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The increasing concern of biogas slurry disposal and nitrogen loss in soils has brought back the interest in using biochar as an
adsorbent of biogas slurry in soils. Three types of biochars, commercial activated carbon, pyrolysis productions derived from rice
husk, and nut shell, were added as adsorbents in two types of soils (sandy and loamy) at solid weight ratio of 5%, 10%, 15%, and 20%
to investigate the effects of biochars on soils adsorbing ammonium nitrogen (NH

4

+-N) in biogas slurry using oscillation method.
There was no difference of NH

4

+-N adsorbability for sand soil and loamy soil.TheNH
4

+-N adsorption capacity of soils increased as
the additive biochars increased from 0 to 20%.The smaller particle size of biochars led to the shorter stable adsorption time and the
better NH

4

+-N adsorption capacity. Commercial activated carbon showed the best NH
4

+-N adsorption capacity in biogas slurry,
followed by the nut shell carbon. The rice husk carbon was the worst. The results in this study provide a feasible and cost-effective
assessment method of biochars for increasing the NH

4

+-N adsorption capacity of soils in biogas slurry, as well as good insight into
effects of different biochars on improving NH

4

+-N adsorption capacity of soils.

1. Introduction

Biogas derived from anaerobic digestion (AD) of biomass has
been comprehensively utilized because of energy production,
environmental protection, and favorable ecological cycle
[1, 2]. Many medium and large scale AD facilities have
been recently established in worldwide [3–6]. Therefore,
the disposal of biogas slurry, a liquid by-product of biogas
production, has attracted the attention with rapid expansion
of biogas industries. Some researchers utilized biogas slurry
as a superior organic fertilizer in arable crop production [7].
Biogas slurry offersmany advantages including (1) promoting
the granular structure formation of soil and improving the
physical and chemical properties of soil [8, 9]; (2) providing
nitrogen, phosphorus, potassium, amino acid, auxin, and ion-
microelement for crop’s sprouting and growing [10]. More-
over, biogas slurry has higher inorganic nitrogen content and
the mineralization rate than biogas residue (solid remains of
digestate after solid-liquid separation) [11]. However, more
than 90% weight of biogas slurry is liquid, where up to

70% of total nitrogen (TN) is NH
4

+-N. It may reduce soil
viscosity transferring nitrogen to deep soil layers and result-
ing in a contamination threat to groundwater. Moreover, a
considerable amount of nitrogen can also be released into
the air through ammonia (NH

3
) volatilization and nitrous

oxide (N
2
O), creating odor nuisance and reducing fertil-

izer efficiency [12–17]. Previous studies reported that only
13.38–34.72% nitrogen of biogas slurry can be effectively used
by Pennisetum [18, 19], whereas NH

3
volatilization increased

as increase of digestate applied, and NH
4

+-N was a key factor
for NH

3
volatilization loss [20, 21].

Biochar, a carbonaceous product, is produced in the
pyrolysis process of organic biomass with limited or no
oxygen [22]. It is estimated that implementing a globally
sustainable biochar program is able to offset approximately
12% of the current global anthropogenic CO

2
-C equivalent

emissions [23, 24]. Therefore, biochar is recognized as a soil
amendment in improving the water storage capacity of soil
and the physical, chemical, and biological properties of soil
[25–28]. In addition, biochar has been proved to improve
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Table 1: Characteristics of soils used in this assay.

Parameters Sandy soil (T
1
) Loamy soil (T

2
)

Total solid (%) 96.40 97.26
Organic matter (%) 6.39 8.24
Field capacity (%) 21.22 23.16
Sand content (>0.074mm, %) 93.37 86.48
pH 7.3 7.6

the nitrogen dynamics in soil by altering the migration and
transformation processes due to good nitrogen adsorption
[29, 30].Moreover, biochar can decrease the runoff and leach-
ing loss of nitrogen to make the nutrient more available for
crops [31–33].ThemaximumNH

4

+-N adsorption capacity of
biochar was investigated to be 909mg⋅kg−1, and the adsorbed
NH
4

+-N was exchangeable and available [34]. In addition,
biochar is also known to reduce nitrogen loss from the soil in
terms of N

2
O emission and NH

3
volatilization [35, 36]. NH

3

volatilization was almost reduced up to 70% using poultry
litter biochar and macadamia nut shell biochar [37].

