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Abstract: This study evaluates the stormwater management potential of a green pavement
technology for permeable road pavement with subsurface micro-detention storage
(StormPav) from a water quality perspective. The system provides integration of permeable
pavement with hollow spaces to attenuate peak discharge with design installation using
precast products. The environmental assessment was gathered from field experiments to
assess the water quality, mosquito breeding capability and infiltration rate in the StormPav.
The water quality parameters were determined to assess environmental benefits, which
are one of the components of sustainable development. The parameters consist of total
suspended solids, pH and alkalinity and they showed identical results to other permeable
pavement types. Larvae development was found as early as eight days in stagnant water
in the cylindrical hollow section of StormPav. However, the StormPav showed a high
permeability rate within 122.45 mm/hr to 168.12 mm/hr at subgrade soil of HSG A soils
group with no stagnant water retained in the void section in less than two hours, which
nullified the required retention time for larvae development. Hence, StormPav displayed a
significant benefit in terms of environmental concern for a sustainable design invention in
stormwater management with the presence of subsurface detention storage.

Keywords: Sustainability, permeable pavement, detention pond, stormwater management,
environmental.

Introduction

Rapid growth through urban development
introduced more impermeable areas as well as
a notable reduction of infiltration, groundwater
depletion and increment of peak runoff.
Therefore, urban growth leads to an increase in
sediment and nutrients in water bodies (Osman
et al., 2020). Urban runoff is considered to be
a significant source of water pollution (Shen et
al., 2020) with waste in water resources coming
from domestic, commercial, industrial and
transportation sources (Czemiel Berndtsson,
2010). It can affect the environment chemically,
physically and biologically; hence, contributing
to environmental degradation and health risks
(Park et al., 2013). Reducing the transport of
nutrients to watersheds is important for water
pollution control (Osman et al., 2020) towards
sustainable urban development. Contaminants in
water can affect water quality and consequently,

human health. Polluted water is related to
disease outbreaks such as diarrhoea, dysentery,
cholera, typhoid and guinea worm infection
(World Health Organisation [WHO], 2012).

Stormwater management is important
in balancing economic growth, social
element and environmental protection. One
of the major control-at-source measures in
stormwater management is the application of
green infrastructure. Permeable pavement has
been a major consideration in the practice of
stormwater management (Scholz, 2013). It is
a green approach to the collection, storage,
treatment and reuse of stormwater runoff (Imran
et al., 2013). Permeable pavement showed a
significant achievement in control stormwater
pollutions. Studies found a reduction of the
pollution build-up consisting of total suspended
solids (TSS) of between 28% and 73%, total
nitrogen of between 32% and 60%, total
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phosphorus of between 47% and 60% and heavy
metal, including Cd, Cu and Pb, of between 7%
and 60% (Bean et al., 2004; Brown et al., 2009;
Myers et al., 2011; Beecham et al., 2012). A
study showed an improvement of 80% in the
removal efficiency of TSS (Selbig & Buer, 2018)
and up to 90% of TSS (Li et al., 2017). A study
by Myers et al. (2009) examined Escherichia
coli (E. coli) survival characteristics in PP base
courses, using mineral aggregates (dolomites
and calcites) and found significant pathogen
depletion rates. Imran ef al. (2013) conducted a
study on faecal matter effects in runoff and the
rehabilitation process in permeable pavement
and found that the removal rates were 87% for
COD and 50% to 90% for BOD.

This paper investigates the performance
of a modified permeable pavement with
subsurface micro detention storage, StormPav
for environmental performance. The StormPav
is an innovative product of an on-site micro-
detention pond with machine-made concrete
blocks. Full-scale studies are vital to ensure
that the product is a better alternative for green
infrastructure. Previous studies investigated the
structural (strength and durability), hydrological
performance and hydraulic design of the product
asreviewed by Bateni ez al. (2021). However, the
environmental and water quality performances
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have yet to be explored. Therefore, this study
presents the investigation of the environmental
evaluationencompassing water quality and health
and safety issues, in particular the possibility
of mosquito breeding in the micro detention
pond storage. The environmental performance
was assessed through the experimental study
of StormPav with the following objectives, to
investigate the parameters and performance in
the environmental consideration, comprising
water quality parameters, permeability rate and
potential of mosquito breeding.

