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Abstract: In the initial stage of the rainfall, the nutrient element phosphorus (P) in the farmland, one of the most impor-
tant factors causing agricultural non-point source pollution, flows into agriculture drainage ditches rapidly, and an in-
stantaneous phosphorus peak value in the ditch water often occurs. Aerated concrete with high P adsorption properties
was chosen as the experiment material in the laboratory to reduce the instantaneous P peak value in the drainage water
in the initial stage of the rainfall. The three total P (TP) concentrations of the simulated drainage water (1.0, 2.0, and
3.0 mg/L) stood for three treatments were designed in the adsorption experiment; the same three TP concentrations
of the simulated drainage water and the three TP concentrations of the simulated natural water (0.2, 0.3, and 0.4 mg/L)
stood for nine treatments in the desorption experiment. The sponge effect of the aerated concrete on the P adsorpti-
on-desorption was explored by studying the dynamics of the P adsorption-desorption of the aerated concrete with an
increase in the experiment’s time. The results showed the following details: (1) Both the adsorption rate and desorpti-
on rate of the aerated concrete decrease with an increase in the experiment’s time. The initial adsorption is dominant
during the entire adsorption, as with the initial desorption during the entire desorption. (2) The adsorption capacity
of the aerated concrete slightly decreases with the increase in the re-adsorption, whereas the desorption capacity of
the aerated concrete significantly decreases with the increase in the re-desorption. Thus, the aerated concrete can be
introduced into the agricultural drainage ditch to reduce the instantaneous P peak value in the drainage water in the
initial stage of the rainfall, and potential further studies should explore the relationship between the different drainage
water loads and the amount of the aerated concrete.
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In recent years, the problem of agricultural non-
point source pollution has become increasingly
prominent. This issue not only directly affects the
water environment in the region, but also indirectly
affects the ecological security of agricultural prod-
ucts. Research has shown that some nutrients in the
farmland system are mainly lost through agricultural
drainage systems (Williams et al. 2018). These lost

nutrients are converted into a major component of
agricultural non-point source pollution. An agricul-
tural ecological ditch is a drainage treatment project
through plant absorption, adsorption of a sediment
or filler, and microbial degradation (Li et al. 2016;
Wang et al. 2019). However, in the initial stage of
the rainfall, the nutrient elements, such as nitrogen
and phosphorus (P), in the farmland flow into the
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agriculture drainage ditches rapidly, and the instan-
taneous peak values of considerable pollution often
arises in the ditch water. Studies have demonstrated
that the pollution generated in the initial stage of
the rainfall typically accounts for 50-80% of the
total pollution generated during the entire rainfall
(Lee et al. 2002; Kroger et al. 2008); consequently,
agriculture drainage water frequently cannot meet
the national discharge standards in the initial stage
of the rainfall (Yang et al. 2016).

The constructed wetland system is another type of
drainage treatment project. Its phosphorus removal
mainly depends on the adsorption of fillers (Vohla et al.
2011). The amount of P removed using recycled brick
as a filler often exceeds 80% of that of the entire project
(Saeed et al. 2018). Fillers not only adsorb P from the
drainage water with a high P concentration, but also
desorb P into the water with a low P concentration
after adsorbing a certain amount of P (Haddad et al.
2018). Aerated concrete, a common building material,
is not only rich in Ca?*, Al**, Fe3*, Mg?*, and other
metal ions, but also contains numerous micro-voids,
which facilitate its adsorption or desorption P (Zhang
& Zhu 2018). Therefore, aerated concrete is widely
used in sewage treatment. The theoretical maximum
adsorption amount of aerated concrete reportedly
reaches 6 064 mg/kg (Fu & Li 2011). Considering
the adsorption-desorption characteristics of fillers,
the possibility of using aerated concrete as a filler to
reduce the instantaneous P peak value of the drainage
water in the initial stage of rainfall was explored by
studying the adsorption and desorption properties of
the aerated concrete separately. That is, the aerated
concrete initially adsorbs P from the agricultural
drainage water with a high P concentration in the
initial stage of the rainfall. With the continued rain,
the P concentration of the ditch water gradually
decreases, and a certain amount of P adsorbed in
the initial stage of the rainfall is gradually desorbed
from the aerated concrete into the ditch water with
a low P concentration.