For these reasons, there are many efforts to study the
use of biochars for decreasing nitrogen loss of biogas slurry.
Bruun et al. [38] reported that wheat straw biochar can
reduce the N

2
O emission of biogas slurry effectively. Biogas

residue biochar activated chemically can adsorb NH
4

+-N in
biogas slurry [39]. However, Guo et al. [40] suggested that
both biogas slurry and cow dung biochar have the potential
to pollute groundwater when leaching happens regardless
the adsorbent capacity of biochar. There are also some
positive researches on the application of subabul (Leucaena
leucocephala) biochar and biogas slurry to improve soil
properties and crop growth [41]. Nevertheless, the effects of
different biochars on nitrogen, especiallyNH

4

+-N adsorption
for biogas slurry in different soils, are not fully understood
yet.Theobjective of this study is to evaluate the effects of three
biochars (commercial activated carbon, rice husk carbon, and
nut shell carbon) onNH

4

+-N adsorption capacity of two soils
(sandy and loamy) in biogas slurry on laboratory scale.

2. Materials and Methods

2.1. Materials. The sandy soil (T
1
) and loamy soil (T

2
) used

in this experiment were from the Xingfu Village (45∘53N,
125∘07E) of Maoxing Town, Zhaoyuan County, and the
experimental field (45∘42N, 126∘46E) behind the School of
Life Sciences in Northeast Agricultural University, respec-
tively. All soils were collected within the top 20 cm of the
plough layer and then were crumbled to pass a 2 cm sieve
and air-dried. The main characteristics of soils are shown in
Table 1.

The three types of biochars applied in this experiment
were commercial activated carbon (C

1
), rice husk carbon

(C
2
), and nut shell carbon (C

3
). The common granular com-

mercial activated carbon (Tianjian, China) bought from local
material market was ground into 2mm, 1mm, and 0.5mm,
respectively, and dried at 105∘C overnight. The rice husk car-
bon and nut shell carbon were from pure rice husk and pure

pine nut shell pyrolyzed at 600∘C in a tube furnace (OTF-
1200X-100), where the nitrogen flow rate is 16.7mL⋅min−1
at atmospheric pressure with a retention time of 6 h [42].
The rice husk carbon and nut shell carbon produced were
cooled down overnight under the same nitrogen flow, then
ground passing through 0.5mm sieve, and dried at 105∘C
overnight. The pH, ammonium nitrogen, and BET surface
areas of three biochars are displayed in Table 2. Their other
characteristics including porous size distributions and sur-
face functional groups were discussed in Results and Discus-
sion (Section 3.1).

The original biogas slurry was from a pilot-scale AD
facility in Northeast Agricultural University, in which cow
manure had been digested as feedstock for more than 60
days. The initial AD concentration of total solid was 8%.
The fermentation temperature was 35∘C. The digestate was
centrifuged at the rotate speed of 3000 rpm for 3min; then
the liquid was taken out and kept in refrigerator. The main
characteristics of original biogas slurry are shown in Table 2.

2.2. Experimental Design and Procedure. Three biochars were
mixed thoroughly with sandy soil and loamy soil at weight
ratio of 5%, 10%, 15%, and 20%, respectively. The details
of combinations of biochars and soils were 100% pure soils
(T
1
, T
2
), 100% pure biochars (C

1
-100%, C

2
-100%, C

3
-100%),

5% biochars and 95% soils (C
1
T
1
-5%, C

2
T
1
-5%, C

2
T
2
-5%,

C
3
T
1
-5%, and C

3
T
2
-5%), 10% biochars and 90% soils (C

1
T
1
-

10%, C
2
T
1
-10%, C

2
T
2
-10%, C

3
T
1
-10%, and C

3
T
2
-10%), 15%

biochars and 85% soils (C
1
T
1
-15%, C

2
T
1
-15%, C

2
T
2
-15%,

C
3
T
1
-15%, and C

3
T
2
-15%), and 20% biochars and 80% soils

(C
1
T
1
-20%, C

2
T
1
-20%, C

2
T
2
-20%, C

3
T
1
-20%, and C

3
T
2
-

20%). Soils with no biochars were as the controls. 1 g com-
bination of biochars and soils was mixed with 30ml biogas
slurry in a 100ml centrifuge tube, then covered a seal lid,
andmixed thorough. 27 replications of each mixed tube were
oscillated in a temperature-controlled oscillator at 25∘C for
120 rpm. Three tubes were taken out to centrifuge for 3min
with 4000 rpm when oscillation time was at 5, 10, 20, 40,
60, 80, 120, 180, and 240min separately to measure NH

