z\g a
c} Lo &
% @ WATER SERVICES OMAN WATER SOCIETY

15th Gulf Water Conference
Sheraton Grand Doha Resort & Convention Center
Doha, Qatar, April 28-30

Treated Wastewater Application in Urban Agriculture
Dr. Ahmed Al-Busaidi

Department of Soils, Water and Agricultural Engineering, College of Agricultural
& Marine Sciences,
Sultan Qaboos University, Muscat, Oman
ahmed99@squ.edu.om



mailto:ahmed99@squ.edu.om

*Arid Country with annual %?Musandam

rainfall of 100 mm i
.V"%Annual Evaporation
: b, 7,714 MCM

/ Wusta j

/// \ : Elevation (m)

o | | <400
LY e [ ] 400 - 800
-- ' [ ] 800-1200
e / I 1200 - 1600

Bhofar T i B 1600 - 2000

B 2000 - 2400

g J= B 2400 - 2800

/ B >2800




Challenges «baadll

/ ater Shortage olwll i
2) Sea Water Intrusion (Salinity Problem) 4 Al 4 sla

= 7




/ :
Wastes Management

?} 3R Approach
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“3R” Approach from Solid Waste Management
Applied to Wastewater Treatment and Reuse
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Research Challenge: Treated Wastewat

Running cost and disposal
Seasonal fluctuations in production
MAR for storage and recovery
Irrigation and Health Risks




Potential risk ?

Micropollutants in treated wastewater .

Human exposure

Sewage Treatment Plant (STP)

SAFE?

Pathogens
Heavy metals
Nitrates

Salts
Emerging
contaminants

Plant uptake




PARAMETER STANDARDS

= Class A Class B
Inorganics — auwmnmesay— : o
Arsenic (as As) 0.100 0.100
Standards for esimees 1 2
Beryllium (as Be) 0.100 0.300
Boron (as B) 0.500 g
WaStewate r Cadmium (as Cd) 0.01 0.010
Chloride (as CI) 650 650
Reuse (m g/l) Chromium (total as Cr) 0.050 0.050
Cobalt (as Co) 0.050 0.050
Copper (as Cu) 0.500 1
Cyanide (total as CN) 0.050 0.100

Limitations:; [fuerideen 1 :

Iron (total as Fe)

= Lead (as Pb) 0.100 0.200
Contal nS Lithium (as Li) 0.070 0.070
Magnesium (as Mg) 150 150
some H C avy Manganese (as Mn) 0.100 0.500
Mercury (as Hg) .001 0.001
M eta I = Molybdenum 0.010 0.050
Nickel (as Ni) 0.100 0.100
Ammonical (as N) 5 10
Nitrate (as NO,) 50 50
Phenol (total) 0.001 0.002
Phosphorus (total P) 30 30
Selenium (as Se) 0.020 0.020
M on Ito FI N g |S Silver (as Ag) 0.010 0.010
Sodium (as Na) 200 300
Re u i red Sulphate (as SO,) 400 400
q Sulphide (total as S) 0.100 0.100
Vanadium (as V) 0.100 0.100
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Application in Modern Agriculture
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Hydroponics system Aquaculture system Aquaponics system



~_Aquaponics

Save:

1) Water

1) Fertilizers
2) Money

aquaponic
nitrogen cycle
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Comparative growth of Nile tilapia in freshwater
(Barka) and at 10ppt salinity (Rumais)
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Integrating Fish Culture with Freshwater Agriculture
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Greenhouse Agquaponics




and red hybrid tilapia

The combined growing of fish and greenhouse
crops has been tested successjfully in Omarn.

I 20710 a report was published by a group of
scientists from Sultan Qaboos University and the
Ministry of Agriculture and Fisheries

Jor the combined production of tomatoes

Auaponis: rQiSmg method
FORGHFOW RG-S SHRG: GO DS & Jea Sila

By Dr Stephen Goddard

QUAPONICS is the combina-
Azon of fish production (agua-
ulture) with the soil-less pro-
duction of plants (hydroponics). It
operates within a closed-loop system
and uatilises minimal resources. Fish
feed provides most of the nutrients
required for healthy plant growth.
These nutrients, excreted directly by
the fish, or generated by the micro-
bial breakdown of organic wastes, are
absorbed by growing plants. Nutrient
remowval by the plants in turn treats
the water by removing nitrogenous
compounds, such as dissolved ammo-
nia, which are harmful to fish. Water
is then re-oxygenated and returned to
the fish tanks. Fresh, potable water is
added to the system, as necessary to
replace evaporative loss.
Aquaponics Research in Oman
The combined growing of fish and
greenhouse crops has been tested
successfully in Oman. In 2010 a report
was published by a group of scientists
from Sultan Qaboos University and
the Ministry of Agriculture and Fish-
eries for the combined production of
tomatoes and red hybrid tilapia. The
trials were conducted at the Rumais
Agricultural Station. This research
is now being extended with support

from the Agricultural and Fisheries
Development Fund. which is operated
by the Ministry of Agriculture and
Fisheries. New varieties of salad crops
and various fish species will be grown
in a climate-controlled greenhouse
and the results will be made aval
able to growers. The unit in Rumais
will also funci n as a demonstration
facility. The main research objectives
are to examine the production and
uptake of minerals and their effects
on the growth of plant crops, fish and
plant crop productivity. the potential
costs /benefits for farmers and quality
and safety issues.
e roeial Devel e

