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Abstract— The aim of the study was to evaluate the effect of ash addition on phosphorus (P) recovery from urine
through chemical processes. P recovery efficiency was improved in association with an increase of pH value. At pH 7,
9, and 11, P was recovered into solid precipitates maximally at 75%, 99%, and 99%, respectively with a P content as P
crystals of about 70%, 60%, and 50%, respectively. The addition of incinerator ash led to the enhancement of P
recovery via adsorption and precipitation. The behavior of P adsorption onto lignite and solid waste ashes of
experiments with synthetic urine was fitted based on the Langmuir and Freundlich isotherms. Results of human urine
adsorption studies found Freundlich isotherm provided a better fit for data. However adsorption capacities were much
lower as compared to synthetic urine. The addition of 2.5 gL lignite fly ash and solid waste fly ash into human urine
having 0.09%P led to a P-containing ash that contained P about equal to the P content in commercial superphosphate
fertilizer at 8.89% and 8.93%, respectively. Results therefore indicate that recoverable P from urinal wastewater can be
effectively used to produce fertilizer for agricultural cultivation by common ion precipitation and adsorption processes.

Keywords— About four key words or phrases in alphabetical ader, separated by commas.

treatment systems plays an important role in redyuci
1. INTRODUCTION adverse effects upon the water environment and
strengthening food cultivation [8]. However, P reexy
as a P-containing product either as calcium phdsgha
that are similar to P rocks or as magnesium amnnoniu
phosphate that is a slow released fertilizer wiiah be
reused in agricultural cultivation is difficult [9]10],

Phosphorus (P) plays a key metabolic role for {vin
organisms including structural support, genetic
component, and energy transfer and as a vital enitri
required for food production. Population growth and
economic development are expected to further iserea
the need for enhanced agricultural production.
Consequently, the agricultural sector will requareeven
larger amount of P. Numerous studies have beentszhbo
concerning sustainable use of P due to it beingm@& n
renewable resource and potential depletion of libaj
supply predicted in a few centuries [1], [2], [34].
Concerns over accessibility to P, price incentianed the
need for more advanced technologies for better
production efficiency result in an economic scarat P
which may cause a future global food security @mge

As P is mainly circulated in food production and
consumption systems, previous studies have been
conducted to quantify P flow throughout these syste
using Mass Flow Analysis. It has been reported Ehat
output is available in urban wastes such as foostayva
domestic wastewater, human waste, and etc. [13], [1
[14].

Among these wastes, human waste (e.g. human faeces
and urine) has drawn attention to its use as auReedor
P recovery due to human waste being enriched with

[5]- . several essentially important elements including

During past decades, researchers focused on refuciniyagen  phosphorus, potassium, micronutrients. e.g

P losses discharged to the environment througheyiciym and magnesium and others [15], [16]. Human
municipal and industrial effluent streams by depéig

; th biological q wastes have been frequently used as an alternative
ways to improve P recovery wit lological - and o tjlizer either as night soil or liquid fertilizéo improve

chemical processes [6], [7]. P reduction and itS jyjeyitural productivity for more than 5,000 yedss,
subsequent recovery can be used to protect watef17] However, urine offers a biological waste thaia

eutrophication and provide for enhanced food securi e yaluable resource for fertilization than fades to
The increase of P recirculation within production o o high nutrients and hygienic quality [18]. Humarine
has found large-scale application in supplementing
agricultural productivity as fertilizer in recenéars [19].
Therefore, human urine utilized as a P source for P
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the process used to form insoluble solid crystélse conducted so as to evaluate the benefit of ashtiaddi
formation of P crystals e.g. struvite and calcium for P recovery from human wastes since ash contains
phosphate is dependent on several factors inclufieg several elements (calcium, magnesium, phosphongs, a
presence of excess supersaturation of relative {Bns nitrogen) that may react to form phosphate pregipg.
Mg, N, and/or Ca), pH value of solution, turbulerscel The objectives of this study, therefore, are: () t
temperature [2], [23]. The advantage of this preciss evaluate the effect of selected ash addition foxd®very
that it obtains high purity P crystals and nutrgeint the ~ from urinal wastewater; and, (2) to identify and
crystal which release at a slower rate compareather determine the magnitude of P-solids forming
fertilizers. mechanisms occurring in the reaction complexess It