4

+-
N content in the supernatant. NH

4

+-N content of solution
(𝐴
1
) was the average of NH

4

+-N contents from three tubes.
NH
4

+-N adsorption content (AC)was the difference between
NH
4

+-N content of original biogas slurry (𝐴
0
) and 𝐴

1
.

AC = 𝐴
0
− 𝐴
1 (1)

NH
4

+-N adsorption proportion at different time point
(ANAP) was calculated by the following equation, respec-
tively:

ANAP (%) = (AC ÷ 𝐴0) × 100% (2)

2.3. Analytical Methods. The total solid (TS) of soil and
biogas slurry was measured according to the oven-dried
method at 105 ± 5∘C for 8–12 h [19]. The soil organic
matter (SOM) was measured based on the loss of dry mass
after sample ignition at 375∘C for 16 hours [43, 44]. The
field capacity of soil was measured by 100 cm3 cutting ring
according to Welcox method [45, 46]. Soil pH was measured
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Table 2: Characteristics of biochars and biogas slurry used in this assay.

Parameters pH Ammonium nitrogen (mg⋅kg−1) BET surface areas (m2/g)
Activated carbon 7.7 36.66 872.987
Rice husk carbon 9.1 58.64 3.176
Nut shell carbon 8.6 46.58 144.194
Biogas slurry 7.9 1201.40 —

in a 1 : 5 soil/water suspension by potentiometricmethod.The
pH of three biochars were measured in a 1 : 10 carbon/water
suspension according to the standard test method for granu-
lar activated carbon (GB/T 7702.16—1997).The surface areas,
porous size distributions, and surface functional groups of
three biochars were measured by Surface Area and Meso-
pore Size Analyzer (JW-BK112T) and FT-IR spectrometer
(Perkin Elmer, Spectrum 400, FT-IR/FT-NIR spectrometer),
respectively. Biogas slurry pH was determined directly by
pH meter (Sartorius Basic pH Meter, Germany). NH

4

+-N
content of soil, biochar, and biogas slurry was measured by
auto Kjeldahl nitrogen analysis equipment (Kjeldahl 2300,
FOSS, Denmark) according to standard methods modified
by Federation and Water Environmental American Public
Health Association [47].

2.4. Statistical Analyses. Correlation analyses and one-way
ANOVA were carried out using SPSS (version 19.0, IBM,
Armonk,NY,USA) at 0.05 level. Allmeasurements have been
conducted in triplicate; the average values and the standard
deviations were reported.

3. Results and Discussion

3.1. Characterization of Commercial Activated Carbon, Rice
Husk Carbon, and Nut Shell Carbon. The surface areas, pore
size distribution curves, and FT-IR spectral scan of three
biochars are shown in Table 2, Figures 1 and 2, respectively.

The BET surface areas of commercial activated carbon,
rice husk carbon, and nut shell carbon were 872.987m2/g,
3.176m2/g, and 144.194m2/g, respectively (Table 2). The
BET surface areas of commercial activated carbon were
much higher than rice husk carbon and nut shell carbon.
Therefore, the adsorption capacity of commercial activated
carbon was much better than rice husk carbon and nut
shell carbon. However, the BET surface areas of rice husk
carbon were less than 10m2/g, indicating that the biochar
from rice husk did not have typical micropores or pores.
These results were also further demonstrated by the pore
size distributions of the three biochars (Figure 1). The pore
volumes of commercial activated carbon were the largest,
followed by nut shell carbon. It is noted that the rice husk
carbon had few micropores less than 2 nm.

