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Abstract: In order to have an in-depth understanding of road
runoff characteristics and the linkages to their influential
factors, this paper investigates the road runoff quality in a city
of South China, Shenzhen. Four rainfall events with different
characteristics are monitored on a typical urban road. It is
noted that the road runoff quality is worse than Grade [V of
environmental quality standards for surface water. This means
that the road runoff has posed a serious risk to water
environment health. Furthermore, the research outcomes
indicate that first flush highly varies with rainfall patterns and
pollutant species. This means that for road runoff treatment
design, rainfall patterns as well as pollutant species should be
taken into consideration and this is particularly essential to
design first flush capturing devices. Additionally, the
threshold of an initial 3 to 5 mm rainfall depth is suggested to
the first flush capturing device design. These results provide
useful suggestions to the effective road runoff treatment
design.
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road runoff quality

oad runoff has received much attention in the area of
Rurban stormwater pollution control' . Urban road
surfaces are a major pathway to produce stormwater pollu-
tants due to traffic activities and its nature of impervious
surfaces'” . In order to mitigate the urban road runoff pol-
lution, structural strategies such as low impact develop-
ment (LID) have been used in many cities. Unfortunate-
ly, the current stormwater treatment system is far from ef-
fective on the treatment capacity. This is due to lack of
knowledge on the urban road runoff characteristics which
are easily influenced by the surrounding environment,
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such as rainfall characteristics and land use. This high-
lights the need to have an in-depth understanding of road
runoff quality characteristics. This paper investigates the
road runoff characteristics in a city of South China,
Shenzhen. The developed knowledge is expected to pro-
vide a useful insight to stormwater treatment design.

1 Materials and Methods
1.1 Study site

The selected sampling site is a typical urban road with
asphalt pavement in Shenzhen city. It is a four-lane two-
way road with a mean traffic volume of 750 veh/h. Edu-
cational and residential areas are the primary land use
types in the sampling site. The urban road runoff samples
are collected in a drainage gully with a drainage area of
320 m’ on the road (see Fig. 1).

Fig.1 The sampling site

1.2 Sampling and laboratory testing

The runoff samples were collected from four rainfall
events with different rainfall characteristics as shown in
Tab. 1. The rainfall events which were greater than 10
mm/h of average rainfall intensity were considered as
“large events” while the remaining events were ““small
events”. The sampling procedure was undertaken at inter-
vals of 5 min in the first 30 min of each runoff event, fol-
lowed by the 10-minute interval between 30 and 60 min
and then the 30 min after 60 min.

All the samples were tested for suspended solids (SS),
chemical oxygen demand (COD), ammonium nitrogen
(NH,; -N), total nitrogen ( TN) and total phosphorus
(TP) since these are primary stormwater pollutants™ . All
the parameters were determined according to the standard
methods specified in Ref. [5].
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Tab.1  The rainfall characteristics
Event ARIl/ .
Event _; RD/min  ADD/d RT
date (mm - h)
I 20120705 13.41 55 4 Large
1 20120721 6.71 110 3 Small
1l 20120722 25.51 30 0 Large
v 20120830 11.35 60 1 Large

Notes: ARI represents the average rainfall intensity; RD represents the
rainfall duration; ADD represents the antecedent dry days; RT repre-
sents the rain types.
1.3 Determination of runoff volume and quality pa-
rameters

1.3.1 Pollutant event mean concentration

Event mean concentrations (EMC) rather than instanta-
neous concentrations are used to initially compare the run-
off quality of rainfall events in the study. This is due to
the fact that the EMC represents the average pollutants a-
mount for a rainfall event and hence can be considered as
an event characterization in terms of stormwater quality"’
while instantaneous concentrations have a relatively high
variation with time. Furthermore, this is also supported
by the fact that EMC is the parameter adopted to estimate
the pollutants load, which is typically used in stormwater
quality treatment design'”™. The EMC can be expressed
as

EMC =

M J cad XN,
v _

f;q,dt 2. 4.t

where M is the total mass of pollutant over an entire event
duration, g; V is the total volume of flow over an entire
event duration, m’; ¢ is the time, min; C, is the time
variable concentration, mg/L; ¢, is the time variable

(1)

flow, m’/min; and Ar is the discrete time interval, min.
In this study, the rainfall volume is seen as q,.
1.3.2 Dimensionless cumulative mass vs. volume
curves