Surface adsorption is one type of coprecipitatiat ts anticipated that results obtained from this study relp
likely to cause significant contaminant removal by improve P recovery from human urine so as to preduc
precipitates with large specific surface areas .[24] fertilizer for agricultural cultivation. Moreoverthis
Various researchers have focused on sorption ptieper would not only reduce P import to the country bisba
of coal fly ash and municipal solid waste incingnatfly recycle inert material destined to landfills forefid
ash [25], [26], [27]. Generally organic wastes tbatild reuse.
be converted into adsorbents and applied to thHetpat
adsorption process have been investigated [28]s& fig 2. MATERIAL AND METHODS
ashes have also been given great attention astjabteén
adsorption materials since they are enriched wiildes
of calcium, magnesium, aluminum and iron that canHuman urine was collected from the public toilettioé
strongly adsorb or form precipitates with phosph#te  Faculty of Public health, Mahidol University. Thene
large quantity of ash produced in Thailand is gate®@  samples were kept in air-tight containers and stae
from public utilities activities, including thoseoin coal-  4°C in the refrigerator. Urine used in all experingewas
fired power plants and solid waste incinerationourd undiluted and received no pretreatment before ngsti
14.6 M ton y" of ash have been generated through bothCharacteristics of the collected urine are preskiite
processes in Thailand. These are currently trategpor Table 1.
for final disposal in landfills [29], [30].

From the aforementioned studies, this research was

Human Urine

Table 1. Characteristics of raw materials

Materials Unit of N P K Ca Mg TDS
parameter

Human urine 0.09%P mg/L 5,301 917 - 75.5 21.8 28,90
Synthetic urine 0.04% P mg/L 180.8 400 - 789 313.96,186
Synthetic urine 0.12% P mg/L 542.4 1,200 - 2,368 1.84 18,557
Lignite fly ash (LFA) % 0.06 n.d. 061 223 0.2¢ -
Lignite bottom ash (LBA) % 0.06 n.d. 079 1.35 1.02' -
Solid waste fly ash (SFA) % 0.10 1222 4.63 41.8 1.42 -
Solid waste bottom ash (SBA) % 0.09 247 254 20.9 1.09 -
Remark: a = percentage o£Bs b = percentage of,® ¢ = percentage of CaO d = percentdglgO  n.d. = not detectable

(-) = no data

Synthetic Urine ratio of Mg:Ca:N:P at 1:1.5:1:1 which enhance Pstaly
formation. Human urine has a molar ratio of Mg:C&N
Struvite (MgNHPO,s6H,0) and calcium phosphate about equal to 1:2.1:422:33 and therefore contegng
(Ca(PQy),) are popular forms of phosphate crystal [9], low concentrations of Ca and Mg when compared with
[10], [11]. However, several ions such as carbomate  synthetic urine.
(CO%), aluminum ion (Af"), and heavy metals such as
copper ion (Ct) and zinc ion (Zf) may interfere in
struvite and calcium phosphate crystallization [33P], Adsorbents in the experiment were collected from tw
[33]. Hence, the components of these ions were vetho sources: the Mae Moh power plant and Phuket
from the synthetic urine recipe. In this study, thgtic Municipality solid waste incinerator. Ashes fromtlbo
urine was prepared by dissolving Mg6H,O, NH,CI, sources were segregated into fly and bottom ashes.
CaCb, and KHPQ, into deionized water (DI water) to Therefore, four types of ash were used in this ystud
minimize interference from other ions. The composit These were lignite fly ash (LFA), lignite bottomhas
of 0.04% P and 0.12% P synthetic urine are predente (LBA), solid waste fly ash (SFA), and solid waste
Table 1. bottom ash (SBA). The collected adsorbents were1ove
As shown in Table 1, thregncentrationOf Urine solution  heated at 10 for 6 h in order to reach a constant
were used as a P source in this study. Bothweight and then bottom ashes were crushed to a fine
concentrations of synthetic urine (0.04% P and %.B) powder. The characteristics of the adsorbents instrds
were prepared by chemical reagents with the sani@rmo study are presented in Table 1.

