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ABSTRACT
Both of chemical and organic fertilisers are often added to land in order to increase the yield of
agricultural products. Over dosing of fertiliser always happens where the high intensity of
agriculture is encouraged. Generally, the agriculture is acknowledged as a dominant cause of
water pollution, especially euthrophication, which is related to the loss of nutrients including of
nitrogen and phosphorus. Perhaps the environmentally safe practices in fertiliser application
may reduce the loss of fertiliser and water pollution. The mathematical model namely UNSAT is
employed to predict the transport of nutrients through soil layer. The nitrogen and phosphorus
can be carried by the percolating water. In sand layer, the nitrogen and phosphorus can move
as quickly as the infiltration water, because the nutrients can migrate freely without retardation.
In soil layer with organic matter enriching, the nitrogen and phosphorus can be retarded by soil
organic matter. Manure can more level up the soil organic matter than chemical fertiliser. Since
the pH of manure is slightly alkaline, the dissolubility of phosphorus and organic matter is
reduced. Thus, nutrients can be stored in soil in a longer period, if manure is applied. Besides,
the sustainability on agricultural and minimising the impacts of agriculture on water resource are
other key issues, the soil conditioning processes are introduced to decrease the loss of
nutrients from soil. Firstly, the oily food waste (OFW) is added to the soil to increase the soil
organic matter. The oily food waste is enriched of fat and oil, which are known as organic
carbon compounds, but it is hydrophobic material. The OFW cannot directly vanish on soil
because it can block the water to penetrate to root of plants. The OFW must be composting to
transfer the fat and oil to be soil organic matter prior to apply to land. The microbes are
naturally observed when soil is enriched with organic matter. A 5% of OFW is mixed with soil,
and composted at 40% of moisture content, for 30 days is a suitable condition for soil microbes
to degrade fat and oil to be organic matter. When the soil organic matter is increased, the
nitrogen compounds can be effectively retarded onto soil. However, nitrogen compounds
released from manure can be more highly stored into OFW conditioned soil than one from
chemical fertiliser. The nitrogen compounds are turned to be ammonia-nitrogen, increasing the
amount of available nitrogen in soil. Secondly, the alkaline stabilisation is investigated to
enhance soil phosphorus adsorptive capacity. The alkaline materials involving of zeolite and
dolomite are utilised, since they contain highly content of calcium ions. Almost of available
phosphorus are stable at pH of 6-7, in a form of P bound to Ca. The findings suggest that
zeolite conditioned soil prefers to pH of 6.5-7, as calcium ion can effectively escape from
zeolite, when the pH of system is slightly acidic. When applying the acidic chemical fertiliser,

the zeolite can highly recharge the calcium ions to soil, conducting the high P adsorptive



capacity. Both primary and secondary P adsorption processes are obtained by organic matter
and calcium ion, respectively, whenever soil is conditioned with zeolite. On the other hand,
dolomite conditioned soil prefers to pH of 6. Since dolomite is strongly alkaline material, the
acidic pH is suited to dilute the calcium ions. However, the loss of organic matter is also
increased, if soil pH is at acid. Applying manure can compromise the loss of soil organic matter.
The primary P adsorption process by organic matter plays a significant role in P adsorption
onto dolomite stabilised soil. Finally, the alternative solution for enhancing the soil organic
matter and P adsorptive capacity is introduced and the biosoil is fabricated by alkaline
conditioning biosolids. The biosolids are collected from the wasted sludge port at the domestic
wastewater treatment plants. The mixed alkaline materials including of quick lime and fly ash
are added to biosolids and maintained the pH at 12 for 72 hour. This process can dewater the
biosolids, kill pathogen and reduce an unpleasant odour. Since the biosolids predominantly
contain the organic nitrogen compounds, the pH at 12 can slightly affect to the N content in
biosolids. The biosoil can provide the highly contents of organic matter and N and P. The pH
of biosoil is highly alkaline, it can be effectively store P. The tests confirm that the adsorptive
capacity of biosoil is relatively high and almost of P is stored in a form of reactive P, which is
available for plant uptaking. This research can bring the benefits to agriculture by reducing the

loss of fertiliser and providing sustainable development in agriculture.
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Parameters Soil Sand
Physical properties
Water content (%) 5.18 0.17
Bulk density (g/cm3) 1.25 1.50
Hydraulic conductivity (cm/h) 0.07 1.65
Specific gravity 2.69 2.63
Particle size distribution (%)
<2 mm. 33.34 0.83
0.425-2 mm. 51.08 78.09
0.075-0.425 mm. 14.77 20.81
> 0.075 mm. 0.88 0.27
Soil texture (%)
Sand 54.0 100
Silt 17.6 -
Clay 28.4 -
Soil classification Sandy clay loam Sand
Chemical Properties
Organic matter (%) 5.69 0
Soil pH (1:1) 4.85 7.32
Total Kjeldahl Nitrogen (mg-N/kg) 1820 500
Total hydrolysable Nitrogen (mg-N/kg) 1680 50
Ammonia (mg-N/kg) 0.017 0.013
Nitrate (mg-N/kg) 0.002 0.0007
CEC (meq/100g) 3.09 0.0036
TP (mg-P/kg) 880 1.75
Soluble P (mg-P/kg) 848 1.51
Olsen P (mg-P/kg) 779 1.64
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Parameters N- fertiliser P- fertiliser Mix-fertiliser Organic
(12-0-43) (0-56-32) (N+P) manure

TKN (g-N/L) 1.99 0 1.92 1.58+0.82
Total Hydrolysable Nitrogen 0 0 0 1.34+0.65
(g-N/L)
Ammonia-nitrogen (g-N/L) 1.88 0 1.81 0.25+0.006
Nitrate-nitrogen (g-N/L) 2.27 0 2.03 0.006+0.0007
Organic matter (%) 0 0 0 3.16+£1.99
Organic carbon (%) 0 0 0 1.84+1.15
Soluble COD (g/L) 0 0 0 5.7610.0
pH (1:1) 6.55 4.32 4.99 8.3040.08
Total Phosphorus (g-P/L) 0 1.99 1.67 1.50+0.08
Soluble Phosphorus (g-P/L) 0 1.50 1.46 1.04+0.83
Olsen P (g-P/L) 0 1.68 1.81 0.08+0.03

msmaaumsg@sﬁ'ﬁmaawaawa%’auum&mﬂaugnﬁwml’ﬁﬂsnﬁm:slmml,il”w;jauqamaanﬁ@@
dunagWasw LLazﬁwqumigWﬁuwaaWa%’amaaauﬁaaﬂN ANANNLT VTRV INa RN D IR
azmetnanualuiuaan uazdowndl iy 0.25 uaz 0.3525 mgP/L anuday szezafiidng
au@;amaami@@sﬁ'uwaaWa%’aﬁmmnmsazmﬂﬂsﬂaﬂLLazﬂﬂLﬂﬁ WAL 3 WRY 5 TN
ANNRIAL I@zmlaawa%’aafzmﬂmﬁmmﬂ'ﬂmﬁaaglislmiwaanwhﬁ'u 0.001 L8z 0.041 mgP/L Lila
\@uansazaeilonan LLazﬂmﬂﬁ ANEIAL WIANEN1 b1 99.6 Laz 88.3 tilasiFuduasnasnasa
azmﬂmﬁﬁagjilumm:muﬂman LLazﬂmﬂﬁgﬂgmsﬁ'ﬂuumgmﬂau LaNINT AN LA TY DS
a’ﬁam’mﬂﬂﬂaml,a:ﬂmﬂﬁ wui’lﬂyﬁ'ﬂaamﬁ@ﬁ@mawﬂ'@Lﬂunm AIBUNITANAZN DUV I

o o P 2 a £ oo A A a da R
WagWaTra2mMIUaua eI AUk ladIuIn miaumﬂu@umagamaaq@uamalimﬁmﬂu

o & . A & @ o o Aa '
§13QATUNUZ U (primary adsorbent) AsnurIntnunnWaawadale luamenauwning laiuiIn
@@%’UWaaWa%'alumsazmmﬂyﬁmawﬁ@ %aﬁusﬁ'ﬂ@”’haumwsJ"L&iflmi@wﬁ'uﬁmmmﬁ'mﬁu
WagWaIx e

aumsvl,aisnmaumigwﬁ'uLLmJLLmifﬁmm‘ma%mUmmﬁmﬁuﬁzﬂi']om}awa%’aﬁgﬂgwﬁ'u
(sorbed P) hazanuidutuuasnaanasaluanTazany ms@@sﬁ'uwaaWa%’aﬁ]zLﬁ@ﬁnﬂﬂﬁﬁ%mmﬁ
yenidwoanadw LLazmi@@sﬁ'uﬁa%iuumgmﬂau msgwﬁ‘muﬁm%mﬂm%mam (mono layer)
ﬁl"aﬁyuﬁﬁ’maamgmﬂ@u @iflmmqmaaﬂﬁgﬂﬁumawa%’aﬁmmnﬂmaﬂ waziloiadl inny
1.41x10° U822.99x10° mgP/mg soil e eL WINAIINANNTVBINTQATUN BTN TTL

ayun3sluszuy efarinfy 6.76x10° uax 2.63x10° mgP/mg Organic Matter (OM) Lilodw
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wiluaan LLazﬂmﬂﬁ ANNEIAU NANNIILATIZAIUEIUIN miauﬂ%ﬁﬁLﬂuaaﬁﬂizﬂawaaﬂﬂﬂan
mmmLﬁummqmaamsgw%’uﬂaaﬂa%’ﬂﬁ Namﬁmezﬂaimmama@ﬂugﬂﬁ 1.2

12000

400000

Ce/Cs =136811Ce + 2878.6
R?=0.8861

Ce/Cs = 549769Ce + 71930 (b)

10000 1 ° 350000 4 R2=0.7186 .

300000 -
8000 4
250000 - -

6000 200000 - .

Cel/Cs
CelCs

4000 | 150000 |

100000

2000 1 & .

(a) 50000 -

0 . . . . . 0
0 0.01 0.02 0.03 0.04 0.05 0.06

Ce (mg/L) Ce (mg/L)

0 0‘.1 0‘.2 013 0‘.4 0.5
3uUN1.2 lalmmaunsgaduneanaiauudn Wanasauiuasazais (a) fuaan uaz (b) Joiadl

m‘m@aaumimﬁauﬁmm:awﬂmm@aauﬁaUﬂaﬁuﬁmwu mIazaeiugnidugaasuiinmg
fsamstlan 25 cmh WU TunTefianurm 16 irudinasazian lddroaazansiolu
a4 T2lu9 Lﬁaﬂszl,ﬁuam;ama wudwmsazmmﬂquﬂ%mm 94.8-18 cm’ a:ﬂ'&a%islu"ﬁaa’m
yoafiansy wiadailn 40-50 1WasiFudueslSunastasinensnue Wedsziininanusale
myinavasstazasilulutesitevame ldsunsu UNSAT Gawawlay Bunsri (2006) an
g IﬂUﬁagaﬁamﬁma@ﬂumswﬁ1 3 Namiﬂiztﬁumsm‘é"auﬁmaam‘sazmmﬂﬂmaé’uﬁ

mwmmmlugﬂ% 3

P @ o ) o a A P S v ¢
A131NN1.3 Tﬂ;{{al]aumﬂa’]%i‘]_lﬂszlauuﬂqsl,ﬂaﬂuﬂma@u’]ﬂqﬂluﬂﬂawuﬂﬁ’]ﬂ

Parameters Values
Domain Sand column with 16 cm deep.
Hydraulic properties model Van Genuchten/ Infiltration only
Residual moisture content (cm3/cm3) 0.045
Saturated moisture content (cm3/cm3) 0.43
Air entry head (cm-1) 0.15
Empirical constant , p 2.68
Hydraulic conductivity (cm/h) 1.65
Boundary condition Upper, lower and initial moisture contents were 0.43,
0.045 and 0.045 cm3/cm3, respectively.
Number of time step per hour Varies between 480 and 24000.
Nodal spacing (cm) 0.5
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16 ° :
o 1 hour (obs)
1 hour o 2 hour (obs)
L 2_ v 3 hour (obs)
14 ow R=0 / ¢ 4 hour (obs)
,/ — 1 hour (sim)
- === 2 hour (sim)
12 Zhour - - Jl =-= 3 hour (sim)
R__‘_O_-s-o——" V- B R 4 hour (sim)
— =" .,'_:' = 5 hour (sim)
g 10+ o ovo /' 1
~— R4
= 3 hour g
S 8r R?=0.36.--="" |
= =
o] e
> b
2 g oo |v o dhur ,
L R?= 023"
47 .t i
27 Q ) o T
5 hour
0 L L L L L
0 0.1 0.2 0.3 0.4 05 0.6

Moisture content (cm3/cm3)

= a = + o ¢ = '
El]‘ﬂ 1.3 mimaaumaamiazmﬂqﬂluﬂaawummmwzl,’ga’mn6]