Materials and Methods

Data for this study were obtained from field
and laboratory experiments. The methods of
study are depicted in Figure 1. Firstly, the
water quality parameters in the StormPav were
investigated. Water quality parameters can
be classified into three categories; physical,
chemical and biological (WHO, 2008). In this
study, only the physicochemical properties were
analysed. Secondly, mosquito breeding and
growth was conducted in standing and stagnant
water conditions, an environment assumed to
be suitable for the breeding process. Finally,
a permeability test was conducted for the
StormPav.

Mosquito breeding

o for rainwater and

stormwater runoff
eparameters include pH,
BOD, COD, Turbidity

o for rainwater and

stormwater runoff
eindicators of growth
such as temperature,
pH, tubidity, DO

and growth

e at field with
unsaturated and
saturated soil condition

ofield and laboratory

using falling head test

Water quality test

Infiltration rate

Figure 1: Framework of research method

Journal of Sustainability Science and Management Volume 17 Number 6, June 2022: 182-192



Norazlina Bateni et al.

StormPav Green Pavement

Figure 2 illustrates the StormPav precast
structure with dual functions, as road pavement
and a subsurface micro detention pond for
rainwater storage, an innovative green pavement
that provides structural, environmental and
economic benefits compared with impermeable
asphalt and concrete flooring (Putri et al., 2020).
Bateni et al. (2019) listed further benefits of
StormPav in comparison with conventional
types of permeable pavements. The StormPav
was a revolutionary product for on-site micro-
detention ponds (Yau et al, 2014; Mah et
al., 2018; Bateni et al., 2020) with machine-
made concrete blocks arranged in sandwiches
consisting of three precast concrete parts; top and
bottom hexagonal plate and cylindrical hollow
section to form a single unit of StormPav (Liow
et al., 2019; Yau et al., 2020). The system was
built on flat subgrade soil and dry-stacked into
an interlocking paver, which provided structural
strength, durability and permeability benefits for
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stormwater management. A lightweight precast
honeycomb was also used as a micro-scale
detention pond to allow rainfall to percolate down
and eventually reach an underlying reservoir.
This phenomenon improves groundwater
recharge and decreases surface runoff.

Sample Collection

Parameters such as pH, acidity and alkalinity,
TSS, chemical oxygen demand (COD),
biochemical oxygen demand (BOD), turbidity
and conductivity were analysed for each water
sample collected in the StormPav to include
rainwater and stormwater runoffs. The testing
standard was based on the Standard Methods
for the Examination of Water and Wastewater,
234 edition (Baird et al, 2017). The data
gathered from each parameter were compared
with the standard values set by the WHO and
local standards such as National Drinking
Water Quality Standard (NDWQS) and other
permeable pavements.
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Figure 2: (a) The StormPav green pavement system and (b) comparison of a cross-section of StormPav at the
left-hand side and conventional permeable pavement at the right-hand side (Bateni et al., 2021)
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Mosquito Growth in StormPav

The StormPav has a net empty space of 0.19 m*/
m? in its cylindrical unit and spacing between
other StormPav units. Thereby, dirt and debris
coming from vehicles will potentially enter the
hollow submerged side of the StormPav and
provide an ideal situation for mosquitoes to hide
while standing water would provide an ideal spot
for mosquito breeding. Any standing water such
as in flower pots, plants, open containers, open
sewer systems, sewer surfaces and trash cans
pose a major threat to the population. Mosquitoes
are a vector of a variety of arboviruses, including
yellow fever wvirus, bancroftian filariasis,
Plasmodium species and turkey pox (Nwoke et
al., 2010). Mosquito species differ according
to their type of aquatic habitats, based on their
location, physicochemical condition and the
presence of possible predators (Shililu et al,
2003; Piyaratnea et al., 2005). Although their
behaviour and habits are different, they have
one thing in common — they need water to
hatch. Moreover, the tropical and humid climate
conditions in Malaysia, with summer and rainy
seasons, create ideal breeding conditions for
mosquitoes. Most mosquito eggs hatch within
24 to 72 hours after contact with water. As soon
as the eggs hatch, the larvae will appear. The
larvae develop for 7 to 10 days before reaching
the pupal stage. Mosquito larvae can survive in
the water for 4 to 14 days or more, depending on
the water temperature. The pupae do not feed,
but they spend most of their time in water. The
pupal stage lasts for one to three days before
the emergence of adult mosquitoes. Bayoh
and Lindsay (2003) reported that mosquito
larvae required 9.8 to 23.3 days to mature into
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adults, depending on the temperature. Another
laboratory study examined the interval between
oviposition and pupation and found that it
ranged from 7 to 27 days.

