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Characteristics of heavy metal pollution in dust and soil of Tianjin City, North China. WU
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Abstract; Dust and soil samples were taken from 41 parks in inner-city of Tianjin and 10 parks
in Tianjin Binhai New Area to study the physicochemical properties and contents of heavy metals
in the samples, with the special distribution patterns and possible sources of the heavy metals an-
alyzed. In the parks, the particle sizes of dusts and soils presented bi- or multi-modal distribu-
tion, the organic matter content in the dusts and soils was averagely 49. 10 and 27.15 g - kg™',
and the Cu, Pb, Cr, Cd, and Ni contents in the dusts and soils were averagely 113. 88, 76. 81,
141.53, 1. 30, and 114. 70 mg - kg™', and 41. 68, 30. 76, 96. 43, 1. 01, and 34.03
mg + kg™, respectively, being much higher than the background values in Tianjin. The Heping
District, northeastern part of Nankai District, and Hexi District were less polluted by the heavy
metals. Pearson correlation analysis and principal component analysis indicated that organic mat-
ter was the main carrier of Cd, while traffic flux and industrial activities were the main pollution

sources of Cr, Ni, Cu, and Pb.

Key words: spatial distribution; principal component analysis; anthropogenic input.
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Fig.1 Sketch map of the sampling sites in the inner-city of
Tianjin
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2.1.1  REEAFEKAEE R ARRE M1 AT
ST, R IR DX 55 5 BT DX e K 2 R A% 24 B
BT RS IKARARTE ), Sl
TR X el A | HERARIIE T8 BRI O Bk X
B LHTT, WE 2 B, KERIX A B R |+
AR AT FAE | 28 300 JE 1 2 1 XL 5 208 4
AT IR S 3T I o R s 3

2.1.2 REAFEKAESHIEAGHFR S & KT
s B R A HL BT & O 16.09 ~ 96. 36
g - ke T HEA AL & A (19.05 ~ 43.98
g kg™ ) o TV HT XA H L R XA K A2 A BT
F1 FEHAEKE, TSR ()

Table 1 Particle size in dust and soils of parks in Tianjin
City

EaT X 35k ¥fH L

+-3 X 112.2 60.6 ~242.7
TR IX 126.8 56.3 ~250.2

N I IX 190. 6 118.7 ~300. 8
T X 220.7 100. 6 ~280. 7

4 | KA
g,
-
X A

RSB (%)

2 RERE TENESH

Fig.2 Particle size distribution of dust and soils in parks

®2 XEWABKL LEAHRSE (g k')

Table 2 Organic matter contents in dust and soils of parks

in Tianjin City

B i X35 - IEUN AN ERR

+iE EEHX 3064 40.26 19. 05 7.16
FLbIRIX 2367 43.98 22.40 10. 36

KA EEIEEHIX 61,83 87.53 47.32 11.03
HULBEIX. 43,20 96. 36 16. 09 17.77

n=51,

YIgEnh61.83 543.20 g - kg, i T A%
HOEPLR &, A, KA AP S5 R s T 1
e UL A W) BT A R R R TSR T (5K A A
2011) ,

®R3 RBETAERLETEESREEEELENEEK
F(mg - kg™)

Table 3 Heavy metal and constant element concentrations
in dust and soils of parks in Tianjin City

Hi o, P Cu Pb Cr cd Ni

R XA B 120.03 111.52 161.84 1.16  41.06
+ 1 40.23 31.60 89.68 1.18 32.96

/N | KR 122.06 61.84 136.64 0.82  76.08
435 47.47 25.74 126.40 0.94  46.72
b /N PR () 120.43 101.78 156.90 1.02  47.93

THE(E)  41.65 30.45 96.88 1.13  35.66
[ 1 4 WEME 22.60 26.00 57.30 0.10  26.90
P SE i et W 28.80 21.00 84.20 0.09 33.30

P ] R S (IO R B BT W 3 ( CEPA) 1990 4F iyl ( o [
FREE WM b 11990)



REEHAF KA

H

KA TR E G R TY

5T

1033
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ol Ry 51 i

R4 Cu(mg * kg™)

16.56~17.27
17.27~18.13
18.13~18.87
18.87~25.53
25.53~70.72
70.72~71.83
N 71.83~73.64
B 73.64~75.16
B 75.16~81.72
s 72-91.26
Q3 6km

K22 Pb (mg « kg™)

18.14~18.68
18.14~19.31
19.31~20.86
20.86~24.16
24.16~29.60
29.60~32.59
N 32.59~34.16
N 34.16~35.57
I 35.57~36.97
B 36.97~41.53