As shown in Figure 2, the three biochars showed a sharp
spectral peak associating with -OH groups (3450 cm−1). This
indicated that the C-OH linkages in samples were not stable.
In addition, the intensity of the band for conjugated aromatic
ring stretching of C=C groups (1616 cm−1) of nut shell carbon
changed little, indicating that the aromatic linkages of nut

shell carbon were more stable than those of commercial acti-
vated carbon and rice husk carbon. Furthermore, the nut shell
carbon showed bands for aliphatic chains, including -CH

3

and -CH
2
- groups (1450 cm−1) because the C-H bonds were

strong. The sharp spectral peak at approximately 1108 cm−1
was stretching vibration of C-O because of the powerful
aromatic C-O linkages.

3.2. Effect of Commercial Activated Carbon with Different
Particle Sizes on Sandy Soil Adsorbing 𝑁𝐻4

+-𝑁 in Biogas
Slurry. In order to investigate the effect of particle sizes of
biochar on NH

4

+-N adsorbing capacity of soil in biogas
slurry, commercial activated carbon with particle size of
2mm, 1mm, and 0.5mm was mixed with sandy soil to
determine ANAPs in biogas slurry. As shown in Figure 3, the
ANAPs of pure sandy soil (no commercial activated carbon
adding) were negative (−1.99%) at 5min and reached the
maximum (11.83%) at 10min and fluctuated up and went
down slightly. This result suggests that the soluble NH

4

+-N
in soil affected NH

4

+-N content of sample solution at initial
stage; hence, the ANAP decreased conversely at first 5min.
The average ANAP after adsorptive stability (10min) was
9.23%.

In Figure 3(a), the ANAPs of the samples with 2mm acti-
vated carbon show similar trend as pure sandy soil; however,
all the samples achieved adsorptive stability at 20min. The
increasing time of adsorptive stability was attributed to the
addition of 2mm commercial activated carbon. Moreover,
all the average ANAPs after adsorptive stability increased
with increase of commercial activated carbon at level 0.05
(𝑟 = 0. 97, 𝑃 = 0.03, and 𝑛 = 4). The biggest ANAP and
the average ANAP of sandy soil with 20% 2mm commercial
activated carbon were 24.64% and 23.81%, which were higher
than those of pure sandy soil by 12.80% and 14.58% separately
(𝐹 = 997.11, 𝑃 < 0.001).

Figure 3(b) shows that sandy soil adding 20% 1mm com-
mercial activated carbon reached stability at 5min and then
presented slightly decreasing trend at 10min. Other sandy
soil samples, however, reached basic adsorptive stability at
10min. All the average ANAPs after adsorptive stability were
positively correlated to the amount of 1mm commercial
activated carbon at level 0.05 (𝑟 = 0.96, 𝑃 = 0.05, and
𝑛 = 4). The highest ANAP and the average ANAP with 20%
1mm commercial activated carbon were 26.09% and 24.86%,
which were higher than those of pure sandy soil by 14.25%
and 15.63%, respectively (𝐹 = 1564.38, 𝑃 < 0.001).

When the 15% and 20% 0.5mm commercial activated
carbon were added, the ANAPs of the samples achieved
adsorptive stability at 5min (Figure 3(c)). However, the



4 Journal of Chemistry

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

20 40 60 80 100 120 1400
Pore size (nm)

2 4 6 8 10 12 14 16 18 200
Pore size (nm)

0.0

0.2

0.4

0.6

0.8

dV
/d

lo
g(

D
) p

or
e v

ol
um

e (
cm

3
/g

)

dV
/d

lo
g(

D
) p

or
e v

ol
um

e (
cm

3
/g

)

(a) Commercial activated carbon (C1)

0.000

0.005

0.010

0.015

2 4 6 8 10 12 14 16 18 200
Pore size (nm)

0.000

0.002

0.004

0.006

0.008

0.010

0.012

0.014

10 20 30 40 50 60 70 80 90 100 110 120 130 1400
Pore size (nm)

dV
/d

lo
g(

D
) p

or
e v

ol
um

e (
cm

3
/g

)

dV
/d

lo
g(
D

) p
or

e v
ol

um
e

(c
m

3
/g

)

(b) Rice husk carbon (C2)