Lfiaﬂszl,ﬁummmL%’maamﬂmmadmmzmyﬂmmuﬁaa'jﬂwauﬁ@m’m (pore velocity) fam
1,2, 3, 4 uaz 5 Talag Herini 4.85, 7.19, 8.6, 9.25 uaz 11.5 cm/h ANEIGD waasIRLFWI
miazmyﬂmzmﬁauﬁmumadﬂwaaLzﬁ@m’]UVL@TL%%uLfiammm%uslu%y‘ummLﬁ'u%u f13U
ﬂﬁiLﬂﬁauﬁmaaawsazawaﬂmd"mﬂaé'uﬁau mimaam:lﬁumsa:mﬂﬂﬂﬁé’@mﬂ’ﬁvlmawhﬁ'u
12 cm’/h ﬁnﬂmiﬂizl,ﬁuau@amamaaﬁﬂ wudﬂ‘*ﬁaadwwaaaummmﬁ'ﬂt{ﬂﬁgaﬁa 286-306 cm”
vioAaln 90-100  esifuduaitasineninue mim’é‘auﬁmaamsa:msﬂmzﬂsmﬁmﬁU

T1/3unIu UNSAT I@sﬁl*’fﬁagaﬂawﬁwﬁaLLa@alumswﬁ 1.4

P v U ¥ o o a o P :’ + o  6a
@1314Nn1.4 ?lﬂ%lal] ﬂuL”ﬂ’]'ﬁ']%T]JﬂixLﬁJ%ﬂqiLﬂﬂE]%Y]‘IJEN%’]‘L!Ul%ﬂﬂa&l%@]%

Parameters

Values

Domain

Hydraulic properties model

Residual moisture content (cm3/cm3)

Saturated moisture content (cm3/cm3)

Air entry head (cm’)
Empirical constant, p
Hydraulic conductivity (cm/h)

Boundary condition

Number of time step per hour

Nodal spacing (cm)

Soil column with 16 cm deep.

van Genuchten/ Infiltration only

0.05

0.36

0.059

1.48

0.07

Upper, lower and initial moisture contents were 0.36,
0.05 and 0.05 cmg/cms, respectively.
Varies between 600 and 38000.

0.5
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Namiﬂiuﬁumimﬁauﬁ"uaomiazmﬂﬂUsl,wﬁ'uauuamalugﬂﬁ 1.4

16 16 16 16 16
/ / /@/ /
T 12 12 12 12 12
e o o o o
[ =
S 8 8 8 8 8
[
> O O o] [ (o]
<L
w4 4 4 4 4
o 1 hour o 2 hour o 4 hour o 6 hour o 8 hour
R” = 0.9965 R’ = 0.9998 R? = 0.9844 R? = 0.8254 R? = 0.6775
0 0 0 0 0

0 02 04 0 0.2 04 0 0.2 04 0 0.2 04 0 0.2 0.4
Moisture content  Moisture content ~ Moisture content  Moisture content Moisture content

16 16 16 16 16

12 hour 15 hour 18 hour 21 hour 24 hour
R? = 0.6682 © R =0.7145 © R =0.6141 ©

T 12 12 12 12 12

e

c

S 8 8 8 8 8

<

> o

@

w4 4 4 4 4
o

0 0

0 0.2 0.4 00 0.2 04 0 0.2 0.4 00 0.2 04 00 0.2 0.4
Moisture content  Moisture content  Moisture content  Moisture content  Moisture content

A:l' d' d' +| %] €a d' 1
3N 1.4 msmaaumaamsazmﬂQﬂluﬂaauu@uwi:HZLaaﬂmwa g
dl' a dl' ai + 1 s €A d'd a %
Wadsziliumsiedounvasansacaneioiunsdaui@unan 16  Loudiuas 2719 1138 18-25.6
ERIPTR @hmmL%’ﬂumivlmmaamiazmmﬁqlsflu%’u@ml,a@ﬂumﬁaﬁ 1.5 @1adLaNsaNaan

(e LLamﬁﬂmamﬂ%amaomsazmaﬂqmmﬁmﬁmaﬁﬁlﬁ (NUUH) ao;jgmmaoﬂaﬁwﬁ

17199 1.5 fhanuTvaims azasssazaedolunaduiauniaidg

Time (hours) Darcy’s velocity Moisture content Calculated pore

(cm/h) (cm’/lem’) velocity (cm/h)
1 -0.0007 0.122 0.0057
2 -0.0041 0.129 0.0318
4 -0.0213 0.138 0.1543
6 -0.0862 0.144 0.5986
8 -0.1212 0.153 0.7922
12 -0.1932 0.173 1.1168
15 -0.2933 0.200 1.4665
18 -0.3621 0.215 1.6842
21 -0.4290 0.231 1.8571
24 -0.4410 0.242 1.8223
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A = = ' =3 + & & a A
Eﬂ‘ﬂ 1.5 LLﬁ@Gﬂ"I‘SLUiUUL‘YlU‘].Iﬂ']ﬂ’)"lﬂJL?Ql%ﬂﬂiﬂ%@‘ﬂadﬁﬁiﬂzﬂ"lﬂqﬂl%”ﬁ%ﬂiﬁﬂLLﬂZ%%@%‘ﬂﬂ’ﬂN

o

ANYNNY 16 LTUALNAT wuiwmia:mmﬁlqslLﬂﬁauﬁmwﬁ‘uau"lﬁ‘*ﬁ’m’h%um’]ﬂasmﬁﬁfﬂ
12.00 2.00
1.80 -
10.00 -
_ 1.60 -
2 8001 8 1.40 1
5 5 1.20
2 6.00 - 2 1.00 1
[&] (&)
o =}
g S 0.80 -
o 4.00 1 -
S 5 0.60
o [a
200 - 0.40
0.20 - (b)
0.00 : : 0.00 e : :
0 2 4 6 0 10 20 30
Time (hours) Time (hours)

31]“71 1.5 ANUSIUNNT ARIUTBIINIVBITY (a) NI WAz (b) auﬁmiﬁﬂuﬂaé'uﬁ

s

Al

MaaNzimMIAfaunvaImaamEuTun T lasatsundgiwi nnoduiagiliddadlade

nmafiadJAsen miniionaiadewizessigeimisenaiiaanmannnuanazaisde’lily

TaIIN9VAINIY miﬂiuﬁumimﬁauﬁmaom@;mmﬂwfumw mﬂﬁﬂmﬂm UNSAT  LiN®

Uzl inaaaNuadIn1TUng (dispersion coefficient) maam@;mms‘lwﬁumm fdlawdnasuaadli

ANT19N 1.6

A1319N 1.6 ﬁagaﬂauL*’inlﬁ%'m%'um‘sﬂ‘szl,ﬁum‘smﬁauﬁmaam@;mmﬂwﬁ'umw

Parameters

Values

Domain
Hydraulic properties model

Boundary condition

Number of time step per hour
Nodal spacing (cm)

Molecular diffusion (cm’/h)

Soil column with 16 cm deep.

Retrieve from previous simulation.

Upper, lower and initial concentrations were measured at real
time condition.

Varies between 600 and 38000.

0.5

2.232x107 (TKN), 7.056x10" (ammonia), 6.840x10" (nitrate),
3.924x10” (organic matter) , 2.484x10" (P compounds) and
3.348x10" (hydrogen ion)

NN TU T I BAN LT NT T aam@lmmﬂwﬁ’umﬂ ULL&@GI%E]J“?] 1.6
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NH, (g/cm®)

NOj; (g/em?®)

~ 104 (.o i
S 12 4
S
S 8
] 10 A 000
kS g
LLI ~
610 A0 S 5]
g
3
41 “eld oo
240 A 4l
(@)
0 T T T T 2 i O O
0 0.0002 0.0004 0.0006 0.0008 0.001
b
TKN (g/cm3) 0 T T T T 2
- 0 0.0002 0.0004 0.0006 0.0008 0.001
1 hour (sim) O 1 hour (obs) O  2hour (obs) R
A 3hour(obs) & 4hour (obs) - -~ 5 hour (sim) THN (gfem’)
16
14 1 00 00
H X
1219 F 12 1
~ 10719 00 101 o o o
8§ E
S 8 S 8-
2 3
6190 O Yo q o o
44 44
219 © 24 d o o
(c) (d)
0 ‘ ‘ ‘ ‘ ‘ 0 : : : : :
0 000005 0.0001 0.00015 0.0002 0.00025 0.0003 0 0000002 0.000004 0000006 0.000008 000001 0.000012

31J°7i1.6 IW?"L‘V\IﬁmmLﬁuiumaam@;mmi (a) TKN, (b) Total Hydrolysable Nitrogen (THN), (c)

Ammonia, (d) Nitrate, (e) Soil Organic Matter (SOM), (h) Olsen P Laz (i) pH %é‘omﬂﬁmmzmﬂ

ﬂmangm@umg’ﬁumm
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Elevation (cm)

Elevation (cm)

109 OO

[ec]
L

69 O

0.01 0.02 0.03 0.04

SOM (g/ecm?)

16

14 A

Juy
N
I

[y
o
L

o
I

(@

0

0.000001 0.000002 0.000003 0.000004 0.000005

Soluble P (g/cm®)

Elevation (cm)

Elevation (cm)

®

0.000001

0.000002 0.000003 0.000004 0.000005
TP (g/lcm®)

0.000006

16

14 A

12 A

10 A

(h)

0.000001 0.000002 0.000003
Olsen P (g/lcm®)

0.000004

31J°?i1.6 (di0) InslWdanuidudunaim9a1m13 (a) TKN, (b) Total Hydrolysable Nitrogen (THN),

(c) Ammonia, (d) Nitrate, (e) Soil Organic Matter (SOM), (h) Olsen P W8z (i) pH WRINN

’ﬁ’]iﬂz&’]Uﬂﬂﬂ@ﬂgﬂ@mﬂﬂ’;ﬁ%ﬁﬂi’]ﬂ
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31J°?‘i1.6 (di) IWsIdanududunaisaannis (a) TKN, (b) Total Hydrolysable Nitrogen (THN),
(c) Ammonia, (d) Nitrate, (e) Soil Organic Matter (SOM), (h) Olsen P W8z (i) pH %ﬁ'omﬂ‘ﬁl
mia:a’mﬂUﬂaﬂgﬂl,?lwaagjfuﬂi’lﬂ

HaMTILATEReaslUsunsy UNSAT waasldifiuintunmafienuidn 2-4 udiuns saaswy
NIUNINIZANYVDITIADINT ﬂﬁiLﬂﬁauﬁmaOﬁ'}@;mms"luimwmzlfnmmamuﬂi’mﬁ
m‘é"auﬁmaam‘sazmﬂﬂsﬁa 3.64 L¥1n é’n%%’umsauﬁﬁa:wummwia:agj*ﬁ'mmﬁﬂ 4 \TUALNAT
NN UAENITRIIIMILARauRazIYNAY 3.64 wi'maaﬂfﬁvl,mmaomsazawﬂyﬂan Tuwmed
ﬁ’l@;mmiwaawa%'aazgﬂ%mﬂﬁaﬁmmﬁﬂ 2-4 LEWHLUATHLINAEW wanTRouulases
@hﬂmmaamiazmﬂﬂm]:l,ﬁ@%uﬁ‘sw:md 0.5 LTUALNATHUINNRAIMIN2Inaa N BInRITMN
ma?wﬂsz%wﬁmmws’maamqmmﬂué’um'}mfimﬁwﬂmanaav[ﬂ AEWLINNITUNINTLINL VD
11921139z lndlAnanu é’mamlugﬂﬁ 1.7 ﬁaﬁ?uﬂavlﬂﬂé'ﬂﬁmmﬁﬂﬁm@mmimﬁauﬁ"lﬁﬁa
ASUNT UAEMITW LHaaindn nsunwsuazmswduw liufesfindn wdagnelsfiauns

a & v Ao 9 ua a P &
‘W’TLﬁNauLﬂuﬂﬂvLﬂ%aﬂ‘YW]’ﬂ‘ﬁLﬂ(ﬂﬂ’ﬁLﬂaEI%‘V]“I]?JG‘E’WJQ”I%']?E%V]S’]U
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mimﬁauﬁmaomqmmﬁuau LﬁaLaumiazmuﬂﬂﬂaﬂ LLE\]ZﬂULﬂﬁ fu1InatuNEeellsunIy

UNSAT I@ﬂﬁa;&a‘i‘]auLﬁT’nLa@ﬂumﬂaﬁ 1.7

TN 1.7 fa;gail auTEnIuNM ISz nN AR WY aam@mmﬂwfuau

Parameters

Values

Domain
Hydraulic properties model

Boundary condition

Number of time step per hour
Nodal spacing (cm)
Constants for retardations

Organic carbon compounds

Maximum specific growth rate (1/h)
Heterotrophic yield coefficient
Substrate saturation constant (g/cma)
Oxygen saturation constant (g/cm3)
Ammonia saturation constant (g/cm3)
Dissolved oxygen concentration (g/cms)
Ammonia concentration (g/cms)
Molecular diffusion coefficient (cm2/h)
Nitrate nitrogen compounds

Maximum specific growth rate (1/h)
Heterotrophic yield coefficient
Substrate saturation constant (g/cma)
Nitrate saturation constant (g/cms)
Ammonia saturation coefficient (g/cm3)
Inhibition coefficient, I[C]

Molecular diffusion coefficient (cm2/h)
Soluble phosphorus compounds
Adsorption coefficient (cmS/g)

Soil bulk density (g/cm3)

Molecular diffusion coefficient (cm2/h)

Soil column with 16 cm deep.

