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Thank You Note

"= McGill

Bellairs Research Institute

McGill University Tel: (246422 2034
Holetown, St James Fax: (246322 0692
Barbados

Dear Damian Hinkson,

We would like to extend to you our warm thanks for welcoming our participation into this innovative
and notable prgect of yours. The project has been very educational and rewarding for all of us and we
know that it will successfully achieve its important goals.

We thank you for acting both as our mentor, providing your technical expertise and influence on all
matters and as a friend who helped enhance and ameliorate our experience in Barbados. Through the
internship specifically, we were able to take part in many things that not everyone visiting Barbados has
the opportunity to enjoy. Our relationship helped improvestimternship and ensured that we achieved

the highest levels of success.

We are grateful for the opportunity to have helped you in any way we could and look forward to hearing
of the successes of the BVAA in the near future. We hope that we were ahletherfthe aims and
benefit the BVAA. We will all surely be back to visit Barbados at some point in the future and look
forward to seeing the progress and accomplishments of the project.

Sincerely,
Margot Bishop Simone Bourke
Keith Connolly Tatjana Trebic
Susan Mahon Dr. Inteaz Alli
Internship Ceordinator Program Director
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Executive Summary

FLwsQ{ *L[[!'D9 !v]!'thbL/ twhw9/¢
Prepared by
Margot Bishop
Simone Bourke
Keith Connolly
Tatjana Trebic
For:
Ms. Susan Mahon, Internship Coordinator
Professor Inteaz Alli, Program Director
Bellairs Research Institute, McGill University
And
FANRQA Aff13S BVAAZ LIR2YAO | 3a20A1GA2Y

G¢KS LINR2SO0G 2dzif Ay Sde oflagudporits g Balrbadodvadd/tie expansiin Knd

RSOSt2LIYSyid 2F (GKS . FANRQa AffF3S 1ljdzd LI2YyAO ! aaz

Aquaponic systems, community or individual sized, provide a viable option for Barbadians
seeking © grow their own vegetables and ensure adequate nutrient consumpfitwe. closed circuit
system produces both vegetables and protein and reduces dependencies on other variables such as land,
water and fertilizers¢ KS . F ANRQ& +Af f I 3BVAA)ljhagldedtyyed &n abuamd 2 OA | G A
system that has proven to beffective in the tropical climate of Barbadadsis productive and has low
maintenance costs. Additionally, thessociatbon has designed a simple system that easiy
implemented and sustaindé forthe average Barbadian home.

The primary goal of our internship has been to assist our mentor, Damian Hinkson and the BVAA,
G2 FTdZNIKSNJ RS@OSt2L) GKS FfGSNYFGS | INKOdzZ dz2NB YSGK
Village AquaponicB{AA) in becoming the leading retail and production aguaponics company in the

country.
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The bulk of our research of Aquaponics came from scientific journals and other literature
published on the subject. Because the agricultural method is relatively ridwnat as much research
as other processes, we emphasized the results from other existing systems such as the facility at the
University of the Virgin Islands. Additionally, much of our knowledge came from our mentor, our own
tests, research and experiess.

2SS [aaAraiGSR Ay (GKS O2yaidNdHzOGA2zy 2F 3IANRBg o0SRaA
also participated in agricultural fairs to increase publicity about the BVAA and disseminate information
about aquaponics itself. Materials to further the brhof the BVAA were developed as well as publicity

deliverables to increase exposure, such as: pamphlets, posters, business cards and newsletters.

We implemented a system at Bellairs Research Institute in order to conduct a controlled
experiment testing ad monitoring the water quality, the plant and fish output and any challenges that
might occur in the system. Our aquaponic system contained tilapia in the fish tank and basil and okra in
the crop bed. Water quality was testedWeekly, fish growth was nmitored by several weigins and
the total plant biomass was calculated to find the total grow bed output. Additionally, a nutrient balance
was calculated to ensure water was maintained at a safe level Our findings and outputs from this project

include:

1 The need to implement an aeration system in the fish tank to remedy the shortage of
dissolved oxygen in the water

1 To enhance fish growth, the fish feeding frequency must be increased.

1 The crop bed must be maintained parallel and level to the ground to erkate
equitable nutrient distribution occurs ensuring a relatively uniform plant growth.

9 To significantly lower production costs, crop bed can be made from the same material

as the fish tank, a PVC cylindrical bed.
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The information compiled in this resyitovides an understanding of the role played by the BFSS
2009 Aguaponics internship group in assisting the BVAA in further developing their brand and publicity
as well as providing technical and scientific recommendations in order to maximize their siestem.
It will be a valuable source of information and deliverables for the BVAA in their continual development

into a successful aquaponic system and organic produce retailer.
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Introduction

Aquaponics is the combination of aquaculture, the raisingfigii in synthetic tanks, and
hydroponics, the growing of plants without a soil medium. The plants are grown in grow beds above the
soil, which reduces the surface area required to grow vegetable crops. Toxic waste products from fish
are removed by treatig the water. This allows the recirculating system to raise large quantities of fish in
relatively small volumes. (Rakocy et al, 2006) Plants have the potential to grow very quickly when they
use the dissolved nutrients from fish excretions, and from th&ients generated from the microbial
breakdown of fish wastes. Fish excrete waste nitrogen through their gills, in the form of ammonia,
directly into the water. The bacteria in the water and in the growing medium will then convert ammonia
to nitrite and then to nitrate. Nitrate is relatively harmless to fish, while ammonia and nitrite are toxic;
therefore nitrate is the preferred form of nitrogen for growing higher plants such as fruiting vegetables.

