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Spatial distribution characteristics and influencing factors of heavy
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Abstract The data published on heavy metal contents in urban park dust in China were collected to
analyse the spatial distribution and enrichment of Cr, Cu, Zn, Pd, Ni, and Cd in this dust. In addition,
the factors that influence the distribution and enrichment of heavy metals were investigated. The
results showed that the spatial distribution of Cr, Cu, Zn, and Cd contents was similar, and the eastern
region was the high-value region, whereas the northeast and northwest regions were the low-value
regions. The spatial distribution characteristics of Pb and Ni were similar, with high values in the
eastern and central regions and low values in the northwest regions. By comparing the soil
background values of each province, we found that except for Cr in Wuhan and Kaifeng, Zn in

Baotou, and Ni in Beijing, Wuhan, and Jiaozuo, dust of other city parks exhibits a certain
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concentration level. In all the city parks, the three heavy metal elements, namely Cu, Pb, Cd,
exhibited a dust accumulation index of >1. The correlation analysis of social and economic
development indicators and heavy metals in park dust showed that Pb was significantly positively
correlated with the total population; Cu and Zn were positively correlated with raw coal; and Pb and
Ni were significantly positively correlated with the occupancy of civil vehicles. Moreover, Cu and Zn
contents were mainly affected by the energy structure such as coal burning energy, the Pb content
was chiefly controlled by population and traffic factors, and the Ni content was principally affected
by traffic factors. The sources of Cr and Cd may be both natural and artificial and thus are highly
complex.

Keywords park dust, heavy metal, spatial distribution, influence factor, China.
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Tl AR LA B ™ 1 B PRI TS G IR B RO L 25 g R USRI T, Sl 2 e A I AR 4
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5, PRIl 2 Pl 2 B <3 15 bR B0 A0 B 1 PP 3o T A 25 B3 o e ) — S B 5 T . AR
NE LT T —Le 56T bl IR AR G i BT 5T, W SE ORI B 2 Bl IR AR 46 J B9 e i~ B2
SRR ORIAR RN R AR A B KU PR T LR AR A SR R DT I RS G O B
ST, R T 2 B A < i e A e I L A 8 25 TR 0 A R R S SR AR GRS L, DA Bt e e T A g
RBEAS 23 Pl I A 4 TR OS2, AT B DL T e ] 24 el 2 7 5 Ja I 5, ] AR WL RUBE L
T TR A B R A ) R S S ) A AR, XA B AR B8 R 1 B R R S, S
o I A 75 4 MR v B A B B (H R 2 i

ABFFEIEL T M 2002 451 2018 45 [E 15 Al A 5G40 bl IR A2 5 4 Ja R 5 ait 7o 21, e 3 22 Pl
IR AR R SR AT A A0, AU R B B FE e SRR O, XA e 5 R AR AR S A el K AR 4
Ja R AT AR SR T, TR R R I IR AT TR

1 BBEMHS 7L (Materials and methods)

1.1 ARk

AHIF S NN TT & 6 B9 AH 56 SCrk v, 8 T 2002—2018 4F Ja) o [ 30 T 2 el K 2k v i 4 B A e
PEtero- M R E 4 B ICE A Cr, Cu, Zn, Pd. Ni Fll Cd %5 6 Fhoc &, F4E#A € Cr., Cu, Zn,
Pd., Ni #l Cd & & WHFSEEARE 73 5100 14 40 15450 144> 1440 12/ F0 10 A, Bl 243 H -1
WCAR H B R AR X B T AT S T, R O A T R O KA
BB BT P BT, BEORFE I p Rt ARSETTEY M TR, A S 2 T
R EAEHREIERH A AT R T St S AR AU, S IR Gei 4R 4= ), PR AEAE S 2 T A R
S S BRSO 0 K A2V G rh IO, SOAR S LA 38T 2 Bl SRASE IR ] i —4F 1 4 E 2 22 B, SCik
A5 Uk B SRR B T 9 ) LA A 3 s ) T — 47 i 4k S 2 0 s, 58 Tl I 2 T 4 T 5 i R A T R S 4 BT
BHRAFE « BNE . XA BE, Tolk A= Sl s, RANAGEHA &, i KAE . P4 g
e, BT 0 RV AP B ICEE . A SO 2 Bl R 2B 1) 1 4 B A% £ 5 >R Excel 2019 58 %,
iz 1 SPSS19.0 BT X+t & 405 &k R br 5 1 4 Jm JT R DA S R A T AL AN e 1153 #r
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SBERGE PP IR A T G 1) SRR BIR, ARS8 0 S R S O S, RBURECY $ T
A5

A, AT R BEUEEL, B SR A LS BB, ¢ XN 4448 X B4 Jm o R i) T 5
{H. i#7R Cr. Cu. Zn. Pd, Ni 1 Cd 1) 6 fhc .