Adsorbents
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P Recovery via Precipitation P mass balance
Batch experiments were conducted for phosphatetadrys P lost from liquid = P gained by solids
precipitation. These experiments were carried ot w (Co—C)V = (q-q)B @

100 mL of synthetic urine or human urine in 250 mL o _

beakers. The effect of pH (7, 9, and 11) and infia where G and G are the initial and final phosphorus
concentration (0.04% P, 0.09% P, and 0.12% P) onconcentration in the aqueous solution (i,
adsorption efficiency was investigated. Samplesewer respectively; V is volume of solution (L)o@nd g are
stirred at 400 rpm for 7 min, followed by 60 rpnr ftb the initial and final phosphorus concentrationssolids
min by magnetic stirrer. Samples were next left4or  (Mgg™), respectively; and B is mass of adsorbent (g).
min to allow crystal settling before filtering thrgh filter P recovery efficiency

paper. The solid particles were dried in the ovet0&’C
for 6 h and then their characteristics were analyze %P recovery = [(g-C) / Co] * 100% (@)
where G and G are the initial and final phosphorus
concentrations in the aqueous solution Y,
Each type of ash from four cultures was weighe@.25, respectively.

0.50, or 1.00 g. Then, 100 mL of synthetic urine or
human urine was mixed with ash in 250 mL beakelis. A
experiments were conducted in triplicate at neypidl %P crystal content = [(C * MW of P crystal) /
In this part of the experiment, the effects of agie, ash  mass of precipitate] * 100% (3)
weight, and initial P concentration were investight
Solution were stirred at 400 and 60 rpm for 7 afd 1
min, respectively, using a magnetic stirrer. Thémy
were left 40 min to encourage crystal formation and
filtered wusing filter paper. Characterization of Identification of P-solids forming mechanism

constituents in both solid and aqueous phases wag\o mechanisms including precipitation and adsorpti
conducted after acidic digestion. were examined from the percentage of phosphorus
Common lon Effect on P Recovery recovery via the coprecipitation process. The ngtgtof

) . these mechanisms is shown in Eq. (4),
To examine the common ion effect on phosphorus

recovery, the laboratory chemicals CaCl2 and 100% =% Precipitation + % Adsorption (4)

MgCl,6H,0 were added into the urine solution at 0.5, As the experiments of coprecipitation were condiicte
0.30, 0.60, and 120|.g1 to provide equal concentrations at neutral pH (pH 7), the percentages of phosphorus
of Ca and Mg content in the ash. The procedures fofrecovery determined from the amount of P precigitat
these experiments were the same as for those osétef  the precipitation process at pH 7 were used asemde
precipitation experiments. data to evaluate the contribution of mechanismshin
coprecipitation process. Therefore, the amountevfin
formed solids (weight of P solids excluding weigfit
Compositions and concentrations of the four majmsi  ash added) was used to calculate the contribution o
in both solid and aqueous phases were determinedprecipitation mechanisms in the coprecipitationcpss.
Nitrogen was measured by the Total Kjeldahl Nitroge The percentage of precipitation occurring in the
(TKN) method. phosphoris Was  determined by the coprecipitation process was calculated, using &). (

colorimetric method using vanadomolybdophosphoric C
acid and UV-spectrophotometer. Concentrations of % Precipitation = (%PRec../ %PRopd * 100%  (5)

calcium and magnesium were measured using an atomighere %PR.. and %PR,. are the percentages of
absorption spectrophotometer (AAS). In additiorm, pti phosphorus recovery  via  precipitation and
of solutions was determined using a benchtop premet coprecipitation processes, respectively.
The data are generally expressed using mean vahes The results from Eq. (5) were substituted into &.
standard deviations (S.D.). Independent-Sample®st T to determine %P recovery by adsorption occurrinthe
and One-Way ANOVA were used for statistical anaysi coprecipitation process.
to determine the significant difference of percget#®
recovery and percentage P content in solids anddkq
Isotherm results of the experiments were analyzgd b Two adsorption isotherms were evaluated to detexdhin
linear regression. All statistical tests were perfed by = which best described sorption phenomena under the
using SPSS Statistics 18.0 for Windows. Data wereconditions of this study.
indicated as a statistically significant differenat the
95% confidential level. The equilibrium of P betwee
solid and aqueous phases, P recovery efficiency, Qe=(QukCe)/ (1 +kGC) (6)
phosphate crystal content, and adsorption isotherene  yhere Q is the adsorption capacity at equilibrium i€
determined Dby calculation. The equations used foryhe equilibrium concentration of phosphate ions-{iily
calculations are given below: Qm is the maximum adsorption capacity (maximum value
of Q. with unit of mgg™; k is a Langmuir constant

P Recovery via Coprecipitation

P crystal content

Where C is the decreased concentration of limitialgie
of reference element (mal*); MW of P crystal is the
molecular weight of P crystal formed-gpl™).