(Rakocy et al, 2006)

There are several benefits to thevoer of a backyard aguaponics system. Firstly, the waste
produced by the fish is recovered by the plant instead of being expelled to the environment. Water
exchange is minimized since the growing medium and plants act as biofilters, cleaning and rehening
clean water to the fish tank. The surface area of the grow bed provides the area for bacterial growth,
and is related to the treatment capacity of the system. (Graber A. et al, 2008) The treatment capacity
has a unit of mass removal per unit time. Sadly, highvalue vegetable crops, such as tomato, lettuce,
cucumber and sweet basil, have cultured in hydroponic media. It is more desirable to grow high priced

produce such as herbs to get the best profit per unit area of hydroponic bed. (Ghaly A,R20&dal

Fish species is an important consideration when setting up an aquaponics system. Trout, perch
Arctic char, tilapia and bass are just a few of the warm and cold water fish suitable for recirculating

aquaculture systems. However, most commercialegmpnic systems in North America are based on
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tilapia. (Diver, 2006) For our experiment, tilapia was chosen since they are a highly adaptable to
fluctuations in temperature, pH and nutrient concentrations in the water. Many crops can be grown in
an aquapoit system, but for the experiment being conducted this semester, okra and basil were the
two crops selected to study. This is due to the ease of growth and relatively short growth period. Since

the experiment was conducted over only two months, rapid gtowts needed for best results.

AEA "AEOAB8O 6EI T ACA ' NOAPITEA 1| OO1T AEAOET 1
The.  ANRQ& +Af I 35S (BVAAKS hibyihudity brgadizatdn thati wag fgunded

on March 2%, 2009 by our mentor, Mr. Damian Hinkson. It is a cooperation of farmerhen

O2YYdzyAle 2F . IFANRQA +AffF3aAS>E Ay GKS LINRAK 27F ({

absence of an aquaponics industry in Barbados. Besides Damian, its members include: Robert Saul,

Wendy Hinkson, AndyBrathwaite , CharlesParis Cleveand Hinkson, Carmelia Hinkson and Conan

Straker.

The BVAA is the only organization developing aquaponics in Barbados and was the recipient of a
notable grant from the Global Environment Facility, of United Nations Development Pnograamd
their Small Gants Programme this past year. Their initial project proposal was to develop a community
project which would produce a complete organic meal and then eventually develop the concept into a

business venture selling both organic produce and aquaponic systems

The BVAA has fostered a relationship with the k#tererican Institute for Cooperation on

Agriculture (IICA) in order to achieve their current and future aims.
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Goals and Objective

Project Goal: To optimize the mechanical, biological and ®mcdoonical processes of
aguaponics, and to promote public awareness and knowledge of aquaponics in Barbados.

h@SN) GKS O2dzNBS 2F 2dzNJ GKNBS Y2y iGK AYOGSNYakaLl
(BVAA), we look forward to assisting our mentor with hioirative project which we hope will become
an integral part in enhancing the livelihood of the average Barbadian. In order to attain our overlying
2Lt YR 2LIGAYAT S 2dzNJ O2y iNRodziA2y (2 GKS . +£!11 Q&
certain ®t of objectives and a corresponding methodology was defined. We achieved our project goal

by concentrating on theollowing four main objectives:

1 GSYySNIGAy3 ok NBySaa 27F | ljdzd L3y foflEn resyuRe firk § . + 1

aguaponics.

1 Assbting our mentor in developing the infrastructure and logistical capabilityexpand his

business plan
9 Providingtechnical expertise to maximize the efficiency of the system.

f Conductingwater quality assessment of the circulating fish tank water to &#u 5F YAl Yy Q&

product nmeets all standards for the cultivatiaf fish.

"AEOABO 6EI T ACA U&oOADI 1 EZ



Background

Barbados is the I5most water scarce country in the world where the freshwater withdrawal
per capita is 333 fyr. Its economy is heavily dependent on sugar, rum and ssaa production
throughout the 28" century. The gradual introduction of social and political reforms in the 1940s and
1950s led to the complete independence from the UK in 1966. In the 1990s, tourisms and manufacturing

surpassed the sugar industry in econic importance. (CIA World Factbook, 2009)

Barbados is one of the most densely populated countries on earth with an average 627
people/knt. Barbados has an area of 430kof which 37.21% is arable land and only 2.33% is allocated
to permanent crops. Thasland is situated in a tropical climate where the rainy season commences in
June and finishes in October. The terrain is relatively flat with a slight increase in elevation from the

coast to inland. (CIA World Factbook, 2009)