MATERIAL AND METHODS

Material. Aerated concrete was chosen as the
experiment material. In practical applications, aer-

Table 1. The main components of the aerated concrete

ated concrete blocks are often cut into small pieces
with various sizes to maximise its adsorption and
desorption functions. In the present study, they were
cut into small triangular prisms with a side length of
13.8 cm, a height of 10 cm, a mass of approximately
300 g, a bulk density of 0.36 g/cm?, and a porosity
of 74.2%, and their main components are shown in
Table 1. The simulated agricultural drainage water
and natural water with various P concentrations
were prepared with potassium dihydrogen phosphate
(KH,PO,). The simulated natural water was the lower
P water used for the desorption experiments. HCI
and NaOH were used to regulate the pH of the water
to be 7 before the experiment.

P adsorption by aerated concrete. Studies have
shown that the total P (TP) concentration in agri-
cultural drainage water often reached 1-3 mg/L in
the initial stage of rainfall (Liu 2016). Therefore,
the TP concentrations of the simulated agricultural
drainage water were set to 1.0, 2.0, and 3.0 mg/L in
the adsorption experiment, representing three P con-
centration treatments of T,T,, and T,, respectively.
In mid-May 2018, nine plastic barrels with the same
specifications (20 cm in diameter and 22 cm in height)
were selected, and a small piece of the abovementioned
aerated concrete was placed in each barrel. Nine
plastic barrels with a piece of aerated concrete were
divided equally into three groups. Then, 3 L of the
simulated drainage water with the TP concentrations
of 1.0, 2.0, and 3.0 mg/L were poured into each bar-
rel of the three groups, correspondingly. Therefore,
the treatments with three replicates consisted of
three P concentration levels of 1.0, 2.0, and 3.0 mg/L.
Water samples of 10 ml were collected at 12, 24, 48,
72, 96, and 120 h after the start of the adsorption.
The TP concentration of all the water samples were
immediately determined by ammonium molybdate
spectrophotometry (Chinese EPA 2002).

To explore the continuous adsorption capacity of
the aerated concrete in multiple rainfalls, three 120 h
continuous adsorption experiments were performed
at the three P concentrations of the simulated drain-
age water for the abovementioned three treatments.
That is, after the first 120 h adsorption experiment,
the drainage water in each barrel was replaced with
the newly configured drainage water with the same

Components Sio, CaO Al O,

Fe,O, MgO K,0 Na,0  Other components

Percentage of mass (%) 42.87 28.48 6.68

2.39 1.73 1.08 0.48 16.29
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volume and concentration. Subsequently, the water
samples were collected at 12, 24, 48, 72, 96, and
120 h after the start of the re-adsorption. After the
second 120 h adsorption experiment, a third 120 h
adsorption experiment was similarly performed.
The P adsorption amount of the aerated concrete
(Q,, mg/kg) is calculated as

Q, = (C, - Ce)VIM

where:

C, — the initial TP concentration of the drainage water
for the adsorption experiment (mg/L),

Ce — the TP concentration of the drainage water at each
measurement time point during the adsorption
(mg/L),

V' — the volume of the drainage water in each barrel (L),

M - the mass of the piece of aerated concrete (g).

P desorption from aerated concrete. In mid-May
2018, 27 pieces of aerated concrete were divided
equally into 3 groups. Each piece of the aerated con-
crete in the three groups was placed in 20 L of the
simulated drainage water with the TP concentrations
of 1.0 mg/L (T ), 2.0 mg/L (T,), and 3.0 mg/L (T ),
correspondingly. After 30 days of adsorption, the aer-
ated concrete was taken out and air-dried for 7 days
and then was used in the P desorption experiment.

In accordance with the China Environmental Qual-
ity Standards for Surface Water (GB 3838-2002), the
TP concentrations of the simulated low P natural
water were set to 0.2 (T, ), 0.3 (T}), and 0.4 (T ) mg/L
in the desorption experiment. A total of 27 plastic
barrels with uniform specifications (30.0 cm in di-
ameter and 32.5 cm in height) were selected and
divided equally into nine groups representing nine
treatments (Table 2). Therefore, the treatments with
three replicates were called T ,, T, T,, T, ,, Typ,
T, T o Ty and T . A piece of the aerated concrete
and the corresponding TP concentration of 10 L of
the simulated natural water were placed into each
barrel. Water samples of 10 ml were collected at 2, 4,
8,12, 24, and 48 h after the start of the desorption.

https://doi.org/10.17221/118/2019-SWR

Three continuous 48 h desorption experiments
were performed in the three P concentrations of the
simulated natural water to explore the continuous
desorption capacity of the aerated concrete. That
is, after the first 48 h desorption experiment, the
natural water in each barrel was replaced with the
newly configured natural water with the same volume
and concentration. Then, the water samples were
collected at 2, 4, 8, 12, 24, and 48 h after the start of
the re-desorption. After the second 48 h desorption
experiment, a third 48 h desorption experiment was
similarly conducted (Chinese EPA 2002). The P des-
orption amount of the aerated concrete (Q,, mg/kg)
is calculated as

Q= (Ce-C))V'IM’

where:

C,” - the initial TP concentration of the natural water
for the desorption experiment (mg/L),

Ce’ — the TP concentration of the natural water at each
measurement time point during the desorption
(mg/L),

V’ —the volume of the natural water used in each barrel (L),

M’ — the mass of the piece of aerated concrete (g).