2 #ER 54508 (Results and discussion)

2.1 SPE R A E 4 Y A ) A

M1 ATLAS Y, 2B kA v Cr JCR Wi s (EAL TR 54T, Jy 2874.10 mg kg™, S fREAL T 58K
FFlT, N 51.56 mg-kg ™. [F)R, Cr &5 g (DX Al T AR TR DX A b7l | p s Tl A R oo DX ) 03Kk i
S, ARACHL DAY AR il DAY T T A T S A IELIX.. Cu TR A= E 627.40 mgkg ',
W B ZRZE T, SR AR AE S IR AE Rk T, (0 26.90 mg-kg ™, e iy A X 35 2 53 A 76 7R B 4l DX, IR (ELIX
PO L XA 5 RS AR XA KA T A rp A DA A Sk i T BT L iU TSR . Zn R ) B
I E TR SET, 7 4733.10 mg-kg ™!, FcflRH N 49.70 mg-kg HBLAEAL T, Howm B X 2 H AR AR
T DX R AR DX, AR(E X S Cu JUR BURAE DXAREL. Cr. Cu F1 Zn JUE A s (E 4 H BRAE 2R SE T kTl
O BE R AR v, AT RE 52 B SE IR X2 Bl i DX PN SE I M R el LA R S I R MR P P Y B e N
416.63 mg-kg ", HHUAE LTI, JHC R (E DX A 7 AR Bt DA AL 50T | e ol R ep i DR P 42T R
T4 X, T e AR Y BRAE A Sk TR 36.20 mg-kg !, FARARL X 20 A 78 P I 4 XA 2568 K 5 T A 38
Mo IX A AEAE T S X ALK TR T 2l K2R H Cu, Zn AN Pb TG ER i, WA A Ak T, s mT e S5 H:
IR T A 45 55 14 S AT OGP N A ey (B IX. 2 A7 AR AR ML IX., e (i HE BLAE T 52 71T, O 115.00 mg-kg ™,
FUARAELIX F2 247 T AR AUl X, S IR AF MG BRAE IR AR T, fH 23.08 mg kg™, Cd % 1 A4 e ey {EU RN e AR AL
B0 1.92 mg-kg™ F10.30 mg-kg™', HBUAERT BT AL EARTE, SE X H B AR TR HLIX, ey & i Ak
T A5, AL DU S BRAR b DX PG bt DX 3 vl 28 Bl R 442 v N RT Cd TG 3R 8 e e R ST ) A 1 it
7, AT AR5 LRI AR X —— MR LU A2 i A7 5K,

R 1 SFE KA SRS
Table 1 Statistics of park dust samples
B4R E/(mgkg™)

hkits RFE A EE Heavy metal content KRR

City Sampling time Sample amout Cr Cu 7n Pb Ni cd Data sources
1 — 44 162.59 23589 90629  416.63 92.19 1.58 [4]
st 20104F4—7H 50 69.33 72.13 219.2 201.82 25.97 0.64 [71
£33 20144F5 H 26 154.1 26.9 49.7 36.2 25.1 — [9]
PN 20124E11—12H 51 103.18 113.18 — 63.32 40.58 1.14 [10]
iz 20114E6  FIT1H 11 78.21 111.04  386.62 73.81 — 0.58 [11]
HE — 128 — 109.27  326.88  126.02 — 1.79 [12]
K& 20134E6 )] 28 59.28 37.82 169.26 69.12 23.08 0.33 [13]
I 20024£9H 58 64.1 58.4 313.35 85.5 25.8 — [14]
PiE-] 20144F3 H 52 53.25 44.29 240.27 144.84 23.15 1.02 [15]
i3 20094F-4—5H 20 125.2 91 337.2 147.4 35.8 — [16]
(3 2016421 41 112.07 49.85 3743 55.26 51.7 125 [17]
LEARS 20174E10—11H 83 51.56 29.66 184.3 36.6 31.59 0.3 [18]
B 201446 H 60 133 141 585 119 115 1.92 [19]
HR5E — 31 2874.1 627.4 4733.1 — — — [20]
M 20184F11H 83 61.74 77.89 379.95 71.74 25.2 — [21]
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MEENR o] F, Cr. Cu, Zn, Cd [ 4 Fp 5 48 & 5 (1925 (8] 43 A HAG AU, 2R 50 Hh X S (B X, 7R
At X RN PG L Hb X R ARAE X 5 Pb A1 Ni A AR 25 (8] 23 A FREAE, AR 358 b DXOR A3 s DX Ry s (L IX, PE AL
b DX SR PR DX A 4 DS L N, St DX ) A el 24 B 46 I 5 3 0l 0 v, R R A e Y I T AR 5
7 P AL T A I T A
2.2 AFEKAESRNRBUKF

