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Abstract: Construction wastes were selected as the adsorbents ,
and static and dynamic adsorption batch experiments were
carried out to investigate the adsorption of Pb to construction
wastes with different particle size gradations in the simulated
stormwater runoff system. The experimental results show that
the pseudo-second-order kinetics model can better characterize
the adsorption process of Pb than the pseudofirst-order
kinetics model. The adsorption equilibrium data can be well
fitted by the Freundlich isotherm model. The construction
wastes with different tested size gradations can greatly remove
Pb from stormwater runoff and their average removal rate can
reach up to 99% . The construction wastes with narrow size
distribution can better remove Pb but with worse permeability
than those with wide size distribution. The particle size

gradation of construction wastes greatly influences the
equilibrium time, rate and the capacity of Pb adsorption. The
equilibrium adsorption rate and capacity are 18. 1 pg/min and
5.5 pgl/g, respectively, for the construction wastes with the
size of 2.36 to 4. 75 mm, which are the greatest among the
different size gradations. The present study provides a scientific
basis for effectively controlling Pb pollution from stormw ater
runoff and the construction wastes resource utilization.
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ith the rapid development of urbanization, in-
W creasing urban impervious areas interrupt storm—
water infiltration channels and result in a sharp increase in
stormwater runoff volume and peak flow. In addition,

due to the human activities, atmospheric deposition and
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other factors, a large number of pollutants are accumula—
ted and discharged into the municipal storm sewer by the
stormwater runoff flushing, and as a consequence, enter
the city receiving water bodies. With the increasing per—
fection of the city point pollution control, non—point pol-
lution caused by stormwater runoff has become one of the
important sources of watershed pollution. A large number
of studies on urban stormwater runoff quality showed that
heavy metals from stormwater runoff had become one of
the important sources of surface water pollutants, where
Pb is one of the highest pollution loads of heavy met—
als . Vehicle brake emissions, tire wear, building sid—
ings (weathering of paints and metal components) and at—
mospheric deposition are important sources of heavy met—
als . Heavy metals are persistent pollutants which are
widely distributed in the environment, and, thus, they
are difficult to be treated due to their characteristics of
persistency , wide—ranging and management difficulties.
Unlike organic pollutants, heavy metals are difficult to be
degraded in the environment and easy to be accumulated
in the human body through the food chain and other ways
and become toxic when reaching a certain concentration.
The Pb in the environmental water can prevent the respir—
atory metabolism and photosynthesis of aquatic plants,
thus affecting the quality and biomass of the plants and
changing the population quantity of aquatic animals.
Therefore, it becomes necessary to remove heavy metals
from stormwater runoff to a feasible extent to improve the
quality of water entering the local watershed in an appro—
priate treatment and management way.

In 1970s, researchers from the United States investiga—
ted heavy metal pollution and migration characteristics in
urban stormwater runoff. From then on, some researchers
from developed countries started to research on heavy
As one of the

low impact development ( LID) stormwater management

metal pollution and its impact factors ” .

measures, bioretention technology (‘also known as rain
garden) , which uses vegetable and media to hold and
treat stormwater runoff at the source, can not only effi—
ciently control water quality (the removal rate reaches up
t0 90%)" ¥, but also has an ecological function and land-
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scape effects. In addition, bioretention technology can be
widely used to control road green belt and open spaces
stormwater runoff. Water quality is improved via perme—
ation, soil filtering and adsorption, decomposition and
biotransformation mechanisms in bioretention. Laboratory
and pilot-scale bioretention box studies have proved that
bioretention is an effective practice for improving the
quality of urban stormwater runoff ”. The type of
bioretention media has a significant impact on the removal
of heavy metals **” . Therefore, to select an effective and
economical bioretention medium is of great importance for
the wide application of bioretention technology.

This study takes construction wastes as the research ob—
jects. Sorption of Pb to gradation construction wastes
with different particle sizes in stormwater runoff is studied
by static and dynamic adsorption experiments. The feasi—
bility of the application of crushed construction wastes as
bioretention media is discussed. This study can provide a
scientific basis for effectively controlling the Pb pollution
from stormwater runoff and the construction waste re—

source utilization.

