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ABSTRACT

Organically agricultural products are gaining popuities through out of the world as it gives thensomer
satisfaction with a basket of safer and bettertedsfoods. Besides this fact, organic crops conteimer nitrates,
nitrates, pesticides residues and trace elemergn ttonventional crops. One of the major constraih®rganic
forming is decrease of raw organic matters to prepeompost. The second and the most constrainmgaing
forming in Egypt is the high temperature most & ylear. This causes decrease in using of organitensaonly
four months in the year. In Egypt, scientists areking forward for different organic source whicteglenty in
nature and available at little — to — no cost. Humaine is one of them, and has been gaining pojiiga as a raw
material for organic cultivation. However, the ditause of human urine as agricultural fertilizemisblematic and
controversial with regard to hygiene, storage, arahsport and spreading. By addition of small amioeihMgO or
Bittern to synthetic or natural human urine a calbbe structure of {Mg (NB) (PO,). 6H,0} which is known as
struvite precipitates as major component. XRD- gsialand EMS- EDS analysis were used to deterreitiizer
quality. The test for slow release Fertilizer argb tActivity index are studied to assists struvigestbow release
fertilizer which fits the Egyptian whether and soil

Key words: urine, struvite, fertilizer, Bittern, NutrientseRovery.

INTRODUCTION

The progress of organic agriculture in the world haen very slow due to rapid declination of orgaaiv materials
such as animal waste, crops residues and greenrenathich is due to burning of waste and residuesaso due
to utilization of straw and grass as animal feddafid [2].

Human urine is a liquid waste product of the hurhady secreted by the kidneys by a process of tfittnafrom

blood called urination and excreted through thdhmee As urine is produced after filtration of thvod in the
kidneys, it contains low-molecular-weight compoumdsproteins which are not filtered. Each individaaduces
from 1-1.5 L of urine per day in 4-5 times and aghdrson excretes on average of 500 L urine per [#aUrine

contains the major part of the daily excretion ibfagen (N), phosphorous (P) and potassium (K) routing 88%,
67%, 73% respectively [4]. In human urine aboutdt5% of N excreted are urea and the remainder Haitige

form of creatinine, amino acids and uric acid. Whene is used as fertilizer, most of the nitrodections in it are
taken up by plant and which is the same as thah@furea or ammonium fertilization with nitrogerfi@éncy

approximately 90% of that of mineral fertilizer [&hd [5]. Moreover, it comprises of trace elemdht€u, Mo, Fe,
Co and Mn. Although human urine is not totally #¢eras it contains less amount of different entiieroorganisms
and that can be easily disinfected by storage [6].

Basically struvite is an orthophosphate, containimggnesium, ammonium, and phosphate in equal molar
concentrations. The general formula of mineralshefstruvite group is AMP£6H,O, where *A* corresponds to
potassium (K) or ammonium ion (NH and *M* corresponds to cobalt (CO), magnesium M nickel (Ni) [7].
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Struvite in the form of a magnesium ammonium phaspthex hydrate (MgNHPGq,.6H,O) crystalizes in an
orthorhombic structure (i.e., straight prisms watlhectangular base) when human urine is treated mégnesium
ion (Mg?") and then can be used as an important slow refgassphate fertilizer [8] and [9] and [10] and [11]

Struvite precipitation reaction in an equimoldr.1:1) follows the general equation:
Mg* + NH," + H, PO>" + 6 HO — Mg NH, PO,.6H,0 + nH" (with n = 0,1,0r 2).

In this process about 88% of the precipitate presestruvite, besides struvite, other mineralghsas epsomite
(Mg SQ, 7H,0), brucite {Mg (OH}} and ontgomeryite ( GaMg Al, (PO, (OH),. 12H,0 ) , may also be formed
depending on the amounts of other divalent or lgivametal cations available in urine. Even thrgugiman urine
is a valuable source of different nutrients thad baen used since ancient times to enhance thelyadvplants,

notably leafy vegetables and is universally avadatt little —to- no cost [3].

Several studies have been carried out to assesstiabtmethods of phosphorus recovery as strutigelsench and
pilot scale, and few processes, integrated in rireat plants already exist and are effective in GHE®],
Netherlands [13] and ltaly [14]. Very recently sfudas showed that human urine has a high contergatgfily
available in nitrogen, phosphorus and potassiumitanf@rtilizing effect is reported to be similar that of nitrogen
rich chemical fertilizer.