Economic Context

The tourisml y ASNIAOSAa AYyRddzZGOGNRSA 1 O002dzyi F2NJ (KNB:
LISNOSYy G 0O02YS& FNRBY | ANAKROdzZ Gdz2NBd ¢Sy LISNOSyd 27F
activities. Growth in the country has rebounded since 2003 by meérisceeases in construction
projects, housing and tourism revenues. (CIA World Factbook, 2009) The addition and increase of small
A0IES FIENNAYI AYAGAFGAQ@®SE A& adzNB (2 AYyONBlasS (K
production system whee food grown is mixed crops as well as small livestock. These small scale farms
are quite abundant in the developing world since small scale operations are more practical. They do,
however, tend to experience varying levels of efficiencies given localitcmms and constraints. New

technologies are often needed for the producer to meet the demands and competition in a market

"AEOABO 6EI T ACA LRoADPT 1 EZ



economy. This can sometimes be challenging since the small scale farm is usually run by a family in

which labour and capital are isss that need to be overcome. (Zavodska, 2009)

Aquaponics has the potential to aid and soften the challenges posed by small scale farming in
the Caribbean. The system does metjuire soil and uses minimal land. A household system can be set
upinafami 8 Qa o0k Ol &8 NR® Qi @Aay3a ASAGIAES (Y82 &2 NR2I12&RS & SIO
decreases its dependence on market food, of which some is imported produce. Consuming the fish
0SAYy3a NIA&AaSR Ay GKS GFyl &2dzZ e rhafkdt for ishSNEebBr theS | F I
island is quite expensive and most Barbadians diets have high percentages of protein in the form of fish.
Owners of small scale farms develop a certain amount of independence and allow them to have food
security, a main mblem in the developing world. In developing nations, food security and poverty are

intimately connected(Zavodska, 2009)

Tilapia
The reasonsvhy wechosetilapia as the fish to raise ithe tank are simple. Tilapia is a tropical

fish that prefers to live in waters between 28 and 3C

degrees Celsius. They are highly adaptable to var
temperatures, pH and dissolved oxygen. For the prog
performanceand growth oftilapia, dissolved oxygen
should be in the range of-8 mg/l. According to

N -

Winfree (1981) rapid growth is desired for raisin

tilapia and this can only be achieved by feeding the fFigure1: Tilapifish
intensively. For the purposes of a backyard aguaponics system, emphasis is not placed on how fast the

fish are growing. Thgrowth rate of the fish is largelyependent on how many fish are being cultivated

" AEOAGO 6EITACA LROADI T EZ



and how often the consumer esithe fish. For aquaponics as a hobby, the growth of the fish needs only
to be monitored by sight. If the fish are to be sold commercially, more emphasis is placed on how much

food is given to the fish and how fast the fish are growing. (Winfree R.A. 1981)

In terms of the fish feed we are using, tilapia are known to grow well even with low cost fish
feed. The feed used in our experiment is a low cost feed high in profigie optinum amount of feed
to be given is equal to the amount of feed fish eat in 15 minutes. Thén&igh responded well to this
feed and it is consistently consumed witHiB minutes of giving it to them. The protein content is very
important when choosing a fisfeed. The growth rate of fish increases with increased protein in the fish
feed. The feed we are using contains 32% protein. Therefore one third of their diet is protein which can

go straight towards increasing the biomass of the fish.

Tilapia has beeraised for aquaculture for over 50 years now. The dietary requirements for this
species has unfortunately not been extensively studied as ofBpetess energy may produce fatty fish,
reduce feed consumption and inhibit proper utilization of other feedstult is therefore important to
not feed to fish too much either. Damian Hinkson, our mentor, likes to feed his fish just enough to keep
them satisfied, but no more. He likes to keep his fish slightly hungry so they will consume all the feed

given to themand grow into full, lean fish.

"AEOABO 6EITACA LNOADI 1 EZ



Okra

studied or documented. However, this plant was chosen to be gro
in the aquaponics grow bed because of its relatively short grO\F'g”rez: OkraPlant

period and suitabity to varying temperatures and climate. (Sionit, 1981)

Basil

belongs to the specie®. basilicum Basil is not just used fo :
culinary needs; it can also be used as an ornamental herb, and)
extracts are used in traditiohanedicines and essentialls. Herbs,
such as basil, are of high value in the marketplace and using ttf S
herbs in the aquaponics system can maximize the profit per a'Fre31 Basil Plant

of grow bed.
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Literature Review

dUpdate on Tilapia and Vegetable Production in the UVI Aquaponic SyStenBagkocy et al.

A commercial scale aquaponics system was developed at the University of the Virgin Islands in
St. Croix.  No major changes in the system have been implemented since 2000, and in 2002 and 2003,
trials were conducted to evaluate the prodign of basil and okra. Batch and staggered production of
basil in the aquaponic system was compared to field production of basil using staggered production
technique. There were four harvests of the basil in batch production with an average yiedokgft#.
Initially there were a reservoir ofutrients; however by the fourth harvest evidence of nutrient
deficiency was obvious. The cropping system was therefore changed to a staggered production to
moderate nutrient uptake. In the staggered protlan trial, the plants were cut once (1.2 kgfjrand
allowed to regrow for a final second harvest (2.4 k§im A second trial was conducted where the
staggered production procedure was followed for basil seedlings that were planted in an adjoining field.
The yield was 0.6 kg/m Three varieties of okra seedlings were planted (NSdhth, Annie Oakley,
and Clemson Spineless) were grown hydroponically at a low density (2.7 plgnisicha high density
(4.0 plants/mi) and also in an adjoining field dtet same low density. Production was greater per unit
area at the higher density (2.89 kgfithan the lower (2.54 kg/R), but lower per plant (710 g/plant for
high and 940 g/plant for low). Production of okra in the field setting was 0.15lgithrequired much
more intensive procedures. This low production may have been due to wet conditions and alkaline soils.

