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Abstract: Biochar, byproduct of pyrolysis for bioenergy production, is a good adsorbent of nutrients and pollutants from wastewater
(WW). Efficiency of nutrient removal by biochar is dependent on the feedstock used. Removal of nitrogen (N) and phosphorus (P) from
WW was evaluated using a commercial biochar, from Dynamotive company (DY), activated carbon (AC), or biochars produced from
peanut hull (PH), bagasse (BG) or hickory wood (HW), at rates 2.5 to 100 g L™ WW. Removal of NH4-N by DY and PH biochars
increased significantly with an increase in biochar rate. In the case of BG and HW biochars, the highest removal of NH,-N was at 25 g
L? rate. Removal of NH,-N by AC was extremely low, except at 100 g L™ rate. The Ortho-P adsorption from WW increased with
increasing rates of biochar, except for PH biochar. This study demonstrated that most of the biochars, except PH biochar, are more
effective than AC in removal of NH,-N and P from wastewater. The N and P enriched biochar can be used as soil amendment to
agricultural soils to supply nutrients and enhance carbon sequestration.
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1. Introduction

Industrial, agricultural or municipal wastewaters (WW)
contain high concentrations of nutrients, metals, and other
pollutants. Removal of these pollutants from WW is
mandatory before the water can be discharged to
streams/rivers or pumped to recharge groundwater (USEPA,
2000).Excess loading of nutrients from WW is a significant
concern of negative effects on quality of surface water
bodies (Smith et al., 1999). The cleanup process of WW is
often expensive, but is required to minimize the potential
loading of the pollutants to surface or groundwater
resources. One of the alternatives is to explore cost effective
adsorbent material for removing WW pollutants to make the
waste water treatment cost effective (USEPA, 2000).

Biochar, a by-product of bioenergy production through
pyrolysis of carbon-rich biomass feedstocks, has been
suggested as a potential agent to clean the WW by
adsorption of heavy metals and other pollutants, e.g. lead
(Cao et al., 2009; Liu & Zhang, 2009; Mohan et al., 2007),
arsenic and cadmium (Mohan et al., 2007), naphthalene, 1-
naphthol (Chen & Chen, 2009), atrazine (Cao et al., 2009),
dye (Qiu et al., 2009), phosphorous (Mortula et al., 2007),
copper and zinc (Wilson et al.,, 2003). The unique
characteristics of biochar, i.e. small particle size, large
surface area, and negative surface charge, make biochar a
good adsorbent for positively charged ions (Liang et al.,
2006; Lehmann, 2007). Biochar produced from different
agricultural residues also contain calcium (Ca) and
magnesium (Mg) carbonates (Yuan et al., 2011), which
enable biochar to adsorb negatively charged ions including

phosphate (Yao et al., 2011).

Variations in feedstock type and pyrolysis conditions may
influence the resulting biochar’s characteristics and hence its
capacity to remove pollutants from WW (Cantrell et al.,
2012; Novak et al., 2009; Singh et al., 2010). The objective
of this study was to evaluate the adsorption of N and P from
municipal WW by biochars produced from different
feedstocks.

2. Materials and Methods

Wastewater and Biochar

Wastewater used in this study was sampled from a municipal
wastewater treatment facility at the Tropical Research and
Education Center (TREC), University of Florida (UF),
Homestead, FL, and stored at 40 C prior to use. The WW
was analyzed for the content of NH,"-N, NO;™ -N, Ortho P,
F, CI', Br and SO,

A commercially produced biochar (DY; DynamotiveEnergy
Systems, Canada) and activated charcoal (AC; Fisher
Scientific, Pittsburgh, PA) were compared with three
additional biochars produced at the University of Florida,
Gainesville, FL, by pyrolysis of Peanut Hull (PH), Bagasse
(BG), and Hickory wood (HW) inside a furnace (Olympic
1823HE) in N2 environment at 600 °C for 6h, 300 °C for
24h, and 450 °C for 12h, respectively.One gram of each
biochar or AC was extracted with distilled water in 1:40
ratio and concentrations of NH4-N, NO;-N, Ortho P, F, CI,
Br and SO,> were analyzed
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Adsorption experiment

The adsorption experiment was conducted by using 40 mL
wastewater in 60 mL polypropylene tubes. Biochar or AC
was added at 0.1, 0.2, 0.4, 1.0, 2.0, or 4.0 g in 3 replications.
These treatments resulted in 2.5, 5.0, 10.0, 25.0, 50.0, or
100.0 g L' rates. A treatment with no biochar was
paralleledas a control. The suspensions were shaken at 100
rpm for 24h, filtered through Whatman No 42 (90 mm) filter
paper for analysis of NH,"-N, NO;-N and Ortho-P using
AQ2+ auto-analyzer (AQ-2 Discrete Automated Analyzer,
Seal Analytical, Mequon, WI). An aliquot was re-filtered by
nylon supported plain 0.45 pm filter film (25 mm) for
analysis of concentrations of F~, CI’, Br’, and SO42' using a
ion chromatograph (DIONEX AS 40-LC 20-EG 50-CP
25,Dionex, Sunnyvale, CA).