Retrieve from previous simulation.

Upper, lower and initial concentrations were
measured at real time condition.

Varies between 600 and 38000.

0.5

74.4

0.45

4.0x10”

7.7x10"

1.0x10°

1.0x10°

2.66x10"(manure) and 1.88x10” (N-fertiliser)
0.03924

69.6

0.5

4.0x10”

2.6x10°

1.0x10°

0.072 (manure) and 0.080 (N-fertiliser)
0.0684

0.1055(manure) and 0.1118 (P-fertiliser)
1.25
0.02304

a a PN & a PN + P
miﬂizmumsmaaumaam@gmmﬂwnu@u LNQL@]Nﬁﬂiazﬂ"IUl‘!ﬁﬂﬂﬂ LLﬁ(ﬂ\‘ilugﬂYl 1.9

20




16 16 / 16 16— 16—
14 / 14} [0 14 ﬁ-//q ul | o 1| o
12 12 12 12 12
S 10 10 10 10/ | o
=
e 8 8 8 8 8
S
3 6 6 6 6 6
w
4 4 4 4 4
2 1 hour 2 2 hour 2 42hour 2 6 hour 2 8 hour
. R? = 1.000 . R? = 0.9942 . R =00852) R? = 0.9762 . R” = 0.9497
o 2 4 6 0 2 4 6 0 2 4 s 2 4 6 0 2 4 8
X 10-7 X 10-7 X 10-7 X 10-7 X 10-7
3
NO, (g/cm®) NO, (g/cm®) NO,(g/cm’) NO, (glem’) NO, (glem’)
16— 16— 16 (,/— 16 (_/ 16
14 o 14 14 14 14 (/’
12 12 12 12 12
S o 10 10 10 10
=
g8 8 8 8 8 8
S
3 6 P 6 6 6 6
w
4 4 4 4 4
2 12 hour 2 15 hour 2 18 hour 2 21 hour 2 24 hour
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g 8 8 8 8 8
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w
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AN 2.1 ANHUSFVTAVAIAUAIBENS

Parameter Orchard soil Paddy soil

Physical properties:
Particle size distribution

>2.38 mm. 82.95 78.72

2.38-0.595 mm. 13.51 10.07

0.595-0.075 mm. 3.04 7.39

<0.075 mm. 0.46 3.81
Soil texture (%)

Sand 38.01 76.08

Silt 31.60 20.45

Clay 30.00 3.47
Soil classification Clay loam Loamy sand
Hydraulic conductivity (cm/h) 0.25 0.57
Bulk density (g/cms) 1.20 1.54
Specific gravity 2.33 2.53
Soil water content (%) 5.09 0.63
Chemical properties:
Soil organic matter (%) 12.0 0.76
Soil organic carbon (%) 6.96 0.44
Soil pH (1:1) 5.43 4.63
EC (1:1) HS/cm 1200 215
Soil exchangeable cation, (meq/100g) 46.5 8.44
TKN (g/kg) 4.28 1.94
Soil hydrolysable nitrogen (g/kg) 4.12 1.84
Ammonia-nitrogen (g/kg) 0.13 0.04
Nitrate-nitrogen (g/kg) 0.10 0.02

dl e e b @ Qs Qs
AN 2.2 aﬂﬂmzaummaomw"lwmnﬂm@ﬂvlmuu

Parameter

Oily food waste

Nitrogen

TKN (g/kg)

Total hydrolysable-nitrogen (g/kg)
Ammonia-nitrogen (g/kg)
Nitrate-nitrogen (g/kg)

Organic substances

COD (g/kg)

Organic carbon (%)

Fat oil and grease (FOG) (g/kg)

1.73
1.67
0.49
0.04

3184
89.2
686
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Parameters N- fertiliser Organic manure
TKN (g/kg) 2.02 1.61
Total hydrolysable-nitrogen (g/kg) 2.02 1.49
Ammonia-nitrogen (g/kg) 1.87 0.25
Nitrate-nitrogen (g/kg) 0.34 0.005
Organic matter (%) 0 1.70
Soluble COD (g/L) 0 5587
pH(1:1) 6.72 8.26
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Incubation Initial OM (%) Final OM (%) Initial FOG (g/kg) Final FOG (g/kg)

20% moisture content

0% OFW 12.0 11.01 0.00 0.00
4% OFW 23.0 20.02 27.0 20.4
5% OFW 28.0 24.14 34.0 28.7
6.5% OFW 36.0 32.10 45.0 41.2

40% moisture content

0% OFW 12.0 10.92 0.00 0.00
4% OFW 23.0 22.07 27.0 18.6
5% OFW 28.0 27.32 34.0 16.4
6.5% OFW 36.0 33.28 45.0 38.8

80% moisture content

0% OFW 12.0 10.01 0.00 0.00
4% OFW 23.0 20.01 27.0 19.3
5% OFW 28.0 23.12 34.0 18.8
6.5% OFW 36.0 28.13 45.0 33.1
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Incubation TKN Conditioned TKN loss TKN remaining in
soil (gN/kg) (gN/kg) soil (gN/kg)

20% moisture content

0% OFW 1.43 0.48 0.95
4% OFW 1.48 0.63 0.85
5% OFW 1.49 0.46 1.03
6.5% OFW 1.51 0.67 0.84

40% moisture content

0% OFW 1.43 0.52 0.90
4% OFW 1.48 0.57 0.91
5% OFW 1.49 0.41 1.08
6.5% OFW 1.51 0.50 1.01

80% moisture content

0% OFW 1.43 0.52 0.91
4% OFW 1.48 0.70 0.78
5% OFW 1.49 0.64 0.86
6.5% OFW 1.51 0.59 0.92
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<TKN #THN OAmmonia A Nitrate
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System N,.. (GN/L) N (gN/L) R (gN/d) A (d)
0% OFW+ Manure
TKN 0.170 0.030 0.068 14
THN 0.090 0.035 0.070 14
NH, 0.130 0.000 0.030 14
5% OFW+ Manure
TKN 0.150 0.040 0.068 14
THN 0.085 0.025 0.060 14
NH, 0.110 0.000 0.040 14
0% OFW+ Urea
TKN 0.170 0.043 0.068 14
THN 0.120 0.046 0.070 14
NH, 0.180 0.000 0.090 14
5% OFW+ Urea
TKN 0.165 0.048 0.068 14
THN 0.110 0.034 0.080 14
NH, 0.180 0.000 0.090 14
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AN 3.1 ANBIUSRUUAVDIAUAIDEN

Type of soil
Parameters
Bangkok series (Bk) Roi-et series (Re)

Physical properties
Water content (%) 5.09 0.63
Bulk density (g/cm’) 1.2 1.6
Hydraulic conductivity (cm/h) 0.25 0.57
Specific gravity 2.33 2.53
Particle size distribution (%)

>2.380 mm. 78.72 82.95

0.595 - 2.380 mm. 10.07 13.51

0.075 - 0.595 mm. 7.39 3.04

<0.075 mm. 3.81 0.46
Soil texture (%)

Sand 38.0 76.1

Silt 31.6 20.4

Clay 30.0 3.47
Soil classification Clay loam Loamy sand
Chemical properties
Organic matter (%) 10.8 0.45
Soil pH (1:5) 5.54 4.75
EC (1:5) (LS/cm) 444 87.6
CEC (meq/100 g) 46.5 8.44
Total Phosphorus (mg-P/kg) 100 73.5
Soluble Phosphorus (mg-P/kg) 23.8 412
Available Phoshorus (mg-P/kg) 22.9 3.00
Available Calcium (mg-Ca/kg) 1013 325
Available Iron (mg-Fe/kg) 15 24
Exchangeable Aluminum (cmol/kg) 2.2 3.1
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A o an = &
AN319N 3.2 anum RN aTadTla lad

Parameters Zeolite
pH (1:5) 7.14
EC (1:5) (LLS/cm) 7.25
CEC (meq/100 g soil) 106.84
Organic Matter (%) 0.09
Total Phosphorus (mg-P/kg) 46.07
Soluble Phosphorus (mg-P/kg) 5.29
Available Phosphorus (mg-P/kg) 17.78
Silica (SiO,) (%) 68.28
Alumina (Al,O5) (%) 12.99
Ferric oxide (Fe,0;) (%) 1.37
Magnesium (MgO) (%) 0.83
Calcium (CaO) (%) 2.09
Titanium (TiO,) (%) 0.23
Manganese (MnO) (%) 0.06
Sodium (Na,0) (%) 0.64
Potassium (K,0) (%) 0.06
LOI (Loss of ignition) (%) 8.87

a7 3.3 anwasantavaslalaluy

Parameters Dolomite

pH (1:5) 8.93
EC (1:5) (LLS/cm) 595
CEC (meg/100 g soil) 4.18
Total Phosphorus (mg-P/kg) 13
Soluble Phosphorus (mg-P/kg) 0.62
Olsen-P (mg-P/kg) 0
Silica (SiO,) (ppm) 0.3
Alumina (Al,O3) (ppm) <0.05
Ferric oxide (Fe,03) (ppm) 0.09
Magnesium (MgO) (ppm) 21.07
Calcium (CaO) (ppm) 31.04
Cadmium (Cd) (ppm) <0.50
Lead (Pb) (ppm) <10




AN319N 3.4 é’ﬂwmzauﬁamaaﬂaﬁl‘*ﬁ’lumimaau

Parameters Organic manure MKP-fertiliser

Organic matter (%) 39.3 0

pH (1:5) 8.01 423
EC (1:5) (LLS/cm) 9960 806
CEC (meq/100 g soil) 417 -

Total Phosphorus (g-P/kg) 2.61 258
Soluble Phosphorus (g-P/kg) 2.26 253
Olsen-P (g-P/kg) 2.15 248

10
i OBk soil < Resoil

0 1 2 3 4 S 6 7 8
meqCa / 100 g soil

gﬂﬁ 3.1 mméfadmsgumaaauﬁaazhdaumu (Bk soil) Laz@uu (Re Soil)

anudaImIduuaadliiauit nmsUiufiervesdumiu 6, 65 uax7 dwivdusudasiiy
LAaLTENEaaW LAY 2.155, 4.079 WAz 6.624 meq Ca/100 g soil WAZEIMILABMIADILNY
LARLTENBEa LNNU 1.182, 1.758 WAz 2.586 meq ca/100 g soil MNEAU USumiaalfand

aaundaddaulasltdlalad uazlalaluyl uraslua1319n 3.5

a3197 3.5 Ysanmwdlalad uazlalalurinldinanitdsuiadasan

Soil and pH Zeolite (g/kg soil) Dolomite (g/kg soil)

Bk soil

6.0 33.50 0.260
6.5 63.50 0.966
7.0 103.5 2.050
Re soll

6.0 11.5 0.966
6.5 18.4 1.518
7.0 27.2 2.484
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mMinaseunIgadunasnaIzueIdusTINma uardudiuietios gnneseulasmaduaazais
flunan uazioindl adluauaagng LLﬁaﬁwmﬁLm’lzﬁﬂ%mmwaaWa%'aazmUﬁ’]ﬁmﬁaag‘lu
sIazany nuwhdayaindanzinmigaduneanaizuudu nan1siianedlelmnauniga
FUNaaWaTFVBIAUTITNTNG wasaudTuatiusaiuansoan lay Slatad wazlalaluy sunsle

dl =) Q Q a v 1 L= 6 a é
lananfiltlunisesuisnisgaduvasnaswaiauudnldunauniiveinasiing uasnjuads o4
fuTnatue laaad

. K,C
Langmuir:  Cg =Q, .| — 22—

1+ K,C,
Freundlich: Cg = K.CJ'"
A A @ . A P . . .

lagf Qmax A8 ﬂ?ﬁ&]’gl%ﬂﬁi@@‘ﬁﬂgd@@ (g/g soil), Ky aaa1097NN13N3I2218 (distribution constant)
TIFUARTAUWS WL JATenIgady (L), C, AadSinmmingngadudasTunmasgady
(9/g soil) uaz C, AadnANuNTwIaImIazasNanIzanga (mg/l) dwiu K fia Freundlich
sorption coefficient (mg/g) Wae n fa Fruendlich exponent relating to adsorption intensity of

surface heterogeneity

a1l 3.6 wgaINIatUraIWaaWaTFUBAUSTINTIA Wudnlfisunmigaduaainaanadw
UUAUEIN LAZAUUN Lﬁﬂgauqaﬁnm 5 uaz3 T2l enudau nMIgatuWaaneIzuaIfn
TN AFAAANBINUANNIINITQATULLLUAINT wadnsudleladnu migatunaawela
AOAANDINUFNNITNTUART Twameiilalslufinaansossaoin ldoadni s liuaadows
sauazauaanaud Gl lussazasis inliifad jisonnudeeusasnaanata uda
anaznauluztvaiuaaiBounasne asusasludjien Ca® +H* + POj ——CaHPO, 33
liswsndansilalomnennmsgadunasnedale