Analysis and Calculations

Adsorption isotherm

Langmuir adsorption isotherm
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related to the energy or net enthalpy of adsorption in Eq. (8) and (9), respectively.
Freundlich adsorption isotherm MgNH,POy(s) = Mg*(aq) + NH(aq) + PQ*(aq)
— 13.26

Qe - KFCelln (7) Ksp_ 10 [2] (8)
where Q is the adsorption capacity at equilibriumg K C%&Poi)zl((;sz)sfz?’ci(am +2PQ’(aq) 9
and n are Freundlich constants; ands<the equilibrium P [34] ©)
concentration of phosphate ions (rid). pH and initial P concentration were varied to form

phosphate crystals via the precipitation proceshitéV

3. RESULTS AND DISCUSSION crystals were the product of this process. The &bion

of white crystals resulted in the reduction of ion
concentrations (Mg, Ca, N, and P) in the urine tamhs.
Based on the composition of urine solutions, twecsgs  The effect of pH and initial P concentration onrlstal

of phosphate crystal may have formed in this study.formation from the urine solutions tested is surineat
These are struvite (MgNJRO;; MAP) and calcium in Table 2.

phosphate (G&PQ,),; CaP). The reactions of MAP and

CaP and their solubility product constants are goresi

P Recovery via Precipitation

Table 2. Effect of initial pH and initial P concentraion on P crystallization

= Initial Final Newly formed Decreased concentration (mol/L) %P
source :
pH pH solid (g/L) p Ca Mg N recovery

Synthetic urine  7.00 7.02 1.62 1.09 0.94 0.22 0.20 75.03
0.04% P 9.00 8.90 3.37 1.28 1.36 0.40 0.42 98.61

11.00 10.46 4.27 1.29 1.60 0.71 0.84 99.66
Human urine 7.00 7.67 0.44 0.30 0.19 0.09 0.10 10.06
0.09% P 9.00 8.96 0.46 0.28 0.19 0.09 0.27 9.54

11.00 10.89 0.67 0.68 0.19 0.09 0.88 23.04
Synthetic urine  7.00 6.94 4.65 3.25 2.97 0.62 0.58 74.03
0.12% P 9.00 8.74 9.24 3.86 3.91 1.30 1.58 99.54

11.00 10.57 11.23 3.87 4.74 2.09 2.19 99.81

As illustrated in Table 2, the recoverable amodr® o  This indicates that MAP has a higher solubilityrti@aP.
contained in solid particles improved significanidy It is therefore expected that P would be recovanettie
higher pH values. The percentages of P recovemy fro form of CaP first followed by MAP for the remainirigy
human urine due to precipitation were found as@%,0 present in solution. The percentages of P in solid
9.54% and 23.04% at pH 7, 9, and 11, respectivlly. particles and liquid in the precipitation processler the
pH 7,9, and 11, approximately 75%, 99%, and 99, o variations of pH and initial P concentrations ugethis
was recovered in solid particles, respectively, for study are illustrated in Fig. 1.
synthetic urine. Additionally, the change in relatiion Results shown in Fig. 1 indicate it is difficult to
concentrations was found to follow the change inqgdH observe recoverable P in the form of P crystalmfthe
the solutions. This is due to hydrogen ion')elease  human urine experiments since P was recovered in P
during crystal formation [35]. Nonetheless, the crystals less than 2% of the total P. This may be
percentages of P recovery from synthetic urine.@G4% the lower concentrations of Mg and Ca in humaneurin
P had a higher P recovery efficiency than thathfoman  compared to synthetic urine, thereby leading tede®
urine since synthetic urine is characterized byhéig crystals formed [37]. P was effectively recovered,
relative ionic ratios which favor formation of P salid however, in solid particles, especially P crystaising
particles. Results, therefore, indicate that theoRtent  synthetic urine as the P source. As indicated, the
contained in solid particles formed for both hunzam formation of P crystals and its impurities improvat
synthetic urine precipitation depends on the higher pH levels. At neutral pH (pH 7), approxintate
concentrations of relative ions such as magnesium,/5% of total P was recovered into solid particles.
ammonia and calcium. these, P crystals were formed using 70% of P itisol.