Nitrogen is not a depletable raw material, butsitpresent in urine in the form of ammonia or umehich is a
valuable material for use as a fertilizer. This Woteplace the chemical synthesis of these commmuwtiich
requires energy and auxiliary materials. Therefoitrpgen recovery from urine can result in a loweological
burden in comparison to the use of chemically peeduertilizers [15] and [16].

The authors reported that for cabbage cultivatienfértilizer value of human urine is as good asenal industrial

fertilizer in terms of its chemical contents, andtfiermore, its hygienic quality can also be gusras. They also
concluded that urine-fertilized plants may grow enoapidly, so the plants can be harvested eathes making
more efficient use of the land. Besides this, the of human urine fertilizer could reduce the dedrian industrial

fertilizer to some extent, which would reduce theinmental pollution released during fertilizeanufacture and
transportation [17].

Human urine is generally free of pathogens (gemn®n extracted by healthy person. Urine shouldtbed in a
sealed vessel for six months before spreading.dufitian the reuse of insufficiently treated humarine in
agriculture may result in transmission of pathogd®} showed that enteric microorganisms are masjrdged in a
shorten time, all microorganisms have not beenietlidThe recent research reveals that it is plestibuse human
urine as an alternative source if multinutrientifizer, which could be achieved only by introduginew areas of
scientific research in research frontier. When ttgpiag new treatment options in developing coustrig is
important to consider, in addition to its ecolodianvironmental sustainability, the financial asatio- economic
sustainability criteria as well. The majority of stawater treatment systems fail in developing atesibecause of
the lack of financial resources for maintenance apeération. Because urine contains natural andclaisle
resources which have a high ecological and econweatiee, it processing unit should be designed toperated as
a sustainable business, either by a private orijigporganization [19]. Linking urban sanitatiarfriastructure and
service provision to cities can draw sufficientafiitial resources for building infrastructure andusig operation
and maintenance costs, as city planners mightreeeéitect economic benefits. It is also opportuniyclose the
nutrient loop in urban excreta and wastewater mamagt. Such linkage can be established with adgui@jlwhich
contributes an important share to urban food sufga.

The aim of this study is to evaluate human urinestouvite deposit using synthetic urine solutiord authentic
fresh urine. Liquid bittern is used as source @f st magnesium ions to recover nutrients sucphasphorous
and ammonia in the form of slow release fertilizer.

MATERIALS AND METHODS
2.1 Urine sources quantity and quality
Plastic cans were used to collect the urine frodozen persons (6 mail & 6 — female). The colleatede was

stored in 1.5 L plastic tank. This quantity wadfisignt for one week experiments and analysis.

Synthetic human urine containing 11 solutes Tab)e ih concentrations equivalent to average authamtne of
normal healthy men was prepared Tablel accordimgteentional urological methods [21] and [22] fze in the
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experiments. Synthetic urine is free of pyrophosgdizorganic macromolecules (matrix) and unspetsigstances
that could enhance or inhibit the nutrient recovery

Table (1) Composition of Synthetic Urine in g/L

Material concentration
Urea 25
Criatine 1.1
Soy Broth 10
KCI 1.6
KH, PO, 2.8
NH,CI 1.0
NaSQ 2.3
NaCl 4.6
MgCl,.6H,0O 0.651
CaQ.2H,0 0.651
pH 5.8

Reference: Griftith et al., 1976,

2.2 Struvite precipitation experiments:

Struvite precipitation represents a possibilityptoduce a solid fertilizer from urine. Strauvite WH, PQ,.6H,0)

is formed by addition of magnesium in the form of \@L.6H, or (Bittern) the waste brine remaining after salt
(NaCl) extraction from seawater, was obtained fEliiSAL company-Egypt.

A series of batch investigations was conductedudysthe influence of species concentration andophsrtuvite
precipitation. Experiments were carried out &ic2@ 1000 ml stirred vessel.

Stock solutions of synthetic urine were preparedtated in section (2.1) Distilled water was usegrepare the
synthetic urine, and pH was then adjusted at skpétaalues ( 8.5 — 10.5) by the gradual additid®.1N NaOH
and kept constant all over the the reaction pesfad30 min ).