1 Materials and Methods

1.1 Adsorbents and characterization

The construction wastes used in the present study are
mainly composed of brick and mixed with a small amount
of concrete. After crushing with a crusher, the construc—
tion wastes were sieved with a test sieve to four different
particle size distributions of 2.36 to 4.75 mm, 4.75 to
10.0 mm, 2.36 to 10.0 mm and<<10.0 mm. The parti-
cles were soaked and washed several times with distilled
water to remove surface residuals, and then they were
dried in an oven at 105 °C for 24 h and stored in a desic—
cator. The surface area and porosity factor of construction
wastes were 2. 269 4 m’/g and 15% , respectively. The
chemical oxide composition of the construction wastes
was determined by the scanning wavelength dispersive
X-ray fluorescence ( XRF) using a Rigaku ZSX Primus Il
spectrometer. BET surface area was measured by auto—
matic adsorption using a NOVE 4200E instrument. The
chemical composition of fresh construction wastes, repor—
ted as oxides, is shown in Tab. 1. The main components
of the construction wastes are oxide of silicon, calcium
and aluminum, with the percentage content of 42. 5% ,
14.2% and 12.0% , respectively. These results are simi-
lar to the results reported by previous studies where XRF
analyses of construction wastes were carried out " In
addition, there are some other components which are
probably harmful to human health and environment, such
as Cr and As. However, studies have shown that there is

no adverse effect of percolate.
1.2 Adsorption experiment

The stock solution was prepared with a Pb standard

Tab.1 Chemical composition and physical characteristics of
construction waste
Constituent Mass percentage/% || Constituent Mass percentage /%
Na, O 0.931 Fe, 0, 4.750
MgO 2.580 NiO 0.006 0
ALO, 12.00 Cu0 0.004 2
Si0, 42.50 Zn0 0.014 5
P, 05 0.146 0 As, 0,4 0.002 9
K,0 2.330 Rb,0 0.0103
Ca0 14.20 SrO 0.0517
TiO, 0.647 0 7:0, 0.0352
Cr,0, 0.017 4 BaO 0.096 0
MnO 0.093 9 Bi, 04 0.009 6

solution with a concentration of 1 mg/pL. The permea—
bility coefficients of construction wastes were measured
by the hydrostatic head method (see Tab.2). The results
show that the permeability coefficients decreased with the
increasing particle size gradation of the construction
wastes. The static and dynamic adsorption experiments

were carried out in the present study.

Tab.2 Permeability coefficients of construction wastes with

different size gradations

Size gradation/mm k/(m s ky/(m+s7")
<10.0 1.29 x10 73 1.19x1073
2.36 to 10.0 1.56 x10 73 1.50 x10 73
2.36 to 4.75 1.98 x10 3 1.88 x10 73
4.75 10 10.0 6.54 x10 73 6.22 x10 3

1.2.1 Static adsorption experiment

100 g construction wastes with four different particle si—
zes were weighed and transferred into a series of 250 mL
triangle conical flasks. After adding 150 mL stock solu—
tion the flasks were shaken on a temperaturesegulated
orbital platform shaker at 80 r/min. Samples were ana—
lyzedat1 3 5 10 20 30 40 60 90 120 180
240 and 300 min intervals during shaking to study the in-
fluence of reaction time on the adsorption equilibrium and
determine the optimum reaction time. Prior to analysis
50 mL samples were collected and then subsequently fil-
tered through 0.45 pwm hydrophilic membranes to remove
and the filtrates were stored in PVC
bottles and were kept in the fridge at 4 °C for determina—

suspended solids

tion.
1.2.2 Dynamic adsorption experiment

The construction wastes with four different particle size
distributions were added into experimental columns with
several steps and compacted with each step. The dynam-
ic adsorption experiment was operated under a condition
of continuous water input with a peristaltic pump at 4
mL/s. 50 mL samples were collected at the time intervals
of3 5 10 20 30 60 90 180 and 300 min. The
samples were filtered through 0.45 pm hydrophilic mem-—
branes to remove the suspended matters and then stored
in PVC bottles. The samples were kept in the fridge at 4

°C for further analysis. Bioretention columns dynamic
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simulation experimental set-up is shown in Fig. 1.