@N319N 3.6 "laIsanaumig@sﬁ‘uwaavxla%‘auuauﬁsmma uazdlalad

) Max. adsorption capacity
Sample/Fertiliser Equation R -
(10 " g-P/g soil)

Bk/ Manure Ce/Cs = 89647Ce+18364 0.7363 1.2
Re/ Manure Cel/Cs = 561337Ce+61226 0.9248 1.78
Bk/ MKP Ce/Cs = 94009Ce+22670 0.9741 10.6
Re/ MKP Ce/Cs = 668872Ce+61107 0.9874 1.50

Sample/ Fertiliser Equation K, n R?
Zeolite/ Manure Cs=0.0011Ce~ " 0.0011 0.4455 0.9512
Zeolite/MKP Cs=0.1317Ce>** 0.1488 0.1760 0.9665
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18 5TTNINAVDIAURIN LAZAKUN mmmg@%’umawa%ﬂﬁlﬂmﬁnﬁamvﬁfu AUTIINTNG
muwngm%’uﬂaaﬂa%’aﬁmmﬂﬂUﬂaﬂ"lﬁﬁﬂiwwaavia%'aﬁmmﬂﬂUmﬁ WEAIALARINENTBUNIES
luﬂslﬂaﬂmfaLflumsg]wffummsm*’maﬁmmsmm\imsmé"auﬁmaaﬂaaﬂa%’avlﬁ AUFI
mmm@@sﬁ'wlaawa%’avlﬁﬁﬂdﬁaum Lﬁaaﬁnﬂaumuﬁmﬁrauﬂ%ﬁlﬂuaaﬁﬂizﬂaugmdﬂuaum
é‘aifummmakl,w’m"l@?’h mi@@eﬁ'uwam/\la‘{a’l,uauﬁimmaﬁ?ummﬂmiauw’%ﬁﬁLﬂumi@@%’u
WaN mﬂ@uuazijﬂﬁmi%uw‘%ﬁlﬂuaaﬁﬂ‘szﬂaugw:mmin@@eﬁuwaaWa%’a"L@Tashaﬁ
Useansnw ioSouifisusudleladeswuin Flaladdnnualumsgadunasneiaginindu
ANTITUTIA LL@iﬂ’]i@Wfi"Llﬁ?%mﬁ]Lﬁ@ﬁ]’mﬂav[,ﬂ“n’]\‘mﬁﬂﬂﬂw UYAsunszninanesnaizdoanuscd
Toladsiumunsadunauld (reversible adsorption) %Ia"laﬁmmsngwﬁ'uwaaWa%’aﬁmmﬂﬂ AGH
VL@‘Tﬁn'jWWaaWa%'aﬁmmﬂﬂmaﬂ Lﬁaw’mﬂmﬂﬁﬁmﬁm%ﬁlﬂuﬂm WRWITDRZALARLTEND
aauanTlaladtad inlAifanisadeansdssnauszninuaatfonnunaanasalaatnedl
UszanTnw agnlsiany wgaWﬁaﬁgﬂ@Wﬁ‘u (sorped P) twlatadios sansoudsinluin
WasWasafiazaneiinld (soluble  P) ij‘yua%iﬁ'umﬁl,ammau WeldmusnSoufioy
anumanInvaInIgadunaanaaludusiumauazaudiuaiios Javihmsiendlalamnay
msgmsffuwaaWa%‘a’Luauﬁmmaﬁa anmivl,aiﬁnmamam;u@ﬁm nMIgaTuTaINaENeIRLK
fufilsuaissasdloladusasluaed 3.7

AN 3.7 mMIgadunaan assunAnlTulrdasaaodlalad

Bk soil/ Manure Equation Re soil/ Manure Equation
Natural Cs =0.00017C.** | Natural Cs =0.00021C,**
RY =0.9764 R? — 0.9760
PH 6.0 Cs=0.0012C."" | pH 6.0 Cs =0.0002C, "™
RY =0.9640 R? =0.9104
pH 6.5 Cs=00022C,"** | pH 6.5 Cs =0.00007C, "™
RY =0.9600 R? = 0.8701
pH 7.0 Cs =00020C,*™ | pH 7.0 Cs =0.0001C, "
R® =0.9522 R? —0.8527
Bk soil/MKP Equation Re soil/MKP Equation
Natural Cs = 0.00011C,*°" Natural Cs = 0.00033C,"*
R? = 0.9700 R =0.9761
pH 6.0 Cs =0.0007C,"** pH 6.0 Cs = 0.0002C,"**
R? =0.9310 R? =0.9357
pH 6.5 Cs=0.0806C,>** | pH 6.5 Cs = 0.001C,**"
R* =0.9456 R? =0.9279
pH 7.0 Cs =0.0011C,*** pH 7.0 Cs = 0.001C,**"
R? =0.9456 R2 =0.9279
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mig@eﬁ'uwaawa%’auu@uﬂ%’maﬁmﬁ?ummma%mﬂﬁwaumsmaaw;u@a"ﬁ LLamdwmigWﬁ'u
°11aaWaaWa%’a‘luauﬂ%‘uLaﬁysfuLﬂuﬂﬁsg@%’UﬂWJﬂﬁUm‘w I@]Uﬁ"fi‘Iavla@TLﬂuﬁﬂi@@%Uﬁgﬂ IGE
Lﬁ@ﬂﬂi@@sﬁ'ﬂﬂﬂﬁﬂ@%’&%%ﬁﬁﬁgﬁ (Secondary adsorption) ASLEAS MAENNNT

Ligand + Active Site—— Ligand —site

Ligand —site + PO.” — Ligand — PO}
ms@@ﬁfi‘wmvxlaa%la%’auuaumuﬁﬂ%‘uLaﬁmﬁaU%Iavlaﬁa:aﬂuﬁing@%uwaaWa%fa"L@TLﬁu%u
Saduwliuaiasiafenvinny 6.5 uas 7.0 uaNMaTvinGL 6.5 fldanmgaduvasaanals
A NIRRT 7.0 deiuieenTiaThi 7.0 SamandomsUTLEA TR uEIN MRTUARINNTENE

laladldmusaiansgadunesneialdatsiitbdany nisgaduneanaialudundiuiados

(3 A 6 a ¢:§/ 1= ‘ﬂl a + A a
dudlaladanfiatunaiiladuondasludu
@N319N 3.8 LLamVLaIsnmanmigwﬁuwaaWa‘fauuauﬁmma uazfwlsurrfasarslala i

ANT4N 3.8 msgwﬁ'uﬂaavxla%’auuauﬂ%'ULaﬁmﬁmim‘[a‘luﬁ

Max. adsorption capacity

Sample Equation R .
(10 " g-P/g soil)

Bk soil with manure

Natural soil Ce/Cs = 89647Ce+18364 0.7363 11.2
Stabilised at pH 6.0 Ce/Cs = 63797Ce+7496 0.9741 15.6
Stabilised at pH 6.5 Ce/Cs = 69709Ce+8141 0.9741 14.5
Stabilised at pH 7.0 Ce/Cs = 79898Ce+9690 0.9874 12.5
Re soil with manure

Natural soil Ce/Cs = 561337Ce+61226 0.9248 1.78
Stabilised at pH 6.0 Cel/Cs = 411757Ce+68428 0.9994 243
Stabilised at pH 6.5 Ce/Cs = 321698Ce+60898 0.9544 3.1
Stabilised at pH 7.0 Ce/Cs = 370364Ce+63474 0.9684 2.71

Bk soil with MKP-fertiliser

Natural soil Ce/Cs = 94009Ce+22670 0.9255 10.6
Stabilised at pH 6.0 Ce/Cs = 68864Ce+11810 0.9539 14.5
Stabilised at pH 6.5 Ce/Cs = 75242Ce+12466 0.9987 13.3
Stabilised at pH 7.0 Ce/Cs = 90258Ce+14954 0.8183 11.1
Re soil with MKP-fertiliser

Natural soil Ce/Cs = 668872Ce+61107 0.9905 1.50
Stabilised at pH 6.0 Ce/Cs = 481323Ce+77986 0.9580 2.07
Stabilised at pH 6.5 Ce/Cs = 455191Ce+70416 0.7345 2.20
Stabilised at pH 7.0 Cel/Cs = 473951Ce+94665 0.8103 212
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nigadunaswaTauudusITITAUaiudTuiatiosd alalaluvignuisnadunadlragunis bala

o ¢ e g: =S 1 L7 a =) a I Q/ s 1 g
WNONUDILRINAT mumaEmlﬂﬁm"lmnmiaumaﬂu@mﬂumi@mwaﬂ‘lumi%mawaaWasa
Tudw nvdsuRtaTasfurIweslalaluyin 6.5 was 6.0 mm:awﬁ'umsgwﬁ'uﬂaa%la%‘a 5k
\Auansazansilonan LLa:ﬂmﬂﬁ AUEIAY FRTUARWIBWANTUSUNLTN 6.5 LLANITINAUNNT
m?awaawa%'aﬁmmﬂmmzmmﬂslﬁ'daawﬁ@ nantInasaylalomanugadlwimniinislsu

a a o ea a =< @ v A ' o a A Y

WRAIAURINEI8Lala lriNNLaT 6.0 mmmmaﬂaamlasa"l,@wq@ LANSUTULRD OTAUWIAE

o @

lalaluriuuliwsasnanisgadunasweiauandsanaussumaadeiidoddn

LﬁaLﬂ%ﬂuLﬁwmmqmaomsgm%’uﬂaawa%’a‘luﬁuﬂ%’maﬁmﬁ’sU%Ia"l,aﬁ wazlala'luyt 34
nageumIaIANITasduLIuadin lasvnminenadluaaauian Hasanaulsuiaiasene
%Ia"l,aﬁﬁ?uﬁmig@‘fuLLuuﬁuﬂé'uvL@”ﬁﬂfauﬂﬁmaa Adams-Bohart lun1satunana waaulsy
LaﬁméhUI@Iavaﬁﬁ?uﬁmi@wﬁ‘umaLﬂﬁs'fﬁmsgmsffm:Lﬁ@%muﬂdﬁmsgwﬁmzLﬁw 13

3 Lﬂi’]Zﬂ{L’)ﬂ’] LUSQ‘YIE%GL% NZNUFUNNIVES  Thomas aum‘smsg@sﬁw ﬂd@%l%ﬂﬂﬁ&lﬁﬁﬂ 1N

- vo X
asune laaadh
Thomas:

C 1

e

C0 1+ exp[k|:QmaxM - COV :D
Q

lagf C, famnuidutuvadtinean (mglL), C, fa ANNTNTUVEITN (mglL), k A8 rate

constant (L/mg-hour), Qpax fo mwﬁﬂumigmﬁugdqﬁ (mg/mg), M fo ma“uadmig}wﬁh (mg),
V 8 throughput volume (L) kaz Q A8 8@31MT lAavadsn (L/ h)

Adams-Bohart:

C. z
C—:exp(KACOt— KANoaj

0
1o KAﬁa rate constant of Adams-Bohart model (1/mg-h), z fa bed depth (cm), Noﬁa fn

mmam@sﬁ'ugaqﬂiﬂzlﬂ%mmmaom‘sga%’uﬁmsﬂuﬂaé’mﬁ(volume of adsorbent column)

(mg/L) uaz gfa ANNULTITILEW (linear velocity) Va3 throughput (cm/h)
> e€a A A Aa + + a A
LWIANIVINBANRAURIUTTINTG Waidumsszapionen uazdoal usadluzn 3.2 uaz

v ea A o a v A ea a + + a P
Lﬂiﬂﬂgmaﬂﬂaﬂuu@uaauﬂﬂiﬂLaﬂU‘i@']U‘ﬁIavLa@ﬂL@Na’]‘iazaqﬂljﬁﬂaﬂ LLﬂZlJULﬂ?J LLa@\ﬂ,uEﬂﬂ
3.3
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Time (day)

3UN 3.2 lwIangreInIgadunasWa TFUUAURIUETINTANANITAzANe (a) fJonan uaz (b)

fJaiadl
1.00 1.00
0.90 - 090 -
0.80 - 080 -
0.70 - 070 -
o .60 - 060 -
0 3 3"
3050 - o/o/é S 050 -
V0.0 - 9/ C 040 -
0.30 - // 030 -
0.20 - 05° 020 -
010 - WW 0.10 -
0.00 0= S 0.00 A
0 2 g 10 12 14 16 18 20 0 6 8§ 10 12 14 16 18 20
Time (day) Time (day)