A longer establishment time was thought to be need@hkocy, Bailey, Shultz, & Thoman, 2004)

gAquaponic Syems: Nutrient Recycling from Fish Wastewater by Vegetable ProducgtionGraber

and Junge

In an aquaponic system the potential of three crop plants was assessed to recycle nutrients from
fish wastewater. A trickling filter, using lighkpanded clay agggate (LECA system was used for

"AEOABO 6EI T ACA LNOADI 1 EZ



nitrification of the wastewater providing surface for biofilm growth and area for crop plants. Nutrient
input and removal rates were calculated through mass balance over a specified time, by the addition of
nutrient inputin the form of fish fodder, nutrient removal in the form of fruit and plant biomass, change

in nutrient reservoir in the water, and nutrient losses by water exchange. Input was calculated using
fertilizer coefficients determined through a separate eXxpwnt were fish were fed tilapia feed and
build-up of nutrients was measured after 14 days. All water quality parameters measurgdNSH

NG;, pH, electrical conductivity, DO) were within tolerable limits except sometimes nitrite, which was
above 02 mg N/L during one phase. Results were compared to controls of a traditional hydroponics
systems and crop grown in soil. The highest nutrient removal rates by fruit harvest were achieved by
during tomato culture: over a period of more than three maositiruit production removed 0.52, 0.11,

0.8 g/m?d for N, P, and K in hydroponic and 0.43, 0.07, and 0.4-d/rfor N, P, and K in aquaponic.

The nutrient recycle rates were similar to those postulated in an earlier study 62a0@ N/nf-a and

10-20 g P/nf-a and it was concluded that the trickling filter aquaponic system was able to adequately

treat the fish wastewater(Graber & Junge, 2009)

fEffect of Method and Scheduling of Irrigation on Water and Nitrogen Use Efficiencies of Okrafi by

Home et al.

Nitrogen use efficiency (NUE) and N uptake in plants are very significant components in
determining water quality of aquaponic systems. In agricultural fields, excessive leaching takes place
when high rates of water and N ar@m@lied in combination. This leaching makes most of the nitrate
unavailable to the plant and can also contribute to ground water contamination. In an aquaponic system,
however, this is not the case since the water is being recycled and the N stays confihedclosed
system. NUE and N uptake were studied by P.G. Home, R.K. Panda and S. Kar in a sandy loam Okra field

in Kharagpur, India. The experiment was carried out on a coarse textured sandy loam soil under sub
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humid subtropical conditions at an expenental farm. The results found suggested the maximum vyield
was obtained with a high nitrogen uptake and 30% maximum allowable depletion (MAD) irrigation
scheduling. Maximum allowable depletion is the percentage of moisture drop from field capacity. A 30%
MAD still keeps the soil quite moist. Yield and N uptake of vegetable crops have been found to increase
when irrigation schedules are applied that keep soil water at or near field capacity. This type of soil
conditions is similar to the grow bed being usleg our mentor, Damian Hinkson, for his aquaponic
system. Although there is no soil, the coconut husk serves as a growing medium and since the water is
being pumped continuously through the grow bed, field capacity or near field capacity conditions are
maintained. In the Home, Panda and Kar experiment, the N uptake was averaged to be 733 kg ha
while the NUE was averaged to be 89%. These numbers will be used to compare the nitrate content
being supplied to the fish via fish food and the resulting conedian of nitrate in the circulating water.

(Home, Panda, & Kar, 2001)

oEffect of Flow Rate on Water Quality Parameters and Plant Growth of Water Spinach (Ipomoea
aquatic) in an Aquaponic Recirculating Systtm 6 & 9V RdzE G Sid | f o

Aquaponics systems were designed to provide an artificial, controlled environment that
optimizes the growth of fish and sdédss plants, complete control over water quality, the production
schedule and the fish product, while conserving water resourcége different water flow rates (0.8,

1.6, 2.4, 3.2, and 4.0 L/min) were tested in order to relate nutrients removal, water quality and plant
growth. It was found that the highest plant growth rate was at 1.6 L/min and that high growth rates and
yields wee generally seen when the major growth limiting nutrient, nitrogen, was delivered as a
combination of ammonium and nitrate. In terms of fish growth rate, there were no significant
differences in the feed conversion ratio (amount of food given vs. Weigimed) at various at flow
rates. The results showed that the aquaponic system removed; BOJB5%), total suspended solids

(67-83%), NKBN (6478%), N@N (6889%), and demonstrated positive correlation with flow rates.; NO
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removal ranged from 4B5%, lut decreased proportionately with flow rate after 1.6 L/min. It was
suggested that the higher flow rates resulted in less contact time between nitrate and denitrifying

o OGSNARAEF X (Kdza RSONBlIaAy3I GKS agadSyQxentR®y Al NRTFe
ranged between 42.8% and 52.8%, and again had highest removal rates at 1.6 L/min. It was concluded

that both plant growth and fish production were better at a flow rate of 1.6 L/min
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Promoting Aquaponics in Barbados