Two StormPav were set to breed the
mosquito as shown in Figure 3, using two types
of water samples, the rainwater and stormwater
runoffs (Figure 3 (b)). Four physicochemical
parameters (water temperature, dissolved
oxygen [DO], turbidity and pH) were evaluated
in this experiment to assess their relationship
with mosquito growth. The temperature of the
water sample was measured twice a week until
the larvae developed (Figure 3 (c)). For each
sampling, 200 ml of water was collected from
both water samples, using a standard dipper
from the sites, where the mosquito larvae were
sampled. The water samples were returned to the
laboratory for immediate analysis (Figure 3 (d)).
In this experiment, the assumptions taken into
consideration were that infiltration did not take
place, the stormwater was in a stagnant state
in the StormPav cylinder and the stormwater
was provided in the clear pail to inspect a clear
image of mosquito breeding.

Infiltration Rate

The infiltration rate testing on StormPav was
performed to simulate a continuous surface runoff
situation in the field as shown in Figure 4 (a).
The StormPav cylindrical unit was filled in with
water to a depth of 25 mm which is equivalent
to 14 L of water. The time, depth and duration
were measured and recorded. The testing was
performed in dry and submerged conditions.
The infiltration rate in mm/hour was determined

(©)

Figure 3: Mosquito growth experiment
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by dividing the amount of water infiltrated (mm)
by the time interval (hour) recorded. Next, the
falling head test was carried out at the laboratory
as shown in Figure 4 (b). The soil was taken near
the StormPav field experiment. Then, the soil
sample was submerged for at least one day to
make sure the soil was in a saturated condition
before the falling head test was performed. In
addition, the soil classification test by particle
size analysis was also conducted based on soil

type.

Results and Discussion

Data from the experimental study was analysed
and further discussed in terms of water quality
performance, infiltration rate capability and the
relationship with mosquito reproduction in the
StormPav system.

Water Quality Results

The results involving water quality parameters
are shown in Table 1. Water samples from the
StormPav showed that the rainwater contained
40 mg/L of suspended solids, while stormwater
runoff contained 68 mg/L of suspended solids.
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The average pH for rainwater and stormwater
were 6.6 and 7.6, respectively. This indicated
that the rainwater was slightly acidic than the
stormwater water runoff. Next is the acidity in
the water sample by observing the CaCO, value.
The CaCO, of rainwater was 38 mg/L while
the stormwater was 54 mg/L which required
more neutralisers to react with. The alkalinity,
meanwhile, showed a lower value at 8 mg/L for
both water types. The BOD was slightly lower
in rainwater compared with stormwater runoff
at 0.97 mg/L and 1.13 mg/L, respectively. A
higher BOD means that the water was more
polluted with more organic matter and bacteria
working to decompose the waste. The COD
value in the rainwater sample was 20 mg/L
while the stormwater runoff was at 32 mg/L. A
COD value of below 25 mg/L require extensive
treatment as the amount of oxygen reduction
was considered high and is harmful towards
higher aquatic life forms. The optimum dosage
of coagulant required to remove the turbidity of
the water sample taken from the StormPav was
also determined. The turbidity for rainwater was
0.94 NTU while for stormwater runoff, it was
1.78 NTU. The results were simplified using the
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Water Quality Index (WQI) to determine their
water quality standard. From Table 1, the WQI
obtained from the StormPav is Class III with
a rating of about 66% on average, indicating
that the stormwater was slightly polluted and
unsuitable for human consumption without
treatment. The StormPav was also compared
to studies by Drake (2013) which consist of
Permeable Interlocking Concrete Pavement
such as AquaPave® and Eco-Optiloc®,
pervious concrete and traditional asphalt. The
results were in the range of other permeable
pavement types, which shows the significant
environmental benefit of the StormPav.