The ion with the lowest molar concentration as The majority of precipitate was likely in the forwh CaP
illustrated in Table 2 was selected as the referenc followed by MAP at 45-48% and 22—-26%, respectively.
element to evaluate P crystals content in the pitates  Although the P recovery rate reached more than 88%
for each P source [35], [36]. Importantly, it istranly pH values of 9 and 11 for the synthetic urine
one species of P crystal that could possibly forsn a experiments, only 46—-65% of the recoverable P farme
mentioned above. A comparison of solubility (S) of as CaP. The absence of MAP in solid particles atdie
MAP and CaP was made using,Kalculation by Egs. that C4&* may inhibit the reaction of MAP formation at
(8) and (9). Solubilities of MAP and CaP were higher pH values or that other insoluble P-solidsrev
determined as 3.8xT0and 1.29x18 M, respectively.  formed [38].
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y | | | |
0.04%P pH 7 I 25.05 |5.04 24.97
1 | | | |
pH9 | 40.47 I 1.39
1 | | | |
pH 11 | 53.02 | 0.34
1 | | | |
Urine pH 7 | 8.29 | 89.94
1 | | | |
pH 9 | 7.93 | 90.46
1 | | | |
pH 11 I | 20.37 I 76.97
1 | | | |
0.12%P pH 7 | 22.73 | | 25.97
1 | | | |
pH 9 | 35.06 0.46
1 | | | [
pH 11 | 45.48 0.19
| | | |
0% 20% 40% 60% 80% 100%

@ CaP crystal OMAP crystal O Other solids O Soluble P

Fig. 1 Percentages of P in solids and liquid

SFA and SBA addition continuously increased in
association with increased ash dosage.

Effect of Ash Type, Ash Dosage, and Initial P However, the percentages of P content in solid
Concentration precipitates were found to decrease with an ineréas
ash dosage. The highest P content in solid pratit

From the results of the precipitation process, the : o L
: was found with no ash addition (precipitation pss)eat
percentage of P recovery observed was as high%sats around 18.402.02% P. When aézing Fr:\sh intopthe urine

neutral pH; while, the remaining P (25%) was presen solution, the final P content of solid precipitastsarply

solutble. fo_rm. 'A;Sh from a Ilgdmte pswear pIaE)nt ?ntdm'eg | decreased. For example, the percentages of P ¢tdoten
waste Incinerator was used as " adsorbent 1o eeaiua,, experiment at 0.09% P human urine found no ash

potential enhanced P recovery since these werehexti addition to have the highest P content in predeitat

with oxides of Mg and Ca [25], [26], [27]. 1q gqus followed by 2.5-4 ash addition at 8.93%, 5.0
Coprecipitation was evaluated at pH 7 by varyingéh 1 1
A ) ) L gL~ at6.97%, and 10y~ at 3.68%.
conditions: ash type; ash dosage; and, initial P
concentration. A comparison of observed P recovexry  Coprecipitation Mechanisms
the coprecipitation process is presented in Fig. 2.

P Recovery via Coprecipitation

Based on the above results, improvement of P regove

As shown in Fig. 2, the percentages of P [ECOVElY officiency by ash addition resulted from two medbers
from the experiment with ash addition increased\ait y DY S .
— adsorption and precipitation. These two mechagism

increase of ash dosage, especially when using human

urine as P source. This was due to an increase ir’?nd their effect on precipitation and adsorption,
. . therefore, were examined based on ash type. Results
adsorbent surface area and accessible adsorptio

functional sites [26], [39]. The percentages oEPowvery f]heeuf:gougt f? I)ﬁ]retﬁf'tifc?r;g t?grzce?;iggsogrpemg:m
with lignite fly ash (LFA), lignite bottom ash (LBA P precip P preese

solid waste fly ash (SFA), and solid waste bottsh a in Table 2. These were used as reference dataatoate
(SBA) additign were h’igher than those due to the contribution of each mechanism occurring duthey

recipitation. For example. the percentages ofcByer coprecipitation process. Results are illustrateBign3.

E 2% 50 and 100-p'1’LFApadditiongat 0.04% yP When ash was added into the urine solution the
y 2.9, 9.0 an 0-lg 0 contribution of each P recovery mechanism was
synthetic urine increased from 75.03% (precipitatito ined f . f h d initial
88.59%, 90.65% and 99.72%, respectively. At 0.09% Pora o0 8% & I‘:}gfgg;‘e o at;’f]e s e ug'gfs P
human urine, the precipitation process recoverelly P ) 9

) 0 ) S 0
solid precipitation at 10.06%. When LFA was add#d i Increase n /0 adsorp'uo_n. However, no_significant %