Statistical analysis. To test the differences among
the treatments by SPSS 21, the data was analysed
using an analysis of variance (ANOVA). The means
were compared with the least significant difference
test at a 5% level (George & Mallery 2013).

RESULTS AND DISCUSSION

P adsorption dynamics of the aerated concrete.
The P adsorption dynamics of the aerated concrete in
the T}, T,, and T, (Figure 1) treatments showed that
the amount of P adsorption increases with the water
P concentration with a coefficient of correlation of
0.8294. The total adsorption amounts during the 120-h
adsorption treatment were 9.37, 18.82, and 28.45 mg/kg
in T,, T,, and T,, respectively. Significant differences
were observed in the accumulative adsorption amounts

Table 2. The experimental treatments for the phosphorus desorption by the aerated concrete

TP concentrations of water for desorption (mg/L)

Treatments of different concentrations

T, (02) T, (0.3) T, (0.4)
TP concentrations T, (1.0) TaA TaB TaC
of water for adsorption T, (2.0) TbA TbB ThC
(mg/L) T. (3.0) TcA TcB TcC

TP - total phosphorus
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Figure 1. The phosphorus adsorption dynamics of the
aerated concrete under the different treatments

among the three treatments at each measurement time
point during the entire adsorption. The increase in the
adsorption capacity with the water P concentration
enabled the aerated concrete to adsorb the additional
P easily from the agricultural drainage water in the
initial stage of the rainfall.

During the 120-h adsorption treatment, the amount
of P adsorption by the aerated concrete in the initial
stage of the rainfall increased sharply and then slowly.
The adsorption amount noted during first 12 h from
the total adsorption amount during the 120 h were
28.38,43.85, and 45.72% in T,T,, and T, respectively.
Afterward, during first 24 h adsorption accounted for

50.78,53.53,and 56.91% in T, T,, and T, respectively.
The dominance of the initial absorption of the aerated
concrete during the entire adsorption resulted in the
effective adsorption of P from the agricultural drain-
age water in the initial stage of the rainfall.
Continuous adsorption capacity of the aerated
concrete. In the simulated drainage water, the total
amount of the P adsorption by the aerated concrete in
each of the three 120 h continuous adsorption stages
is shown in Table 3. The total adsorption amount in
each adsorption stage gradually decreased with the
continued adsorption. In comparison with the total
adsorption amounts in the first stage, those in the
second and third stages decreased slightly in the water
with the different TP concentrations. The statistical
analysis showed no significant differences in the to-
tal adsorption amounts among the three adsorption
stages in the water with the same P concentration.
These results indicated that the adsorption capacities
of the aerated concrete in the three adsorption stages
decrease constantly with the continued adsorption,
but the decline is small. This phenomenon showed
that the aerated concrete can still retain a high P
adsorption capacity in multiple rainfalls.
Considering the important role of the initial adsorp-
tion during the entire adsorption, the percentages
of the adsorption amount during the first 12 h of
adsorption to the total adsorption amount during
the 120-h adsorption treatment in the three continu-
ous adsorption stages were provided (Table 4). The

Table 3. The total amounts of the phosphorus adsorption by the aerated concrete under the different adsorption con-

ditions (mg/kg)

TP concentrations of water for adsorption (mg/L)

Three 120 h continuous adsorption stages

1.0 2.0 3.0
1%t stage 9.37 + 0.03* 18.82 +0.11° 28.45 + 0.20°
27 stage 8.86 + 0.37° 18.28 + 0.40P 27.90 + 0.28¢
3" stage 8.87 + 0.36° 18.09 + 0.30 27.83 + 0.30°

TP — total phosphorus; the means within a column followed by the same letter are not significantly different at the level of 5%

Table 4. The percentages of the accumulative adsorption amount during the first 12 h of adsorption to the total adsorp-
tion amount during the 120-h adsorption (%)

TP concentrations of water for adsorption (mg/L)

Three 120 h continuous adsorption stages

1.0 2.0 3.0
1% stage 28.38 + 4.21° 43.85 + 3.92° 45.72 + 1.64¢
27 stage 26.10 + 4.27° 4249 + 0.88° 45.33 + 1.64°
3" stage 23.72 + 2.25° 41.68 + 2.47° 43.46 + 0.83¢

TP — total phosphorus; the means within a column followed by the same letter are not significantly different at the 5% level
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percentages in the water with the different P con-
centrations gradually decreased with the continued
adsorption, but the declines are small. No significant
differences in the percentage were observed between
any two adsorption stages in the water with the
same P concentration, thereby indicating that the
dominance of the initial absorption of the aerated
concrete was maintained well in the multiple rainfalls.

