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ABSTRACT

In this study, biowaste such as walnut shells (WS), cockle shells (CS), and gingko shells (GS) was
evaluated for applicability as soil filter media in low impact development (LID) techniques. Biowastes
used in the experiment showed light-weight, high porosity, and high permeability characteristics
compared with sand or gravel which are conventionally used in LID. Especially, CS and WS showed
high non-point pollutant removal efficiency due to protrusion of filter media surface and macro- and
micro-porous. CS were found to be suitable for the infiltration capacity, as it showed high filtration
and pollutant reduction. WS exhibited high heavy metal removal performance but was found to have
possibility of organic matter leaching. GS were evaluated to be adaptable to green roof as filter media
with light-weight and constant filtration capability. The findings of this research are useful for the
application of biowaste as filter media in LID techniques.
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1. Introduction

Human activities such as urbanization increased the
discharge of various non-point source pollutants such as
particulate matters, organic matters and heavy metals.
During dry days, non-point source pollutants are accu-
mulated on impervious surfaces and discharged to water
bodies along with the stormwater runoff [1,2]. Generally,
low impact development (LID) techniques were applied
to solve hydrological and environmental problems such
as water cycle disruption, water pollution, and soil pollu-
tion due to urbanization [3]. LID focuses on the water cycle
restoration and minimizes the environmental problems
brought about by urban development. The mechanisms of
pollutant removal and volume reduction in LID include
retention, infiltration, evapo-transpiration, filtration,
adsorption and biodegradation [4]. These mechanisms are
performed in LID techniques through components such
as plants, microorganisms, soil and filter media. In LID

* Corresponding author.

techniques, particulate matters were reduced via physical
treatment such as filtration, adsorption, and sedimentation.
Nutrients such as total nitrogen and total phospho-
rus are reduced through degradation by microorganism,
nitrification and denitrification processes and uptake through
plant roots. Heavy metals, on the other hand, were reduced
through physico-chemical and biological treatment via
soil, filter media and plants [5]. Filter media, being one
of the main components of a LID technology, restores the
natural water cycle through functions including retention
and infiltration during storm events. The range of sizes
and filter media surfaces was also found to have affected
the physico-chemical mechanisms to reduce pollutants and
to act as habitat for microorganisms. The identification of
the optimum filter media size ranges and surface area is
important to improve the physical, chemical and biologi-
cal mechanisms through filter media. Filter media applied
to the LID technique can be classified into inorganic filter
media such as gravel, sand, zeolite, bottom ash and organic
filter media such as woodchip, bark and other mulching
materials. In general, inorganic filter media were applied
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to the bottom layer of the LID facility to detain and retain
more waters for infiltration. These inorganic filter media
have high removal efficiency due to its adsorption and
filtration capabilities and play an important role in the
removal of pollutants. However, use of such filter media
in LID technologies could impose higher cost implication.
Generally, inorganic filter media applied to LID were heavy
indicating that high maintenance costs were required when
replacing these filter media. In addition, the sand and
gravel media, which are widely applied to LID facilities,
have very low biological function and little pollutant
removal efficiency due to the absence of micro-pores. On
the other hand, organic filter media have high efficiency
in pollutant removal due to their filtration and adsorption
functions, but there could be some settlement problem due
to biodegradation of organic materials. Various filter media
researches were being conducted to overcome the disad-
vantages of the filter media. For example, oyster shells pro-
duce about 280,000 tons of marine waste per year, but less
than 10% of them are processed for fertilizer and 80%-90%
are landfilled without being recycled. The neglected oyster
shells caused environmental problems such as pollution
of coastal areas, difficulty in managing public wastes and
damage to natural landscapes [6]. Research on biowaste
use has been carried out in the fields of construction mate-
rials, environmental industrial recycling and recycling as
food. In developed countries, biosorption of organic filter
media have been studied [7,8]. Wastes produced from
fishery industries such as oyster shells, and mollusk shells
were extensively used as adsorbent and thus showed high
performance for the removal of organic and inorganic
pollutants [9-12].