Fig.1 Permeation columns used for dynamic adsorption exper—

iment

1.3 Aqueous sample analysis

Samples were analyzed by the graphite furnace atomic
absorption spectrophotometer method using a Hitachi
72010 Polarized Zeeman atomic absorption spectropho—
tometer ( AAS) . A calibration curve was made with the
Pb standard solution of the National Standard Center for
standard matter. 20.00 pg/L standard Pb solution was
diluted by the standard solution from the National Stand-
ard Center with 2% nitric acid. The absorbance of the
standard solution with the concentration of 0 5. 00
10.00 15.00 20.00 pg/L was measured by the graph—
ite furnace automatic dilution function. The correlation
coefficient of the calibration curve was 0.999 2. The con—
centration of Pb in the supernatant after adsorption by
construction wastes was measured. The amount of sorp—
tion was calculated based on the concentration of Pb in

the solution before and after adsorption.
1.4 Adsorption isotherms

Under optimum adsorption equilibrium time 5 10
20 30 50 70 and 100 g of construction wastes with dif-
ferent particle size distributions were weighed to study the
isothermal adsorption process. The adsorption capacity of

the construction wastes is calculated as

V( CO B C')

m

Q= (1)

where ( is the adsorption capacity per unit mass of con—
struction wastes mg/g; C, is the initial concentration of
Pb in the aqueous solution mg/L; C, is the equilibrium
concentration of the test solution mg/L; V is the volume

of sample L; m is the mass of construction wastes g.
2 Results and Discussion
2.1 Characterization of construction wastes

The scanning electron microscopy ( SEM) images for
the surfaces of construction wastes before and after ad-

sorption are shown in Fig.2. The surface of construction

wastes becomes smoother after adsorption which may be
due to the deposition of Pb by physisorption or due to a
progressive change in surface mineralogy with time. The
comparison of the component composition of construction
wastes before and after adsorption ( see Fig.3) shows a
significant decrease of the element content in Al and Ca

while showing a significant increase in Mg and Si. The
significant decrease in Ca content may be related to the
loss of free lime ( CaO) which results in high pH " .

Therefore the changes in pH before the discharge of the
stormwater should be taken into account for practical ap—
plications.

Fig.2 SEM images of the construction wastes. (a) Before ad-

sorption; (b) After adsorption
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This result shows that there are no detrimental effects
on human health or on the environment by application of

construction wastes in stormwater runoff purification.
2.2 Adsorption isotherms

Under a constant temperature sorption between solid

and liquid is often described by the Langmuir and Freun—
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dlich isotherm model. The Langmuir adsorption isotherm

(in linear form) is given as

c cC 1

e e

0.0, k.0,

where @, is the amount of Pb adsorbed at equilibrium

(2)

mg/g;, (, is the saturated adsorption capacity of Pb
mg/g; C_is the final equilibrium concentration of Pb in
the test solution mg/L; K, is the Langmuir adsorption
constant.

The Freundlich adsorption isotherm ( in linear form) *

is given as
1
IgQ. =—-1gC. +1gk, (3)
n
where K, is the Freundlich adsorption constant and n is a
constant.
The static adsorption process of Pb from stormwater
runoff to construction wastes is studied by the batch static
experiments. The experimental data is fitted by the Lang—

muir and Freundlich isotherm models and their calculated

parameters are summarized in Tab. 3. The Freundlich

adsorption isotherms are shown in Fig.4. Compared with
the correlation coefficients the equilibrium data for the
adsorption process is better fitted by the Freundlich iso—
therm model than the Langmuir isotherm model. The cor—
relation coefficients of model equations derived from dif-
ferent particle size gradation construction wastes are high—
er than 0. 95. In addition the particle size of 2. 36 to
4.75 mm is fitted by the Langmuir isotherm equation