0.00

0.02

0.04

0.06

0.08

0.10

20 40 60 80 100 120 140 160 1800
Pore size (nm)

0.00

0.02

0.04

0.06

0.08

0.10

2 4 6 8 10 12 14 16 18 200

Pore size (nm)

dV
/d

lo
g(

D
) p

or
e v

ol
um

e (
cm

3
/g

)

dV
/d

lo
g(

D
) p

or
e v

ol
um

e (
cm

3
/g

)

(c) Nut shell carbon (C3)

Figure 1: Pore size distribution curves of commercial activated carbon (C
1
), rice husk carbon (C

2
), and nut shell carbon (C

3
).
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Figure 2: FT-IR spectral scan of commercial activated carbon (C
1
), rice husk carbon (C
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), and nut shell carbon (C
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Figure 3: Effects of commercial activated carbon (C
1
) on sandy soil adsorbing NH

4

+-N in biogas slurry when the particle sizes of activated
carbon were 2mm, 1mm, and 0.5mm.

other samples with 5% and 10% commercial activated carbon
achieved basic adsorptive stability at 10min and decreased
significantly at 20min. All the ANAPs of 0.5mm showed
relatively higher wave than those of 1 and 2mm. All the
average ANAPs after adsorptive stability were significantly
correlated to the amount of 0.5mm commercial activated
carbon at level 0.05 (𝑟 = 0.96, 𝑃 = 0.04, and 𝑛 = 4).
The biggest ANAP and the average ANAP of sandy soil with
20% 0.5mm commercial activated carbon were 31.89% and
28.03%, which were higher than those of pure sandy soil by
20.05% and 18.79%, respectively (𝐹 = 898.65, 𝑃 < 0.001).

To sum up, all the ANAPs of sandy soil achieved
adsorptive stability within 20min. The average ANAPs after
adsorptive stability increased with the additive amount of
commercial activated carbon increased, indicating commer-
cial activated carbon was able to enhance the NH

4

+-N
adsorption capacity of sandy soil in biogas slurry and the
amount of commercial activated carbon added was a key
factor. Commercial activated carbon adsorbs NH

4

+-N in
liquid well due to its larger specific surface areas and better
pores structure [48–51]. This result was also supported by
the actual characterization of commercial activated carbon
including surface areas and pore size distributions (Table 2
and Figure 1). Meanwhile, the effects of particle sizes of

commercial activated carbon on sandy soil adsorbing NH
4

+-
N in biogas slurry were significantly different (Figure 3). All
the ANAPs after adsorptive stability significantly increased as
decrease of the particle size of commercial activated carbon
and 𝑃 < 0.01. Moreover, the time of achieving adsorptive
stability was less when the particle sizes were 1mm and
0.5mm. Therefore, the particle size of commercial activated
carbon was another important factor for improving the
NH
4

+-N adsorption capacity of sandy soil. This result was in
agreementwith some studies on commercial activated carbon
adsorbing other organic matter such as phenol, chromium,
and humic acid [52–54]. So the smaller commercial activated
carbon was, the better its adsorption capacity was, and the
more influential its effects on sandy soil adsorbing NH

4

+-
N in biogas slurry was [48, 55]. However, the ANAPs could
not be increased significantly by decreasing the particle
size of commercial activated carbon at 20min. Only the
samples with 20% activated carbon were significantly related
to the particle sizes at confidence level 0.01. The possible
reason was that the time of soil with different amount of
commercial activated carbon varied at achieving adsorptive
stability (Figure 3). In other words, the ANAPs of those
samples with 0.5 and 1mm commercial activated carbon
achieved adsorptive stability at 5min but decreased at 20min.
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Figure 4: Effects of rice husk carbon (C
2
) on soil adsorbing NH

4

+-N in biogas slurry.

However, the ANAPs of the samples with 2mm commercial
activated carbon just achieved adsorptive stability at 20min
andwere high relatively. It is noted that the optimal condition
for improving the ANAPs of sandy soil was the particle size
of 0.5mm and the adding amount of 20%.