) ) adsorption increase at higher ash dosages wasvelser
the human urine solution, the percentages of Pvesgo

were 28.05%, 32.20% and 38.85% for 2.5, 5.0 and 10. due to the achievement of saturation level beyond a

‘L™ ash dosage, respectively. The percentages of Igiven adsorbent dosage [26], [40].
9 ge, b y. 1he pe ges Adsorption was the main mechanisms contributing to
recovery of the 0.12% P synthetic urine experiment

improved compared to precipitation process from P recovery for LFA, SFA, and SBA at 82.7367,
0 I 0,
74.03% to 80.11%, 83.74% and 87.35% for 2.5, 5d an 89.214.58 and 82.308:23%, respectively, for 0.04% P

10.0 gL™ ash dosages, respectively. Similar to LFA, the synthetic urine. When using human urine having %09
percentages of P recovery for the experiment wisi L
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P as a P source, results also determined adsogidme  analysis found that adsorption capacity resultd feA,
main mechanism contributing to P recovery via SFA, and SBA using synthetic urine yielded no
coprecipitation for LFA, SFA, and SBA at 88.9285, significant difference (p-value 8.05). These ashes have
79.6543.32 and 72.14x73%, respectively. For the a higher P adsorption capacity than LBA at by about
higher P concentration (0.12% P), it was found that 50% at 0.04% P and 20% at 0.12% P when using
precipitation contribution increased and was slight synthetic urine (p-value < 0.05). Results indictte
higher than the adsorption observed in somegreatest adsorption capacity for human urine (0.09%
experiments.  Precipitation achieved the higherwas observed for LFA, followed by SFA, SBA, and LBA
contribution of P removal for all LBA testing via at 88.92%, 79.65%, 72.14% and 12.19%, respectively.
coprecipitation. The precipitation contribution fd?
removal was determined to be 67.042, 87.81%+.59
and 72.542.51% at 0.04% P, 0.09% P and 0.12% P,Based on adsorption isotherm modeling, the Langmuir
respectively. These results may be due to thetfatt and Freundlich isotherms in Egs. (6) and (7) were
LBA contains very small amounts of magnesium and applied to evaluate P adsorption capacity at neptia
calcium in its ash and thus percentages of P atisorp onto ash particles under the conditions of thisdtu
onto ash particles via coprecipitation were depahde Linear correlations of Langmuir and Freundlich
the ash content of magnesium and calcium. isotherms are plotted in Fig. 4 and 5, respectively
Adsorption capacity was found to depend on the Resultant isotherm constants are presented in Bable
contribution of % adsorption occurring in the
coprecipitation process as mentioned above. Astiti

Adsorption Isotherm

LFA LBA
100 % ® 20 100 % 9 20
o
\ 5 e 1" %
AS § \ 3
75 O 5 3 75 & 5 3z
N 3 \ 3
r \ \ 5. E- -
o \ @« [ :
8 50 A S 0 & 3 g
A = =
] N o [ o
N\ ~ - 4 o k-}
[-% - 1 a S
= fay == 2 £ 3
25 . — = =
T/ K g g
(] o
0 0
0.0 2.5 5.0 75 10.0
Ash addition (g/L)
SFA

%P recovery

%P recovery

a1endiaJd pijos ui Juauod d%

a1endaud pijos ul JuauU0d 4%

Ash addition (g/L) Ash addition (g/L)
—&— %PR of Synthetic urine 0.04%P =>& %P in precipitate - Exp of 0.04%P
—f— %PR of Human urine 0.09%P == %P in precipitate - Exp of 0.09%P
%PR of Synthetic urine 0.12%P %P in precipitate - Exp of 0.12%P

Fig. 2. Percentages of P recovery and percentagdsfocontent in solid precipitates
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Synthetic urine 0.04%P

100

Precipitation
Adsorption

75 +——

50 +—— — -

B4— — — — = . —

%Contribution

0
LFA25 LFA5.0 LFA10.0 LBA25 LBA50 LBA10.0 SFA25 SFA50 SFA10.0 SBA25 SBA5.0 SBA10.0
g/L g/L g/L g/L g/L g/L g/L g/L g/L g/L g/L g/L

Ash dosage

Human urine 0.09%P

100

5 51— —
=
=]
Q 50 T— — —
=
S
(g 25
> 0
LFA25 LFA5.0 LFA10.0 LBA25 LBA5.0 LBA10.0 SFA25 SFA5.0 SFA10.0 SBA25 SBA50 SBA10.0
g/L g/L g/L g/L g/L g/L g/L g/L g/L g/L g/L g/L
Ash dosage

Synthetic urine 0.12%P

100

75

50 1 — — -

e | B =B | = | = | = | = | = | = | = | = | = | B

%Contribution

LFA25 LFA50 LFA10.0 LBA25 LBA5.0 LBA10.0 SFA25 SFA5.0 SFA10.0 SBA25 SBA5.0 SBA 10.0
g/L g/L g/L g/L g/L g/L g/L g/L g/L g/L g/L g/L

Ash dosage

Fig. 3. Percentage of P recovery mechanism contrikian in the coprecipitation process.