Construction of the System

In the first weeks of our internship, emphasis was placed on

ASGGAY3 dzld (KS O2YYdzyAtGe aOFf i TR a2ad08Y

Pff F2dz2NJ ANRdzZLI YSYOSNB GNF @St
current system to potentially offer design suggestiorr fluture
systems. The original system Damian had installed was qg
rudimentary with only one grow bed and one fish tank. The pla AL

growing were of varying species, including onion, lettuce, tomatd

and cabbage. One of the first problems we addressesl tiva depth of

Figure4: Aquaponic system at the
the grow bed. Damian felt the depth of the grow bed was too shallbeginning of our internship

and did not allow for proper drainage for the plants. Therefore we took apart the system and increased
the depth by adding wood to the existing walls. We then relined trstesy with plastic to ensure no

leaks would occur.

¢tKS ySEG GAYS 6S 22AYSR 5FYALY Ay . IFANRQa OAff
the first one in order to complete a system. The concept of one system is to have four grow beds for one
fish tank and have the water circulating throughout the system. The first grow bed was made from scrap
material while the three new grow bed were constructed from plywood. It was therefore much lighter
material, easier to handle and less individual pieceseweeded to nail together. We then painted the
outside for a more aesthetically pleasing system. The new grow beds were then lined with plastic and

were ready to be hooked up together.

Another innovation was discovered at this time. Damian was origipkling the coconut husk

in the grow beds as it came, and this was difficult to handle when it came to moving the system. We
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then thought it would be a good idea to first dpdhe coconut husk in aermeablenet bag before

placing it in the grow beds. Thigay, instead of having a pile of coconut mass to maneuver, we simply

had net potato sacks full of coconut husk which could easily be carried. The bags were placed on the
o2G0G2Y 2F GKS 3INRY O6SR YR I avYltf fre@§dding ¥ Kdza]

medium. See the figure below for a schematic diagram.

Plants

CP (P CP CP <P CP <P @q) Loose coconut husk

Bagged Coconut husk

Figureb: Crosssection of an aquaponic grow bed

The aquaponics system for Bellairs Research Institute was the next step in the construction
phase of the internisip. One of the grow beds that had been previously constructed would be used for
housing the plants, while a new rectangular fish tank was built. The fish tank Damian built for our
experiment is rectangular in shape and is made from ceramic kitchen comatierial. One of the sides
was a pane of glass so as to act as an aquarium. This way we could monitor the growth of the fish more
effectively. A support for the grow bed was needed to raise the bed from the ground and away from
ants and termites. This spprt was built using steel rods. We drilled holes through the steel for brace

support and a nice frame was established for the Bellairs system. See the figure below for details.
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Figure6: The Bellairs aquaponic setup
The desigrof the grow beds has changed in the last few weeks of the internship. It seems less
expensive to do away with wood as a material for the grow beds and simply have the grow beds the
same material as the fish tanks. The fish tanks are large PVC cylindehsamd cut down to size by
Damian. This material can also be used for the grow beds, resulting in round grow beds as opposed to

the rectangular grow beds we started with at the beginning. See figure below.

Figure7: The most reent aquaponics setup at Damian Hinkson's house
Participation in Agricultural Fairs

An effective means of interacting with the public and promoting aquaponics in Barbados has

been by attending agricultural and environmental fairs and expos. Aquaponicsllisaigely an
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unfamiliar means of agricultural production to most people in Barbados and by being present at these
events we are able to offer the public a firsthand opportunity to see the system up and running. This
also makes it possible for those inésted in the system to talk to a member of the BVAA or one of the

McGill BFSS students.

On September ZBthe National Conservation CommissiCC) held the"3Annual Arbor Expo
G vdzSSyQa tI Nyl Ay . NARISG26Yy 3> | yes 8sdie ymportanéedNB o6& G
trees and plant life, soil conservation, and sustainable living. Damian Hinkson and the BVAA were asked
to participate in the Arbor Expo to demonstrate the concept of aquaponics to the public. A complete
aquaponics system was recdri NHzOG SR 4 vdz8SyQa tIN] F2NJ 6KS TFI A
posters and displays. The fair was well attended and, as BVAA interns, we were relied upon to give the
public accurate information pertaining to aquaponics, including how the systmrked, what the
benefits of it were, and how they could go about setting upitioevn system at home. We alsdfered
information regarding the history, purpose and objectives of the BVAA. People interested in the BVAA
and aquaponics could also leavettwian information pamphlet with a short explanation about the

concept, the BVAA, and contact informatisee Appendix B).

