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Abstract

Seven heavy metal concentrations (As, Cd, Cr, Cu, Ni, Pb, Zn) were continuously analyzed for twenty rainfall events in 2017~2018 in
an urban basin. The overall and dynamic correlations between runoff characteristics and heavy metal concentrations were examined.
The peak metal concentration generally appeared in the initial runoff but found to be delayed when the rainfall intensity was low. The
rainfall duration had no relationship with either heavy metal concentrations or their total mass. Dynamics of heavy metal mass (load),
with the exception of Cu and Zn, showed strong correlation with the 30 minute rainfall intensity (0.60~0.88) and runoff volume
(0.74~0.89). While event mean concentration (EMC) showed positive correlation (0.54~0.73) with antecedent dry days (ADD), no
significant relationship was found between runoff volume and pollutant concentration. This implies that the pollutants built up on the
surface during dry days are washed off even with low rainfall energy. The dynamics of heavy metal and TSS concentrations showed
good correlation (0.68~0.87). This result shows that the metals are transported along with solid particles as adsorbate in surface runoff.
Regular street sweeping will reduce significant amount of heavy metal loads in urban surface runoff.
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Fig. 1. Land use and storm sewer system map of the study area
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Fig. 2. Rainfall events from May 2017 to Jul 2018

Table 1. Heavy metal species in prior studies

Reference Heavy metal Keyword
Huang et al., 2017 Cd, Cr, Cu, Ni, Pb, Zn River sediment release
Charters et al., 2016 Cu, Pb, Zn Stormwater runoff
Jaishankar et al., 2014 Al, As, Cd, Cr, Fe, Hg, Pb Health effect
Wicke et al., 2012 Cu, Pb, Zn Urban surface buildup

Geng-Fuhrman et al., 2007

As, Cd, Cr, Cu, Ni, Zn

Stormwater

S¢iban et al., 2007

Ca, Cd, Cu, Mg, Zn

Wastewater adsorption

Mcpherson et al., 2005

Cr, Cu, Ni, Pb

Urban runoff

Youm et al., 2005

As, Cd, Cr, Cu, Ni, Pb, Zn

Reservoir sediment

Granato et al., 1995

Al, Be, Ca, Cd, Cr, Cu, Fe, Mg, Mn, Na, Ni, Pb, Zn

Highway runoft
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Table 2. Heavy metal species and their known sources (USEPA, 2001; Youm et a/,, 2005; Jaishankar et al,, 2014)

Heavy metal Source
Arsenic (As) Agricultural applications, orchard, wood preservations, paints, dyes, soaps, drugs
Cadmium (Cd) Tire wear, lubricants, cements
Chromium (Cr) Metal plating, brake lining wear, moving engine parts
Copper (Cu) Brake pad wear, metal plating, insecticides
Nickel (Ni) Lubrication oil, diesel fuel and gasoline, metal plating, asphalt paving
Lead (Pb) Paint flake, old brake, wheel-balance weights, cosmetics, household dust
Zinc (Zn) Lubrication oil, tire wear, brake pad wear
232 A g 2.4 Atz A i
AHAF 4EF ANRS 50mL S| na U YRe 5E HIERUEY AAHS B5] 24E AREL o] 86}]
ol &A g, ]ﬁ(HNOQ °© 2 tf 7]t 4AHESHS Eol A AP 72U (Antecedent dry days, ADD), -5, 7%
2t & A dZEkrt AEHE4 7] (Inductively Coupled AEATHL S %S T2, o] 5 851 302 ¢
Plasma-Mass Spectroscopy, ICP-MS)E A8l 5545 & e, Z7ro S G288 Abgslgl o B Lo e B
A AASIHo8], TSS 5 QAN $A FRO A o] AF85}9iet. 2 AT AHGE B9 EHS FRR A=
AFS FA) AN, = Table 30f Vebe vle} 2k,
Table 3. Rainfall characteristics of the study site (May 2017~July 2018)
Event Antecedent Rainfall Rainfall .Rainfzftll Total rainfall | Total runoff
number Date dry days i) duration intensity volu}me volusme Runoff rate
(day) (hr) (mm/hr) (m’) (m’)
01 09 May 2017 20.6 13.0 19.6 0.7 8,226 3,084 0.37
02 06 Jun 2017 13.3 152 18.6 0.8 9,619 3,852 0.40
03 26 Jun 2017 1.9 3.8 5.1 0.7 2,405 496 0.21
04 06 Jul 2017 2.3 21.4 32 6.8 13,542 9,529 0.70
05 17 Jul 2017 1.4 2.4 0.6 4.1 1,519 272 0.18
06 24 Jul 2017 0.8 2.0 0.7 3.0 1,266 399 0.32
07 28 Aug 2017* 4.0 28.0 0.9 30.5 17,718 - -
08 01 Oct 2017 42 15.8 15.7 1.0 9,998 2,334 0.23
09 10 Nov 2017 29.1 3.1 1.2 2.7 1,962 246 0.13
10 28 Feb 2018 5.3 37.2 10.1 3.7 23,540 7,588 0.32
11 04 Mar 2018 3.5 30.6 15.0 2.0 19,364 7,207 0.37
12 15 Mar 2018 6.6 3.8 1.2 33 2,405 322 0.13
13 04 Apr2018 13.4 18.2 3.6 5.1 11,517 4,081 0.35
14 11 Apr2018 4.6 12.2 2.4 5.0 7,720 4,259 0.55
15 14 Apr 2018 3.1 36.0 10.5 3.4 22,781 9,905 0.43
16 12 May 2018 4.8 24.8 23.4 1.1 15,693 5,887 0.38
17 18 May 2018* 2.0 8.0 0.3 24.0 5,062 - -
18 26 Jun 2018 6.5 7.4 3.5 2.1 4,683 2,534 0.54
19 30 Jun 2018 1.6 8.8 2.1 4.2 5,569 2,966 0.53
20 05 Jul 2018* 2.9 34.8 4.0 8.7 22,021 - -