As shown in Fig. 4and 5, the correlations between Pwere found as nearly identical values: &d n values
concentration and P adsorption capacity are plottedvere determined in the range of 40.93-60.56gthgnd
independently as adsorption isotherms for P regover 4.04-7.69, respectively. High (Kand high n values
from synthetic urine and human urine experimentstdu indicate that lignite and solid waste ashes hawh hi
differences in urine solution characteristics. Rissof adsorption capacities to recover P from synthatiteuat
the synthetic urine runs indicate both isotherm et®d 0.04% P and 0.12% P [42].
represent a good equation fiR(between 0.6346 and A poor correlation of data with the Langmuir isatine
0.9359), especially for the Langmuir model. Results was observed for experiments of ash addition intmdn
indicate that there are significant relationshiggween  urine (& between 0.1479 and 0.6200). A negative
the variables in the linear regression model fer dlata  correlation was observed between P concentratidnPan
set (p-value < 0.05). The maximum adsorption cdpaci adsorption capacity. The Langmuir adsorption
for synthetic urine of P adsorption onto ash wasibin parameters,, andk) were found having negative signs
the range of 85.47-114.94 rgg using the Langmuir indicating the behavior of P adsorption from human
isotherm. Enhanced P recovery into solid precip#ata urine onto lignite and solid waste ashes was poorly
P adsorption and P crystal precipitation as meatioin described by the Langmuir isotherm model [43], [44]
Section 3.2.2 may be the reason. A high P content i better fit of isotherm data was observed for the
solid precipitates and also a high P recovery dapac Freundlich isotherm for human urine. SFA demonsttat
even with 0.04% P synthetic urine was also observedthe highest K at 1.7%10° mgg™ and the highest n at
LBA demonstrated the highest at 11.01 kmg”, 0.60. It was followed by LBA, SBA, and LFA,
followed by SBA, LFA, and SFA, respectively. This respectively. The Kvalues for P adsorption from human
indicates that LBA exhibited the greatest bondngjtie urine were determined to be very low, while valfgsn
for adsorbent and adsorbate interaction [41]. Thewere found high. This indicates poor adsorptionPof
Freundlich isotherm constants for P adsorption ontothroughout the concentration range studied. Resflts
lignite and solid waste ashes at pH 7 for synthetioe Freundlich constants therefore indicate that lgrand

39



Y. Pinatha, C. Polprasert, and A. J. Englande Jr. / GMSARN International Journal 11 (2017) 33 - 44

solid waste ashes have low adsorption capacities fodifference of common ion effect on P recovery bemve
human urine having 0.09% P [45]. synthetic urine and human urine is due to the diffee

of initial Ca and Mg concentrations. Synthetic erimad

a much higher Ca and Mg content than that in human
urine. Results indicate therefore that the comnoos iCa
According to common ion effect theory, the additmin ~ and Mg had only a slight effect on P recovery ghihCa
even small amounts of relative ions into solution and Mg concentrations [46].

interfered with the equilibrium of the ion conceations
thereby resulting in a new solubility product fdret
solution. The ions in agueous solution may alsonfan Human kidneys excrete a substantial excess of P at
insoluble precipitate at equilibrium. The effect of around 1 ei’ in the form of urine [47], [48]. In this
common ions on P recovery efficiency is shown ig.Fi study, human urine having around 900 mg Pwas

6. As indicated, the efficiency of P recovery irased used as a P source. Importantly, the percentage of
with an increase of common ion dosage. Enhanceafent content in its solid precipitate is an importantasigre to
percent P recovery was observed greatest with arachieve an alternative P fertilizer. A comparisoh o
increase of common ion dosage for human urine.Keénli percentage of P content in solid precipitates isf study
human urine, P recovery efficiency only slightly and commercial P fertilizers is illustrated in Tegl
increased when using both concentrations of syiethet

urine as the P solution. The main reason for the

Common lon Effect on P Recovery from Urinal
Wastewater

P Recovery as Alternative P Fertilizer
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Fig. 4. Langmuir isotherms of (4a) synthetic urine ad (4b) human urine.
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Fig. 5. Freundlich isotherms of (5a) synthetic urie and (5b) human urine.