The filtration capability of the oyster shells, an example
of biowaste, was found in various researches and generally
shows an average removal efficiency of 85%-89% for SS
and 80%-85.1% for COD [13-15]. Assessment of biowastes
applicability for wastewater treatment has been applied in
various studies, but studies on applicability of these biowaste
as filter media to non-point source pollutant manage-
ment during storm events were insufficient. Therefore, this
study evaluated the applicability of biowastes light-weight

materials including cockle shells (CS), walnut shells (WS)
and gingko shells (GS) as filter media of LID facilities.

2. Materials and methods
2.1. Physical and chemical characteristics of biowaste

Fig. 1 shows the research and experimental scenarios,
monitoring and analyses conducted in the biowaste. Each
biowaste filter media with size ranging from 0.5 to 1 cm and
1 to 2 cm were evaluated considering the appropriate poros-
ity of the LID facility of 0.35 or more. Each media was cleaned
by washing three times or more to remove foreign substance
from the filter media surface area. The filter media were dried
naturally for more than 3 d. The particle sizes were classified
using the standard sieving test using standard after drying,
then was analyzed for unit weight, porosity and coefficient
of permeability. Desorption experiment was performed to
evaluate the decay and desorption capability of biowaste.
During the desorption experiment, 50 g of biowastes were
placed in 500 mL of distilled water and stored in a JSBI-250C
maintained at 20°C for a total of 48 h.

2.2. Column test and data analysis

Column testing, as shown in Fig. 2, was performed to
evaluate the applicability of biowaste as filter media in LID
technologies. The acrylic column was made with 10 cm diam-
eter, 100 cm height, and 0.7 cm diameter holes at the bottom
of column. The biowaste filter media was filled up to 23 cm
from the bottom of the column and the inflow rate was 0.002
cm’®/s, which were determined as based on LID design guide-
lines of Korean Ministry of Environment. The guidelines are
required to determine the LID sizing with 80% of the cumula-
tive rainfall during 10 y in the watershed [16]. The remaining
77 cm of the column was utilized as ponding depth in cases of
low infiltration. The hydraulic operating conditions of each
column are summarized in Table 1. The synthetic stormwater
runoff used in each test run was prepared by diluting road
sediment of 150 um or less with tap water at 1:1 and used
synthetic stormwater runoff resulting to a total suspended

Selection of biowaste as filter media through
related literature
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Fig. 1. Research and experimental scenarios, monitoring and analyses.
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Fig. 2. Schematic design of column for testing.

Table 1
Monitoring condition for each column

Property Case 1 Case 2
Filter media size, cm 0.5-1 1-2
Inflow rate, cm?/s 0.02

ADD, d 3

Operating time, h 2

Flow check time, min  Inflow: every 10
Outflow: every 5
0, 30, 60 and 120

TSS, COD, TN, TP and heavy metal

Sampling time, min
Water quality analysis

solid (TSS) concentration of 110 mg/L (Table 2). The inflow
rate was measured every 10 min to minimize the errors that
occurred during the measurement. The infiltration rate was
measured every 5 min as soon as infiltration occurred at
the sampling port. Water samples were analyzed for water
constituents including TSS, total nitrogen (TN), total phos-
phorus (TP), chemical oxygen demand (COD) and total
heavy metals including copper (total Cu), cadmium (total
Cd) and lead (total Pb) according to the standard method
for the examination of water and wastewater [17]. Scanning
electronic microscope (SEM) analysis and energy dispersive
spectrometer (EDS) analyses were performed for comparison
and analysis of surface characteristics before and after the
column tests.