Data Analysis
The concentration of adsorbed ion on the sorbentwas
calculated by

q=[C;-C.IxV/m (i)
Removal rate (%) = (C, —C,)/C, x100 (i)

Where,
q(mg /kQ) = the adsorption capacity of biochar or AC.

Ci (mg / I) and Ce (mg / I) = initial and equilibrium (after
24h shaking) concentrations of N or P in wastewater,
respectively.

V (m I) = the volume of wastewater

m(g)= the weight of biochar or AC in the tube

(Variable per treatment)

Statistical significance of the treatments was evaluated by
Analyses of Variance (ANOVA) test and mean separation
between the treatments was analyzed by Duncan Multiple
Range test.

3. Results

NH,"-N removal

The WW used in this study contained only NH," form of N
(Table 1). The rate of adsorption of NH4-N by the adsorbents
peaked at 2.5 g absorbent L™ of WW, except for HW biochar
and AC, and subsequently the adsorption rate decreased with
further increase in rate of adsorbent (Fig. 1). For the HW
biochar, the rate of NH4-N adsorption peaked at adsorbent
rate of 5.0 g L' WW, remained constant at 10 g L™ rate, and
then declined.

For AC, there was some NHy4-N release at the first 3 rates of
AC addition. With further increase in AC rates, there was
slight adsorption of NH4-N far lower than that by the other
biochar sources. At the highest rate of addition of adsorbent
(100 g L of WW), the percent removal of NH,-N decreased
in the order:

DY (80%) > PH (66%) > HW (59%) > BG (53%) > AC
(36%) (Table 2).

The percent removal of NH4-N from WW increased with
increasing rate of adsorbent addition to WW only for DY,
PH, and AC (Table 2). For HW and BG adsorbents, the

percent removal of NH4-N peaked at 25.0 g L' WW, and
declined with further increase in rate of adsorbent. At the
25.0 g L™ rate, the percent removal of NH4-N ranked in the
order: HW (72%) > BG (63%) > DY (43%) > PH (29%) >
AC (4%).

Ortho- P removal

Ortho-P content of WW was 1.94 mg L™ (Table 1). The
Ortho-P concentration of PH biochar 4.7 mg kg
Therefore, this biochar was not effective in Ortho-P removal
from WW (Table 3). In fact, the data showed Ortho-P
released from this biochar into the solution at all rates of PH
biochar addition to WW. For the rest of the adsorbents the
percent Ortho-P removal increased with increased rate of
adsorbent addition. For HW and BG adsorbents the percent
P removal peaked at 96 and 98%, respectively, with addition
of 10.0 g L rate. The percent Ortho-P removal slightly
decreased with further increase in rate of biochar addition
from 25.0 to 50.0 g L. For DY biochar the percent Ortho-P
removal peaked (87%) at 50.0 g L' rate with slight
reduction (79%) at 100.0 g L™'. The percent Ortho-P removal
increased with each increment in AC addition up to 100 g L~
! The DY, HW, and BG biochars were more effective in
Ortho-P removal from WW as compared to that by AC. For
the latter, the percent Ortho-P removal was < 7 % with < 10
g L', and then increased from 22 to 60% with an increase in
rate from 25 to 100 g L. The most effective was BG, which
removed 98% of Ortho-P from WW with 5 g L. To remove
96% and 87% Ortho-P from WW, 100 and 50 g of HW and
DY biochar were required, respectively.

The Ortho-P adsorption rate by the BG and HW biochar
peaked at adsorbent rate of 2.5 g L™ WW, and then declined
with further increase in rate of adsorbent (Fig. 2). For the
DY biochar, the rate of Ortho-P adsorption peaked at 10 g L
" and then decreased. The rate of Ortho-P adsorption by AC
was much lower than that of BG, HW and DY biochar at 2.5,
5, 10, and 25 gL' rates. This difference gradually decreased
at 50 and 100 gL-1 rates.

4. Discussion

With increase in rate of addition of adsorbent the rate of
NH,-N adsorption per unit weight of adsorbent decreased for
most adsorbents. However, the percent removal of NH4-N
from WW increased. This can be attributed to non-
proportional increase in active adsorption sites with an
increase in total weight of adsorbent or overlapping of active
adsorption sites with an increase in weight of adsorbent in
fixed volume of WW (Garg et al., 2007). Increase in total
number of active adsorption sites accompanied by an
increase in surface area appears to be the main factor
contributing to an increase in percent NH4-N removal with
an increase of adsorbent weight (Hussain et al., 2006). For
BG, the volume of biochar might also be a potential factor
influencing the adsorption due to its “sponge
characteristics”. Excess rate of BG and HW may have
caused insufficient contact with WW in the equilibration
tube. This, in turn, contributed to decreased percent removal
of NH4-N at > 25 g L rates.