Local media, including the Barbados Advocate, the Nation News, and the Caribbean
Broadcasting Corporation (CBC), were all in atterce and did stories on the BVAA and aquaponics,

FdzNI KSNJ ASNBAYy 3T (GKS LIzN1LJ2 &S 2(Fee ApkeddixBr! | Q& LJdzof A O

On October 8, Mr. Hinkson and the BVAA interns attended the Environment Expo in St. John
Parish, with the theme o®/ f AYF S / KIy3SQd ! AL Ay GKA& gta | 3
introduced to aquaponics and the potential it holds for backyard agriculture. The exposition also served
to increase the exposure of the BVAA. At this particular fair, the MinisteAgriculture and Rural

Development was in attendance. He met with Mr. Hinkson and a valuable contact was acquired. The
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Advocate and the Nation covered the event and again the BVAA and aquaponics received media

attention. (See Appendix B)

The BVAA, ding in its infancy, will rely on events such as these to promote itself and the
concept of aquaponics. If aquaponics is to have a place in Barbados agriculture, the public must see that
it is viable, sustainable, and simple enough for local Barbadiaopdmte. The BVAA will continue to
attend these events, including AgroFest in February 2010, the premier agricultural expo hosted by the
Barbados Agricultural Society, in an effort to make itself a prevalent fixture on the Barbados agricultural

scene.

Promotional Materials

In order to disseminate information about Aquaponics and the BVAA around the island of
Barbados, our group undertook a multifaceted approach consisting of publicity and brand development

as well as technical development and research.
BVAA Posters

For the aforementioned agricultural and environment expos, we constructed simple yet
informative posters in order to draw more visitors to our system. Both posters that we designed were
on brightly coloured Bristol board with attractive imagasd fonts to ensure that passing foot traffic
diverted their routes to the aquaponic system. One of the posters provided basic information of
FljdzZ LI2yAOa |yR GKS aeadSy AGasStT FyR GKS 20KSNJ LR

displayirg images of the site and outlining future plans.

! LIdzN1J2 aS GKIFG GKS&aS LRaisSNBR aSNWSR gla G2 |

enough to come and approach someone or is intimidated of the seemingly complicated system. By
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putting out posters we allowed for visitors to experience and understand the system for themselves
which often lead to interaction and questions later. The concise information on the posters ensured that
if the reader was interested they would need to interact with one leé group members, Damian or

Robert Saul who could promote the BVAA itself.
Newsletters

A newsletter was developed to provide people with updates on the progress of the BVAA and
spread further information about aquaponics around Barbados to both notatn¢acts, such as the
Minister of Agriculture and Rural Development, and interested citizens. The two page newsletter is the
template for future bimonthly or monthly newsletters which will be published online and sent to

special contacts at the discretiai the BVAA.

The twopaged newsletter(see Appendix Byontains information and content written and
designed by the group members and Damian. The final configuration of the newsletter was formatted in
a simple and clean outline with detailed images arxt tghich complemented the earth tones reflective

of other agriculture publications.

[ 2y0Syd AyOtdzRSR Ay GKS ySgatSiiSNIAa |y 20SNK
and its development, status and anticipated end date. Also, becaus¢hit iist volume of a series of
newsletters, there is an explanation about aquaponics and its benefits in the context of Barbados. On
the back page of the newsletter is an article written by Damian which expands on the simple concept of
vegetable production It discusses heirloom seeds, which are natural alteration to simple crops that
produce output like French pumpkins and black tomatoes, which the BVAA has expressed interest in
developing and eventually selling. Finally, the newsletter contains infoomatbout the BVAA and their

associated partnerships. This includes member and contact information about the organization as well
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as where they are located in reference to a map of Barbados. The newsletter contains the new logo of

the BVAA.

BVAA Logo

In order to further the development ofthe A NRQa +Af f I 3S asdamhpaiyy A O ! &
and future brand a logo was designed and produced to be included on newsletters, posters, flyers and
future products. The logo emerged from a series of colour andkidacl white sketches which were
LINBASYGSR G2 GKS . +!'! F2NJ GKSANI AyLlzi IyR &St SOda
and then digitalized with the help of a fellow Barbados Field Study Semester student, Ashley Parks. Ms.

t I NJ & Q eSrkdei$ghivas ye€y beneficial in the production of the final output, assisting in colour
selection and final font and style of the logo and the final product of a professional and appealing logo
that which the BVAA will likely become known for. Group rbem, along with the help of Ms. Parks,

came up with two logos which will be used on future products and publicat{ses Appendix B)
Business Cards

Business cards have been designed for Damian Hinkson further formalizing his role as chairman
of the BVAA (see Appendix Bpuring the environment and agriculture fairs, it was apparent that many
people were so receptive to his design and project that they sought further contact. In all of these
situations if Damian had his own business cards it would hasdenthe BVAA appear even more
professional and would have led to exchanges with formal future business partners. These cards are
designed in a similar style as the logo; in the same shades of blue and green as well as in a simple format.
They will be ordexd for Damian Hinkson, with his position labeled as chairman, and likely for other

BVAA members in the future.
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Pamphlet

Further deliverables for the agriculture and environment fairs were produced to further
circulate information about the BVAA. We pradua and printed pamphlets which people could take
from the expo and fair. The pamphlet has many portions that provide concise and basic information
about the BVAA, the agriculture method of aquaponics, the system itself, the system inputs and outputs

produced and, contact information of the BVA&ee Appendix B)

Due to the high cost of colour printing, we were limited in producing a large amount of
pamphlets but found that the fifty we printed were very well received. When we did run out, people
were stil asking for a pamphlet or information sheet. This suggests the importance of providing people
with a tangible object that can remind and maintain their interest. The pamphlet file has been shared
with the BVAA who will likely, having also seen the respamtspublic events, print more for future

events.