R Cry (mg « kg™)

22.80~24.46
24.46~26.23
26.23~30.12
30.12~44.91
44.91~62.26
N 62.26~81.12
N 81.12~95.24
N 95.24~118.82
I 118.82~131.85
I 131.85~168.30

RACd (mg - kg™)

0.920~0.924
0.924~0.928
0.928~0.940
0.940~0.958
0.958~0.962
1 0.962~0.966
I 0.966~0.976
I 0.976~0.986
I 0.986~0.995
I 0.995~1.019

K24 Ni (mg « kg™

9.833~10.413
10.413~11.029
11.029~13.114
13.114~15.611
15.611~17.365
0 17.365~17.371
N 17.371~17.382
N 17.382~17.389
I 17.389~17.392
B (7392~17.543

Pb .Cr #11 Ni & iﬁﬁ%ﬂ”ﬁ%@i%ﬁ/\ﬁjﬁf
T IHAY 4. 18 4.85.1.86 F1 1. 44 £ B H T 5{E
fgdse /b Ui 4 ﬁiﬁ)ﬁ%»ﬁ%ﬁ%ﬁﬁ —E
FAE Cd I S EA 12 45, /0, cd 2 N0
Bl e K 4 Bl - RTINS 28 EE 4 R RN AM Y

+ 4 Cu(mg - kg™)

: 16.56~17.27
R 17.27~18.13
B/ 18.13~18.87
R PR 18.87~25.53
{k & ) 25.53~70.72
. armmAxFEX I 70.72~71.83
RFE 0 0 [ 71.83~73.64
< Cwmx o M 73.64~75.16

EER g Bl 75.16~81.72

. EER
B 3).72-91.26
+3E Pb (mg - kg™)
18.14~18.68
iy 18.14~19.31
o~ 19.31~20.86
f—ffﬁlz g 20.86~24.16
<“ —) 5 24.16~29.60
Y ﬂ,wmxmx I 29.60~32.59
WHE . W 32.59~34.16

\/{ﬁjﬁz ,.';"\' B 34.16~35.57

HER o B 35.57~36.97
_— B 36.97-41.53

23 Crify (mg + kg™)
g 22.80~24.46
PRl 24.46~26.23
. N 26.23~30.12
CaER iﬁriblx: 30.12~44.91
n * 44.91~62.26
< wmﬁrwhm I 62.26~81.12
Ty .- N 81.12~95.24
- s%m& /o [ 95.24~118.82

CEEK gl I 118.82~131.85
X X
NN B 131.85~168.30

+3ECd (mg - kg™)
0.920~0.924
0.924~0.928
0.928~0.940
0.940~0.958
0.958~0.962
[ 0.962~0.966
I 0.966~0.976
B 0.976~0.986
I 0.986~0.995
I 0.995~1.019

JR4: Ni (mg - kg™)
9.833~10.413
10.413~11.029

y 11.029~13.114

m‘“z mm 13.114~15.611
< . 15.611~17.365
. wwmx”"‘m I 17.365~17.371
SR ), I 17.371~17.382
,?W'Z .o I 17.382~17.389
BRE . e I 17.389~17.392

) B 17392-17.543

"
JHLRX

P o/

Fig.3 Spatial distribution maps of heavy metals in urban dusts and soils in the inner-city of Tianjin
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2.2.2  RHARKAS + 58 4 8 25 0] 43 i F¢AE
HGE T2k T i A b R A B R b | - e
SR AR RHIE . 2238 IR UEIL SE I pR EIRE R
(LA Ar 32 FH o8 BLAS 2 [ 4 (A P 9T T 4 R &8
o] S A 4AE (1B 3) , PRI 3 AT, [ R 42 i 5
A DX ] 3 A IR A T 32 15 e AN (B 4
J& Cd BgAL) . BEEH 4 R 25 (8] 20 A R AE T, A1
X R T XA ) 2R X TP X LR A e R 2k 5+
2 e AR L
2.3 REARKAES +EE 4w K
2.3.1 MHXREGE APE AT AT R A
JRA | HER R E 4 JE S A HLIE AR (R 2R A
SRR EE (W3R 55 | FLR AR 45 o (] 25 D) R B 1) — A
FHGE 71 (PN EL,2007) o AR KA S b
SR AAHURAIAR SN 4 FiR, K2 FE K
A5+ ESE Cd 54 VLA 85 B
P,