The P adsorption capacity of the filler can be af-
fected by various factors, such as the P concentration
and the pH of the water, the particle size of the filler,
the adsorption time, and other environmental factors
(Ozacar 2003; Mor et al. 2016; Hou et al. 2018). The
results showed that the P concentration in the water
significantly affects the P adsorption capacity of the
aerated concrete. This finding is consistent with
those of previous studies (Deng & Wheatley 2018;
Zhang & Zhu 2018; Castellar et al. 2019). Cucarella
and Renman (2009) emphasised that high solute
concentrations encourage other adsorption mecha-
nisms, such as substantial boundary concentrations;
Zhang highlighted that the P adsorption of a filler
is only attributed to the physical adsorption in low
P concentration water, while the high P concentra-
tion of the water can sufficiently cause chemical
reactions, such as complexation and precipitation,
with the metals (Zhang et al. 2005). In addition, some
works have reported that the equilibrium adsorption
capacity of aerated concrete for phosphorus reaches
300-6064 mg/kg, which is much higher than the
amount of the P adsorption obtained in the present
study (Fu & Li 2011; Deng & Wheatley 2018; Zhang
& Zhu 2018; Castellar et al. 2019). The results of the
above studies were mainly due to them being based
on kinetic bath studies of aerated concrete, which was
crushed into a powder and then placed in extremely
high P concentration water (5-60 mg/L), and the
gained equilibrium adsorption capacity was nearly
the theoretical maximum. However, in the present
study, the aerated concrete blocks were initially cut
into the abovementioned small triangular prisms,
while the TP concentration of the simulated drain-
age water was only 1.0-3.0 mg/L.

P desorption dynamics of the aerated concrete.
The P desorption dynamics of the aerated concrete
under the different treatments are illustrated in Fig-
ure 2. In the nine treatments, the desorption amount of
the aerated concrete with a pre-adsorption amount of
198.80 mg/kg (i.e., T ,, Tz and T ) continuously in-
creased during the 48 h desorption, and the desorption
amount during the initial 12 h desorption accounted
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for approximately 55.83-59.78% of the total desorp-
tion amount within the 48 h desorption. Those of the
aerated concrete with the pre-adsorption amounts of
28.51 and 105.13 mg/kg (i.e., T,,, T,p T, T\ o Tipo
and T, ) constantly increased to the maximum during
the first 12 h initial desorption, but then fluctuated

slightly, indicating that the desorption and adsorption
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Figure 2. The phosphorus desorption dynamics of the aera-
ted concrete under the different treatments: 0.2 mg/L (A),
0.3 mg/L (B), 0.4 mg/L (C)
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Table 5. The total desorption amount from the aerated concrete during the 48-h desorption under the different tre-

atments (mg/kg)

TP concentrations of water for desorption (mg/L)

Treatments of different concentrations

T, (0.2) T, (0.3) T, (0.4)
TP concentrations T, (1.0) o 1.04 + 0.14¢ «0.91 + 0.10° « 0.84 +0.17¢
of water for adsorption T, (2.0) B 1.31 + 0.08" B 1.29 +0.10 B1.11+0.14°
(mg/L) T. (3.0) y3.98 + 0.10° Y 3.78 £ 0.17° v 3.62 + 0.23°

TP - total phosphorus; the means with the same letter before it within a line are not significantly different at the 5% level; the

means within a column followed by the same letter are not significantly different at the 5% level

occurred simultaneously after the first 12 h initial
desorption. Therefore, the initial 12 h desorption
was dominant during the entire desorption.

The total desorption amounts of the aerated concrete
during the 48-h desorption in the nine treatments are
provided in Table 5. In the same P concentrations of
the water for the desorption (i.e., T,, T}, or T), the
total desorption amount of the aerated concrete sig-
nificantly increased with the P concentration of the
water, and significant differences in the total desorption
amounts were observed among the three P concentra-
tions of the water (i.e., T, T, and T ). For the aerated
concrete in the same P concentration of the water for
the adsorption (i.e.,, T, T,, or T ), the total desorption
amount gradually decreased with the increase in the
P concentration of the water. However, no significant
differences in the total desorption amount were ob-
served among the three P concentrations of the water
for the desorption (i.e., T, T, and T ().