U7 3.3 wianjzasnsgaduneaveiaundumulinaiosdisdle ladnduaazas (a) iy

Aan uaz (b) fJoiadl

A1 C.J/C, IzuFaInFad IR I uaswaane SElwinFH unITE dasihidn MInasey
WUINAN C/Cy °11aamimaausluauﬁiswmﬁ%ﬁmgaq@whﬁ'u 0.8 meiﬁauéﬁamdﬁmiﬁﬂu
ﬂaé'uﬁma"l&i"l,éf@@sﬁ'uwaavxla%’avlﬁﬁgwm ﬁaﬁﬁuﬁﬁwaaau’haagmamu T e A anal5u
whasedlalad e Cy/Co L9 0.55 waz 0.60 Lﬁal,aummzmﬂﬂmﬂan waziloiadl anudrau
waasliRwniufitivesdlaladisienenazasieanesalain uaoanosafiassuudlolad
sffariaiﬁﬁam‘sm%u%un@mgﬁ il ldwunisidian (exhaustion) vasdulSuiaiosdiodlalad
Lfiav‘hmﬁLmﬂzﬁmsﬂwgmamaé’wﬁaumuﬁmma wazUSuiedusaladla ladaloaunisues
Adams-Bohart ﬁ]:vlﬁmmﬁﬁ]auwamaﬁmaamsgwﬁ”uwaaWa%’a’Lmaé’fuﬁ@u NANTALI LTRSS

TuanT197 3.9
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P ' A a g v A a ot a v = (2
@1379N 3.9 mmw’uaamigmumaw aiﬁluﬂaauuﬂuﬁﬁuﬁiiu"ﬁﬂ@LLﬂt‘].]?ULﬁﬂ PN FJGITI@VLEWI

Sample/fertiliser Equation R? K,(mL/h-mgP) N, (mgP/L)
Natural soil/Manure Ln(C, /C,)=exp(0.020t —6.009) | 0.948 0.0042 0.3547
Natural soil/MKP Ln(C,/C,)=exp(0.018t —5.958) | 0.932 0.0046 0.3238
Stabilised soil/Manure | Ln(C,/C,)=exp(0.008t —3.563) | 0.980 0.0022 0.4331
Stabilised soil/MKP Ln(C, /C,)=exp(0.006t —3.786) | 0.955 0.0029 0.3244

o % = €A A s a v 6 A a 6
mmmmﬂﬂngmaaﬂaauu@umu‘nﬂimanﬂimamimiavlww LLa@ﬂugﬂw 34 UATHNANTILATICH
ANAINIRUNRFRATVAIAURIBTITUTIR LATARFINUTULRDUTFILFUNITVEI Thomas L&A L
13197 3.10  WwwdsanumsUsuedusaaudlalad C/C, vasduUTuiadasalnlalaluriy
ﬂ'wgaq@ﬁ 0.82 W&z 0.85 Lﬁaﬁmﬂauﬂmaﬂ LLazﬂmﬂﬁ ANBAU LLamlﬁLﬁu’hmsg@éﬁ'ﬁmaa
WasWairuudumudivaivsdolalaluvionafansgeadurudlgunfidunan niilalaluriids
adhhiNalsutadgvaa ligiunTnaunaatdoudaanlunanlTuladusle hadsanantaTuad
msa:mﬂﬂUsTamavl,&immzamiam‘mszéjumﬁhmmm%ﬂw'éaaumﬂiwiavluﬁ uazlalaluyitis
danwauzduns (powder) Nawnnazasld msgaidslalaluilywianduise Aeradudn

& dl o v a a s a % a 2 6 a 6
sunanildUininneesmigaduresdudivaivdnlalalaiaaas annsieneyd
\§uldaiusang (breakthrough  curve)  wudimsdiuiafissdudavdlaladazauningadu

WasWailadnitlalalud uazmigaduuudulusiordlaladeziianimsgaduuulguni

IREYHERY

12 12
1.0 1 1.0 1
08 1 08 1

Sop 206

S S
0.4 041
021 , 027 (b)
0.0 C\) T \ T \ I : 00 ‘ ‘ ‘ ‘ \ T \

0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Times (day) Times (day)

Eﬂ‘ﬁ 3.4 Lmﬂ‘ngmaamsgmsf{uwaaWa%’anu@umuﬂ%’maﬁm@TwI@IavLuﬁﬁLawmmzmﬂ
(a) fJlunan uaz (b) fJuiadl
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@399 3.10 ﬂ'ﬂmﬁmaamig]@eﬁ'wlaawa%’aluﬂaé'wﬁaumuﬁﬁumaLLa:ﬂ%'maﬁ gsalelalabuyt

Sampleffertiliser Equation R? k Q...
(mL/mg- (mgP/mg)
d)

Natural soil/Manure | Ln([C,/C,]-1)=(2.908m/Q)—(0.0016C,V /Q) | 0.921 | 0.0016 | 1.09x10"

Natural soil/MKP Ln([C, /C,]-1)=(2.512m/Q)—(0.0016C,V /Q) | 0.890 | 0.0016 | 1.05x10"

Stabilised Ln([C, /C,]-1)=(2.907m/Q) - (0.0015C,V /Q) | 0.924 | 0.0015 | 1.03x10”

soil/Manure

Stabilised soil/MKP | Ln(|C,/C,]-1)=(2.414m/Q) - (0.0015CV /Q) | 0.887 | 0.0015 1.07x10°"

a 6 o 0’ 1 d' a s p.l' =3 s a a [ = [ =
mi’amﬁz%mmummwaaﬁmmgﬂLmumaowaavxlammnunnlmumu LRZAWUTULEDEIA18D
6 d' a 6 A L UioAa ad a = {ai a
Talad LLamlugﬂw 35 NammLmﬁmmmmwwvlmmuﬁﬁmmumiaummmmmg}mu
Waanaiale uazWoanatadiulngazgnudsanimduneanaanaian liazaioin uazialal
gu13nun bl Tomtler Eol%ﬂamﬁﬂaa%la%’aﬁvl&iazmyﬁ'ngnl,ﬁuﬁ'nvlﬁmﬂ TILRAIIND
[ 1 a = [ = = a a J o v d' I
MIFIRTUTENaLTzRINIanTBuNISuazWaawass nianaardayudaanludndsvinninndu pH
buffer gﬂazmﬁaaﬂmLﬁ'aa@ﬂ’mﬂﬁUuLLiJaamﬁLaﬂuauuﬁaLﬁ@miﬂi:ﬂammm%w-
o A a a o v A 4 A wa = Aa
wNogWaiw mmiazmwaumamwaaam:gﬂm:@luvl@mmaﬂqm‘lwammﬂuﬂm Tuamenan
ﬂ%’maﬁ'mﬁw%la"taﬁﬁa@uﬂman wunmInnirunasnasTrNaranuvin lawazNs il lamible
a J ) v A s £ { a + 1 s { gj
‘luﬂsmmgwu mmmuﬂimaﬁmmw’ﬂavl,aﬁl,ﬁamuqslmﬁaﬂﬂazwm’]waaWamaﬁazawm

v = £ v a tg/
leuasiNolsds:Tumilea TuSunmgaau

Phosphorus Concentration (g-
P/kg soil)

Natural/manure Natural/MKP  Stabilised/manure Stabilised/MKP
Soil/Fertiliser

@ Total P 3 Available P 8 Non available P

U7 3.5 gﬂLLuumaoWaaWﬁaﬁLﬁﬂﬁﬂluaumu uazAwaInLUTURNINGLT L lad
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aou dwiumiliioaanazifanalndudguniidunan

[ a 4' v '3
4. MmN awTINmNa lxlselaniniensineas
Waswaimdusgamiindraysesis wanaswesanwdusgainisinuluuisg iasain
NaWaTaunI DU I URITRZANY LATVDINDI Elmmﬁ'%'ﬂﬁmumwudﬁm‘sﬂ%'uﬂ‘ga@umﬁnj"sﬂ
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reaam gy FaWaanaiwlduidin migadunasnaianuanailiaugn Fuansdunid amu
mu’i%’slﬁaguﬁuﬂﬁé‘dLm’lzﬁaumﬂmﬂauqauﬁﬁ (sludge) nszuutntaunLFe asaniwas

a ae o o a a6 o A va @ & o
RUNITUUYANGILFIBUNIS LLazm@;mm'ﬂ@mawnzwaaWaia lNa lAGnRILATIZRRIANTD b
NALNUAUANNTITNTA LLaﬂ"ﬁLﬂ%ijUﬁuw%ﬁﬁlﬁm@!waawa%’mﬁal%ml,muﬂmﬂﬁ ARANIU
wanliduiloWaawaiaazaiody (Slow releasing fertiliser) S dunazdszifindanaiu
mmzammi’mi‘a@;é‘amvl,aﬁl,l,azﬂ’mmﬂauﬁﬁLﬁmﬁ'amﬁnﬁumqﬂaaﬂa‘{a‘luau

a a o o & a 4 o Y a
aznawddunidluzuuihdadudenlslunmmesssiwnanlaauquguniwiiduuas (DD)
uwazTaulnfuns (RT) Taqdan lavinltlunisdiuadiosde Yusnusndises dnsuionltlu
nsdanwfeiluaan uaziluiail Monopotasium Phosphate (MKP) 7idlgas 0-52-26 anuaueanild
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Alkaline Fertiliser
Sewage sludge
Parameters substance
DD RT Lime Fly ash MKP Manure
pH (1:5) 6.45 5.86 12.4 11.4 4.2 8.0
Total P (mg-P/kg) 13262 13208 0 326 257630 2610
Soluble P (mg-P/kg) 0 0 0 0 185410 230
Olsen P (mg-P/kg) 0 0 0 152 247610 2110
Organic Matter, OM (%) 17.3 11.6 0 0 0 39.3
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Source of biosoil
Parameters
DD RT

Physical properties
Water content (%) 33.89 19.81
Bulk density (g/cms) 0.8303 0.8918
Hydraulic conductivity (cm/sec) 0.00142 0.00034
Particle size (mm) <2 <2

Chemical properties
Organic matter (%) 6.53 5.47
Soil pH (1:5) 12 12
EC (1:5) (US/cm) 5.34 6.98
CEC (meqg/100 g) 1.48 3.53
Available nitrogen (mg-N/kg) 0 0
Total Phosphorus (mg-P/kg) 3360 1712
Soluble Phosphorus (mg-P/kg) 0 0
Olsen-P (mg-P/kg) 0 0
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Sample Equation R
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Form of phosphorus Biosoils with manure fertiliser
(mg-P/gOM) P Concentration of DD P Concentration of RT
Sorbed P
Reactive P 4.9 4.71
acid hydrolysable P 0.33 0.06
Organic P 0.15 0.06
Dissolved Phosphorus
Dissolved Reactive P 0.99 0.88
Dissolved acid
0.42 0.65
hydrolysable P
Dissolved Organic P 0.12 1.58
Form of phosphorus Biosoils with MKP-fertiliser
(mg-P/gOM) P Concentration of DD P Concentration of RT
Sorbed P
Reactive P 0.82 3.95
acid hydrolysable P 0 0.18
Organic P 0.17 0.1
Dissolved Phosphorus
Dissolved Reactive P 16.7 14.6
Dissolved acid
0.23 2.75
hydrolysable P
Dissolved Organic P 5.08 1.99

51



d. Yo
naflasuanlasinis

U‘nmwﬁaﬁwwﬂm'ﬁmi%’m’m‘hmu 2 L%E]d ﬁa
1. Bunsri, T., Chinnarasri, Ch. and Manastrong, N. (2011). Adsorption of soluble phosphorus
originated from organic and inorganic fertiliser on soil. Thai Environmental Engineering Journal,

25(2), May-August, pp.41-49.

2. Bunsri, T. and Yuenyong, P. (2012). Reduction of soil-phosphorus using zeolite. Thai

Environmental Engineering Journal, 26(3), May-August, pp.31-40.

3. Khankruer, D., Sivakumar, M., Chinnarasri, C., and Bunsri, T. (2012), Application of
Biomathematical Model for Pb(ll) Biosorption and Bioaccumulation, Sustain. Environ. Res., Vol.
22(6), pp. 379 - 386. (IF=0.675)

ag’s:mﬁamim%'wuwmwﬁﬂ 3 21U Ap

1. Bunsri, T., Chinarasri, C. and Sivakumar, M., Soil nutrient accumulation: Applications of

organic manure and chemical fertilisers. (m@’i’]’ﬂzdﬂﬂﬁ Environmental Fluid Mechanics)

2. Bunsri, T., Chinarasri, C. and Sivakumar, M., Enhancing accumulation of soil organic carbon

and nitrate using oily food waste. (m@’h%dﬂﬂﬁ J. Environmental Quality)

3. Bunsri, T., Chinarasri, C. and Sivakumar, M., Utilisation of alkaline stabilised biosolids as

fertiliser: Safety and environmental challenges. (mm']%ddvl,ﬂﬁ J. Bioresource Technology)

Uﬂﬂ’)"luﬁlﬁﬁLﬁ%ﬂl%ﬂ’ﬁﬂiz"qua%Wﬂﬁiﬁ’]u’)% 3 F}ao ﬁa

1. Piamsamrit, S. and Bunsri, T. (2012). Alkaline stabilised sewage biosolids for restoration of
soil phosphorus. International Conference on Sustainable Environmental Technologies (ICSET),
26-27 April, Bangkok, THAILAND.