Table 3. P adsorption constants obtained from lineaforms

Adsorption constants

P source Adsorbent Langmuir Freundlich
Qn (Mggh)  k (L'mg?) R? Ke (mgg™) n R?
Synthetic LFA 113.64 3.11 0.9359 40.93 6.52 0.8539
urine LBA 85.47 11.01 0.8592 41.05 7.69 0.7836
SFA 109.89 0.59 0.8644 60.56 4.04 0.6346
SBA 114.94 4.86 0.8691 50.64 5.46 0.6687
Human LFA -19.23 -817.91 0.4687 1.34x10° 0.26 0.6161
urine LBA -22.27 -1189.24 0.1479 4.33x10° 0.41 0.3028
SFA -86.96 -1,356.92 0.2894 1.79x10° 0.60 0.7166
SBA -19.19 -874.14 0.6200 3.22x10° 0.27 0.7443
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Fig. 6. Percentage of P recovery for common ion efft experiments.

Table 4. A comparison of P content in solid precipéte of this study and commercial P fertilizers

P recovery from human urine (This study) Commeéeritertilizer
Ash dosage %P content in solid precipitate (%dry wt) P fertr Formula  %FBOs %P
(gL™ LFA LBA SFA SBA Superphosphate (SSP) 0-20-0 20.008.80
25 8.89 413 8.93 716 gglae) super- phosphate 0-46-0 46.00 20.24
50 6.97 377 594 581 I(%apg;nomum phosphate 18-46-0 46.00 20.24
10.0 3.68 2 60 3.89 372 Monoammonium 11-52-0 52.00 22.88

phosphate (MAP)

As shown in Table 4, the percentages of P content i adsorbent will also reduce disposal cost as well as
solid precipitate for all ash types evaluated insesl in  expand landfill lifetime. Results indicated P ppattion
the range of 2.60-8.89% as compare to initial Readn  with waste contains high Mg or Ca content (e.g.dfoo
in ash particles as shown in Table 1. Of these, thewaste [51], [52]) should be a research focus tdeaeh
percentages of P content in solid precipitatesnaagh ~ maximum P content in solid precipitate. Sustaindle
dose of 2.5 ¢ for LFA and SFA addition into human management helps strengthen Thailand’s food sgcurit
urine having 0.09% P were about equal to P coritent Recoverable P can be effectively used to produce
commercial superphosphate fertilizer at 8.89% andfertilizer for agricultural cultivation to help ain this
8.93%, respectively. Therefore, P-containing ashgoal.
obtained from both test runs may be used as atteen@
fertilizer. Additionally, the precipitates from @h 4. CONCLUSION
experiments with a P content lower than 8.80% may b
used as soil conditioner due to good nutrient teali
especially P [49]. The recoverable P-containingdpod
from urine mixed with other soil conditioners may
potentially be fertilizer that contains many essdnt

Efficiency of P recovery from the precipitation pess
improved at higher pH levels. However, the percent
formation of P crystal declined from 70% at pH 76
and 50% at pH 9 and 11, respectively. LFA was fotend

: - have the highest adsorption capacity for humaneurin
nutrients and contributes less heavy metals to lfarth followed by SFA, SBA, and LBA. Adsorption capacity

[50]. o . was determined based on Langmuir and Freundlich
Results indicate that both LFA and SFA can achieve, ; " .
the same P content as commercial P fertilizer §0%). isotherms. Common ion addition (especially Ca arg) M

P into human urine solution led to an increase irfesgr
As shown in Fig. 2 the percentages of P recovemewe In . e it
observed at 28.05% and 32.62%, respectively fog2.5 n}:_(flleflt:'g\n agds?:r,iatgzj'? priuzltatll:()) n. Ptrecgmtb t'5 |
! ash dosage. Therefore, approximately 70% of pY an addition had a = content about equa

- 0 0
remained in urine solution meaning that this may be'® superphosphate fertilizer at 8.89% and 8.93%,

available for P recovery using follow up treatment. respectively.
Alternative reclamation treatment processes arently

being investigated. Ash is recommended as an aligm ACKNOWLEDGMENT
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