Business Template

In order to assist with one of the primary shéerm goals of the BVAAS writing a business
plan- a detailed business template was prepared for Damian. The template was extractedduw
existing business which were thoroughly researched, with permission, to develop a form which was
complimentary to the goals and visions of the BVAA. The internship group members felt it was not
appropriate to write a complete business plan until sodetails had been obtained by the BVAA. These
details include: the production price of a single system, the output capabilities of an individual and

group system, the planned retail cost of produce and so on.
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With the detailed business plan templateeth A NRQ&a =+ Af I 3S nlefpas L2 y A O
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plans.

Standards

Because aquaponics is a relatively new agriculture technology, many countriendiayet
established any regulation or standardization for the processes and system requirements. Through
communication with the Barbados National Standards Institute (BNSI) and theAimerican Institute
for Cooperation in Agriculture (IICA), we founattimo such standards exist for Barbados. As a result of
this, Mr. Hinkson has placed emphasis on the influential role that the BVAA would like to play in their
creation. Because the BVAA is on the forefront of aquaponics in Barbados, they play a deiridioo
the researched method will function in the context of Barbados. IICA approached the BVAA to assist the

BNSI writers in constructing an-athcompassing list of standards to be formalized in the future.

Using the Barbados National Standards egaoic production as a template, we developed
pertinent categories which would be necessary for customer protection in the future. Standard
categories were developed based on areas of food/personal/fish safety, crop and tank bed construction,
water quality, input and component ratios and so on. Standards were developed based on literature
research and from the experience accrued over trials and time by the BVAA. With our assistance, the
BVAA has compiled a list of draft standards which will compliment tdredards developed from the
officials at the BNSI and will ensure that both future customers and the Aquaponics method itself will be

protected in Barbados.
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The Experiment

An aquaponic system was set up 3
Bellairs Research Institute in Holetown, S

James, Barbadogsee Figure Bwith the help of

our mentor, Damian HinksoriTwelve seedlings
of basil and twelve seedlings of okra we
plantedon October 20thn four rows in a grow z

bed 117 x 180 cm in area and 30.5 cm in dep “

" s B P DA T

A fish tank was filled ith a volume of 0.26 th Figures: uonic system at Bellairs Research Institute

of tap water and 26 young tilapia fisivere

added on October 22ndAfter multiple leak situations, the system finally came to a relative equilibrium

and laboratory experiments on the quality of the fish tank water began on Nove®the2009. The

goal of this experiment was to provide our mentor with information regarding the quality of fish tank

water over time in an aquaponic system as it pertains to fish growth and health. This scientific approach

to aguaponics will allow the\BAA and Mr. Hinkson to use the information obtained in our experiment

Fa LINI 2F GKS O2YLIl yeéQa FdzidzaNB Lzt AOFGA2ya | o2d

associated with the technical components of an aquaponic system.

Objectives

1) To detemine the water quality in an aquaponics system over time with regards to seven
parameters (temperature, pH, salinity, phosphate, nitrate, ammonia and dissolved oxygen).
2) To determine whether an aeration system is necessary to keep the dissolved oxygen at a

desirable level.
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3) To determine how the nitrification process isaffecting the aquaponics system and
particularly to observéhe efficiency of the breakdown of ammonia in the system.

4) To determine the amount of biomass produced by an aquaponic system iesksw

Several experiments were performed in order to complete these objectives. The wet and dry
weights of seedlings and of the grown plants were taken at the beginning and end of the growing period,
respectively. The initial and final weights of thepitafish were taken on October ®and December '3
respectively. Lab analysis consisted of measurements for temperature, pH, salinity, nitrate, ammonia
and dissolved oxygen, twice a week for three weeks at approximately the same time of day.
Measuremats for phosphate were taken on three different occasions during the experimental period.

The significance of each parameter and the lab procedures followed for each test are described below.

Temperature

At a temperature range of 27 to 29 °C, tilapiawrat optimal rates. A wider range of 25 to 32 °C
gives acceptable growth rates and is easily maintained under the Barbadian climate. Temperatures on
the higher end of this range will however reduce the solubility of oxygen in the water and may therefore
result in the lowering of dissolved oxygen concentrations. (DeLong et al.,, 2009) Below 20 °C,
reproduction in tilapia does not occur, while temperatures above 26.7 °C ensure the best rates of
reproduction. (Popma and Masser, 1999) Thermal trauma in fish beayaused by rapid changes in
temperature or by temperatures out of the survival range of the species. This may result in disruption of
the cardiovascular system, nervous system, reduction of enzymatic activities, permanent impairment of

body functions odeath. (Post, 1998)

Temperature measurements of the water must be taken on site and preferably at the centre of
the fish tank, not near the fish tank walls whose temperature may be significantly different.

Measurements taken at the same time of day e#inte will be most easily comparable.
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Materials
- Hanna Instruments HI 9828 Multiparameter Probe and Monitor
Procedure
1. A HI 9828 Multiparameter Probe was connected to the Hanna Instruments monitor and inserted
into the centre of the aquaponic fish tank.