FRAE AR 1) 15 AN T 2 el k2 T 4 T i, 2 D) e R AR BUT 36 9 448 . ELFETT A K IR X 4
JBICER B 158 5ol (W SR i 4 B /R AR XU NS AR X AR b v, REE O 1
AU R PR TY VEARE Y T AR W AT AR ), IR A KA AR
5 O S AE U T, R BB AT A R R T A R T R I BEUKE (3R 2).

Z B [ A48 1y 1Y TS Soqi, it RAE RO, 15 AT A R K4 Cr, Cu, Zn. Pb, Ni Fil Cd
() SRR . Horp, RBUREUNT 1 R 8 BEUENL, KT 1 BFBEEE T 1 03 m SRR E R0,
W 2 fin, £33 A W K42 Cu, P, Cd 1 BRFEEII KT 1, Ak 28 Wl R 22 i 3 Fp i 4
JE T E i Y A ) S AR A BREUIR O, BRBURE B A 0 Ok Cd, AEAE T IR T 4 B AR A
th Cd JTE M BB BUR K, 183 17.86, 1 H IR 43 A B k4> Cd 19 2T 88343 10 500 . |
T T 2 BEl K A2 vh P T ER A RAURE M AT S0 10 5 L L, REFEEGA E] 16.36, A
Pb & it 1 i ey RBUK-. Cu FEARSETH 1 BAUG Gl i o ™ 8, REUEECH 36.91, Hk ol B (8.25).
BRI AR ST LA, 53T 2 R AR Cr B9 REUE B KT 1, B0 4 K 2500 A el k2 o
Cr YA AR R R, S i BREEECE ERTET, 58] 56.91. Bt k11 Zn JTTE M BFHE LU
T 1 LAh, HAbI T A B K2 rh Zn (9 SRS B KT 1, Hrh AR5 A g 0y RS EGA R 10 1%
PL b, 4350 2R 92.81 A1 10.53. Ak 5 s . 2B s A S 7 3T 2 B R 2 Ni s & A9 R RS B iR
0.97. 0.65 #1 0.77, FHIHIC RFUE N, I HHAWI T 2> R K A Ni iy 2REE R/ T 4, RPIH BEH
TR B AR AIR.

R A5 Hp ) = R 28 5 T B Jal 43 2 Tl 24 R FE 4 J A 25 TRD 0 AT 43 A R . R R ZR 388 3 A IX 3,
PGB X 3 A5 B AR SF T TP O iR sk KA W SRR BT R AKX
BAAGAC R K, FF ST M, BT AN L N ARSET, XA K 2R R 4 A SRR
ARWEHEAT AT (B 1), N 1 A LUF H, Cr. Cu. Zn. Pb. Cd BBUKTAE 3 MK HEFE Y N« REs>
HER>PU, 22 K KRR, JLHUZ Cr. Cu. Zn AR BRUKF- 8 2 K T i fvg . (5 3 44 X
Ni 9 BBUKCEHET A« ZRER8> U >, Hos 80N, B R4 Cr, Cu., Zn., Pb. Ni, Cd 55 6 FlH# 4
J& ¥ 3R B AR B BKY fe s, DI 2R 1 SR BRR A A2 B Sl S ma AR XK.