Eq. (1) shows the water balance for the assessment
of water cycle [18]. Vol  represents the runoff volume;
Vol represents the influent volume; Vol . represents the
infiltrated volume; Vol , represents the retained volume;
Vol represents the accumulated volume in the column and
Vol _represents the other lost volume.

loss

Vol —Vol, =Vol,

infil

dis +Vol , + Vol +Vol,__ @)

The average concentration of storm water runoff was
calculated by using the event-weighted concentrations
(EMC) and removal efficiency as shown in Egs. (2) and (3),

Table 2
Synthetic stormwater influent concentrations (mean + standard
deviation, mg/L)

TSS 223 +23
COD 100 =12
TN 2+2

TP 1+1

Total Cu 0.34 +0.022
Total Zn 0.14+£0.1
Total Pb 0.34 +0.01

respectively. C(t) and Q, (t) are the pollutant concentrations
and outflow rates for the duration of storm water runoff.

.T[C(t)XQTR,, (t)at
EMC (mg/L)=2—— 2)

[Qne ()it

Average influent EMC — Average effluent EMC

R 1 effici =
emovaleficeney Average influent EMC 3)

3. Results and discussion
3.1. Analysis of physical and chemical characteristic of biowastes
3.1.1. Physical characteristic analysis

Table 3 are the physico-chemical characteristics of
biowaste such as CS, WS and GS. The CS was found to have
the highest average unit weight of 780 + 62 kg/m® among the
biowaste, followed by WS and GS. CS was found to have
about three times higher unit weight than other media, but
about 60% lower than gravel. The average porosity of GS
was 0.48 while the coefficient of permeability ranging from
24 to 26 m/h was similar to WS. Comparing the permeability
coefficients of typical LID filter media and biowaste filter
media gravel and woodchip were found to have higher
permeability coefficient compared with biowaste filter
media whereas sand was found to have lower permeability
coefficient. Considering porosity, woodchip media were
found to be highest at 0.75 while sand was the found to have
lowest porosity equal to 0.31. In the case of biowaste, the GS
was found to have highest porosity of 0.48 which was 35%
lower than the porosity of woodchip. CS, being an inorganic
filter media, was found to have porosity of 0.4 which was
25% and 20% lower than the porosity of gravel and sand,
respectively. The particle sizes of the biowaste media affect
the unit weight, porosity and coefficient of permeability of
the media. Smaller the particle sizes implied higher unit
weight, and lower porosity and permeability coefficient. The
porosity and coefficient of permeability of biowaste were
larger than sand and was found to be applicable to LID facil-
ities with high functions water cycle. In addition, the unit
weight of biowaste was evaluated to be more than 55%-60%
lower than that of gravel. This result showed that mainte-
nance costs could be reduced when applying biowaste as
filter media in LID facilities.
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Table 3
Physical characteristics of natural filter media
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Cockle shell
(CS)

Walnut shell
(WS)

Gingko shell
(G9)

Sand [19] Gravel [19] Woodchip,

(crushed)

Case 1 Case 2 Case 1 Case 2

Case 1 Case 2

0.5-1
0.84
0.37
25.42

1-2
0.72
0.42
27.29

0.5-1
0.33
0.34
18.83

1-2
0.28
0.40
27.94

Range of size, cm
Unit weight, ton/m?
Porosity
Permeability, m/h

0.5-1
0.29
0.47
20.59

1-2
0.26
0.49
30.71

0.3-2.4
1.7-1.8
0.31
15.66

4.8-13.2
2.0

0.54
46.51

2.04.38
0.43
0.75
36.54

3.1.2. Desorption experiment of filter media

Organic filter media such as WS and GS can affect
the nutrient and organic matter concentration during
desorption because of the existence of membrane in the filter
media. Fig. 3 showed the results of the desorption experi-
ment performed to analyse the effects of the media on the
pollutant discharge concentration.

During the experiment, the concentration of COD, TN
and TP increased rapidly due to the release of organic mate-
rials within the initial 12 h, but the concentration decreased
after 24 h. The average COD amounting to 0.17 mg/m?-d
was found in WS while it was observed to be lowest in CS
amounting to 0.04 mg/m?-d. The COD generated during the
initial 12 h was about 0.26, 0.06 and 0.23 mg/g for WS, CS and
GS, respectively. However, after 48 h, the COD in WS and GS
was found to have similar value of 0.32 mg/g, while CS was
found to have the lowest value. During the first 12 h, release
of COD and TN increased due to the removal of membrane
while it was analyzed that after 12 h the concentration of
TN and TP no longer increased due to saturation and full
desorption of pollutants. Among the three filter media,
GS showed high amounts of COD and TN due to the easy
desorption of the membrane inside.