*The total runoff was left blank for some rainfall events because flowrate over 2 m*/s cannot be measured due to backwater effect with the height

of storm sewer being 2 m and the water gauge installed inside the sewer
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Table 4. The variables used in linear regression

Variables Unit
Heavy metal EMC pg/L
concentrations Total mass kg
Antecedent dry days day
30 minute rainfall intensity mm/hr
Rainfall
am é . Total rainfall volume m’
characteristics
Total runoff volume m’
Rainfall duration hr
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Fig. 3. Flow rate, TSS and heavy metal concentrations during storm events in the study site (2017 May~2018 July)
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Table 5. EMC statistics of seven heavy metals during the study period
ng/L Cr Ni Cu Zn As cd Pb
Average 17.43 10.31 93.99 406.42 3.43 0.30 28.12
Standard deviation 12.00 6.75 98.48 414.13 2.30 0.26 22.22
Minimum 0.58 0.68 4.80 16.06 0.29 0.02 0.68
Maximum 52.30 27.32 396.06 1641.81 9.08 1.05 81.64
Table 6. Correlation coefficients between heavy metals and variables related to rainfall events
Cr Ni Cu Zn As Cd Pb
EMC | Mass | EMC | Mass | EMC | Mass | EMC | Mass | EMC | Mass | EMC | Mass | EMC | Mass
Antecedent | ) ook | 022 | 0.63%% | -0.19 |0.73%%*| 1004 [0.70%*| -0.00 | 0.65%* | -0.18 |0.60%**| 017 | 0.54* | -0.15
dry days (day)
30 minute rainfall |-\ 51 Joues | 016 [0.60%% | -026 | 032 | -032 | 042 | 012 |0.88%*| -024 |0.69%%*| 013 |0.67%*
intensity (mm/hr)
Total rainfall | o1 o cowe | 015 | 0.59% | -021 | 037 | -021 [0.79%%| 028 | 0.53* | 026 | 0.58%* | 009 | 0.58%*
volume (m”)
Total runofft | 1o goxex| 019 [0.87%%%| 020 | 038 | -031 |071%%%| -028 |0.84%*| -031 |0.79%* | -0.18 |0.74%**
volume (m”)
Rainfall
. 0.06 -0.18 0.04 -0.13 0.18 -0.02 0.18 0.18 0.08 -0.14 0.11 -0.14 0.05 -0.19
duration (hr)
*: p-value < 0.05, **: p-value < 0.01, ***: p-value < 0.001
Unit: EMC (ng/L), Mass (kg)
EMC
Cr Ni Cu Zn As Cd Pb
Antecedent 1.0 ¢ . y . y . y . y . ¢ . ¢ .
dry days 0.5 ° o o o o o o0 o o X . .
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Fig. 4. Scatter plots of heavy metals and variables related to rainfall events
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