the main sources for both heavy metals and magnetic minerals. In summary, significant correlations and consistent
spatial characteristics between heavy metal contents and magnetic parameters and the same anthropogenic source for heavy metals and
magnetic minerals confirm that magnetic parameters could be considered as efficient indicators for heavy metal contamination in the
playground dust in industrial areas.
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. N B TRATPEE EF RAC/%

e il T bRl b T bR flli] I bR il T bR RRFR
Al % 0.20 ~0.57 0.40  6.09 0.02E-1~0.07 0.02  0.01 ND?) ND ND 0.45~20.72 6.09  3.40 1%

Cd  mg-kg ! 0.38~2.76 .20 25.67 0.04~1.16 0.37  0.32  59.34~384.69 161.73  84.93 0.00~88.10  25.67 17.61 i
Co  mgkg™! 4.99 ~12.00 8.45 20.37 0.80 ~9.28 .74  1.63 7.25~21.25 .27 3.18 9.25~79.63  20.37 14.28 i
Cr mgkg™! 20.37~188.36  70.27  2.38 0.36 ~3.20 1.30  0.56 3.94~38.35 14.37  9.05 0.74 ~6.44 2.38 1.38 ik

Cu mgkg™! 20.25~232.13 9425 563 0. 04 ~60. 40 5.45 874 16.34~202.20 70.17  42.33 0.09 ~26.02 563  5.01 1%
Fe % 0.11~6.20 210 124 0.03E-2~0.03 0.01  0.01 0.54~33.72 1093 8.17 0.01 ~10.12 .24 2.05 i
Mn  mgkg™! 238.51~1756.55 737.48 34.38 100.40 ~552.00 229.64  97.20 6.39~53.74 2191 1336 17.39~61.25  34.38 10.74 =
N mgkg™!  14.67~56.00 3570 7.30 1.12~5.96 2.42 091 8.28 ~45.58 2.7 9.1l 2.62~20.61 730 3.20 1%
Ph mgkg™!  15.95~452.49  84.66  5.09 0.08 ~47.28 6.17 11.68  11.25~283.14 54.20 57.71 0.22~28.63 5.09 4.8 1%

In mg-kg™! 104.47~1568.42 428.40  56.48 60.40 ~1212.80257.35 243.98  35.94~417.02  112.99 85.38  30.55~92.48  56.48 13.82 e

1) n (REREAEL, T 2) ND s, Wb Al hB TR
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Table 2 Summary of magnetic parameter values and pollution load index (PLI) of dust samples