2. Wattanachartkanun, T. and Bunsri, T. (2012). Restoration of Chromium (VI) in alkaline
stabilised sewage sludge. International Conference on Sustainable Environmental Technologies
(ICSET), 26-27 April, Bangkok, THAILAND.

3. Bunsri, T. and Yuenyong, P. (2013). Equilibrium and kinetic approach of soil phosphorus
adsorption on zeolite stabilised soil, the 39th Congress on Science and Technology of Thailand
(STT39), 21-23 October, Bangkok, THAILAND.
amﬁ%’uﬁmmsnﬁwuﬂ%aﬂwﬂmwiwﬁaﬁ'ummaﬂ‘?juﬁ‘i"nmu 2 LAY ﬁa

1. . FnBiur $1ia (ATan mAsuausa)

2. 1. Yududunmads 910a (nuafing adgd3)
uaﬂmnf:wamumu%ﬁwaamuﬁfﬁ'ﬂgﬂﬁﬂﬂmeLwﬂﬁﬁ'U"gwﬁu wazl3938UeE19 9 HIUUNANY

289 Honda Newsletters LazFaRININ @aamm’mmﬁﬂquaﬂm‘ﬁﬁﬁ

52



NMANKIN

53



T 2012 International Conference
\ On Sustainable Environmental
Technologies (ICSET)

Alkaline-Stabilised Sewage Biosolids for Restoration of Soil Phosphorus

Sirilak Piamsamrit and Thidarat Bunsri
1

Department of Environmental Engineering, Faculty of Engineering, King Mongkut’s University of Technology
Thonburi, Bangkok, Thailand.
2 The National Centre of Excellence for Environmental and Hazardous Waste Management-KMUTT satellite
centre, Department of Environmental Engineering, Faculty of Engineering, King Mongkut’s University of
Technology Thonburi, Bangkok, Thailand.

“e-mail: Sirilak.piam@gmail.com

Abstract

The aim of this research is to assess the suitable ratio between alkaline materials and sewage biosolids in order
to restore the soil phosphorus. The sewage biosolids were collected from Dindaeng (DD) and Rattanakosin (RT)
domestic wastewater treatment plants. Alkaline materials are the mixture of lime (CaO) and fly ash at the weight
portions of 1:7 and 1:5. The alkaline materials are mixed with sewage biosolids with various ratios to adjust the
pH of conditioned soil to be 12 and remaining at this pH level for 72 hours. The suitable ratios of biosolids:
alkaline are 60:40 and 70:30 for DD and RT biosolids, respectively. Besides, the ratios of CaO: fly ash at 1.7
and 1.5 were applied to stabilised DD and RT biosolids, respectively. These alkaline stabilised biosolids are
classified as Class A-biosoil. The adsorption isotherm tests were employed to examine the restoration of
phosphorus (P) onto DD and RT biosoil. When chemical P fertiliser is used, the restoration process achieves the
equilibrium at 6 and 4 hours for DD and RT biosoil, respectively. Another test the organic manure is applied,
the restoration process reaches the equilibrium within 3 and 2 hours for DD and RT biosoil, respectively. Both
DD and RT biosoil can effectively adsorp P and they are well fitted with Langmuir isotherm model. The DD
and RT biosoil have presented the maximum capacity of 23.9 and 23.4 ge/gowm, respectively.

Keywords: Adsorption, Alkaline Stabilisation, Biosoil, Isotherm model, Sewage biosolids.

1. Introduction

Monobasic orthophosphate ion (H,PO,’) and dibasic orthophosphate ion (HPO4*) are the primary forms that can
be consumed by plants [1]. Sewage biosolids contains of nitrogen, phosphorus, organic matter and other trace
elements that can widely recycled to condition the agricultural soil [2]. The alkaline stabilisation process is
introduced to eliminate pathogens and stabilised any toxic metals in sewage biosolids. The alkaline stabilised
biosolids is acknowledged as biosoil due to its appearance. The biosoil can be used as soil amendment [3]. The
appropriate ratio of alkaline: biosolids and the mechanism between biosoil and P are focused in this research,
ensuring that the biosolids can generate P to meet the plant requirement and can restore the excessive P.

2. Materials and Methods

2.1 Preparation of sewage sludge, alkaline additive and fertiliser

The dewatered sewage sludge samples were collected from the Dindaeng (DD) and Rattanakosin (RT) domestic
wastewater treatment plants, Bangkok, Thailand. These plants are the conventional activated sludge system, the
sludge samples were collected after dewatering at a belt press unit. The moisture content of sludge samples was
high hence they were kept air-dried for 2 weeks. The dried sludge was sieved using a standard sieve with a
round opening hole at a diameter of 2 mm in order to remove the large particles. Alkaline additive was prepared
with lime and fly ash, controlling the CaO: fly ash at 1.5 and 1:7. The mono-potassium phosphate (MKP)
fertiliser with a formula 0:52:34 (N:P:K) and organic manure were dissolved into the demineralised water and
these solutions are further introduced as the synthesis wastewater released from agricultural area.

2.2 Preparation of biosoil

To produce biosoil, the alkaline material was added to sludge and then mixed thoroughly. The alkaline material
was gradually added until the pH (1:5) of biosoil was 12 and pH of biosoil was stable at 12 for a minimum of 72
hours in order to reduce odor and eliminate pathogens [4, 5].

2.3 Adsorption isotherm tests

The equilibrium time was determined in the batch experiment. In case of MKP fertiliser applying, the biosoil
samples were weighted for 20 g and mixed with a 100 mL of MKP-fertiliser solution. Another is organic
manure application, the 2 g of biosoil samples were mixed with 50 mL of manure solution. These slurries were
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shaken with the incubation shaker model LAB-Line 2528 at a speed of 250 rpm under room temperature
condition (25°C). The effluent samples were collected at the mixing periods of 1, 2, 3, 4, 5, 6, 7 and 24 hours.
The concentrations of P were determined in a form of soluble P according to APHA methods [6]. The
adsorption isotherm was also examined in the batch experiment. The biosoil at the weights of 1, 2, 3, 5, 10, 15
and 20 g were mixed with 100 mL of MKP-fertiliser solution. The 0.3, 0.5, 0.8, 1.0, 1.3, 1.5 and 2.0 g of biosoil
samples were mixed with 50 mL of organic manure solutions. These biosoil slurry samples were shaken until
achieving equilibrium time. The concentrations of soluble P of every effluent samples were determined. The
data was modeled with Langmuir isotherm equations.

3. RESULTS AND DISCUSSIONS

Physical and chemical properties of sewage sludge, alkaline substance and fertiliser are shown in Table 1. The
suitable ratio of DD sludge: alkaline was 60:40, the alkaline material had the CaO: fly ash at 1:7. The suitable
ratio of RT sludge: alkaline was 70:30 and the CaO: fly ash of alkaline material was 1:5. At these ratios, the
biosoil samples were classified as the Class A- biosolids. The characteristics of alkaline stabilised biosoils and
fertiliser solutions are presented in Table 2.

Table 1 Physical and chemical properties of Sewage sludge, alkaline substance and fertiliser solutions.

Parameters Sewage sludge Al_kaline substance Fertiliser
DD RT Lime Fly ash MKP Manure
pH (1:5) 6.45 5.86 12.4 11.4 4.2 8.0
Total P (mg-P/kg) 13262 13208 0 326 257630 2610
Soluble P (mg-P/kg) 0 0 0 0 185410 230
Olsen P (mg-P/kg) 0 0 0 152 247610 2110
Organic Matter, OM (%) 17.3 11.63 0 0 0 39.3
Table 2 Characteristics of alkaline stabilised biosoils and fertiliser solutions.
Parameters Biosoil Fertiliser solution
DD RT MKP Manure
pH* 12 12 4.70 7.20
Total P (mg-P/L) 3360 1712 1133 110
Soluble P (mg-P/L) 0 0 1127 105
Olsen P (mg-P/L) 0 0 1077 102
Organic Matter, OM (%) 6.5 5.5 0 39.3

Note: *pH (1:5) is introduced to biosoil.

Dealing with the stabilision, the alkaline earth cations especially Ca®* and Mg?* are added to biosoil. The
increase in pH of biosoils can attributed mainly to the hydrolysis of these alkaline earth minerals. Under the
alkaline condition, the diluted solutions of MKP and manure have the initial soluble P concentrations of 1127
and 105 mg-P/L, respectively. The equilibrium times for the adsorption process of DD and RT biosoils with
MKP- fertiliser are 6 and 4 hours, respectively. The DD and RT biosoils with manure solutions can reach the
equilibrium time of adsorption within 3 and 2 hours, respectively. The sorption of P originated from MKP and
manure into the biosoil samples were fitted with isotherm equations as presented in Table 3. The observations
were best fitted to Langmuir isotherm equations. The values of Q. refer that the adsorption of soluble P from
manure reached the fully adsorption capability of organic matter. The soluble P adsorption of system with MKP
fertiliser solution is much lower than one with manure solution, owing to the limitation of active surface of
organic sorbent. Besides, the highly soluble P in MKP fertiliser solution can bring the difficulties on P
separation due to high diffusion.

Table 3 Adsorption isotherm of biosoils

Sample Equation R? Qmax (g-P/gOM)
DD biosoil + MKP fertiliser C./Cs=0.0689C.+103.3 0.8415 14.5
RT biosoil +MKP fertiliser C./C=0.0617C.+147.0 0.9204 16.2
DD biosoil+ manure fertiliser | C./C,=0.0417C+0.2959 1.0000 23.9
RT biosoil+ manure fertiliser | C./C,=0.0426C.+0.0258 1.0000 23.4

Note: C. and C; refers to concentration of Soluble P in the effluent at equilibrium time and the massive ratio of sorped P: biosoil.
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According to the Langmuir isotherm, the biosoil can store the soluble P by forming the chemical bond and the
monolayer of sorbed P is obtained. Furthermore, the active surface of organic matters and active constituent of
alkaline material can play the significant role in P adsorption. In order to obtain the highest adsorption, the
optimum amounts of P, the alkaline material and organic matter are essential to be considered.

4. Conclusions

The suitable ratios of sludge: alkaline were 60:40 and 70:30 for DD and RT biosoil, respectively. When MKP
fertiliser solution was applied, the equilibrium time for soluble P adsorption on DD and RT biosoil were 6 and 4
hours, respectively. The equilibrium times of the systems of DD and RT biosoil with manure solution were
achieved within 3 and 2 hours, respectively. The P restoration on biosoils are fitted to Langmuir equation. Due
to the highly concentration gradient and high content soluble P in the MKP fertiliser, the P adsorption onto
biosoil can be limited by diffusion and separation. On the other hand, the manure fertiliser contains some
amount of organic matter, which can reduce the solubility of P. The low concentration of soluble P and the high
active surface of biosoil, the soluble P released from manure solution can be effectively stored on surface of
biosoil.
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Abstract

This research focuses on the mechanism between hexavalent chromium (Cr(V1)) and the alkaline-stabilised
sewage sludge (biosoil) in order to separate the Cr(VI) ions from aqueous solution. The biosoil was prepared by
stabilising the sewage sludge with alkaline earth materials. The sewage sludge samples were collected from
Dindaeng (DD) and Rattanakosin (RT) domestic wastewater treatment plant, Bangkok, Thailand. The alkaline
material was obtained by mixing quicklime and fly ash. The optimum CaO: fly ash ratios of the alkaline material
are 1:7 and 1:5 for stabilising the DD and RT sludges, respectively. The biosoil samples are classified as Class A
biosoil. The equilibrium times for Cr(VI) adsorption on RT and DD biosoil are 240 minutes. When the pH of
Cr(V1) solution is at the extremely acidic range (pH<2), the maximum Cr removal efficiencies are 26.0 and
26.3% for DD and RT biosoil, respectively. The high protons in acidic system can promote the restoration of
Cr(V1) in either reduction of Cr(VI) to Cr(lll) or anionic adsorption of Cr(Ill). The maximum adsorption of
Cr(VI) on DD and RT biosoil are 4.98 and 6.45 mgCr/gOM, respectively. The species of CrO,* and Cr(OH); are
yielded in both biosoil slurries, confirming that these biosoil samples can actively restore and stabilise the
Cr(VI).

1. Introduction

Currently, the most common process for elimination hexavalent chromium Cr(V1) is adsorption, reverse 0smosis
and chemical reactions involving reduction and precipitation. Among these processes, the adsorption is
practically applied to restore the Cr(V1) from industrial wastewater [1]. The sewage sludge is a source of organic
matter, which can act as the primary adsorbent for removing of heavy metals [2]. The alkaline stabilisation
technique is applied to sewage sludge in order to produce the organo-soil or biosoil. This research aims to
investigate the key parameters such as massive ratio of sewage sludge: alkaline material, maximum adsorption
capacity and biosoil pH, in order to evaluate the effectiveness of Cr(VI) sorption.