Mosquito Breeding

Table 2 summarises the physicochemical
composition of the water sample in the mosquito
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breeding experiment. The stormwater runoff
recorded a lower pH range, higher turbidity
and DO value, indicating that it was more
polluted compared with the rainwater. Larvae
developed at day 8 and day 15 in the stormwater
runoff and rainwater, respectively (Figure 5).
The differences in the larvae development
rate suggested different physicochemical
characteristics of the water samples. In this
study, temperature was recorded twice a week
for both water samples and their values were
found to be similar for both water samples during
the sampling process. The temperature recorded
were in the range of 26°C to 34°C throughout the
experiment and the pH of both water samples
were almost similar. However, stormwater
runoff averaged at 6.93 while rainwater
sample averaged at 7.23. This may have a
slight contribution to the breeding conditions

Table 1: Physicochemical parameters of water samples in the StormPav and its comparison with other
permeable pavement types

NDWQS
Parameters Rainwater Stormwater Class; WHO ASH AP EO PC
Runoff .. Limits
Limits
pH 6.64 7.62 IIAI;6.5-8.5 6.5-92 74-8.1 7897 7894 8.1-12
Alkalinity 38 54 - - 17-95 49-164 58-150 93-421
(mg/L
CaCoO,)
Acidity 8 8 - - - - -
(mg/L
CaCoO,)
Total 40 68 1IB,11I; - 25 12-313  3-34 3-45 1.3-101
Suspended
Solid (mg/L)
Dissolved 5.54 6.30 II1,IIB;1000 1000 - - - -
Oxygen (67%) (76%)
(mg/L)
Biochemical 0.97 1.13 LIIA;- - - - - -
Oxygen
Demand
(mg/L)
Chemical 20 32 1IB,III;- 10 - - - -
Oxygen
Demand
(mg/L)
Turbidity 0.94 1.78 I;- 5 - - - -
(NTU)
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as mosquitoes prefer to breed in water that is
slightly acidic compared with alkaline water
(Hemme et al., 2009). The turbidity value was
higher in the stormwater runoff at 4.52 NTU
compared with only 2.10 NTU in the rainwater.
Turbid water serves as an ideal environment
for mosquito larvae, compared with clear water
(Paaijmans et al., 2008; Ibrahim Elmalih et al.,
2018). In the rainwater, the DO level was lower
at 5.54 and about 6.30 for the stormwater runoff.
These results were supported by Silberbush et
al. (2015) where lower DO leads to a decrease
in the survival rate of mosquito larvae, but an
increase in the development time.

Infiltration Rate

The infiltration rate was investigated in both the
field and laboratory. Based on the particle size
analysis, the soil was classified as well-graded
sand with less than 15% gravel. A sand-type soil
is classified under group A in the hydrological
soil group to include deep sand with very little
silt and clay. Figure 6 (a) depicts the infiltration
rate at dry soil and saturated condition. The
results show a higher infiltration rate at dry soil
compared with saturated soil. In the studies by
Mangala et al. (2016) and Sihag et al. (2017),
the infiltration rate capacity of soil decreased
after a period of time as the soil became water-
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saturated. From Figure 6 (a), the average
infiltration rate decreased from 181.82 mm/hr
on dry soil to 122.45 mm/hr on saturated soil.
Figure 6 (b) shows the results obtained from the
falling head permeability laboratory test and its
comparison to the field test. The falling head
method showed a permeability measurement
higher than the field test in the StormPav. The
average permeability rate calculated in the
falling head test was 168.12 mm/hr while the
field test on saturated soil, the permeability
was measured at 122.45 mm/hr. The difference
was less than 20%, which is acceptable. The
infiltration rates measurements obtained using
the falling head method were usually higher
than those obtained during field tests due to the
difference in the principles of measurement (Li
et al., 2013; Qin et al., 2015; Valeo & Gupta,
2018). The differences between the constant head
and falling head methods were subjected to the
incorporation of the pavement thickness into the
falling head calculation. The falling head method
calculated a saturated hydraulic conductivity
that assumed water was not free-flowing into
the pavement, which requires the thickness
value of the pavement layer (Li ef al., 2013). In
this study, the pavement was not saturated and
water was free-flowing. Therefore, the use of the
full pavement thickness in the calculation may