On the other hand, CS had the lowest adsorption of
pollutants among the three biowastes because of its mineral
compositions. Based on these results, cleaning of biowaste
is necessary prior to application in the LID facilities. The
decomposition caused by the long-term use of organic filter
media was projected to be able to provide carbon sources
and nutrients needed for microbial growth of LID facilities.

3.2. SEM and EDS analyses of each biowaste

Fig. 4 shows the results of SEM and EDS analyses before
and after the column tests. The surface area of GS before the
experiment was the smoothest compared with other filter
media. Many protrusions were found on the surface of CS.
On the other hand, more micro-pores were observed in WS
compared with other biowaste filter media. The surface
morphology of these media was evaluated as important
property affecting adsorption of pollutant.

EDS analysis was performed to determine the chemical
composition before and after experiment of biowaste
demonstrated in Fig. 5. Carbon (C), oxygen (O), calcium (Ca)
and magnesium (Mg) were analyzed as major constituents
in the three biowaste filter media. After the experimental
test run, the C composition increased by 5%-14% while
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Fig. 3. Dissociation of unit mass of (a) COD, (b) TN, and (c) TP in
natural filter media with respect to time.
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Fig. 4. SEM analysis of each natural filter media before and after column test runs for (a) cockle shell, (b) walnut shell, and (c) gingko

shell.

O decreased by 12%-20% in all the biowaste filter media
after the test runs. In addition, presence of aluminium
(Al) and iron (Fe) were found after test runs. Unlike other
filter media, sodium (Na) was found to be present in the
CS because it is a marine waste. It is composed of CaCO,

and calcium (Ca) composition ratio is relatively high. The
composition ratio of C was increased about 8% after the
experiment and the composition ratio was increased com-
pared with other media such as Al and F. Silicon (Si) was
observed in the shell of the shell before the experiment, and
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Fig. 5. EDS analysis of each biowaste filter media before and
after column test runs for (a) CS, (b) WS, and (c) GS.

it was analyzed that the type and composition ratio of other
heavy metals were increased compared with other natural
filter media because of the high adsorption of heavy metals.
CS, being a marine waste, was found to have Na unlike in
other biowastes before the experiment. CS is composed of
CaCO, which is the reason for high Ca content [20,21]. C,
Al and Fe were increased by about 8%, 2.9% and 1.2% after
the experimental test runs in CS. The micro-pores between
the protrusions of CS and the micro-pores observed in WS
contributed to the adsorption of trace contaminants. These

findings revealed that both CS and WS were considered
to be more effective in removing non-point pollutants
containing high amount of minerals. Micro-pores will con-
tribute to biological removal efficiency since it will serve
as long-term microbial habitat [22].

3.3. Evaluation of water balance and pollutant removal
efficiency of biowastes by column test

LID technologies are known to mimic the predeveloped
state of an area by utilizing mechanisms including reten-
tion and infiltration through media porosity. Water
balance of the biowastes filter media was exhibited in
Fig. 6. Apparently, both cases exhibited greater than 87%
infiltrated volume but it is evident that case 1 has higher
retention by about 2%—-6% due to smaller media particle
sizes used. For both cases, it was also found that WS
yielded 2%-8% greater retention compared with CS and
GS which was due to the presence of both micro-pores and
macro-pores on the surface of WS and the high moisture
absorption capacity.