Among all the adsorbents used, BG biochar was most
efficient for removing Ortho-P from WW by adsorption. Due
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to the high Ortho-P content of the PH biochar (4.74 mg kg
", it was not a suitable adsorbent for removal of Ortho-P
from WW. Instead, application of this biochar at all rates
increased the Ortho-P content in the equilibration solution
due to desorption of P from this biochar.
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Sorption of arsenic, cadmium, and lead by chars
produced from fast pyrolysis of wood and bark during
Table 1: Properties of different biochars, activated carbon, and wastewater
. BiochaAr source / Feedstock Activated Wastewater
Dynamotive Hickory Wood | Peanut Hull | Bagasse Carbon
Pyrolysis
tempgrratgre C) 400-450 450 600 300 - -
mg kg’
NH4 N 0.28+0.04 0.26+0.03 0.18+0.02 | 0.39+0.03 1.02+0.54 24.4010.96
NO; N 0.04+0.002 0.02+0.02 0.01+0.00 | 0.06+0.02 0.06+0.05 0.00+0.00
Ortho-P 0.22+0.05 0.12+0.02 4.74+0.13 | 0.08+0.01 0.04+0.05 1.9440.07
F 1.224+0.43 41.95+0.33 0.09+0.02 BD 0.54+0.30 0.40+0.13
Cr 1.56+0.28 22.71£2.62 13.15+0.42 | 3.61+£0.42 16.54+0.95 147.21£3.15
Br 50.83+0.75 BD BD BD BD 27.1540.58
SO~ 3.79+1.10 10.90+0.08 44.194+0.64 | 25.04+0.35 0.20+0.07 2.5640.96
BD = below detection limit
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Table 2: Percent removal of NH4-N from wastewater with addition of different rates of adsorbents

Rate of adsorbent (g L) | Dynamotive (DY) | Hickory wood (HW) | Peanuthull (PH) | Bagasse (BG) | Activatedcarbon (AC)
2.5 104+1.6e 71+12e 39+08e¢ 125+2.0f -33+044d
5.0 128+0.8 ¢ 16.8+1.8d 49+1.0e 23.1+0.7e -4.7+0.6d
10.0 22.0+19d 33.6+1.0c¢c 14.5+2.8d 444+1.6d -4.8+0.8d
25.0 429+1.7¢ 720+0.8a 280+15¢ 63.1+09a 39+28¢
50.0 640+1.5b 580+1.5b 449+32b 49.8+0.8 ¢ 11.6+1.7b
100.0 80.4+0.1a 585+1.6b 65.7+3.7a 53.8+1.2b 356+13a

Values after + symbol are the standard error for the respective treatment calculated from 3 replicates.
Means followed by different letters in each column are significantly different according to Duncan's new multiple range test at

P<:0.05

Table 3: Percent removal of Ortho-P from wastewater with addition of different rates of adsorbents

Rate of adsorbent (g L") | Dynamotive | Hickory wood | Peanut hull Bagasse Activated carbon
(DY) (HW) (PH) (BG) AQ)
2.5 75+07¢ 462 +2.4c -185+0.3 | 78.1+1.7d 06+04¢
5.0 194+£3.6d | 719+403b -313+08 | 98.1+03a 1.1£0.6¢
10.0 459+21c | 956+03a | 475434 | 98.1+09a 6.8+1.0d
25.0 79.0+2.0b | 89.1+23a | -42.8+2.9 | 951+0.3b 220£1.1¢
50.0 873+0.5a | 93.6+4.5a | 42.8+84 | 94.6+02b | 41.9+14b
100.0 787+£04b | 919+0.7a | -964+48 | 86.0+1.0c¢ 603+04a

Values after £ symbol are the standard error for the respective treatment calculated from 3 replicates
Means followed by different letters in each column are significantly different according to Duncan's new multiple range test at

P<:0.05
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Figure 1: NH4,-N adsorption rates with application of different amounts of adsorbents to waste water.

Commercial biochars: DY = Dynamotive; HW = Hickory wood; PH = Peanut hull; BG = Bagasse
AC = Activated carbon. Means followed by different letters in each adsorbent rate are significantly different according to
Duncan's new multiple range test at P<<0.05.
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Figure 2: Ortho-P adsorption rates with application of different amounts of adsorbents to waste water
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Commercial biochars: DY = Dynamotive; HW = Hickory wood; PH = Peanut hull; BG = Bagasse AC = Activated carbon.

Means followed by different letters in each adsorbent rate are significantly different according to Duncan's new multiple range

test at P<<0.05.
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