2. Material and methods

2.1 Preparation of biosoil

Sewage sludge samples were collected from Dindaeng (DD) and Rattanakosin (RT) domestic wastewater
treatment plant and their characteristics were examined [3]. The alkaline materials were prepared by mixing
quicklime with fly ash at 1:5 and 1:7 (CaO: fly ash). The alkaline material was added to sewage sludge until the
biosoil properties were achieved the criteria of synthesis biosoil given by USEPA [4]. The alkaline materials
with the CaO: fly ash ratios of 1:7 and 1.5 were suitable to stabilise the DD and RT biosoils, respectively.

2.2 Sorption experiments

The Cr(VI) solutions with the various concentration and pH were prepared. The solutions with the Cr(VI)
concentrations of 5, 10, 20, 50 and 100 mg/L were adjusted to the pH levels 1, 3, 5, 7, 9 and 11. The Cr(VI)
solutions were added with biosoil and the biosoil slurry samples were agitated by the shaker at 250 rpm speed,
under the room temperature (25 +1 °C). The biosoil was allowed to react until achieving the equilibrium
condition. The effluent samples were filtered through glass fibre filter paper (GF/C), and the soluble Cr(V1) and
free trivalent chromium ions (Cr(lIll)) ions concentration were determined in accordance with the method No.
3500-Cr B [5].

3. Results and discussion

3.1 Biosoil Characteristics

The DD and RT sewage sludges have the negligible amounts of Cr(l11) and Cr(VI) and their initial pHs are 6.45
and 5.86, respectively. The trace amounts of minerals such as Fe, Mn and Zn are presented in both sludge
samples. The DD and RT sludges highly consists the organic matters that are 17.3 and 11.6%, respectively.
Based upon compositions of sewage sludge, the minerals and organic matter may act as the active substances to
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sorp the species of Cr(l1l) and Cr(VI). The suitable massive ratio of sludge: alkaline materials were 60:40 and
70:30 for DD and RT biosoil, respectively.
3.2 Effect of biosoil pH on dissolubity of Cr(VI)
Dealing with the various oxidation state of Cr, the hydrolysis of Cr(VI) can generate species of CrO,* , HCrO,
and Cr,0;%. The presence of Cr(VI) species depends on the pH of biosoil system. The influent samples mainly
contain the species of HCrO, and CrO,?, but the effluent samples contain CrO,* only. The affinity of Cr(VI)
adsorption under the acidic condition is in the order of CrO,*>HCrO, >Cr;0:,>>Cr,015% [6]. Although the
synthesis wastewater under the acid condition may contain HCrO,’, the biosoil can increase the pH of system to
be 7.5-10.2. The DD and RT biosoil systems can effectively restore Cr(V1), which the removal efficiencies of
26.0 and 26.3%, respectively. The reaction between Cr(VI) and dead biomass can be simply expressed as follows
[7].

HCrQ, +organic matter + H* - Cr* + H,0 or CrO? +CQ, ey
Surprisingly, the Cr(lI11) ion is not presented in any filtered samples. This suggests that Cr(I1l) can react with
biosoil and alkaline material, forming a compound of Cr(OH);. As Cr(OH); is the stable form, less toxic and
immobility, these biosoil can provide the Cr stabilisation. Besides, the remaining species of CrO,? is stable when
pH is above 8.0. The classifications of Cr(VI1) and Cr(l11) species are given in Figure 1.
3.3 Adsorption isotherm of Cr-biosoil system
The adsorption is recognised as a major mechanism between Cr and biosoil. Both of DD and RT biosoil systems
can reach the equilibrium of Cr adsorption within 240 minutes. According to the previous test, the maximum
Cr(V1) uptake is obtained when the pH of synthesis wastewater is at 1.0. Hence, the Cr synthesis wastewater
with the pH of 1.0 was employed to the isotherm test. The pH of DD and RT biosoil slurries at equilibrium are
8.4 and 9.7, respectively. Similarly to previous tests, only Cr(OH); and CrO,* are remained in the system after
adsorption. The common coexisting ions such as Ca®* and Mg** yielded from alkaline materials can be
insignificantly compete with Cr(lll) and Cr(VI) in sorption process [8]. So the OM might play the role in
constructing monolayer of sorbed Cr(VI), dealing with the chemical bond between hydrocalcite-OM matrix.
Many research works reported that soluble Cr(VI1) can be restored on the dead biomass according to anionic
adsorption [8, 9, 10, 11, 12, 13, 14 and 15] The tests of adsorption isotherm indicate that the Cr(V1) is attached
onto the active surface of biosoil. DD and RT biosoils have presented the best fit with Langmuir and Freundlich
isotherm equations as shown in Table 1.
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Fig. 1 Classification of chromium species (a) Cr(V1) and (b) Cr(l1)
Table 1 Adsorption isotherms constants
Isotherm Biosoil Equation R® Constants
Model Qmax (MgCr/mgOM) k. (L/mg OM)
Langmuir DD C=0.041C+4.987 0.9936 4,98 0.0082
RT C,=0.056C,+6.456 0.9483 6.45 0.0087
Isotherm Biosoil Equation R® Constants
Model n Ke
Freundlich DD Cs=0.0425Ce™™" 0.9944 1.07 0.0425
RT Cs=0.0450Ce™™® 0.9822 0.95 0.0450
Note: Ce and Cs are the concentration of Cr(VI1) in effluent at equilibrium time and massive ratio between sorbed Cr(VI) and organic matter, respectively. Qmax is the

maximum adsorption capacity, Kk is the distribution coefficient (Cs/Ce). n and K are constants from Freundlich’s equation.
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The value of constant 1/n is close to 1.00, so too, the Freundlich model can be simplified as Langmuir model
[16]. The constant K refers that the DD biosoil has slightly lower adsorption capacity than the RT biosoil has.
The constants Qmax and ki indicate the same statement as the K¢, confirming that the RT biosoil can actively
adsorb Cr(V1) rather than the DD biosoil. The mechanism between Cr(VI) and biosoil can be expressed by two
interaction processes including (1) the Cr(VI) is directly reduced to Cr(lll) after contact with biosoil and (2)
Cr(I11) binds with negative charge components.

Conclusions

The sewage sludges from Dindaeng and Rattanokosin wastewater treatment plant, Bangkok, Thailand were
stabilised with alkaline materials to produce class A-biosoil. These biosoil samples were introduced to restore the
Cr(VI) ions from synthesis wastewater, which contains the species of HCO, and CrO,*. The acidic (pH<2)
condition is essential to supply proton, which can promote the rate of Cr (V1) restoration and Cr(VI) removal
efficiency. The DD and RT biosoils can give the maximum adsorption capacities of 4.98 and 6.45 mgCr/mg OM,
respectively. These biosoil samples can effectively restore Cr(VI) in either the stable species of CrO,* and
Cr(OH);. The Cr(VI) from aqueous solution can be effectively restored into the DD and RT biosoil. The major

mechanisms involving the Cr(VI) restoration are reduction of Cr(VI) to Cr(l11) and anionic adsorption of Cr(llI).
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Abstract: This research focused on the modification of soil to be suitable for sorption and
reduce the leachability of available phosphorus (P) from soil by using zeolite stabilisation
method. Soil sample were collected from the orchard in Bangkhunthien, Bangkok, Thailand.
This soil sample had highly organic and clay contents. The fertiliser solutions applied were
organic manure and chemical fertiliser with the concentration of available P at 4.75 mg/L.
The optimum ratio of zeolite: soil was 103.5 g zeolite: 1kg soil, to raise the soil pHto 7. In a
batch test, the sorption capacities of natural soil and stabilised soil fed with manure solution
were fitted to Fruendlich model, they were 1.6 and 1.6 mgP/g organic matter (OM),
respectively. In case of chemical fertiliser application, the soil and stabilised soil could sorp
the available P at 1.1 and 4.6 mgP/gOM, respectively. The chemical fertiliser enriched with
highly soluble available P, and the pH is in acidic range. The available P originated from
chemical fertiliser could be difficultly sorbed onto OM, but it could be effectively stored onto
zeolite. The capacity of stabilised soil to sorp the available P originated from chemical
fertiliser was higher than one from manure fertiliser. The natural soil and stabilised soil was
further packed into an acrylic column with a diameter of 6.3 cm and depth of 20 cm under
controlling bulk density of 1.2 kg/L. The results can be fitted by Adams-Bohart model. The
natural and stabilised soil applied with manure solution could store the available P at 0.066
and 0.1187 mgP/gOM, respectively. In case of chemical fertiliser applying, the natural and
stabilised soil could sorp the available P at 0.064 and 0.1187 mgP/gOM, respectively. The
results show that the fully contact in batch test could provide the higher massive sorped P
than one with partially contact in the column test. Since, the transferring of available P from
fertiliser solution onto surface of packed soil could be limited. Adding zeolite into the soil
could effectively provide the exchangeable species and increase the adsorptive capacity of
available phosphorus. As the extractability of metals from zeolite could form the phosphorus-
metals compounds. The secondary adsorption was the alternative way to reduce the solubility
of potential metals after they were released from soil and react with phosphorus.

Introduction: Phosphorus (P) is an essential macronutrient and relatively large amounts of P
are required by plants. Although P is essential for plant growth, the mismanagement of soil P
can pose a threat to water quality. When lakes and rivers are polluted with P, resulting in the
excessive growth of algae and eventually the water bodies get upset from euthrophication [1].
The agriculture was accounted as the major source of P that was required to be properly
managed [2]. Approximately 50-75% of soil phosphorus is inorganic P. Only available P is
necessary for plant uptaking. Retarding or releasing of available P is together controlled by
the equilibrium condition [3]. Available P is usually associated with aluminum (Al), iron (Fe)
and calcium (Ca) fixing processes. The solubility of the P complex compounds is varied in a
wide range depending on soil pH [4], soil mineral content [5] and anionic species in soil [6].
Besides, the available P can be possibly rapidly fixed on soil matrix due to sorption process.
The fixed phosphorus is unable to uptake by plants [2]. In order to increase the amount of soil
phosphate, soil conditioning process is introduced. Zeolite conditioning can adjust the soil pH
to 6-7 and this could reduce phosphate hydrolysis. Using the organic fertiliser can increase
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the soil organic matter content, this could enhance the phosphate fixing [7]. Besides, zeolite
can enhance P fixing because of highly aluminosilicate content [8]. P bound to zeolite may
behave as slowly releasing P fertiliser [9]. To describe the behavior of available P retardation
onto zeolite stabilising soil, models for sorption and kinetics approach methods are employed.
Langmuir and Fruendlich isotherm model are described as follows [10, 11,12].

. K,C
Langmuir: C. = —d-e 1
g S Qmax(l_i_ chej ( )
Freundlich: C, =K.C!" )
where Qmax IS the maximum adsorption capacity (g/g soil), Ky is the distribution constant
related to adsorption bonding energy (L/g), Cs is the amount of sorped phase (g/g soil) and Ce

is a concentration of adsorbed substance in solution (mg/L). K¢ is the Freundlich sorption

coefficient (mg/g) and n is the Fruendlich exponent relating to adsorption intensity of surface
heterogeneity.
In order to examine the mechanism involved the adsorption process, such as mass transfer
and chemical reaction, a kinetic approach model is an essential tool that can analyse the rate
data. There are several models such as homogenous surface diffusion model, pore diffusion
model, heterogeneous diffusion model can be applied to describe the migration of adsorbate
along the adsorbent bed. Thomas equation is commonly applied to estimate the constants
presented in breakthrough curve. The assumptions are made as there is a Langmuir Kinetic
adsorption-desorption in the system and no axial dispersion. Thomas equation could be
expressed as follows [13].
C 1
C_o T KQuuM-CyV) )
1+e °

where C is the effluent solute concentration (mg/L), Co is the initial solute concentration
(mg/L), k is rate constant (L/mg-hour), Qmax IS the maximum solid-phase concentration of the
sorbed solute (mg/mg), M is mass of the adsorbent (mg), V is the throughput volume (L) and
Q is flow rate (L/ hour).

In case the adsorption is not obeyed the Langmuir model, the Adams-Bohart
model is employed. This model is specific to the concentration of adsorbing species and the
residual capacity of the adsorbent.

C z
C—OZEXD(KACOt— KANO a) (4)
where K, is the rate constant of Adams-Bohart model (1/mg-hour), z is the bed depth (cm),

N, is the maximum adsorption capacity per unit volume of adsorbent column (mg/L) and q s

the linear velocity of throughput (cm/h).

Methodology: The soil sample was collected from the orchard in Bangkhuntien, Bangkok,
Thailand. It was kept air-dried and sieved through a 2 mm opening sieve. The soil physical
and chemical properties were analysed according to the ASTM standards [14] and the
Agronomy No. 9 standards method [15]. The zeolite was a commercial grade zeolite that was
obtained from a natural rock of clinoptilolite, which was formulated
as(Na, K,Ca), , Al,(Al, Si),Si, 0, -12(H,0). Properties of zeolite was examined as same

manner as soil. Fertilisers used in this study were cow manure and chemical fertiliser. The
chemical fertiliser was classified as monopotassium phosphate (MKP), with formula of 0-52-
34. The cow dung was diluted with demineralised water and filtered through a filter paper,
Whatman No.1. Both of chemical and organic fertiliser solution was prepared at the same
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concentration of available P, which was 4.75 mgP/L. These fertiliser solutions were applied
to every experiment.