The pollutant removal of each biowaste is shown in
Fig. 7. The reduction efficiency of TSS and COD of Case 1
for CS, WS and GS was greater than 70%. Smaller particle
sizes of filter media implied more adsorption capability due
to the increase in surface area. This led to higher reduction
of pollutants by the biowaste [23,24]. TP showed more than
70% reduction CS and WS while GS showed less than 40%
removal efficiency for Case 1. The presence of higher amount
of CaCQ, in the shell helped in increasing the P removal
[25]. Low reduction of TN amounting to about 30% was
observed in all filter media. This finding was attributed to
short experimental period in which physical and chemical
removal mechanisms were mostly optimized compared with
biological removal mechanism.

Heavy metal removal was found to be greater in Case 1
compared with case 2 due to smaller particle sizes thereby
producing larger surface area for filtration. Generally,
urban stormwater runoff contains 120.1-422.1 pg/L, 94.9-
403.7 pg/L and 11.1-32.0 ug/L Cu, Zn and Pb, respectively.
The main heavy metals contained in the general urban
stormwater runoff are Cu, Pb and Zn [26]. In the biowaste

ORetention M Infiltration
Case 1 Case 2
100%
90%
80%
@ 70%
(%3
5 60%
©
9 505
e
[
£=3
g a0%
30%
20%
10%
0%
s ws GS s ws GS

Biowaste filter media

Fig. 6. Water balance.
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Fig. 7. Pollutant removal efficiency

Table 4

Comparison of removal efficiencies of different filter media in different column studies

P

TSS COD TN

Media

Filter media

Filter media type

depth

particle size

%

%

%

%

cm

85
10
23
15

11

96
96
70

0.17-0.3
0.3-0.84
7-12
7-15
20-25

Sand(1) [27]

Sand(2) [27]
Zeolites [28]

58

43

40

17

24
27
72
66

76

40

Volcanic rocks [28]
Polyceramics [28]

Cockle shell

49

40

60

25

82
80

35

50-100
50-100
50-100

60

24

35

Walnut shell

39

16

59

78

35

Gingko shell
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filter media, the removal efficiency of Pb and Zn was about
40%—60%. To increase the removal efficiency of heavy
metals, mixed application of the biowaste filter media with
the inorganic filter media having high adsorption property
is required. CS and WS showed high pollutant removal
efficiency due to its micro-pores and larger surface area.

The comparison of the performance of different typical LID
filter media to biowaste filter media is exhibited in Table 4.
The TSS and TP removal efficiencies considering sand filter
media were high but the removal efficiency of COD and TN
was less than 11%. The removal efficiencies of TSS and TP in
all three biowaste materials were 2%-16% higher than those
of volcanic rock and zeolite. The removal efficiency of TSS,
COD and TP in CS and WS which were typically through
physical treatment mechanism was observed to be higher
than GS due to the micro-pores and macro-pores formed
on the surface of the surface of CS and WS. Therefore, it is
analyzed that all biological waste resources are applicable as
LID filter media.

4. Conclusions and recommendations

Application of LID techniques increased because of
its high non-point source pollutant removal function
and ability to restore the natural water cycle. Since urban
storm water runoff contains various contaminants such as
particulate matter, nutrients and heavy metals, it is neces-
sary to apply various kinds of filter media in LID facilities.
However, using filter media with high unit weight is not
cost-effective specifically considering maintenance costs.
This research evaluated the applicability of three biowastes
such as CS, WS and GS which have lower unit weight than
the typically used filter media such as sand or gravel in
existing LID technologies. Based on the results of this study,
the following conclusions may be drawn:

* Biowaste filter media have relatively smaller particle
sizes compared with sand or gravel but have higher
porosity and permeability coefficient implying that these
are applicable as filter media of LID facilities. GS were
found to require initial cleaning, as it showed the high-
est pollutant content. generated by the disruption of the
membrane inside.

® Micro-pores in WS and CS increased the non-point source
pollutant removal efficiencies of these biowastes. Micro-
pores may be the long-term microbial habitat which will
affect biological removal efficiency increasing the TN
removal in the future.