Eistun [ EHIE bR
X x1078/m® kg ™! 106. 43 ~1995. 03 939. 31 479.12
X/ % 0.88 ~13. 69 3. 66 3.16
SIRM x 10 “5/A-m? -kg ™! 1525.75 ~45739. 03 16 618. 74 11 341. 66
Xagy X 10 78/m? kg ! 435.34 ~4285. 83 1817. 14 998. 30
HIRM x 10 3 /A +m? -kg ! 35.49 ~1415.20 455.30 368. 48
Xann/Xuie 0.94 ~10.01 2.35 1.84
Xarn/SIRM x 10 73 /m-A ! 0.09 ~0.29 0.12 0.03
S-ratio 0.93 ~1.00 0.97 0.01
PLI 1.37 ~6. 60 3.49 1.42
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®3 HBUFSHESELERESHU Pearson HXRH ()" (n=48)
Table 3 Pearson’s correlation coefficients (r) between magnetic properties and heavy metal concentrations of dust samples
Xir Xt SIRM HIRM X ArM XXt Xarw/SIRM S-ratio
Al -0.21 -0.13 -0.29" -0.43" -0.29" -0.11 0.30" 0. 47
Cd 0.26 0.25 0.63™ 0.58 ™ 0.64™ 0.27 -0.44™ -0.09
Co 0.21 0.19 0.51™ 0.42* 0.53™ 0.18 -0.32" 0. 06
Cr 0.25 0.33"° 0.71 ™ 0.56 ™" 0.69 ™ 0.27 -0.46 ™" 0. 07
i& Cu 0.28 0.25 0.53* 0.45™ 0.52™ 0.21 -0.50*" 0.03
E Fe 0.05 0.26 0.52™ 0.38" 0.49 ™ 0.22 -0.27 0.14
% Mn 0.42 0.37" 0.86™ 0.79 ™ 0.86™ 0.27 -0.57™" -0.15
Ni 0.44 0.33" 0.76 ™ 0.69 ™" 0.77™ 0.27 -0.64 ™" -0.12
Pb 0.07 0.21 0.43™ 0.41™ 0.46 ™ 0.26 -0.27 -0.03
Zn -0.01 -0.05 -0.04 -0.06 -0.04 -0.02 -0.14 0.11
PLI 0.29 0.35" 0.73 ™ 0.63 ™ 0.74™ 0.32" -0.54™" 0.01
Al 0.18 0.16 0.36" 0.37 0.35 0.10 -0.29 -0.14
Cd 0.08 0.15 0.24 0.22 0.25 0.18 -0.06 -0.01
% Co -0.31" -0.14 -0.36" -0.35" -0.36" -0.08 0.43 0.19
Fﬁ Cr -0.33" -0.04 -0.40 ™ -0.417 -0.41" -0.10 0.21 0.21
% Cu -0.37" -0.14 -0.39" -0.39" -0.42™ -0.11 0.33 0.20
1# Fe -0.01 -0.01 0. 05 0.18 0. 05 0.02 -0.11 -0.42
2 Mn -0.37 -0.12 ~0.447  —0.41™  -0.45™  -0.08 0. 56 “e "0 13
il Ni -0.34 -0.16 -0.35" -0.30" -0.38" '-0.12 0.29' ,‘é’fd'. 2
it Pb 0.17 0.11  r70.25 0.26 0.28 0:09  -0.14 7 L0.03
Zn -0.24 0.23 L4011 0.09 0,10, 0,30 0.16 07T
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Table 4  Principal component analysis for the heavy metal total concentrations and magnetic parameters

WH PCl1 PC2 PC3 PC4 PC5 -

Xu 0. 44 -0.51 0.63 -0.19 P a s -
Xu 0.39 0.21 ~0.69 ' 0.01 o7y ¥
SIRM 0.92 ~027 -0.11 o | —ON5 o2
HIRM 0.79 —0l§" 011 ~0,09 0,255
Xarn 0.92 . -0.27 o1 ~0/09 “ofs /)
Xarw/Xit 0.42 ‘0034 -0.77 | P A —0.§ = &
X/ SIRM -0.85 [ 10.29 77 0.1 | Y029 0 ,
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b ' 0.74 0.36 0.03 0.26 -0.1

Zn 0.47 0.31 0.29 0.45 -0.27

PLI 0.94 0.27 0.14 0.1 -0.07

FHIE(E 9.18 3.04 1.84 1.29 1.01

J7 2/ % 50 16 10 7 5
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B F-H1H T E TR
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Ak B % F P
X x1078/m? kg ™! 1186. 88 830. 10 6.42 0.014
X/ % 5.32 2.93 6. 69 0.013
SIRM x 10 ~3/A-m? -kg ™! 27 324. 80 11 895. 44 31.50 0. 000
Xarw X 10 78/m? kg ™! 2775. 07 1394.52 33.30 0. 000
HIRM x 10 7> /A -m?* -kg ™! 762.90 319.59 21.50 0. 000
X arM/Xit 3.24 1.95 5.68 0.021
Xary/SIRM x 10 73 /m-A ! 0.10 0.13 9.41 0. 004
Cr/mg-kg ™! 94.13 49.29 13. 15 0. 000
Mn/mg-kg ! 1133.60 562. 82 43.36 0. 000
Ni/mg-kg ™! 46. 47 30. 94 38.26 0. 000
PLI 5.01 2.82 5111 0. 000
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