The homogeneity of the solution was performed Ingagnetic stirrer. Prior to any analyses done,aties were
allowed to settle over night in order to separhtedrystallized precipitate from bulk mother liq@izB]. The formed
precipitate was collected by filtration through rined filler paper (Whatman, Maid stone,UK) and dradambient
temperature.

2.3 Analytical methods:

The pH of urine samples (synthetic and Authentiaywmneasured by pH meter (Hanna Instruments, HI)8&id a
probe (Hanna Instruments, HI 1230). Total dissolgetid (TDS) and conductivity were measured by (HAC
conductivity meter 44 600-00).

Kjeldahl nitrogen, total phosphorus, ammonia nigmgChemical oxygen demand were conducted by theedure
described in the Standard Methods using a portdBléH DR 2000 photo-spectrometer,[24]. Table (2)whdhe
properties of human urine under test.

Residual concentrations of ions in solution aftération were analyzed by atomic absorption (AA): Ray
diffraction (XRD) and Electron microscope- EDS asals was used to determine the composition of ribeijgitates
produced [25].

Test for slow release fertilizer and Activity Indevere tested according to [26] and [27]. Methodedu® test
controlled —release fertilizers in Japan.

2.4 Methods used to test slow release fertilizers:

2.4.1 Activity Index Test:

Ten grams of the fertilizer is put into a contait@mhich 200 ml water is added. Stirring at diffiet time intervals
(15 min, 30 min, 60 min, and 120 min) were perfotna room temperature. All liquid in container riartsferred
into a 250 ml volumetric flask, make up to volumeachieved and the solution is then analyzed. dli¢ sontent is
air dried and weighted. 200 ml water was addedh¢ospblid content and stirred at 10D each sample at the same
time intervals stated above. The solid content afitedrying is weighed and (Al) is calculated aBdws:

AI=CWIN- HWIN * 100 % / CWIN

Where CWIN=cold water insoluble nitrogen
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And HWIN = nitrogen insoluble at 160
Fertilizers with a higher Al% have increased N bdlty, better slow —N release characteristics.

Table (2) Properties of human Urine under Test:

Materials Concentration in | Concentration in
synthetic urine Authentic urine

pH 6.48 5.38
conductivity | 2.55 mS/cm 19.62 mS/cm
COD 69.2 mg/L 37216 mg/L
Total P 3.9634 g/L 3.769 g/L
NH,4 57.12 mg/L 784 mg/L
TDS 1.27 g/L 9.8 mg/L
Temp. 25°C 30°C
Mg 15.57 mg/L 9.963 mg/L
Fe 0.114 mg/L 70 mg/L
Mn 0.038 mg/L 0.038 mg/L
B ND 0.1 mg/l
Ca H H
Cu 0.006 mg/L 14 mg/L
Zn 0.016 mg/L 42 mg/L
MO ND ND
CO ND ND
Cr ND ND
Cd ND 20 mg/L
SO, 1.55g/L 0.0475 g/L
Pb ND 34 mg/L
K 16.05 mg/L 2.48 mg/L

ND = not detected

2.5 Economic Study:
Preliminary Techno — Economic Evaluation For Striproduction from Human Urine.

RESULTS AND DISUSSION
3.1 Effect of pH variation on struvite precipitatio
The results of the effect of pH on nutrient remowéh struvite precipitation under conditions in iafn the molar

ratio was 1:1:1 and pH values were 8.5, 9, 9.5ah@,10.5 are given in Table (3).

Table (3) Changes in Mg ion concentration at diffeent pH during struvite precipitation using Mg O or Bittern:

H Value Concentration of Mg ion | Concentration of Mg ion
p when adding MgO when adding Bittern

8.5 0.7 1

9 1.4 1.1

9.5 0.8 1.2

10 1.2 1
10.5 1.1 1.1

Original pH=7.9

The optimum pH value obtained in the present stwdg investigated within the range 9.5 — 10 in theh test
using MgO and Bittern respectively.

The best M§" removal efficiency (89.87%) at pH = 9.5 using Mg@d 87.34% at pH =10 using Bittern rich with
Mg?*ions.

It was found that removal efficiency decreased whehwas higher than 9.5 for using MgO and when p&bw
higher than 10 for using Bittern solution. This pbemenon due to dissolution of struvite when pHdewe 9, NH*
will be deprotonated into NHand may result in NHvaporization and inhibition of magnesium ammonium
phosphate (MAP) crystallization process. Our resadfreed with [28] and [29].