* (S showed high infiltration and removal efficiency of
pollutants, thus, it could be applied to vegetation type and
infiltration LID facilities. WS may be applied to transpor-
tation land uses including parking lots and roads because
of high heavy metal removal efficiency. In addition, it is
applicable to constructed wetlands, bioretention, tree box
filter and other vegetation type LID facilities due to high
water retention and reduction of organic matter. GS was
found to have the lowest pollutant removal efficiency
but was assessed to be applicable to rooftops where
low concentrations of non-point source pollutants were
transported by stormwater and its properties including
low infiltration rate and unit weight. It is considered that

M. Jeon et al. / Desalination and Water Treatment 158 (2019) 11-19

conjunctive use of organic and inorganic filter media will
be more advantageous to be applied to LID technologies
because the organic filter media was likely to settle due
to oxidation during long-term use.

Abbreviations

ADD  — Antecedent dry day

(@) — Cockle shell

C(t) — Concentration

EDS — Energy dispersive spectrometer

EMC — Event-weighted concentrations
GS — Gingko shell

Q) — Flow rate

SEM —  Scanning electronic microscope
TSS — Total suspended solid

TN —  Total nitrogen

TP —  Total phosphorus

Vol —  Volume of runoff

Vol .. —  Volume of discharge

Vol ., — Volume of infiltration

Vol , —  Volume of retention

Vol —  Volume of storage

Vol —  Volume of other lost water

W —  Walnut shell

References

1

[2]

3]
[4]

[11]

[12]

H. Luo, L. Luo, G. Huang, P. Liu, J. Li, S. Hu, F. Wang,
R. Xu, X. Huang, Total pollution effect of urban surface runoff,
J. Environ. Sci., 21 (2009) 1186-1193.

J.A.S. Tobio, M.C. Maniquiz-Redillas, L.-H. Lee, Optimization
of the design of an urban runoff treatment system using
stormwater management model (SWMM), Desal. Wat. Treat.,
53 (2015) 3134-3141.

Ministry of Environment (MOE), Advanced Technology of
Non-Point Pollution Treatment in Watershed, 2012.

F.KF. Geronimo, M.C. Maniquiz-Redillas, L.-H. Kim, Treatment
of parking lot runoff by a tree box filter, Desal. Wat. Treat.,
51 (2013) 4044-4049.

M.C. Maniquiz, Urban Runoff Treatment by means of an
Infiltration System during Rainfall Events, Thesis, Kongju
National University, Cheonan city, 2009.

HH. Yun, YI. Song, SK. Lee, Study on the removal of
phosphorous and organic from domestic wastewater by A,O
process packed with waste oyster shell, Water Treat., 22 (2013)
45-54.

S.E. Bailey, TJ. Olin, R M. Bricka, D.D. Adrian, A review of
potentially low-cost sorbents for heavy metals, Water Res.,
33 (1999) 305-361.

H.Y. Lee, Biosorption of Heavy Metals from Wastewater, Thesis,
Kangwon University Graduate School, 2010.

J. Anwar, U. Shafique, Waheed-uz-Zaman, M. Salman, A. Dar,
S. Anwer, Removal of Pb(I) and Cd(II) from water by adsorption
on peels of banana, Bioresour. Technol., 101 (2010) 1752-1755.
A. Abeynaike, L. Wang, MLI. Jones, D.A. Patterson, Pyrolysed
powdered mussel shells for eutrophication control: effect of
particle size and powder concentration on the mechanism and
extent of phosphate removal, Asia-Pac. J. Chem. Eng., 6 (2011)
231-243.

H. Ting-Chu, Experimental assessment of adsorption of Cu*
and Ni* from aqueous solution by oyster shell powder,
J. Hazard. Mater., 171 (2009) 995-1000.

