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Abstract: [ Objective | A study was conducted to understand the heavy metal pollution characteristics of
rainwater runoff on different underlying surfaces and the health risks of heavy metal elements in rainwater
runoff for the human body. The goal was to provide reference for runoff pollution control in the construction
of a sponge city in a mountainous region and provide basic data for human health protection. [ Methods] The
rainwater runoff of four typical underlying surfaces for a roof, road, parking lot, and square was sampled
and monitored at Chongqing Jiaotong University on July 22, 2019. The even mean concentrations, electric
conductivity, sodium adsorption rate, hazard quotient, and hazard index were statistically analyzed.
[ Results ] The overall change of heavy metal elements fluctuates greatly during the square runoff process.
The health risk of heavy metals in rainwater runoff on roads was the largest, and that of runoff on roofs was
the smallest. The large amount of multiple metal pollutants showed a decrease in 10 min after the runoff.
The decreases in Fe and Mn were the largest, the decrease in Zn was moderate, and the decrease in Cu was

the lowest. As and Cr were the heavy metal pollutants with the highest health risks in rainwater runoff.
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[ Conclusion] Heavy metal pollutants scour faster in a mountainous campus. The heavy metal elements in

rainwater runoff of the underlying surfaces with a large human flow fluctuate greatly, but the health risk is

low. Heavy metal elements in rainwater runoff of the underlying surfaces with heavy traffic flow have more-

stable fluctuations, but they have higher health risks.

Keywords: mountainous campus; underlying surface; rainwater runoff; heavy mental; health risk assessment;

sponge city
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3 R R AT X — 3 A 2 fi ) R K AR T 1Y
HQuem o As Fl Cr 78 B F1JL 3 BLAR L, HAE A 4 Fh
TEGE ¥ >1, Cd Al Mn ({EZLTF As M Cr, KA
S AN ME B A > 1. (B3 . X R B As
A1 Cr A BE X B 3 1A R 52 ), I AT A 3 2ok 4 6
JoR R S 3 — 3 A% 5 | R 0 A 1 AR B0 KUK . Cd Al Min
WAFLE R REARFIRE R H %A As il Cr ;1 5
B FE ) Cu ARE<<1, JLERE>1. MER
Tk — "~ # i, g A LB A E 3 <<1. 1560 38 i 4

5 Bz PR R WACHE S B ) R OK AR L T 5 A5 4R S RO
(1 Cu HRACRT L2 A A O KB R T Cu X A
ML AR B A E ZOE KB 5 X T Pb, BT % 423
I B A R AU L A B0 KUK T 3 A B %)
NG DI PR = TR

AR R ZITR M ZHCT BT i i BRER KK
MRS — IR AR A H Quernn T30 28 11 550 55 A X — IR AR FY
HQu o 3T $R 57 BRI L T i 1 S X — iR A 4
fih 281 R 2K A U B0 B R U AR ELA B R A B AU

£7 MARLMBREESESEERE HQ IHEHE

. 7 T EX H
e B L WA L BN L B L
NEBA HQ.,
As 3.36 E—01 3.50 E—01 4,30 E—01 4,47 E—01 4,39 E—01 4,57 E—01 6.91 E—01 7.19 E—01
Cd 4,43 E—04 4.60 E—04 4,72 E—04 4,91 E—04 1.53 E—03 1.60 E—03 5.61 E—04 5.83 E—04
Cr 1.27 E—03 1.32 E—03 2.35 E—03 2.45 E—03 2.73 E—03 2.84 E—03 3.06 E—03 3.19 E=03
Cu 9.17 E—03 9.53 E—03 1.43 E—02 1.48 E—02 5.80 E—03 6.03 E—03 9.21 E—03 9.58 E—03
Fe 3.29 E—05 3.43 E—05 2.56 E—05 2.66 E—05 9.32 E—06 9.70 E—06 8.85 E—06 9.21 E—06
Mn 8.63 E—04 8.98 E—04 6.34 E—04 6.60 E—04 5.31 E—04 5.52 E—04 3.32 E—04 3.45 E—04
Pb 1.16 E—02 1.21 E—02 2.71 E—03 2.82 E—03 1.97 E—03 2.05 E—03 2.22 E—03 2.31 E—03
7n 2.69 E—04 2.80 E—04 1.44 E—04 1.49 E—04 1.57 E—04 1.64 E—04 3.21 E—04 3.33 E—04
B H I H Qu,