3.3. Effects of Biochars onDifferent Soils Adsorbing𝑁𝐻4+-𝑁 in
Biogas Slurry. Based on the optimal particle size mentioned
above, particle size of 0.5mm was selected in this study to
investigate the effects of rice husk carbon and nut shell carbon
on sandy soil and loamy soil adsorbing NH

4

+-N in biogas
slurry.

Figure 4(a) shows the effects of rice husk carbon on
sandy soil adsorbing NH

4

+-N in biogas slurry. ANAPs of the
samples with rice husk carbon achieved adsorptive stability
at 5min and then fluctuated up and went down slightly. The
whole trend was a little declined. All the average ANAPs after
adsorptive stability increased significantly as increase of rice
husk carbon at level 0.05 (𝑟 = 0.98, 𝑃 = 0.03, and 𝑛 = 4). The
biggest ANAP and the average ANAP of sandy soil with 20%
rice husk carbon were 16.08% and 13.10%, which were higher
than those of pure sandy soil by 4.24% and 3.87%, respectively
(𝐹 = 40.59, 𝑃 < 0.001). On the other hand, the ANAPs
of pure loamy soil reached maximum (11.72%) at 10min,
then fluctuated up, and went down slightly and dropped
downtrend at 80min and 120min apparently (Figure 4(b)).
The average ANAP after adsorptive stability was 9.70% for
loamy soil. Moreover, the ANAPs of loamy soil with rice husk
carbonfluctuated up anddownobviously and thewhole trend
declined slightly as well. The samples with 5%, 10%, and 15%
additive proportion achieved adsorptive stability at 10min,
whereas the sample with 20% additive proportion reached
adsorptive stability at 5min. All the average ANAPs after
adsorptive stability increased significantly with increase of
rice husk carbon at level 0.05 (𝑟 = 0.97, 𝑃 = 0.03, and 𝑛 = 4).
The biggest ANAP and the average ANAP of loamy soil with
20% rice husk carbon were 17.23% and 12.38%, which were
higher than those of the pure loamy soil by 5.52% and 2.69%,
respectively (𝐹 = 12.61, 𝑃 < 0.001).

The sandy soil with 5% nut shell carbon achieved adsorp-
tive stability at 10min and then fluctuated up and went down
slightly, as illustrated in Figure 5(a). Nevertheless, the samples
with 10%, 15%, and 20% nut shell carbon achieved adsorptive
stability at 5min and then fluctuated slightly. Furthermore,
all the average ANAPs after adsorptive stability significantly
increased as increase of nut shell carbon at level 0.01 (𝑟 = 0.99,
𝑃 = 0.01, and 𝑛 = 4). The biggest ANAP and the average
ANAP of the sandy soil adding 20% nut shell carbon were
19.95% and 16.20%, which were higher than those of the pure
sandy soil by 8.11% and 6.97% separately (𝐹 = 148.38, 𝑃 <
0.001).

As demonstrated in Figure 5(b), the loamy soil adding
5%, 10%, and 15% nut shell carbon achieved adsorptive
stability at 10min and then fluctuated up and went down
slightly, while the loamy soil adding 20% nut shell carbon
reached adsorptiver stability at 5min and then started to
fluctuate slightly. All the average ANAPs after adsorptive
stability increased with increase of nut shell carbon and were
significantly correlated to the additive proportion at level 0.01
(𝑟 = 0.99, 𝑃 = 0.01, and 𝑛 = 4). The biggest ANAP and
the average ANAP of loamy soil with 20% nut shell carbon
were 18.60% and 17.73%, which were higher than those of the
pure loamy soil by 6.88% and 8.03%, respectively (𝐹 = 413.40,
𝑃 < 0.001).

As also shown in Figures 4 and 5, effects of rice husk
carbon and nut shell carbon on sandy soil at 5min were
more influential than those on loamy soil. Exception was that
the ANAPs of loamy soil adding 20% rice husk carbon were
higher than those of sandy soil. This result indicated that
both rice husk carbon and nut shell carbon could effectively
increase the NH

4

+-N adsorption capacity of sandy soil at the
initial period of adsorption. NH

4

+-N of biogas slurry might
be adsorbed quickly after the biogas slurry had been applied
into sandy soil. This study can provide further evidence that
biochars are more favorable for NH

4

+-N control of sandy soil
or other relative barren soils [56, 57]. Furthermore, when 10%
and 20%of rice husk carbonwere added, theANAPs of loamy
soil were higher than those of sandy soil. However, similar
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Figure 5: Effects of nut shell carbon (C
3
) on soil adsorbing NH

4

+-N in biogas slurry.

trend was found for 5%, 10%, and 15% nut shell carbon except
for 20%.