In order to remove struvite from urine by precipida, the pH value of the solution should be in thege pH (8 -
9.5) where struvite solubility is minimal. But, Wwitadding Bittern as source of Kigthe efficiency of struvite
increased from 84.81% up to 87.34% at pH valueolnt®n was 9.5 and 10 respectively. This solutrhigher
pH=10 giving better struvite precipitation.
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3.2 XRD, SEM and EDS Analysis:
3.2.1 From XRD pattern of the deposits (RjgPpure crystalline phase for struvite precipitatgdsynthetic urine
solution and MgO addition. Nine peaks with the higitues of intensity at 239, 6390, 533, 572, 3&¥®% 494, and

442, corresponding to 2 theta at 5.9322, 5.6062886, 4.1494, 3.2955, 2.9269, 2.8037, 2.6921an652.6vere
detected.

The crystal size (L (n m) 79.6) is at position 2theta. The SEM image of the crystals morphologghiswn as
orthorhombic (prismatic elongated) along the dimecthey formed Fig 1a.
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Fig (1) Characteristics of struvite powder precipiated using synthetic urine and MgO

Fig (1a) The SEM image of the struvite crystals mgrhology formed by synthetic urine and MgO additionis shown as orthorhombic
(prismatic elongated) along the direction they forred.

3.2.2 From XRD pattern of the deposits Fig (2);epcrystalline phase for struvite precipitatedsgmthetic urine
solution and Liquid Bittern addition. Nine peaksttwthe high values of intensity at 23791.76, 1583275.65,
5116.42, 580.39, 284.89, 20168.22, 4608.43, and.80@4 corresponding to2 theta at 14.942, 15.75742B6
20.839, 21.411, 24.952, 27.039, 31.858, and 33:254 detected. The crystal size (L (n m) 75.5} igcasition 31 -
2 theta. The SEM image of the crystals morphol@gghiown as orthorhombic (prismatic elongated) aatdhed
type along the direction they formed Fig (2a).

1315
Pelagia Research Library



Sh. El Rafieet al Der Chemica Sinica, 2012, 3(5):1311-1324

d=5.61969

d=2.80677

Lin (Counts)
g
Lol

d=4.25017
9=4.14679

=5.92444
D244,

]

g
Il |
d=6.14585
1=4.50533
R 4 d=3.56567
E:Ea.negu
.

0 N s s (e e ey e e e
4 10 20

2 theta

Fig (2) Characteristics of struvite powder precipitited by synthetic urine and liquid Bittern, (2a)SEMstruvite crystals morphology
shown as prismatic elongated along the direction gy formed, (2b)table of atomic %, and (2c)EDS fertizer content.

EDS analysis is shown in Table (2b) and Fig (2¢)ficming that the recovered product is struvite amainly high
phosphorus content. Calculation based on compaosifathe precipitate indicated that total phosphsrs.76%,
magnesium 8.55%, nitrogen 13.67% , potassium 0.868des CaC{28.9% and Si@ 42.27% calculated by their
atomic %.

From the stoichiometric content of Mg: MRGOyin struvite formed by weight is 12.74: 11.74: 10.93

|Element | Weight% | Atomic%
cK 21.28 | 28.90
INK |11.74 | 13.67
0K 41.45 | 42.27
Mg K 12.74 |8.55
PK |10.93 | 5.76
ICIK 1.86 |0.86
Totals 1 100.00
30pm = 1500%
(2a) (2b)
Spectrum 5

Mg

n 1 73 3 4 3 & 7 & a4 10
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3.2.3 Struvite precipitated by authentic humaneudnd liquid bittern is shown in XRD pattern (Fig Bine peaks
with densities at5.8804, 5.5702, 5.3632, 4.241R24, 3.2782, 2.9109, 2.7931 and 2.6831 correspgrtdi2 theta
at 15.054, 15.898, 16.516, 20.925, 21.539, 27.088%, 32.017 and33.368. The SEM image (3a) ofdémese
crystal morphology is orthorhombic (prismatic ejated in direction of formation and EDS analysis) (@onfirms
that recovered product is struvite with phosphafil@6%, magnesium 8.81% , nitrogen 9.9 %, potass§iié %.
Besides Ca 16.55% and $i0.28% and ©55.84% as shown in Table (3b) are formed and tzkd by their