25 @ P ¥ Westward
83 @ i Central
20 - & 7 #i Eastward

Accumulation index

B PR, b RS KGR RPUKE

Fig.1 The accumulation level of park dust heavy metals in western, central and eastern regions of China

2.3 AT RN P KA TE 4 15 Y

ERGEAS IR AL 22 225 SRR BT T 2 Pl DR A4 4 Ja A S, AR SCRB M TN 1Tl DX A 7
(B Tl A= Sl U RANREIA B3R B, M D 255, Tl GE . 5cil
5 AT TR AL 2 285 A R v el i 2 7 45 SRR B R
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SRR AR 5 A T KA T 4@ O R A DG A BT 2R B, P BN R B S IE ARG, A OG
FEH 0.628; Cu, Zn 5 S I 3E EAHDC, AHOCRE 512 0.626. 0.765, BEH RE IR 2% 7 20 AR
XPH 4 J& Cu. Zn TG R M2 3K Pb, Ni 5 RAVA RS A & 2 W35 IEAHSC, HHXE R 50058 0.566.
0.644, VAW KA HE 42 J& Pb. Ni JLR M & H2CHA K. JKAFE SR Pb LR 5 5 MAE TR bR A G
HRAE 2, BT A FE K2R Pb T E I i 5 A2 T IS S T, 4k S BT R IR ) S i 45
K. HoAh 22 5% K A8 AR A2 el 28 4 T (A A S 1 R HE R B 4 3 .

R3 AREKAERRSEG R R

Table 3 Correlation between heavy metal and economic development in different cities

JEYNu i XA 7 BAE Tolk g™ A RAREWA =
Total population Gross domestic product Gross industrial output value Coal Possession of civil vehicles

Cr -0.077 —0.142 —0.180 0.503 —-0.101

Cu 0.153 0.059 —-0.003 0.626" 0.082

Zn 0.023 —0.066 —-0.121 0.765™ -0.137
Pb 0.628" 0.343 0.460 0.304 0.566"
Ni 0.178 0.291 0.144 0.409 0.644"
Cd 0.189 0.222 0.110 0.380 —-0.057

W TAE0.01 BRI CUR), M B3, P<0.01. " 7E 0.05 A (BUR ), #HEM: B 3E, P<0.01.

M3 R LU, B Pb 5 8N R B B A SC AN, HAh T 4R e K 5 BN A SEPE R 1B 3
6 PR R T 4 B & 5 b X A 7= R A A DS P IR 1B 3, Pb 5 b X A 7R R A 56 R B K, (R
0.343. EVA WFFT AU, Mh ek 2 5 4 8 1) B S IR T N Ot & R AR B 2 IE A G, A R 2 v 6 Fh
FEEJFRICRE NS RIFRE SR A DAL &R IR, AEEE MM, i er 58 A0,
Cr 5 IX A= 7= BAE . Zn 50X A 5= B E, X AT REJE N, BlEE 0% & M Be AR 4k, 263 Kk J i in v
FINEEALES , 76 & 14 (R R RE P LA BR BT A AR AN, 80K = B & . MG e i e B, Tk R P {E
5 6 Fpik R 48 L R AL A B, HY Cr. Cu, Zn 2 A3 RAREIIA RS Pb M Ni
B E RSN, SHALE 48 o R MR B, H5 Cr, Zn, Cd 2 FAME. RS 6 Fk b E 4
J& TCZ 1 AH S A Al 4 Fh 22 B R AR IO AH DGR 5, A E R B KT 0.3, H Cu. Zn 5042 B 3% EAH
X, KUVRIERE R A R KA 48 & E FEA S H R, XUWRIE T E ARl 15
H R R KA TP E A TR S A — E R R EEE. A SRV R RIERR S AR KA E AR S
Z 1AL BA BT AR -5 A0 0 2 5 3 IR A S A B, I — Dy 1T 5 1 4 T T 2 B 1 AL R AR AF
TEAA K, T3 — 7 T T BE5 4k 25 46 Ur 8 b oA 35 1490 BB R A, T 28 Bl 4 kg — A /N X T v a0 4 7 4 T 1)
i eSS
2.4 DN AR 4 B R R

MR b K A I TR YR R . £ b X T SR 2 SR U R KD A R e s )
A3 2 SRR B R OO 38 2 b RIS S 5 3 1 A IR R AR S BB X A AR, S T A
J 14 - 95 5 A i s B4 3R : Zn>Cr>Ni>Pb>Cu>Cd, T 45 35 i 192 [l K 20 5 42 J& 4 ik bl v
FIMIL /50K Zn> Cr> Cu > Pb >Ni>Cd. i LA H, Bk Cu A1 Ni (947 )5 & A= AR L LAAE, HoAth oT 2 194 7
AR, Wi A — B, R RUE WG Y Zn A Cd A0 P IR KA AR Ak, 10 BA 2 B R 2B E 4 JE A — g
JE IR A7 ) 4 S SR Y.