The mass-based first flush can be indicated by the di-
volume curves (LV
curve). In the mass-based first flush, the pollutant load
washed-off during the storm event is evaluated. As the
first flush is typically defined as the wash-off of a rela-
tively higher pollutant load during the early part of the
runoff event, the comprehensive analysis of the variation
of cumulative pollutant load L vs. cumulative runoff vol-
ume V is important to understand the first flush character-

mensionless cumulative mass vs.

istics. The calculations of the first flush are as follows:
_M(t) Y CaA,
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where M, is the dimensionless cumulative mass transpor-
ted during any measured interval; M(¢,) is the cumulative

mass transported during any measured interval, kg; M, is
the total mass transported throughout the duration at each
event, kg; C is the pollutant concentration during any
measured interval, mg/L; ¢ is the flow rate during any
observed interval; ¢, is the any time between the initial of
runoff and the time coinciding with the cessation of run-
off, min; At and At are the time increments between suc-
cessive measurements, min. @, is the dimensionless cu-
mulative flow rate during any observed interval; Q(?,) is
the cumulative flow rate during any measured interval,
m’/min; and Q, is the total flow rate observed throughout
the duration in each event, m’/min.

The first flush is observed when the data ascended
above the 45° line. The 45° line represents the case when
the pollutant loads remain constant throughout the storm
runoff. Conversely, dilution is assumed to have occurred
when the data fell below the 45° line ™"
of the cumulative pollutant mass curve from the diagonal
is used as a measure of the magnitudes of the first flush.

. The deviation

1.3.3 Pollution loads transported by stormwater
runoff

To understand the dynamics of the first flush, a calcu-
lable definition of the first flush must be chosen. Saget
et al. "' defined the first flush as the percentage of total
event pollution load transported by the first 30% of the
stormwater runoff volume (FF30). There are three cate-
gories of the first flush"”', the high first flush( FF30 =
50% ), the medium first flush(30% < FF30 <50% ) and
the no-first flush( FF30<30% ). While Ma et al. "' con-
sidered the corresponding pollutant loads transported by
the initial 40% of the runoff volume to define the first
flush (FF40). Therefore, in this paper, both FF30 and
FF40 are estimated to analyze the first flush characteristics
for each rainfall event.

2 Results and Discussion
2.1 Comparison of runoff quality

Tab. 2 shows the EMC values for SS, COD, NH, -N,

TN and TP as well as the pollutant concentrations for the
Grade [V of environmental quality standards for surface
water. It is noted that the mean EMC values of SS,
COD, NH, -N, TN and TP are 221. 1, 137.5, 1. 46,
4.14 and 0. 30 mg/L, respectively. Additionally, it is
noteworthy that most of pollutant EMCs are higher than
Grade [V of environmental quality standards for surface
water. This means that road runoff in Shenzhen city has
posed a serious risk to the water environmental health if
the road runoff flows into the receiving waters without
treatment.

Furthermore, it can be observed that EMCs from these
four rainfall events show relatively high relative standard
deviation (RSD) values ( >35% ) regardless of pollutant
species. This confirms that the high variability of road
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runoff quality with different rainfall characteristics as a
data set with RSD greater than 10% is considered as hav-
ing a high variability'"*'.

Tab.2 Stormwater runoff quality of four rainfall events

mg/L

Event SS COD NH, -N TN TP
20120705 260.7 192.3 0.64 3.03 0.33
20120721 161.0 176.1 3.35 6.72 0.36
20120722 230.6 113.0 1.05 4.37 0.37
20120830 226.8 50.4 0.85 2.75 0.16

Mean 221.0 137.5 1.46 4.14 0.30
RSD/ % 78.90 53.58 85.19 45.68 37.22
Grade [V 30 1.5 1.5 0.3

Note: Grade IV means Grade [V of environmental quality standards
for surface water (GB3838—2002).

2.2 Variability of runoff quality

Fig. 2 shows the variability of pollutant concentrations
with time. It is noted that the trends of pollutant concen-
trations with time are different among the four rainfall
events. The pollutant concentrations in Event [ and Il
are higher in the initial 10 min than the corresponding val-
ues in the remaining portion of rainfall events, which lev-
els off at a certain value. However, the pollutant concen-
trations in Events ][ and [V show a relatively higher vari-
ation with time throughout the entire rainfall events. For
example, the pollutant concentrations at the 40th min in
Event [V are much higher than others. This can be attrib-
uted to different rainfall patterns. It is found that Events
[, Il and IV have the high rainfall intensity( RI) in the
initial portion of the hyetographs while Event Il shows
the high intensity in both initial and later parts. There-
fore, these observations imply that the rainfall pattern
could be an important influential factor to affect road run-
off quality characteristics. The events with high rainfall
intensity occurring in the initial portion can lead to high
pollutant concentrations at the beginning of runoff, name-
ly higher magnitude of the first flush.