but the correlation coefficient is 0. 934 3. Kragovi¢ et
al. ¥ studied the removal of Pb in aqueous solutions by
natural zeolite. Their results show that the adsorption of
Pb by natural zeolite fits the Freundlich isotherm equation
well which is consistent with the results of the present
study. However some other types of adsorbents reported
previously that the sorption data was fitted by the Lang—
1" . Zhang et al. * found that the

adsorption isotherm of Pb’* to peanut shells was better

muir adsorption mode

fitted by the Langmuir equation than the Freundlich equa—
tion measured by sequencing batch adsorption experi—
ments. Therefore there is a large difference in different
bioretention media on the adsorption properties of the

Ph**.

Tab.3 Parameters of Langmuir and Freundlich equations

Langmuir isotherm

Freundlich isotherm

Size distribution/mm

On K, R? 1/n K R?
2.36 to 4.75 0.001 7 317.27 0.934 3 1.402 37.58 0.993 6
4.75 t0 10.0 -0.007 6 -20.07 0.644 2 0.178 0.016 0.974 8
2.36 to 10.0 —-0.000 44 -269.62 0.7557 0.713 0.790 0.993 3
<10.0 -0.000 033 -720.93 0.661 0 0.456 0.240 0.996 3
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2.3 Adsorption Kinetics

The adsorption of Pb from simulated stormwater runoff
to the construction wastes can be analyzed by pseudo-
first-order and pseudo-second-order rate expressions as
applied by Liu et al . The linear expression of the
. . .. 11
pseudofirst-order equation is given as

ky
2.303

log( Q. -Q,) =logQ. t (4)

where Q, is the amount of Pb adsorbed at time ¢ mg/g;
k, is the equilibrium rate constant which can be deter—

mined by a linear plot of log( Q, —Q,) vs. .

2" found that the adsorption kinetics of

Tien et al.
heavy metals was better fitted to a pseudo-second-order

kinetic model. The linear expression is given as

t 1 t

0. ko to. ()

where £, is the rate constant at equilibrium. The adsorp—
tion kinetic fitting curves of Pb by construction wastes
with different particle sizes are shown in Fig.5. The fit—
ting kinetic equations are shown in Tab. 4. The pseudo-
second-erder kinetic equation of Pb adsorption from the
synthetic simulated runoff to the construction wastes fits
the linear equation well ( see Fig.5) and it is significantly
better than the pseudo-first-order kinetics model ( see
Tab.4) . Many studies at domestic and overseas on ad-
sorption of heavy metals to saccharomyces cerevisiae

natural zeolite >  blast furnace slag ® and hazelnut
shell * have shown that the data of sorption kinetics fit
the pseudo-second-order kinetics model **  which is

Size/mm
——2.36 t0 4.75
—4.75 to 10.0
—— 2.36 t0 10.0

—_
<
1

/10*

-

e

t
g

© = N WA U N O
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Time/min

Fig.5 Second-order equation for the adsorption of Pb by con—

struction wastes

Tab.4 Parameters and correlation coefficients for the kinetic

models
- —
distribiiizfn/mm . /(ngﬁn rjg) R? Kinetic model
2.36 10 4.75 3 099.50 0.999 0, :%
4.75 10 10.0 87.48 0.996 0, :%
2.36 10 10.0 132.81 0.9987 0, :%

consistent with the experimental results in the present

study.