FhE 2T B AR BR -5 2 Bl R 2 T 4 i (] A AR SSPE A BT R, P 5B N 2 B S A G, HAY
Pl 22 7 4 i 1 25 1] 43 A 7R, Pb A d e (B BUZE By, (X AU Rt L P92, Rt AR HbIX, X sk
T T R K kT, b i RN e T S e IR, A e s T S AR
Hh ] i R B2 B X, N TR 22, ST & R 7 SR K, A IR 415 G s, A 5 4 T 1 1 B 2
BEJ. Cu, Zn 5 UGS B2 EASC, A EZH T3 Tok ek RAERNEE, HARE KAE SR
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23 W] 73 AT 7, Cu. Zn Bz (8] 50 A BA AR, AR 38 DX O g (E DX, ZR AL M X RN Py 4L st X A IRAELIXC.
AT IX N AR 2, Aok N LR B R, JEUE P T A v B R R, HL T P2 228 5% 4, REURT
RAR R AR DAL T AR X, P AE i X 28 Tk 2 R SR K P AR g, {ELIX S A R AT (23— 5 22
SR AR A LV FE BRALER T A BT, 7l 2R v A B FE I, Rk = A I AR BT
Aioll 55 By AR AL 22, AR 4 BN AT AR DR Fe 5. DU DCREDR, 677 B IR, S B
RE R T Ak T, (E DY bt DX 52t U D57 A i S B B 25 22 b X 3R )R R, 28 0 K IR K BRI T AR R
H X, S AR ML X ik BE . P, Ni 5 RFIPCAIIA 12 0 8 IEAHOG, HL2x bl 2 T 4 Jas ) 25 ] At
715, Pb ELA R Ni AHARL A4 25 8] 23 A3 Rk, 705 B DX AR HP £ A T 3t DX P 8 s X, ERAEL DX 57 T P L X
RIS el DX P S DX A LA AR o T PG AR X, AR M DX R 5 S K i, A RO A 3 o 2K
FFIR G-I Bt g 1 DY bt X, v S s DX Ak e e R X7 14 o, S S 3 /3K 1) 53 o 24
SR N R 2% P R ZR AL X B A, LR PR AR AL X 22 i AP B, AR AL Tl R 2
w6 ) L A e ] DX SR 5 20 TP 2 AR, AR A TR R A Tl o B, R xR ARSI
Pb, Ni 3 %52 B 5858 {5 G B2 W), 43008 15 G T 2RI IR A B AUHEIL IR I SR I & A 4t |
A AR 3 B BB 5 L KR T2 R Pb JU AR 5 A& R BT TR AR A S PR AR A 1 2, U B vl 24 ol
JRA2 R Pb JCER W) B 5y A2 W S T, Ze P2 R IR B HSE AR, Po 7 b i T A RABUK
P RIEY] T — 5L Cr, Cd PR 5 ARG A AR W28 BASCE, RUTE S8 Cr, Cd R IR
SORNE . ZREE S AT ETE.

25 LRTIR, Wi AR KR T Cu, Zn JUR & & FE A RE IR SERE VR S5 M AR, Pb JUR & 52
BN RIS R 5, Ni 03 & 0 22 50l [N I Cr, Cd SRIBEC B 2%, Al fEJe A SR FIA
TR IR

3 4518 (Conclusion)

(1) A B 3T 2 Bl A4 ) 5 JB 25 ) 3 A RRAE R BN, Cry Cu, Zn, Cd 19 4 R EE 42 8 35 B A9 25 1]
O3 HAT AR, AR XA i (BLIX., ZR AL b DTG bt XA I B DX s P 1 Ni AT ARABLAY 25 18] 43 A ¢
ik, A8l DX Pt DX v (X, PG At X DU SR IR AELIXC

(A2 T Kk AR bR 5K AT & Jm A AR SC P 2 W, Pb 5 BN 22 B35 IE AR G Cu, Zn 5
P IE RO Phy Ni 5 ROV 5 5 0 38 IEAHSC. ST A B K42 P Cu, Zn JUR &1 B EZ M
BERE U A5 RE IR 45 H4 AU 52, Pb TR & 52 3N 1R 52 i PR 2R A 5 ), Ni DT 3R % i 22 50 il K 31K
Wifs Cr, CdRIRECH E A%, FTRER HARF IR G IR, AR PR IR 5 A W KA E SR &
[t BEAS SR AR5 A 0 3R 2 3 TR SG A BLR,, I — 7 1T -5 < S T 3R AR B i B S M7
AR, I3 — 77 0 A] RES AR 2 B R B I8 i A RO, T2 Bel 44 DA — A /N XSG 36 47 42 T ) e
eSS
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