Continuous desorption capacity of the aerated
concrete. Table 6 showed that the total desorption
amount from the aerated concrete in each of three de-
sorption stages gradually decreased, and the declines
increased with the P concentrations of the natural
water. Significant differences in the total desorption
amounts were observed between any two of the three

stages. Among the three TP concentrations of the
water for adsorption, the highest total desorption
percentages were observed in the adsorption water
with a TP concentration of 1.0 mg/L, regardless of
the TP concentrations of the water for the desorp-
tion. This result is consistent with other findings in
which adsorption is only attributed to the physical
adsorption in the lower concentrations of the water,
thereby enabling an easy P release (Zhang et al. 2005;
Deng & Wheatley 2018; Zhang & Zhu 2018).
Numerous studies on P desorption from fillers have
been conducted, but most of those studies have pri-
marily focused on the secondary pollution due to the
P desorption from the fillers (Paradelo et al. 2016; Li
et al. 2017; Zhou et al. 2019). However, that a certain
amount of P desorption from the fillers into the low
P concentration water urges the aerated concrete to
empty part of P adsorption capacity, and then the
aerated concrete can re-adsorb the P well when the
high P concentration water appears again in the next
rainfall. In the present study, the mean of the total des-
orption percentage was 5.00%. This finding is basically
consistent with the results of other studies in which
the P desorption percentage from aerated concrete in
deionised water is 4-7% (Deng & Wheatley 2018). The
P desorption percentage from the aerated concrete

Table 6. The total desorption capacity of the aerated concrete in the three 48 h continuous desorption stages (mg/kg)

TP concentration of water for adsorption (mg/L)

Three 48 h

continuous 1.0 2.0 3.0

desorption TP concentrations of water for desorption (mg/L)

stages 0.2 0.3 0.4 0.2 0.3 0.4 0.2 0.3 0.4

1% stage 1.04+0.14° 0.91 +0.10* 0.84 +0.17* 1.31 + 0.08° 1.29 + 0.10* 1.11 + 0.14* 3.98 + 0.10* 3.78 £ 0.17* 3.62 + 0.23°
2™ stage 0.82 +0.04° 0.69 + 0.04° 0.58 +0.04> 1.13 + 0.07" 1.09 + 0.04° 0.89 + 0.04> 3.56 + 0.10" 3.20 + 0.07° 2.96 + 0.27°
3 stage 0.56 + 0.04° 0.40 + 0.07° 0.32 + 0.07° 0.91 + 0.04° 0.82 + 0.04¢ 0.60 + 0.07° 3.11 + 0.08° 2.58 + 0.14° 2.33 + 0.12°
Total desorption 7.01 6.10 3.19 3.04 247 5.36 4.81 4.48

percentage (%)

TP — total phosphorus; the means within a column followed by the same letter are not significantly different at the 5% level
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should be much higher in an agricultural drainage
ditch than in the abovementioned experiments. This
result was due to the volume of the simulated natural
water for the desorption in the experiments is limited,
and the small amount of P that was desorbed into the
water will weaken the further desorption capacity of
the aerated concrete during the desorption. Moreover,
in relative terms, the volume of the water in the agri-
cultural drainage ditch was nearly infinite, and large
amounts of P that desorbed into the water would not
reduce the further desorption capacity of the aerated
concrete during the desorption.

CONCLUSION

An evident P absorption by the aerated concrete was
observed in the high P concentration water, whereas
the apparent P desorption from the aerated concrete
was observed in the low P concentration water. The
amounts of adsorption and desorption of the aerated
concrete were highly positively and negatively related
to the P concentration in the water, respectively.

Both the adsorption rate and desorption rate of
the aerated concrete decrease with an increase in the
experiment’s time. The initial adsorption is domi-
nant during the entire adsorption, as with the initial
desorption during the entire desorption.

In the three continuous adsorption experiments, the
adsorption capacity of the aerated concrete slightly
decreased with the increase in the re-adsorption, but
no significant difference among the three continuous
120 h adsorption treatments was observed. In the
three continuous 48 h desorption treatments, the
desorption capacity of the aerated concrete gradually
decreased with the increase in the re-desorption,
and a significant difference was observed among
the three continuous 48 h desorption treatments.

Thus, the sponge effect of the aerated concrete on
the P adsorption—desorption is evident, and it can
be introduced into agricultural drainage ditches to
reduce the instantaneous phosphorus peak value in
the drainage water in the initial stage of the rainfall.
Potential further studies will explore the relationship
between the different drainage water load and the
amount of the aerated concrete.
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