The pH of stabilised soil was controlled at 7.0. The ratio of soil to zeolite was
examined by lime requirement technique. A 10 g of soil samples were weight and these
samples were put into the borosilicate beaker. 0, 10, 20, 30 and 40 mL of a known
concentration of Ca(OH), solution. Volume of soil solution was adjusted by adding with
distilled water up to 50 mL. Soil solution was completely mixed and the soil slurry was left
until equilibrium. The pH of soil solution was detected. Preparing the graphical plot between
meq Ca/100 g soil and pH was then processed. Lime requirement to adjust the pH of soil up
to level of 7was corresponded to the Ca content. The amount of zeolite required was
calculated based on amount of required divalent ions of Ca.

The adsorption isotherm test was undertaken in a batch test. Soil and stabilised soil
samples were weighed for 1, 2, 3, 5, 15 and 20 gram, then the soil samples were soaked with
a 100 mL of fertiliser solution. The soil slurries were shaken with the incubation shaker with
a speed of 250 rpm at room temperature (29 °C) until equilibrium time. The concentrations of
phosphorus remained in solutions were determined in forms of available P. The data from
experiment was graphically plotted to present the rate of adsorption of P onto soil and
stabilised soils using the isotherm equations of Freundlich or Langmuir.

The laboratory scale soil column was employed to determine the retardation of soil
layer. The column was fabricated using the acrylic tube with an inner diameter was 6.3 cm
and the packing depth of 20 cm. The soil sample was packed with a controlling bulk density
(1.20 kg/L). The feeding fertiliser solution was sprayed on the column surface via a peristaltic
pump, controlling the volumetric water content at 0.4. The average flow rate of feeding was
118.3 cm®/d. The available P was examined using method developed by Olsen and Sommers
[15].

Results, Discussion and Conclusion: The properties of soil, zeolite and fertiliser solutions
are presented in Table 1.
Table 1. Properties of soil, zeolite and fertiliser solutions

Parameter Soil Zeolite Parameter Manure MKP
Water content (%) 5.09 >0.01 Organic matter (%) 39.3 0
Bulk density (g/cm®) 1.20 2.72 pH (1:5) 8.01 4.23
Hydraulic conductivity (cm/h) 0.25 >100 CEC (meq/100 g) 41.7 <0.01
Organic matter (OM) (%) 10.8 0.09 Available P (mgP/kg) 2150 248000
pH (1:5) 5.54 7.14
CEC (meq/100g) 46.5 107
Available P (mgP/kg) 22.9 -
Available Ca (mgCa/kg) 1013 -
Available Fe (mgFe/kg) 1.50 -

Exchangeable Al (mgAl/kg) 5936 -
- 63.0

Silica (SiO,) (%)

Alumina (Al,O3) (%) - 13.0
Ferric oxide (Fe,03) (%) - 1.37
Magnesium (MgO) (%) - 0.83
Calcium (CaO) (%) - 2.09
Titanium (TiO,) (%) - 0.23
Manganese (MnO) (%) - 0.06
Sodium (Na,0) (%) - 0.64
Potassium (K,0) (%) - 0.06

The soil contains clay, silt and sand at 38.0, 31.6 and 30.0%, respectively. It is classified as
clay loam. The soil sample enriches of organic matter (OM) and minerals. The zeolite looks
similar as fine aggregate material. It contains highly mineral contents and almost binds to
oxide, but has a low content of OM. The pH of zeolite is neutral, however the available
phosphorus was relatively low. This might indicate that the phosphorus bounded onto metals
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may require the suitable way to be extracted. Manure contains highly content of OM, but it
has low concentration of available P. MKP fertiliser has very high concentration of
phosphorus, but there is no OM. The pH of manure is slightly alkaline, while the pH of MKP
fertiliser is at acidic range. Even though chemical fertiliser could generate phosphorus
quickly, its pH could bring the acidic soil that can harm to plants.

The result for lime requirement is shown in Figure 1. A 103.5 g of zeolite is required
for stabilising a kg of soil, in order to increase soil pH to be 7.0. If soil pH is too high,

H,PO; can be highly sorped on calcium ligand. Adding too much zeolite, bringing too

much ions of Ca**to soil, this can transform available P to be the sorped one. The plants may
not be able to abstract the available P from soil [16].
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Figure 1. Lime requirement test
The equilibrium times of both natural and stabilised soil are 6 hours. Figures 2 and 3 show
the equilibrium adsorption of phosphorus (C, versus C,) onto natural and stabilised soil. The

isotherm rises quickly at an initial stage, with low values of C andC,. This reveals that a

plenty of active site is initially available and it is accessible. In case of natural soil, plateau
can be reached, indicating the active sites of soil adsorbent are full of available P. Inversely,
the decrease in the curvature of the isotherm is observed in the stabilised soil, considerably
increasing in C_brings small increasing in C,. This is possibly due to the limited of available
of active sites at the end of adsorption process. This correlates the difficulty of the edge

molecules to attach the adsorbent, or the active sites are partially occupied by available P
molecules [17].
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Figure 2. Sorption of available P originated from (a) manure and (b) MKP fertiliser
onto natural soil
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Figure 3. Sorption of available P orginated from (a) manure and (b) MKP fertiliser
onto stabilised soil
The sorption data from both natural and stabilised soils are well fitted to model of Fruendlich
isotherm. It is associated with the fact that natural and stabilised soils contain the
heterogenous surface energy system. The constants for sorption are given in Table 2.
Table 2. Kinetic constants for sorption of available P onto natural and stabilised soil

Sample/fertiliser Equation Kg (mgP/mgOM) 1/n R’
Natural soil/Manure C, =0.0016C*** 0.0016 0.495 0.9764
Natural soil/MKP C.= 0_0011(;3-597 0.0011 0.597 0.9700
Stabilised soil/Manure C, =0.0015C>** 0.0015 2.446 0.9522
Stabilised/MKP C, =0.0046C2** 0.0046 2.859 0.9456

The values of K refers to the saturated capacity of adsorbent, the P storage capacity
of natural soil is enhanced, when applying manure. In natural soil, the OM is the primary
sorptive agent. Adding manure fertiliser can level up the active adsorbent of OM. Unlikely,
the capacity of stabilised soil is enlarged by adding MKP fertiliser. Even though adding
zeolite can dilute the OM content of soil, it can enhance the capacity of soil due to a various
functional groups such as Al,O,,SiO, and other ionic species are on the active sites,

conducting the complex interactions between adsorbent and adsorbate [17]. The secondary
adsorption process of available P on soil is taken place [18]. The processes are written as
follows.

Ligand + Active Site—— Ligand —site )
Ligand —site + PO}~ — Ligand — PO}
The values of K. of natural and stabilised soil with manure adding may remain

constantly. This can confirm that the OM is the primary sorptive agent in this soil and the
physical sorption relating the van der Waals force may be predominant. The term 1/n in
natural soil with manure and MKP fertiliser are slightly different. The values of 1/n yielded
in both samples are smaller than 1, pointing out the favourable adsorption. The values of 1/n
of stabilised soil are higher than 1, presenting unfavourable adsorption. Moreover, the values
of 1/n of stabilised soil are higher than the ones of natural soil. The available P originated
from MKEP fertiliser trends to be difficultly sorped onto stabilised soil. This refers to the fact
that the pH of MKP fertiliser solution is at the acidic range. The metal compounds in zeolite
may be dissolved and then actively react with the available P, via the ion exchange process.
In contrast, adding OM from manure cannot increase the sorptive capacity of stabilised soil
since the chemical adsorption especially surface complexation can be limited under acidic
condition. This assumes that the zeolite can slightly enhance the secondary adsorption
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process when manure is used, but it can stimulate the adsorption capacity by ion exchange
process when the MKP is added.

The adsorption is also controlled by the mass transfer rate. The column experiment is
employed to estimate the restraining of available P onto the layers of natural and stabilised
soil. The breakthrough curves for available P sorped onto the layers of natural and stabilised
soil are illustrated in Figures 4 and 5, respectively.
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Figure 4. Breakthrough curve of available P originated from (a) manure and (b) MKP
fertiliser retarding onto natural soil
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Figure 5. Breakthrough curve of available P originated from (a) manure and (b) MKP
fertiliser retarding onto stabilised soil
The exhausting stage cannot be reached in both natural and stabilised soil since the
ratio of C,/C, cannot achieve 1.00. The actively adsorptive sites are still vacant. This can be

explained by the assumptions of Fruendlich isotherm model, the available P can be sorped
onto natural and stabilised soil via the physical adsorption. The molecules of available P are
attached on the active site by van der Waals force, providing infinite adsorptive site or
reversible adsorption. The Adams-Bohart model is appropriately fitted the breakthrough
curve because of residual capacity of adsorbent. The sorption constant rates of available P in
the soil columns are provided in Table 3.

Table 3. Constants for available P sorption onto soil layers

Sample/fertiliser Equation R’ Ka(mL/h-mgP) | Ng (mgP/L)
Natural soil/Manure Ln(C/C,) = exp(0.020t — 6.009) 0.948 0.0042 0.3547
Natural soil/MKP Ln(C/C,)=exp(0.018t —5.958) 0.932 0.0046 0.3238
Stabilised soil/Manure Ln(C/C,)=exp(0.008t—3.563) | 0.980 0.0022 0.4331
Stabilised soil/MKP Ln(C/C,)=exp(0.006t—3.786) | 0.955 0.0029 0.3244
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The Adams-Bohart model can generate the best fit to the observation data. The sorptive
capacities of available P onto soil layers, N, values are converted to a unit of mgP/gOM. The

natural soil has the sorptive capacities of 0.066 and 0.064 mgP/gOM, when applying manure
and MKP fertiliser, respectively. The sorptive capacities of stabilised soil are enhanced to be
0.119 and 0.095 mgP/gOM, when adding manure and MKP fertiliser, respectively. The
natural soil with manure applying is more highly active than the same one with MKP because
of the higher amount of OM sorptive site. The increase of K, is observed in the soil system

with MKP fertiliser applying. This reveals that the available P originate from MKP is in
acidic range, so it can destroy the equilibrium of the sorped and the soluble forms of available
P in the system, so too it is difficult to capture the available P onto soil. Although the
available P generated from MKP fertiliser can be sorped onto natural soil with slightly higher
rate(K,) than another originated from manure, the available P in MKP fertiliser is less

adhered onto surface of stabilised soil than the one discharged form manure. Due to
saturation of adsorbent sites, the adsorption capacity of adsorbent is declined with decreasing
of soil pH. By comparison, the stabilised soil can sorp more available P than the natural soil.
This indicates that the zeolite can enlarge the available P sorptive capacity of soil. The layer
of soil can retard available P within longer contact time than the batch test with fully
sorption, but the sorptive capacities of soil with fully mixing is extremely higher than the one
with partially mixing.

In conclusion, the sorption isotherms of available P emitted from manure and MKP
fertiliser onto natural soil have presented the same pattern. This reveals that the adsorption of
available P onto natural soil is the multilayer adsorption. The adsorption plays an important
role in available P sorption in natural soil. The OM is naturally accounted as the primary
sorptive material to sorp the available P. On the other hand, the zeolite can provide the
primary sorption via the ion exchange mechanisms under acidic condition, when MKP
fertiliser adding. Additionally, the zeolite can enhance the available P adsorption capacity by
the secondary sorption process via the surface complexation, when manure applying.
However, the magnitude of ion exchange is greater than the secondary adsorption, therefore
the stabilised soil can sorp the available P originating from MKP fertiliser rather than the
manure. The physical adsorption and ion exchange can together store the available P onto
stabilised soil.

The sorption capacity of natural and stabilised soil is different when the surfactive
contact mode is changed. The mass of available P may transfer from aqueous to sorp phase
depending on the mixing pattern, flux of concentration and contact time. The fully contact
with highly concentration flux can drive the available P from aqueous solution to be sorped
onto surfactive site of soil. The sorption process is relied on the equilibrium of available P in
aqueous and sorped form. Even though the contact time between fertiliser solution and soil in
column test is longer than batch test, the sorptive capacity and the rate of sorption presented
in column test are much lower than the batch test. This can refer the fact that the sorption
mechanism is controlled by the accessibility of actively surface area. The layer of soil can
strain a small amount of available P. The primary sorptive OM material can adsorp the
available P with constantly sorptive capacity even though the different types of fertiliser are
used. The sorption of available P onto primary sorbent of OM may take longer time to
achieve the equilibrium. For the sake of fertiliser application, the organic fertiliser can stable
retard the available P, and the utilisation of manure can more environmentally save the soil
pH than the MKP fertiliser.

The experimental data can be fitted by the models of Freundlich adsorption isotherm
and Adams-Bohart model. The constants obtained from the model can express the behaviour
of available P sorption on zeolite-stabilised soil and the key controlling parameter. Besides,
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the utilisation of manure in a thick soil layer is recommend since both the primary sorption on
OM and secondary sorption may take place together, enhancing the retardation of available P
without destroying the soil pH.
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