2.4 Effect of construction wastes with different parti—
cle size gradations on Pb removal

2.4.1 Adsorption capacity
The adsorption capacities of construction wastes with
different particle sizes are shown in Fig. 6. At the initial
stage the adsorption rate increases dramatically with the
increase of time until reaching a plateau. The size distri-
butions of adsorbent significantly influence the adsorption
efficiency of heavy metals ** . Construction wastes with
sizes smaller than 10.0 mm reach equilibrium in the shor-
test time ( about 1 h) . The equilibrium adsorption capaci-
ties of construction wastes with particle sizes smaller than
10.0 mm 2.36 to 10.0 mm 2.36 to 4.75 mm and 4.
75 to 10.0 mm for Pb sorption are 4.1 3.4 5.5 and 3.
6 ug/g
struction wastes with particle size of 2.36 to 4.75 mm is
the largest ( see Fig. 6( a))

larger specific surface area. Dynamic experimental results

respectively. The adsorption capacity of con—
probably because of their

( see Fig.6( b)) show that the construction wastes with
four different size distributions for Pb sorption reach equi—
librium within 10 min. Their equilibrium adsorption capac—
1.8 2.1

are much smaller than the data derived from static experi—

ities (1. e. 2.1 and 2.3 pg/g respectively)

mental results. Therefore the construction wastes have

6_
5—f
= at
an
e Size/mm
S 2 ——2.36104.75; ——4.751010.0
1 ——2.361010.0; —— =<10.0
0 ; i ; ; ; .
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0.5
o .
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(b)

Fig.6 Changes in adsorption capacity of construction wastes
with different particle sizes on Pb adsorption. (a) Static experi-

ment; (b) Dynamic experiment
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not reached adsorption saturation. The data show that
construction wastes with 2. 36 to 4.75 mm can be used as
a bioretention media to remove Pb from stormwater run—
off.
2.4.2 Adsorption rate

Changes in adsorption rates of construction wastes with
different particle sizes on Pb adsorption are depicted in

Fig.7. The adsorption rate equation is given as
y=—>= (6)

where v is the adsorption rate  mg/min; m, is the amount

of Pb adsorbed within time ¢ mg; and ¢ is the sampling

interval time min.
0.451-
R 0.40F Size/mm
1
g 0.35- 2.36 t0 4.75; 4.751010.0
o 0.30F ——2.36t010.0; —— =<10.0

Adsorption rate/ ( m;

1 1 1 1 1 I
0 50 100 150 200 250 300
Time/min

(a)

0.08[
T 0.07
0.06f
0.05
0.04f
0.03f
0.02}
0.01F
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Time/min

(b)

Fig.7 Changes in adsorption rates of construction wastes with

Size/mm ;
——2.36104.75;

——2.36 t0 10.0;

——4.75 10 10.0

—— =<10.0

Adsorption rate/ ( mg - min

different particle size gradations on Pb adsorption. (a) Static ex—

periment; (b) Dynamic experiment

As shown in Fig.7( a)

sorption to construction wastes with the size of 2. 36 to

the adsorption rates of Pb ad-

4.75 mm and smaller than 10. 0 mm decrease rapidly.
The adsorption rates of Pb adsorption to construction
wastes with 2.36 to 10.0 mm first increase and then de-
crease while construction wastes with 4.75 to 10.0 mm
first decrease and then increase until reaching a plateau

which may be due to the unevenly distributed size grading
of construction wastes in this study. The stable adsorption
rates of Pb sorption to construction wastes with four parti—
1.4 5.6 and 1.2 pg/min

tively. The adsorption rates of construction wastes with

cle sizes are 18. 1 respec—

different particle sizes in the dynamic adsorption process

( see Fig.7( b)) decrease gradually. The adsorption rates

are basically identical and stable adsorption rates ( i. e.
0.8 0.6 0.7 and 0.7 pg/min respectively) are much
smaller than the data derived by the static experimental
data. With the increase of bioretention media depth the
Pb concentration of stormwater decreases and may be
harmful to the environment.
2.4.3 Removal rate

The average removal rates of construction wastes with
different particle sizes and their maximum values are sum—
marized in Tab.5. The equation of removal rate is given
as

CO C'
n=-""""x100%

. (7)

Tab.5 Average removal rates of construction wastes with dif—

ferent particle sizes and their maximum values

E . . Size Removal Equilibrium
Xperimen distribution/mm rate/ % time/min
2.36 to 4.75 98.7 30
. 4.75 10 10.0 99.8 300
Static
2.36 to 10.0 99.9 60
<10.0 100.0 <5
2.36 to 4.75 99.9 5
) 4.75 10 10.0 99.9 10
Dynamic
: 2.36 to 10.0 99.9 10
<10.0 100.0 <5