D0 /A T b S s e 2 LTS SRS RN |
JRARZEAL, 2 A FB AR T AR S T 22 STRR Y
77.1% , 5ARKAEARNFERE, LEPESE Cd
FESR 1 LAY AP AEIE A fr
2.3.2 FERHGTE A TSR XA
Kb 5+ e T 4w i EZOR R, A SPSS 19. 0
RO RE S AR B i T B b, A5 R A
4.5 FiR . o s AR S 4 R R R Y R
5, AT AT BRI T T AR A R R
F T IEZSHEs 58 g 7, R 0 2 A~ 2
o Cu.Pb TEMA 2 B#EAT AL, KA E 48 Cd
SHADS B IIAAFEAEA A IEM T EAJE Cd ok
PR R R S AR EYE, FeE od 54
PUBRAFAE A OCHE, AR 2 B A B
IEff
®4 REHAEKE . TEESESEHIRS BN Pear-
son tHX R

Table 4 Pearson correlative coefficients of heavy metal
contents in dust and soils of parks in Tianjin City

P cd Cr Cu Ni Pb
N 0.794* 0. 386 0.074 0.135 0.263

44 0.801* 0.319  -0.038  -0.084  -0.262
# £ 0. 05 KR I A5G,

ERERE B3 E 4l
1.0 cd
(o)
HHLR
o
0.5F
Cr
O .
« oNi
R 0.0
= c)Cu
Pb
-0.5
-0} . . )
-1.0 -0.5 0.0 0.5 1.0

4L
4 REWHLAEKRELHNFEHERS

Fig.4 [Illustration of total metal concentrations in dust of
parks in the coordinate system of two principal components
in Tianjin City

1.0F ° cd
HHLR °
0.5 OCr
Ni
« 1o oCu
R 0.0
#
Pb
-0.5
_1.0 i 1 1 1 1
-1.0 -0.5 0.0 0.5 1.0
)%

E5 REWAETERNFHERS
Fig.5 Illustration of total metal concentrations in soils of
parks in the coordinate system of two principal components
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3.1 Rt A R KA 5 A R A A G

TR | S R R AR KNG TR L 4R
ik o ER ALY S R I (R AE,
2010) o FHETH A el J0AE 4 LG 285 1 J3E 43 A 5 B0
AR B 20 L B 43 A7 A5 XAE DL ( E R 21 F I
& ,2004 ) , T B U RS ER 06 T[] B 25 40 40 5
KPR A AZ 1 25 5 BDIE T 3k T Ak 2B S XU
MIARZE (PNAR A 2000) o SRAXRIORL PR A28 4 1 138
KA, 16 A b2 K A ZE A 4 5y 52 A, TR ) 2 ZE i e
FE N T H 5 N A =06 sh 9 52 ), 5 5k 2 B
(2008 ) TR A5 — 30, PO IR B K |
HERIAE Rl BESE T D IR IX R RIX 5 2 | I A X
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x5 ERMET(ER)RE . TEESESS/KFIEE (mg - kg™)
Table 5 Comparisons on the heavy metal contents in other cities ( countries) in dust and soil
EE2 1] P Cd Cr Cu Ni Pb SCHR AR
Banja Luka, YN 1. 46 2.06 2.90 1.63 10. 24 Skrbic et al. , 2012
Bosnia, Herzegovina +5E 2.75 1.27 2.25 2.08 2.74 Madrid et al. , 2002
Seville +- 4 - 39 68 22 137 X420 54,2010
=] 145 0.21 57.57 43.13 25.05 45.68 LA, 2006
i +- 4 - - - - 55.06 WIS, 2002
dbat +35 - - - - 66. 2 X4, 2010
KH T35 2.78 0.61 1.27 0.91 1.51
St b +4 0.31 185.97 61.59 47.72 20.01

N 0.62 37.25 129. 80 61.07 67. 80 sk—E5%, 2012
ity N - 144. 01 190. 01 86. 26 273. 45 ZE A, 2012
EW ek - 79. 41 168. 8 21.47 97. 49 B 2011
TR TR 2.84 77.36 63.73 23. 60 50.79 H/NFESE | 2009
dbat N 0.47 77.36 63.73 23. 60 50.79 JEIRAAE, 2012

B, TR IR AEE F 40 Ok T )
ERTF I (XA 2012) , AN, BF5E & B, A —
Hi s IR 2R 5 - S U R AR I A S B S A Sk

TR i O 2R b B, R 2B R A ) B AR FD A=
TG BT REMEE /N, DR R A oA AL R 7 B 1Y
Jirt PR A T BB R T KA UK X TA BILJB 1) I ffF
JRARAT AT Fa b o A 22 28 IR B IR 2R R 5 |
YIS AR Z R PE R i L 5 2 ORI R 3
M ( 5K 245 ,2011)