Y. Du, L. Zhu, G. Shan, Removal of Cd* from contaminated
water by nano-sized aragonite mollusk shell and the competi-
tion of coexisting metal ions, J. Colloid Interface Sci., 367 (2012)
378-382.


https://www.researchgate.net/profile/Marla_Maniquiz-Redillas

(13]

[14]

[15]

[16]

(17]

(18]

[19]

(20]

[21]

M. Jeon et al. / Desalination and Water Treatment 158 (2019) 11-19

Y.X. Liu, T.O. Yang, D.-X. Yuan, X.-Y. Wu, Study of municipal
wastewater treatment with oyster shell as biological aerated
filter medium, Desalination, 254 (2010) 149-153.

W.H. Park, Integrated constructed wetland systems employing
alum sludge and oyster shells as filter media for P removal,
Ecol. Eng., 35 (2009) 1275-1282.

H.B. Luo, G. Huang, X. Fu, X. Liu, D. Zheng, J. Peng, Z. Ke,
H. Bo, L. Fan, F. Chen, X. Sun, Waste oyster shell as a kind of
active filler to treat the combined wastewater at an estuary,
J. Environ. Sci., 25 (2013) 2047-2055.

Ministry of Environment (MOE), LID Design Guidelines,
Sejong city, 2016.

A.E. Greenberd, L.S. Clesceri, A.D. Eaton Eds., American
Public Health Association, American Water Works Association
and Water Environment Federation (APHA, AWWA and
WEEF), Standard Methods for the Examination of Water and
Wastewater, 18th ed., APHA, AWWA and WEF, Washington,
DC, 1992.

M.C. Maniquiz, L.-H, Kim, S.Y. Lee, ].Y. Choi, Flow and mass
balance analysis of eco-bio infiltration system, Front. Environ.
Sci. Eng., 6 (2012) 612-619.

Ministry of Land, Infrastructure and Transport (MLTM),
Construction Standard Production Unit System, Sejong city,
2018.

H.B. Kwon, C.W. Lee, B.S. Jun, J.-D. Yun, S.-Y. Weon,
B. Koopman, Recycling waste oyster shells for eutrophication
control, Resour. Conserv. Recycl., 41 (2004) 75-82.

J. Xiong, Y. Qin, E. Islam, M. Yue, W. Wang, Phosphate removal
from solution using powdered freshwater mussel shells,
Desalination, 276 (2011) 317-321.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

19

S. Ye, G. Zeng, H. Wu, C. Zhang, J. Dai, J. Liang, J. Yu, X. Ren,
H. Yi, M. Cheng, Biological technologies for the remediation of
co-contaminated soil, Crit. Rev. Biotechnol., 37 (2017) 1062-1076.
S. Rajput, C.U. Pittman Jr, D. Mohan, Magnetic magnetite
(Fe,0,) nanoparticle synthesis and applications for lead (Pb*)
and chromium (Cr®) removal from water, J. Colloid. Interface
Sci., 468 (2016) 334-346.

R.M. Ali, H.A. Hamad, M.M. Hussein, G.F. Malash, Potential of
using green adsorbent of heavy metal removal from aqueous
solutions: adsorption kinetics, isotherm, thermodynamic,
mechanism and economic analysis, Ecol. Eng., 91 (2016) 317-332.
S.N.E. Moideen, M.F. Md Din, M. Ponraj, M.B. Mohd Yusof,
Z. Ismail, A.R. Songip, S. Chelliapan, Wasted cockle shell
(Anadara granosa) as a natural adsorbent for treating polluted
river water in the fabricated column model (FCM), Desal. Wat.
Treat., 57 (2016) 16395-16403.

L.H. Kim, SM. Jeong, S.O. Ko, Determination of first flush
criteria using dynamic EMCs (event mean concentrations)
on highway stormwater runoff, Water Sci. Technol., 55 (2007)
71-77.

C.-H. Hsieh, A.P. Davis, Evaluation and optimization of
bioretention media for treatment of urban storm water runoff,
J. Environ. Eng., 131 (2005) 1521-1531.

J.A. Kim, BJ. Kim, TH. Kim, J.R. Park, I.S. Choi, J M. Oh,
Comparative evaluation on removal efficiency of filter media
by influent concentration and inflow direction, J. Waste Water
Treat., 21 (2016) 27-37.