Table 2: Physicochemical parameters of water samples in the StormPav

Larvae
Temperature Turbidity Dissolved
Parameters ¢C) pH (NTU) Oxygen (DO) Development
(days)
Rainwater 26-34 7.23 2.10 5.54 15
Stormwater runoff 26-34 6.93 4.52 6.30 8

Figure 5: Larvae development, (a) at day 8 and (b) adult mosquito
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skew the measurement. The resulted infiltration
rate rests in group A soil, which was within
the typical range of permeability of sandy soil,
where the runoff potential was moderately low.
The result is in agreement with Bateni et al.
(2021), in which the StormPav can use subgrade
soil of hydrologic soil groups (HSG) A and B to
control the flood for rainfall events of 10-year
ARI by providing a detention duration within 24
to 72 hours.

The findings revealed that the proposed
StormPav exhibited its potential to immediately
transmit and bypass water into the soil in less
than two hours to infiltrate 14 L of water. The
StormPav can fully release and discharge the
inflow water with none retained in the system
within 66 minutes in dry soil and 98 minutes in
saturated soil. Nonetheless, the duration of water
infiltration in the StormPav detention storage
area relied on the infiltration capabilities of
subgrade soils. The result is supported by Zhang
(2006) where the infiltration depended heavily
on soil conditions. This study showed that the
StormPav provided a high permeability rate and
bypasses water immediately to the ground with
sand as subgrade soil. Sandy soils were known
to have a high permeability rate, which resulted
in a high infiltration rate and good drainage.
Furthermore, the high permeability rate of HSG
soil groups A and B may result in no potential
growth of mosquitoes as the duration mosquito
larvae took about eight days to develop.
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Conclusion

The StormPav green pavement with sustainability
characteristics has shown that it can play a
significant role in stormwater management,
allowing the system to be incorporated into
green infrastructure to preserve environmental
sustainability while reducing the occurrences
of disasters. Environmental preservation can
be achieved through pollutant control, optimal
stormwater collection and prevention of any
biodiversity in the hollow submerged side of the
system. The water quality experiment showed
that runoff from the StormPav was not suitable
for secondary use. Experiments on the effect of
water quality on the rate of mosquito breeding
in stagnant water found that mosquito breeding
was possible in the hollow section of the
system. The ecological parameters observed in
this study indicated that the mosquitoes exhibit
concerning physicochemical nature of the
environment. The mosquitoes were examined
to be able to develop in high turbidity and high
dissolved oxygen content with slightly acidic pH
environment. However, from the infiltration rate
test, the StormPav showed a high permeability
rate and bypass water immediately to the
ground. Therefore, no potential for mosquito
growth would be expected in the examined soil
conditions. This research can be further extended
with different types of soil as subgrade at field
experiments. The infiltration capacity of the
on-site native soil has a considerable impact on
the subgrade reservoir capacity, hence affecting
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Figure 6: Infiltration rate (a) field test at dry and saturated conditions and (b) comparison on the infiltration
rates at the field (saturated soil) and laboratory
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the effectiveness of the StormPav. On the other
hand, the rate of sedimentation and fine particles
accumulation in the hollow section of the
StormPav should also be considered to ensure
the effectiveness of the system in Malaysia’s
climate.
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