As can be seen from Tab.5 construction wastes with
different particle sizes show a good purification effect on
Pb removal from stormwater runoff and up to a 90% Pb
removal rate is achieved. In general particles with smal-
ler size have larger specific surface area and better surface
adsorption properties. As a consequence the adsorption
capacity is higher for construction wastes of smaller sizes
than those of larger sizes . Our conclusion is consistent
with the general conclusions reported previously. The re—
moval rates derived from dynamic experiments are higher
than those from static experiments. At the initial stage of
dynamic experiments the removal rate of heavy metal in—
creases rapidly with the increase of time. Construction
wastes with four particle sizes reach equilibrium within 10
min which indicates that the adsorption of Pb to con—
struction wastes is a fast reaction process that can be com—
pleted in a short time. As a medium for bioretention fa—
cilities construction wastes can be used to remove Pb
from urban stormwater runoff due to their great adsorption

capacities.
2.5 Influencing factors of adsorption

Numerous studies domestically and overseas showed
that the impact factors of solid adsorption effects on Pb
were mainly the adsorption time the amount of adsor—
bent the initial concentration and the pH value. With the
increase of the adsorption time the adsorption removal

rate of the particulate matter for Pb in the solution gradu—
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ally increases until reaching equilibrium where the remov—
al rate does not change significantly * and may even de-
crease to a certain extent. The increase of adsorbent dos—
age may also increase the removal rate for Pb adsorption.
However the removal rate may decrease if too much ad—
sorbent is used. Therefore taking into account the cost

it is desirable to optimize the dosage of adsorbent. The
pH of the solution is an important factor of Pb adsorp—
tion. The optimum adsorption pH values are different for

2930 . .
Previous studies have showed

different adsorbents
that competition occurs between different heavy metal
ions and adsorbents adsorb heavy metals selectively *' .
In practical applications the design of parameters should
be optimized based on the influencing factors of heavy

metal removal.
3 Conclusions

1) Construction wastes with different particle sizes
show a good effect on Pb adsorption and their average
removal rate reaches up to 99% . The removal efficiency
of construction wastes increases with the increase of size
grading but the penetrating ability of construction wastes
turns to worse. The adsorption removal effect of con—
struction wastes with different sizes on Pb adsorption fol-
lows in the order: <10.0 mm >2.36 to 4.75 mm >2.36
to 10.0 mm >4.75 to 10.0 mm.

2) The adsorption isotherm analysis shows that the ad-
sorption of Pb to construction wastes adsorption fits well
with the Freundlich isotherm model and the correlation
coefficients are 0.976 8 to 0.996 3. The adsorption kinet—
ic process is well described by the pseudo-second-order
kinetic equation and the correlation coefficients are
0.999 6 t0 0.999 9.

3) In the engineering projects construction wastes can
be applied as the adsorption media of bioretention facili-
ties constructed wetlands and other ecological measures
for the removal of Pb from stormwater runoff. The pres—
ent study provides a scientific basis for effectively con—
trolling Pb pollution from stormwater runoff and the con—

struction wastes resource utilization.
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CAFERAERBEAFRA R, RAAIENA R, BEHEFH SRR ERFRT REEZERER
BB AT AKAZAF Ph 69 R AR. FREREN: B A FEAE B ) FEA G AT E
138 2T Ph 44 B M i3 42; Freundlich 524570 4 £5 45 W 0 A 2L 5 BB W i3 £2; R B 442 45 48 7 S 15 38 39 #F
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PEAEAR £ IR AR AT P a9 R BT R AW ik R AR B A TR Hom, 442 2.36 ~4.75
mm #4353 B 2T Pb 64 -F BB ik B Fe AR M2 R K, 98 A 18.1 pg/min 2 5.5 pg/g. LR AL R
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