atomic %.
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Fig (3) Characteristics of struvite powder precipiited by human urine and liquid Bittern, (3a)SEM stwuvite crystals morphology shown
as prismatic elongated along the direction they faned, (3b)table of atomic %, and (3c)EDS

fertilizer content. element | Weight% | Atomic%

CK 11.54 16.55
N K 8.05 9.90
OK 51.85 55.84
Mg K 12.44 8.81
SiK 0.45 0.28
P K 14.30 7.95
SK 0.40 0.22
CIK 0.61 0.29
K 0.37 0.16
A0pm - 1000%
(3a) 3b)
P Spectrum 1
My
o]
G
M
[
{K g SCI KK
1 2 3 4 s 8 7 8 8§ 10
Full Scale 2052 cts Curgor, -0.057 (199 cts) ke
(3c)
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3.3 Methods used to test slow release fertilizers:

3.3.1 Activity Index Test:

The solid content after air drying is weighed ikcakated as follows:
Al=CWIN- HWIN * 100 % / CWIN

Where CWIN=cold water insoluble nitrogen
And HWIN = nitrogen insoluble at 160

The results in Fig (4) and Fig (5) and Fig (6)whbe gradual release of nutrients (N, P, K) atiamttemperature.

0.6 1
0.5 1
0.4 -
0.3 A
0.2 1
0.1
0 \ T .
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TIMEIN MINUTES

Fig(4) EFFECT OF NITROGEN RELEASE WITH TIME AND TEM PERATURE VARIATION
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o
(=]
o

T TR N T N R

CONCENTRATION OF
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0 — : ‘
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Fig(5) EFFECT OF PHOSPHOROUS RELEASE WITH TIME AND TEMPERATURE VARIATION
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Fig(6) EFFECT OF POTASSIUM RELEASE WITH TIME AND TE MPERATURE VARIATION
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Fig(7) EFFECT OF ACTIVITY INDEX % WITH TIME AND TEM  PERATURE VARIATION

The significant release of nutrients at 2@is shown in Fig (4) and Fig (5) and Fig (6). Rssshown in Fig (7)
indicated struvite as good slow release fertilimigh an Al % > 33% after 22 hours only.

2.5 Preliminary Techno — Economic Evaluation for Suvite production from Human Urine

2.5.1 Cost Indicator

Simulation and basic engineering of struvite prdiduc for proposed capacity 10.8tons/year (36Kg/day
12Kg/shift) has been concluded. The simulation udek the following: reaction, settling, filtratiowlrying,
granulation and packing.

The process flow-sheets are depicted in Figurear{@)Fig (9) for pilot and industrial scales.

2.5.2. Total capital investment costs
Equipment sizes based on the mass production astdestimation of the process equipment has be@matetl
from [30] and prices have been adjusted based sinmdices 2012 as presented in Table (4)

2.5.3. Operating Cost
In addition to raw materials cost as estimated @tiog to actual consumption from pilot experimendults and
prevailing costs, other components of operatingscae presented in Table (4, 5, 6&7).
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70ml Na OH [1N)

Or{2.8gm Na OH) 0.73L 0.17L
H.0
1L Urine i
F{EEDTI.DI"I 1.07L Settl 0.9L 0.18L
- 10 min cttiing Filtration >
I 30 min - >
8.617gm PH=3.5 5% D.R
MH, Cl -
L
struvite
0.0026L
Ord.dg
58.73ml L.B Granulation [,
Packing <
0.17 m?
Bittern

Fig (8) Block Flow Sheet for Struvite Production at_aboratory Scale (4.4g/shift)
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NaOH (1N} _ _
201L 2.24m 0.553m
(8Kg Na OH]) H:0
2.86 m’ > Reaction 3.3m’ _ ' 0.56 m® Dryingin open
Urine 10 min | settling 28m° Filtration . air or at 40°C
- 30min (5% D.R) fors hours
NH, Cl P.=9.5
24.68 Kg -
Struvite 0.007m?
12 kg
0.17 m? Packing o Granulation |
Bittern

Fig (9) Block Flow Sheet for Struvite Production atPilot Scale (12Kg/shift)
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*All equipments are locally made in Egypt.

