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Abstract

The rapid urbanization in China has exacerbated heavy metal pollution in road dust, posing a grow-
ing threat to the health of urban residents. Although road dust pollution has received extensive re-
search attention, existing studies are largely confined to single cities or adjacent urban areas, leav-
ing a gap in systematic integration and assessment at the national scale across regions and city types.
Based on 61 peer-reviewed articles published between 2000 and 2024 in the CNKI and Web of Sci-
ence databases, this study employed a meta-analytic approach to systematically evaluate the pollu-
tion characteristics of six heavy metals (Cr, Cd, Cu, Pb, Zn, and Ni) in road dust across Chinese cities.
Heterogeneity was further analyzed from three dimensions: geographical region, urban scale, and
urban function. The results showed that the pooled effect sizes of all six heavy metals were signifi-
cantly higher than the corresponding soil background values (95% confidence intervals did not in-
clude zero), with Cd exhibiting the most pronounced increase of 1386.46%. Subgroup analysis re-
vealed that Cd pollution was most severe in Northeast China, Pb and Zn pollution were prominent
in Western China, and Eastern China displayed a multi-metal contamination pattern. In terms of
urban scale, small and medium-sized cities generally exhibited higher pollution levels than large
cities and megacities. Functionally, resource-based and manufacturing cities showed significantly
higher heavy metal accumulation compared to service-oriented cities. Publication bias tests indi-
cated that the results were robust. This study provides a scientific basis for identifying spatial het-
erogeneity in heavy metal pollution in urban road dust and for formulating differentiated pollution
control strategies in Chinese cities.
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Figure 1. Distribution of collected city locations
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REVEMGEREFARBBOIRES, HA S22 55 0 0 R t R B 45 R 5 PR TR
G, XFIEPEIE R R ATRE S 58 Meta 70 BT i fl 8B [25] [26]. FATRA T AL K2 280
R R . T FE X FR M TES Egger B p AW, 3 p>0.05, RIPIRFEXFRERL, KE
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3. BRE S
3.1. ERGER

ANFE S BN PR 50%H. p (Hi/N T 0.05, B 55k AR m HARAE, K BEN USRS 2 IE /A 1)
AMEE BN G IBNAEL KT 0, H 95% CI¥AEE 0, RUREMTERTESESEmH T HE R
i, HAHFBNAEMN KB NEDI N Cd(2.70). Zn(1.57). Pb(1.37). Cu(1.35). Cr(0.74). Ni(0.41), 5+

WY RHEME, ESBESES AT 1386.46%. 381.76%. 293.28%. 283.99%. 109.84%. 50.12%. Cd
&6 MELBETE EGYY), HIBIEER T 1386.46%, Ni (1§50, BEIEA 50.12% (% 1).

Table 1. Meta-analysis results

%% 1. Meta DR

HEE A IERONAH 95% CI p & P
cd 2.70 [2.26, 3.14] 0.00 99.65
Cr 0.74 [0.56, 0.92] 0.00 99.32
Cu 1.35 [1.15, 1.54] 0.00 99.03
Ni 0.41 [0.21, 0.60] 0.00 99.26
Pb 1.37 [1.12,1.62] 0.00 99.67
Zn 1.57 [1.35,1.79] 0.00 99.48
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Figure 2. Meta-analysis results of each region
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Figure 3. Meta-analysis results of cities of different scales
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3.3. ARMEmEEN

Egger AR5 K Cd. Cr. Cu. Pb. Zn 2R F MM IS LE N (p > 0.05), Ni 1] BEAF1ER KM
fai(p < 0.05), {H Ni {2k %4 RE i Tl 58, ATRLACEERE (R 2).

Table 2. Published bias test results
2. ERRERIGLE

HEBUR cd Cr Cu Pb Zn Ni

N 47 58 61 62 58 50

pfa 0.17 0.61 0.32 0.41 0.72 0.01

Il S 236 291 306 311 291 251
K224 RA 602,042 114,007 307,477 608,848 645,045 11,631
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Figure 4. Meta-analysis results of each functional city
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RMAERKRE, REDE KA E SRS Y RIS 207 T, ARALHLIX T I 5 ™ 5 1) Cd 15 4,
PEEEHLIX 7E Zn A1 P V5 YL T TH N R, ZRERHLIX 2HLL PP E 4 8 S SV5 YURpE, Al X i5 Ye st
BUE, 3O R I > A 2 S BB RN : @ Cd & T AR A HES R & B #L8 e &K [30]. 4
Hb DX R A% 4 o T R, RS T R RR B i T RF RO [31] [32]. MEAh, ARILHBIX AZEERE
WK, RBRSEAR TSRO 8 S0 EZOBE R, IR NG, HAsRgsm L. 5]
AR AN E . Hoh, AP PR AR 560 JIME, (AT TE TR B 54.2%; IS FAELN
678.6 Jilli, DA RAZERIEW BN, S54SR SER 95%. R IR i 28 E S JE
FH(CAHIEAT T RAN33] [34]. HULAHILFHABHIX, RICHX [ Cd {5 R ™ E, W F 4RI T
AT, B SOCTEA (& B Ia R AT ARE Bt Cd HF. @ AR HE X R BURAR 25 5 1 2 X A7 2%
PERG R E, RBEEFLEFZOMA[35], BR=A, K=A&BINL. B1rHliE. LTmssgE, Xt
TAREEN 2B Cus Cdy Niv Pb 2R E S JE[36] [37]. B—J71H, ZREHIXIERZEER, -7,
ACEIE N5, REMAER . G AR A AR B S A Zn, Cd. Pb SHE)E, XLELE
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T
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