The commercial development
of large-scale aquaponics is being
pioneered in Oman by Water Farm-
ers Canada in collaboration with the
Al-Raid Business Corporation. Their
initial project, developed on a site at
Manuma, is now in its third phase of
expansion and has the seen the pro-
ducrtion of commercial quantities of
fruits. salads and vegetables in sys-
tems integrated with the production
of tilapia.
Production systems

Two main systems are used in aqg-
uaponics. The first involves growing
crops in shallow grow-beds. using
media to provide support for root

systems. Expanded clay balls are
commonly used to provide the physi-
cal support necessary for the roots
of tall or trellised plants. The system
operates on a flood and ebb system.
where each tank is filled with miner-
al-rich water and drained 2-3 times
each hour A second method, used for
smaller plants such as herbs and sal-
ads. involves floating the plants in a
styrofoam raft. The plants are grown
in small coir pots and receive their
necessary minerals from the fish tank
via the water which circulates around
their exposed roots beneath the float-
ing rafts.

Aquaponic systems need to be
run intensively for maximum benefit
with carefully managed planting and
harvesting cycles. This necessitates
maintaining the necessary balance
between the culture of fish and the
growing of plants. This ensures ad-
equate circulating minerals and main-
tenance of water quality. Whilst most
benefits of aguaponics are normally
derived from the sale of plants there
is considerable interest in growing
fish of high value.

Tilapia are hardy fish. They are
able to survive high water tempera-
tures and are a suitable species for
agquaponics production in Oman.
Other. more highly valued species, in-

<lude the Asian sea-bass and koi carp,
which are sold for agquaria and orna-
mental fish ponds.
Sustainability

The benefi of using soil-less cul-
ture technigues and water re-cycling
provide considerable benefits for
long-term sustainability. Water con-
sumption is less than 10 per cent of
normal levels for hortcultural pro-
duction and can be provided from
potable supplies. This eliminates the
risk of contamination with pathogens
which may occur in ground-water
supplies. Reduced water demand is
clearly useful in a hot arid environ-
ment. There are no direct mineral or
fertilizer costs since the primary min-
eral source is the fish feed, which is
contributing also to fish production.
Some small additions of alkaline salts,
to maintain a stable, neutral pH and
ferrous salrs, to maintain the neces-
sary iron content, are the only min-
eral additives used in aguaponics. The
intensive nature of aquaponic pro-
duction reduces the amount of land
necessary for commercial production
units. Additionally, aguaponic systems
operate with a low energy footprint,
by maximising the use of gravity for
water flow.
Safety

Neither chemicals nor pesticides

are used in aquaponic systems, which
have a high level of environmental
compatibility as they do not discharge
effluents. Being the ideal closed loop
system, all chemical and biological
by-products of the system are natu-
rally used and neutralised within the
system self. The systems can be ini-
tiated with potable water and there
are no direct risks of contamination
with coliform bacteria or salmonella,
since these pathogens do-not survive
in cold-blooded animals, such as fish.
As in all crop production systems
cross-contamination is possible, but
the risk is greatly reduced when com-
pared with field crops or greenhouse
production systems using soil. Major
testing programmes on  aguaponic

produce in Canada and Hawaii have
recommended normal washing pro-
cedures following harvest for raw

salad crops and herbs. Farmers using
aquaponic technigues also have op-
portunity to seek organic certifica-
tion since no pesticides or chemical
are used during production and crops
should remain free of any unwanted
residues.

(Dr Stephen Goddard is the Director
of the Centre for Marine Biotechnology
ar Sultan Qaboos University. All pic-
tures were taken at the Al Raid Farm
in Manuma, near Rumaris).




Integrating Fish Culture with Saline
Agriculture




Salinity tolerance of hybrid Tilapia
Strain evaluations for red hybrid Tilapia (O.mossambicus X
O.niloticus). Evaluate for salinity tolerance and growth rate
Consumer preference




Integrating Fish
Culture with
Saline
Agriculture




Result and discussion
Tomato plant growth at different irrigation water treatments, low saline
fish effluent (3E), higher saline fish effluent (6E), low saline (S3), high

saline (S6) and freshwater (FW).