Table (5) Annual raw materials cost

Name of Material Price / Ton | Annual amount | Annual rate material cost
L.E L.Elyear
. . 8 kg 2
Sodium hydroxide
Ammonium chloride 200 22212kg 799632
Bittern* (Mg"™) 36000
Urine (PO.) 200 153n? 30000
Annual raw materials cost 900L 829634
Table (6) Annual direct production cost
Item Cost
L.Elyear
Annual raw materials cost (50% OF TPCB29634
Operating labors (10% of TPC) 165927
Direct supervisor (10% of OL) 16593
Utilities (10% of TPC) 165927
Maintenance (2% of FCI) 4825
Operating supplies (2% of FCI) 4825
Laboratory charges (10% of OL) 165927
Patents & Roy utilities (1% of TPC) 16593
Direct production cost 1220851

*Transportation cost of bittern considering no aaitéor waste bittern.
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Table (4) Total Capital Investment (TCI)
Item No Unit | Cost
L.E
A. Direct Cost (DC)
Purchased Equipment (BE 1 75000
Urine storage tank concrete lined 5m
Brine storage tank concrete linedm 1 7500
Reactor, 1 15000
Reinforced concrete, Lined & Srapacity
Settler, 1 8500
Reinforced concrete, Lined provided with bottonmskier & 5nt capacity
Filer press (2.5M) 1 30000
Drying beds (0.5f) 2 25000
Packing Unit (12 kg/hr) 1 3000
Granulator 1 10000
Total purchased Equipment 106500
Purchased equipments installation (35% of P.E) 37275
Instrumentation control  (10% of P.E) 10650
Piping (15% of P.E) 15975
Electrical (10% of P.E) 10650
Buildings (15% of P.E) 15975
Yard Improvement (4% of P.E) 4260
Land & Service Facilities (10% of P.E) 10650
Total Direct Cost 105435
211935
B. Indirect Cost — (IC) (15% of FCI)
Engineering & Supervisor (5% DC) 10597
Contractor fee 's (2% of DC) 4239
Contingency (6% of FCI) 14475
Total Indirect Cost (IC) 29311
C. Fixed Capital Investment (FCI) 241246
FCI=DC +IC
24125
D. Working Capital
265371
Total Capital Investment = DC +IC+WC
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Table (7) Fixed charges cost

Item Cost
L.Elyear
Depreciation (10% of FCI) 24125
Local Taxes (1% of FCI) 2413
Insurance  (0.4% of FCI) 965
Total fixed charges 27503
Plant overhead (15% of TPC)| 165927

Manufacturing cost = Direct cost + Fixed charges Plant overhead = 1414281 L.E

Table (8) General Expenses

ltem Cost
L.Elyear
Administration Cost (2% of TPC) 27185

Distribution & Selling Cost (2% of TPC) 27185
Research & Development (2% of TPC) 27185
Financing (1% of TClI) 2654
Total General Expenses 84209

Total production cost = Manufacturing cost + GenerdExpenses = 1498490 L.E / 10.8 tons
=138749 L.E/ton =139 L.E / kg

CONCLUSION

High similarity was observed between struvite powplecipitated using synthetic and original humaines This
reflects the accuracy and applicability of nutriestovery efficiency from synthetic and authentine.

Struvite precipitation from hydrolyses of urinertsawith fast nucleation which developed into cajstto average
size 75 — 79 L (nm). Factors that do have influemt@verage crystals are not only super saturativlso pH and
low temperature leads to smaller particle sizeud precipitation in this work was > 90%.

Separation management of human urine opens up dhsihility of effective and circulation of nutrientot
contaminated by hazardous substances. In this stigiple methods of concentrations of nutrient coumals in
human urine were presented. The freezing — meftiathod makes it possible to capture 87% of thaanis.

From the test of slow release fertilizer and atfiundex (Al)% the gradual release of nutrientsR) at ambient
temperature and the significant increase of (N,Peigase at 106C giving Al >33% after 22 hours only indicates
struvite a good slow release fertilizer.

From the economic study as every new product whihnot be considered as economically viable, sthee
struvite produced is much higher than mixed femitiin local market (4000 L.E/ton). The system ba&nmore
efficient at a larger scale production and can belpffset the costs of wastewater treatment too.

So, from our results and recent research it redethlat it is possible to use human urine as amrat&ve source of
multi-nutrient fertilizer which could be achievedlp with introducing new areas of scientific resgain frontier.
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