Additionally, it is also noteworthy that different pollu-
tant species show different runoff characteristics although
they experienced the same rainfall event. For example,
SS and COD in Event [ show much higher concentra-
tions in the early runoff portion than the other three pollu-
tants. The trends of exportation for pollutants are also dif-
ferent even in the same rainfall event. This means that the
road runoff quality characteristics also vary highly with
pollutant species.

Fig. 3 shows the LV curve of the four events. It is not-
ed that the magnitude of the first flush in Event [ is rela-
tively high compared with the other three events since
there are bigger gaps between the LV curve and the 45°
line in Event | (see Fig.3). This can be attributed to
different rainfall characteristics since Alias'"” has pointed
out that the rainfall characteristics are one of the key in-
fluential factors in affecting the first flush. Additionally,
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Fig.2 Variability of runoff quality. (a) Event I;(b) Event II;
(¢) Event IlI; (d) Event [V

it is also noteworthy that the first flush of different pollu-
tants appears differently even in the same rainfall event.
For example, in terms of Event [, SS and COD repre-
sent the higher magnitudes of the first flush while TN is the
lowest.
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Fig.3 Dimensionless cumulative mass and volume curves for
four rain events. (a) Event I; (b) Event II; (c¢) Event II; (d)
Event [V

This could be due to their natures of solubility since nitro-
gen is primarily present in the dissolved form. However,
the first flush phenomenon is more complex in Event I
while there is no first flush occurrence in Event [V. This
further confirms the conclusions that the first flush can va-
ry highly with rainfall characteristics as well as the pollu-
tant species. This means that for road runoff treatment de-
sign, the rainfall pattern as well as the pollutant species
should be taken into consideration and this is particularly
essential to design first flush capturing devices.

2.3 Pollution loads transported by stormwater runoff

Adequately sizing the stormwater treatment system is
important in the design process due to the cost-effective-
ness. In the case of the design volume being too small, a
large number of rainfall events will exceed the capacity of
the treatment device. Alternately, if the design volume is
too large, there will be increased cost as well as further
treatment being negligible after a certain threshold''.
This highlights the need to determine a threshold of the
runoff volume which can carry an appropriate portion of
pollutant loads. This is undertaken by investigating the
pollutant loads transported by the runoff.

Tab. 3 shows the results of FF30 and FF40 for SS,
COD, NH, -N, TN and TP. It presents a medium first
flush since the mean values of FF30 for SS, COD, NH,'-
N, TN and TP are 44% ,43% ,43% ,37% and 42% , re-
spectively. The corresponding values of FF40 for SS,
COD, NH, -N, TN and TP are 54%, 52%, 54% , 46%
and 49% , respectively. Since the first 30% and 40% of
the runoff volume correspond to the initial 3 to 5 mm and
4 to 8 mm rainfall depth according to the rainfall charac-
teristics, the initial 3 to 5 mm rainfall depth is suggested
as the cut-off threshold. The initial 30% of runoff vol-
ume carries more than 40% of pollutant loads and would
be more effective and economical than intercepting the in-
itial 8 mm rainfall depth corresponding to the initial 40%
of runoff volume.

3 Conclusion

This paper shows that the road runoff quality is worse
than Grade IV of environmental quality standards for sur-
face water in Shenzhen. This means that the road runoff
has posed a serious risk to water environment health. Fur-
thermore, the research outcomes indicate that the first
flush varies highly with the rainfall pattern and pollutant
species. This means that for road runoff treatment design,
the rainfall pattern as well as pollutant species should be
taken into consideration and this is particularly essential to
Additionally, a
threshold, the first 3 to 5 mm rainfall depth, is suggested

design first flush capturing devices.

as the first flush capturing device design. These results
provide a useful insight to the effective road runoff treat-
ment design.
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Tab.3 Results of FF30 and FF40 for SS, COD, NH, -N, TN and TP (n =4) %
SS COD NH, -N TN TP
Parameter
FF30 FF40 FF30 FF40 FF30 FF40 FF30 FF40 FF30 FF40
Max 70 80 70 79 57 69 44 52 65 75
Min 25 30 10 15 31 41 23 31 20 25
Mean 44 54 43 52 43 54 37 46 42 49
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