To sum up, all the ANAPs of comparative samples with
rice husk carbon and nut shell carbon achieved adsorptive
stability within 10min. The average ANAPs after adsorptive
stability increased as increase of the two types of biochars,
indicating that both rice husk carbon and nut shell carbon
could increase the NH

4

+-N adsorption capacity of sandy
soil and loamy soil in biogas slurry and the amount of
biochars added was an essential factor. It is in agreement
with the NH

4

+-N adsorption effects of the above commercial
activated carbon and other biochars reported previously, such
as straw carbon, charcoal, and corn-stalk biochar [34, 56, 58–
62]. It is noted that different biochars have similar NH

4

+-
N adsorption effects; thus, biochars are favorable feedstock
for decreasing the nitrogen loss in soils and enhancing the
nitrogen utilization [33, 36]. The results can lay a solid
foundation for further investigation on effects of biochars
on the nitrogen retention of biogas slurry and the effective
utilization of biogas slurry in soils.

Moreover, the ANAPs of pure loamy soil were higher
than those of pure sandy soil in first 10min adsorption
process (Figures 4 and 5). Both pure soil samples as controls
showed downward trend after reaching adsorptive stability.
The downward trend of pure sandy soil declined at 20min
and 120min apparently, whereas that of pure loamy soil
declined at 80min and 120min obviously. There is no
significant difference on the average ANAPs between pure
sand soil and pure loamy soil (𝐹 = 0.89 𝑃 = 0.35),
indicating there was no difference of NH

4

+-N adsorbability
for sand soil and loamy soil. However, previous publications
reported that the clay particle content of loamy soil was more
than that of sandy soil leading to better NH

4

+-N adsorption
capacity [63–65]. Additionally, comparisons of different pure
biochars adsorbing NH

4

+-N in biogas slurry are shown in
Figure 6.The three pure biochars reached adsorptive stability
at 10min and then fluctuated up and down slightly. The
rank of average ANAPs after achieving adsorptive stability
was as follows: commercial activated carbon (24.64%), nut
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Figure 6: Comparison of different biochars adsorbing NH
4

+-N in
biogas slurry.

shell carbon (16.32%), and rice husk carbon (14.97%). One-
way ANOVA shows that the average ANAPs of commercial
activated carbon were significantly higher than rice husk
carbon and nut shell carbon (𝐹 = 143.63 𝑃 < 0.001). More-
over, the average ANAPs of rice husk carbon have larger
variation (2.79%) andwere lower than that of nut shell carbon
(𝐹 = 4.81 𝑃 = 0.03). Thus, the effects of rice husk carbon
on soil adsorbing NH

4

+-N in biogas slurry were worse than
that of nut shell carbon (Figures 4 and 5). The findings
were actually supported by the characterization of rice husk
carbon and nut shell carbon (Table 1, Figures 1 and 2) and
other studies on rice husk carbon conducted by Kizito et al.
[62, 66–68]. In their studies, the adsorption capacity of rice
husk carbon was worse than that of coconut shell carbon,
straw carbon, and charcoal because the ash content of rice
husk carbon was relatively high. At present, there are some
treatments to improve the adsorptive capacity of rice husk
carbon, such as ash content reduction and activation [69–
71]. Nevertheless, treatments increase the costs limiting the
application of rice husk carbon as agriculture residual.
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4. Conclusions

The ANAPs of all the samples showed similar trend: fluctu-
ating up and going down slightly after reaching adsorptive
stability. The adsorptive stability of NH

4

+-N was positively
correlated to the adding amount of biochars in soils.The soils
adding 20% biochars showed optimal adsorptive ability of
NH
4

+-N. Three types of biochars had significant effects on
improving adsorptive ability of NH

4

+-N, although both pure
sandy soil and loamy soil can adsorbNH

4

+-N in biogas slurry
by themselves actually. Commercial activated carbon added
in sandy soil showed the best adsorptive ability of NH