3.2 R AREKAES - HE 4 5w KF

KM KA rELBHEG T LI, X5
[ N K 2 B R 45 R — B (7K — 1845, 2012,
Skrbic et al. ,2012) (£ 5), H5HALESE AR, X
WA HIEE SR Cd B & E e T KA, 5
A5 2 Pl g e i A s S SECHE it P 3 T ¥ A R
5 el gt B ) SR G (P BEAE 2009) . HA KR
TH % (ETIE ) KAy | A B A AH O H 4 JE F 5T 45 A
L, 2 PR 22 5 e 4 v Y AR R W R AT, 1A
SRR I T B WG Ay A B TR
GBI I — 2P, SR A ) X 4 8 AR K
225 A IR A i 1 s YA AR A W B R VE
(SR 245 ,2008) , BB 9 2 55 %05, 48 % i AH
XA (B ,2010)

HAJE Cd Pb B REETT AR KA S TR
FEGYE A T X AR (2010) X TR HA e 1 4
A R 3 HESE & A T RIEHEK, XY
3 AR R R T B S T T DX 28 | Tl PR g
K, WHCE NS (FELEFT b5 AR ) FHOCHE
FATLIARM, K45 HIEE LR Cd F R KR

JEE b S Y T (R, A ST PR s G
KT ( Madrid et al. ,2002 ; #8/)N B4 2009 ; J 256 i
4.2012), EAJE Cd 4 ZREPE SRIEE 241k n]
AEE I A Z A K R R E 4w S
FRER =E A

HEAJE P WHORIE 7z FtEm B aF
PR SRR R A B, X KO X
bel K20 43 J@ P % 5 (19 43 AT i 5 & R, M Ak Ah 3
25, B2 Tl Fel X A Bl k4 v Ph 5 1 BH B i 1
M X HIRZE 2 P, 4R Pb 3 A (A ) B
SR N R N U /N T D/ Al LI N /N
bel - 43 85 43 J& Pb & & Ik T b 50 2 Bl 4= 4 (6. 2
mg « kg™ IR BASE,2002) K b g E £ 45 (55. 06
mg - kg™, B ,2006) B KT EELER WA
+1EFE 4B Pb & (Madrid et al. ,2002) , FEBEF
FEL T T Y A 8 | 2838 4 3 O I AR L 4 T
Pb LR PG4E BUI (me at T 3 A5 T i 7 G 1
Z—( EEHFMEYZ 2002 ; B, 2010; EhE
42011 Ho  mRUIR T R E 4R Ph & IE
ik 107.31 mg - kg™ ( SEEEE 2002) , (R, B4
J& Pb FEN[RIFREE A 02 0] (75 Y i S 5z B EH AL, UL
S A 2EFRE Ph Cu & A “IRTTITER ", X SEITT R
(1) s SRR B A 2 T N R 3 B0 1 4% IR B (Accor-
nero et al. ,2008) .

4 @ 25 RV RRAE 4341 o, RO IR X 3R 43
DTS g N G A 44 R KU X (BRI X
AR R, Tolkis 3 5 58 4 RS HEB >
JIT 32 A TR G YA b o A DX el A7 T G S T
BRI, AT R F B A2 K Tl XA Tl A 77
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e B E 4

TGS R (TolkRE2R ) s m |, 48 T R B ek AR
R, B2 R RS W AT el 3 A7 3075 Gl () H A
2010) .
3.3 REARKAES +HE 4 E KR

AT R, AT (U E 4R
Cd S5 LA B i A e BB AT AL R K A
TP ESR Cd W RBEAR, EA XA KRS
TS R TR A A T R, Al KA S £
B 42 8 Cu, Pb AH G PE R (HH2C R 50 3k
0.617 50.738) ,E4 & Cr.Cd Ni HIERBUK, %
B AR 2425 £ H Y Cu, Pb JG &y [F] — 2R I
(ZE5445,2008 ) , W] AR R 228 HERC Tk i 3 s IR
[ e [ R b e e 2l I o A e 2
KRAMIE GO RIER )2 15 (AR AR 55,2008 ) 5 JK2B
L+ Cr . Cd Ni JCE A B ik 3z B H A 15 YL IR
(RS2 (BG4 ,2010)

T EAE Pb (kI8 % 5 2858 F Tk % Ui
X, EEE Cu W FZRET RS R B ( Violante
et al. ,2009) , BIHAE F B 0B b s 1 AT 9pRh
“RCIE S Tl R (k1845 2012)  REFBEFEAS
AR BAHE R IR T B 0 B 5 ) |
Tk QR RAET S R SHE) FEN A
RGBS, KA ESE Cd HAE SR
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