Treatment  Height (cm) Fresh Leaf area Root weight
weight ()  (cm?) ©)

3E 39.802 25.40* 9.33* 11.207
oE 30.83* 7.33° 4.37°¢ 6.67°

FW 28.25° 6.00P 3.75¢d 6.75"

Mean values in each column followed by the same superscript are not significantly different (P > 0.05).



Integrated Approach of Aquaculture
System using Treated Wastewater

Growing Bed

Nutrient Rich Water =
r Root Cleansed Water

]



Integrated Aquaculture
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Int@88ated Aquaculture with TWW

Ground Ground water Treated waste water
with fish waste with fish waste
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Na ppm K ppm Ca ppm

TWW (Water)
GW (Water)
GW + Fish (Plant)

GW (Plant)
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High Ammonia & Nitrate: affect fish life-
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Part 2 Integrated Aquaculture Study In Shade House
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Agquaculture with TWW
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Water analysis

Parameter 25% TWW 50% TWW Fresh water

Temperature 25.49 25.21 25.31
(c°)
Salinity 0.341 0.503 0.424

( ms/cm)

4.32 3.11 4.69

6.72 6.81 6.27




Integrated Aqu

Treatment CCM-200 B Treatment
(CCI)

2506 TWW Lettuce shoot/ A 2.54

TWW 25%

Plant analysis (Lettuce)

samples

Lettuce shoot / B
12.5

Lettuce shoot /A
14.8 I Lettuce shoot/ B

Fresh Lettuce shoot
water

Nitrogen analysis

Nitrogen
%
3.64
3.52

4.23 I

3.56



Integrated Aquaculture with TWW

Lettuce growth as affected by different treatments
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: erage elements concentrations of all treatments

m25% tww HE50% tww ® fresh water #2 M fresh water #1
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Element

Normal range in

plants
mg/Kg

0.1- 0.8
0.02 -7
0.1-2.4
0.02 -1
0.03 - 14
5.0 - 20
0.005 - 0.17
20 - 1000
0.02-5
0.2 - 20

1- 400

5.0 - 20
5.0 - 30
15 - 50
5.0 - 30
20 - 100
1.0 - 3
300 - 500
10 - 100
30 - 300

100 - 400

Guideline for safe limits of heavy metals in Plant

Critical concentration in plant ***

1.0 - 4
1.0 - 20
4 - 200
4.0 - 40
2.0 - 18
5.0 - 64
1.0-8

100 - 7000

8 -220

100 - 90O
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40
35
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25
20
15
10

2-Aquaponic plants length

Aguaponics

Aquaponics IR

Aqguaponic crops Shoot length in cm

Aquaponics |

Aquaponics |

Aguaponics

Aquaponics

Aquaponics [ INENEGEGEGG

Aquaponics |

Aquaponics [N

Aguaponics

Aquaponics

Aquaponics [N

Aguaponics

LettucelLettucelLettucelettucelLettucelettucelettucelLettucelettucelLettuceParsley Parsley Parsley

1

2

3

4

5

6

7

8

9

10

11

12

13




Aquaponic plants weight DIF????
\ J

(¢ @ ((
Aquaponic plants weight I3
25
20
Shoots
Plant Number Plant type . .
15 Fresh Weight(g) Dry Weight(g)
10 1 Lettuce 7.7 0.7
2 Lettuce 5.4 0.3
5 I I I 3 Lettuce 10.3 0.53
0 - — - - - W - [ ] - - - B I_ 4 Lettuce 5.4 0.49
] ] ) () () [} 4] 4] 4] ] - - .
:3: § § ::j, ::j, é) § § § § % % % 5 Lettuce 11.7 0.62
E § § E § EJ E § § E E étu E 6 Lettuce 1.8 0.17
1 2 3 4 5 6 7 8 9 10 11 12 13 7 Lettuce 16.6 0.76
8 Lettuce 15.1 1.06
B Shoots Fresh Weight(g) B Shoots Dry Weight(g) 9 Lettuce 101 0.79
10 Lettuce 20 1.17
11 Parsley 6 0.84
12 Parsley 2.6 0.37
13 Parsley 3.5 0.39



Heavy metals & micronutrients in plant
leaves

ICP-OES Results Units in PPM

SElyl 5 Sample As Zn Pb Co Cd Ni Fe Hge Mn Cr Cu B Al
No Name
Aquaponic ND 022 ND ND ND ND 032 ND 0.6 ND 0.2 0.49 0.14

lettuce

Soil lettuce ND 1.97 ND ND ND ND 1.23 ND 0.37 ND 0.2 0.55 041

Agquaponic ND 021 ND ND ND ND 0.19 ND 0.11 ND 0.13 0.63 0.14
parsley







Urban Agriculture: Vertical Farming
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Water from Air for Urban Agriculture
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