As 1.95 E-+00 1.09 E+01 2.49 E400 1.39 E+01 2.54 E+00 1.42 E+01 4,00 E400 2.24 E401
Cd 9.24 E—01 5.18 E400 9.86 E—01 5.52 E400 3.20 E-+00 1.80 E+01 1.17 E+00 6.56 E-+00
Cr 2.09 E401 1.17 E+02 3.88 E+01 2.17 E402 4,50 E4+01 2.52 E+02 5.05 E4+01 2.83 E4+02
Cu 2.80 E—01 1.57 E4+00 4,35 E—01 2.44 E400 1.77 E—01 9.92 E—01 2.81 E—01 1. 58 E+00
Fe 6.14 E—02 3.44 E—01 4.77T E—02 2.68 E—01 1.74 E—02 9.74 E—02 1.65 E—02 9.25 E—02
Mn 1.88 E+00 1.05 E+01 1. 38 E-+00 7.73 E4+00 1.16 E+00 6.47 E400 7.22 E—01 4. 05 E4+00
Pb 1.72 E+00 9. 66 E4+00 4,03 E—01 2.26 E400 2.93 E—01 1. 64 E-+00 3.30 E=01 1. 85 E+00
/n 2.11 E—02 1.18 E—01 1.12 E—02 6.30 E—02 1.23 E—02 6.90 E—02 2.51 E—02 1.41 E—01
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FE B 1 B CHD Al T b A R 42 51 R /9 8 15 e
FEEUR X . d13R 8 AT AN, HT Al HQuew 7 S BRI
R B X R — @A e HI R EOR
s N AACTE S 7 A AR 4 ik B WY K AR U Fe, Zn ST R
X AR B AT AR B0 B 5 As Al Cr J& HI iy 19 43
JE ICER L2 WK AR R AP Al U KU fi g 00 PR S gt
Y. Cd Al Mn (5 HLAE T As Hl Cr, B2 A5 F i

E<1GZET D AR50 AR 208 KK 0 E 2
JEICE ;4 Bl R R L EEER AL Ee KM HI &
THAY 3 R R TR TR R 2K T H AR 3 Rl
THT » 158 Y 3 8% R 7K A2 3T ) A B0 KU f5e K Js TOUA) i
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®8 MRARESRBRSEEREH HITESIE

- " 5 55 2 T i B
LN L3 LN JLE WA JLE A L3

As 2.28 E+00  1.13 E+01 2.92 E+00  1.44 E+01 2.98 E+00  1.47 E+o01 4.69 E+00  2.31 E+01
Cd 9.25 E=01  5.18 E+00 9.86 E—01  5.52 E+00 3.21 E+00  1.80 E+01 1.17E+00  6.56 E+00
Cr 2.09 E+01  1.17 E+02 3.88 E+01  2.17 E402 4.50 E+01  2.52 E+02 5.05 E+01  2.83 E+02
Cu 2.89 E=01  1.58 E+00 4,49 E—01  2.45 E+00 1.83E—01  9.98 E—01 2.90 E=01  1.58 E+00
Fe 6.15 E—02 3.4 E—01 4. 78 E—02  2.68 E—01 1L.L74E—02  9.74 E—02 1.65 E—02  9.25 E—02
Mn 1.88 E+00  1.05 E+01 1.38 E+00  7.73 E+00 1.16 E+00  6.47 E+00 7.22 E—01  4.05 E+00
Pb 1.74 E+00  9.67 E400 4.06 E-01  2.26 E400 2.95E—01  1.65 E+00 3.32E—01  1.85 E+00
In 2.14E—02 119 E—o0l L14E—02 6.31 E—02 1.25 E—02  6.92E—02 2.54 E—02 141 E—o01
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