4

+-N,
followed by nut shell carbon. And rice husk carbon was the
worst. Particle size of commercial activated carbon played an
important role not only in increasing the ANAPs of soil but
also in boosting the adsorption speeds. Biochars could also
effectively increase the NH

4

+-N adsorption capacity of sandy
soil at the initial period of adsorption.Therewas no difference
of NH

4

+-N adsorbability for sand soil and loamy soil.
In conclusion, the oscillation adsorption experiments are

suitable for studying effects of biochars on soils adsorbing
NH
4

+-N in biogas slurry. The results in this study can lay
a solid foundation for further investigation on effects of
biochars on the nitrogen retention of biogas slurry and the
effective utilization of biogas slurry in soil.

Disclosure

The authors confirm that the manuscript has been read and
approved by all named authors and that there are no other
persons who satisfied the criteria for authorship but are not
listed. The authors further confirm that the order of authors
listed in themanuscript has been approved by all of them.The
authors confirm that they have given due consideration to the
protection of intellectual property associated with this work
and that there are no impediments to publication, including
the timing of publication, with respect to intellectual prop-
erty. In so doing the authors confirm that they have followed
the regulations of their institutions concerning intellectual
property.

Conflicts of Interest

Theauthors wish to confirm that there are no known conflicts
of interest associated with this publication and there has been
no significant financial support for this work that could have
influenced its outcome.

Acknowledgments

This experimental work has been funded by the National
Natural Science Foundation of China (no. 51406032), Nat-
ural Science Foundation of Heilongjiang Province (no.
E201406), Federal Funding from Heilongjiang Province (no.
LBH–Z13044), and National High-Tech R&D Program of
China (no. 2014AA022001). The authors would like to thank
Professors Xianzhe Zheng and Haiyan Yang for providing
their valuable suggestions on the experimental plan and the
research paper.

References

[1] C. Rico, J. L. Rico, and C. Lasa, “Anaerobic digestion of the
liquid fraction of dairy manure separated by screw pressing and
centrifugation in a upflow anaerobic sludge blanket reactor at
25∘C,” Biosystems Engineering, vol. 112, no. 4, pp. 344–351, 2012.

[2] Z. Wang, F. Xu, and Y. Li, “Effects of total ammonia nitrogen
concentration on solid-state anaerobic digestion of corn stover,”
Bioresource Technology, vol. 144, pp. 281–287, 2013.

[3] F. Dang, Y. Bi, and Y. Liu, “Analysis of the large-and-medium-
sized biogas projects in europe and comparisons with our
country,” Chinese Biogas, vol. 32, no. 1, pp. 79–83, 2014.

[4] V. Tiwari, K. Tiwari, and R. Upadhyay, “Effect of crop residues
and biogas slurry incorporation in wheat on yield and soil
fertility,” Journal of the Indian Society of Soil Science, vol. 48, no.
3, pp. 515–520, 2000.

[5] D. Thrän and M. Kaltschmitt, “Competition—supporting or
preventing an increased use of bioenergy?” Biotechnology Jour-
nal, vol. 2, no. 12, pp. 1514–1524, 2007.

[6] T. Terhoeven-Urselmans, E. Scheller, M. Raubuch, B. Ludwig,
and R. G. Joergensen, “CO

2
evolution and N mineralization

after biogas slurry application in the field and its yield effects on
spring barley,” Applied Soil Ecology, vol. 42, no. 3, pp. 297–302,
2009.

[7] E. R. Loria, J. E. Sawyer, D. W. Barker, J. P. Lundvall, and J.
C. Lorimor, “Use of anaerobically digested swine manure as a
nitrogen source in corn production,”Agronomy Journal, vol. 99,
no. 4, pp. 1119–1129, 2007.

[8] J. Abubaker,H. Cederlund, V. Arthurson, andM. Pell, “Bacterial
community structure and microbial activity in different soils
amended with biogas residues and cattle slurry,” Applied Soil
Ecology, vol. 72, pp. 171–180, 2013.

[9] H. Coban, A. Miltner, F. J. Elling, K.-U. Hinrichs, and M.
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