2. Readngs were taken and recorded f@mperature in °C

pH

pH is a dimensionless value corresponding to the negativg dbgthe H ion concentration in a
given solution. In a solution where the *JHind [OH are in balance (each have a value of iol/L),
the pH is 7 and the solution is said to be neutral. Pure water has a pH of 7 afdnes§ in the

following way;
HO & H+OH

When other compounds are introduced to pure water, the concentrations of hydrogen and
hydroxide ions change. golution whose pH is below 7 is said to be acidic, while one with a pH above 7

would be basic.

Tilapia can withstand a large pH range; from 5 to 10. However, ideal values are pH 6 to 9. The
dissolution of carbon dioxide from the air into tank water resutt the formation of carbonic acid and
therefore reduces tank water pH. In tanks with water reuse, low pH is generally not encountered as a
problem as the lower limit is pH 6.8 for the nitrifying bacteria in the plant bed biofili@raquaponic
systems the coconut husk. Values of water pH that are excessively high or low result in stresses and
damage to fish skin and gills, inability to excrete bicarbonate ion or absorb oxygen, and rupturing of

capillaries on fins and skin. The pH of the tank watso affects the solubility of other substances,
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some of which are toxic to fish. At very high or very low pH, the toxicity of some of these substances to

fish increases greatly.

Measurements of pH are measured by an-smlective electrode that detects Hyogen ion

activity in aqueous solutions through small potential differences across its pH sensory membrane.

Materials
- Hanna Instruments HI 9828 Multiparameter Probe and Monitor
Procedure
1. A HI 9828 Multiparameter Probe was connected to the Hanna Instrtsmaonitor and inserted
into the centre of the aquaponic fish tank.

2. Readings were taken and recorded pit.

Salinity

Salinity is a measure of the concentration of dissolved salts in a sample of water. Tilapia fish in
general can survive in brackish waterd some species grow well in salinities close to that of seawater
even though they are a freshwater fish. Some types of tilapia display reduced reproductive performance
in waters with salinity above 10 to 15 ppt. (Pompa and Masser, 1999) Since slapfaeshwater fish
and the water in an aguaponic system is being circulated through a plant bed with crops that are not
particularly sakresistant, we would like to keep the dissolved salts to a minimum. This is assumed to be
achieved since the originalater used to fill the tank was fresh tap water coming from an outside tap.

The units used to compare salinities are usually milligrams per liter (mg/l) or parts per thousand (ppt).

In our experiment, the salinity unit provided by the instrument used wspractical salinity

unit (PSU), which is similar to parts per thousand.
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Materials
- Hanna Instruments HI 9828 Multiparameter Probe and Monitor
Procedure
1. A HI 9828 Multiparameter Probe was connected to the Hanna Instruments monitor and inserted
into the centre of the aquaponic fish tank.

2. Readings were taken and recorded $afinity in PSUs

Phosphate

Phosphate (P$) is often considered a limiting reagent in environments and can determine the
rate of growth of organisms in a system. It is a major coned of water quality and is environmentally
highly relevant. Most fish require relatively high levels of phosphorus which can be obtained from the
food they are fed or from the phosphates dissolved in the water they are cultured in. Some natural
waters have extremely low concentrations of phosphates and may require the addition of phosphorus
supplements. Deficiency in phosphorus has been associated with various conditions among several fish

species including reduced skull growth, body growth and foodemion. (Post, 1983)

Phosphate is generally not a problem in terms of fish health, but is an environmental
contaminant when wastewaters are disposed of in natural waters. Wastewaters that are released
without any treatment contain a phosphate concentmti of 2 to 20 mg/l. Typical phosphate
concentrations in treated wastewaters are usually abott®2mg/l. (Rowe and Abd®lagid, 1995)
When disposing of the water in an aquaponic fish tank, phosphate concentrations should meet
requirements set out in dispas guidelines. The Canadian Water Quality Guidelines for the Protection

of Aquatic Life state that phosphate concentrations in bodies of water should be kept below 50

YAONRINF YA LISNI fAGSNI 6>3Fkf 0 Ay 2NRSNItiohimplyr@ L2 EA O

insufficient amount of dissolved oxygen for use by aquatic life.
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phosphates in the fish tank water samples to form a blue colour for detection in tretrepaotometer.
Measurements were taken on triplicates of the same water sample each time to reduce the level of
error.

¢KS (GSad LISNF2N¥YSR ¢gla OFfttSR GKS tK2azxSN o
range of detecting phosphate from 0.000mg/| PQ?>.

Materials

- TenSette Pipette
- Water Sample

¢

- wSIFOGAPS t K2ALK2NHzA ¢Sad Wb ¢dzoS 5AfdziAzy Al

- DR/2010 Spectrophotometer
- PhosVer 3 Phosphate Powder Pillow
- Kimwipes

Procedure

1. A TenSette Pipette was used to measure 5ml of sample to the Reactive Pramphot S&a i Wb
Dilution Vial. The solution was capped and mixed.

2. The solution was cleaned with a Kimwipe and placed in the DR/2010. The DR/2010 was then
zeroed.

3. The vial was removed from the machine and the content of one PhosVer 3 Phosphate Powder
Pillowwas added. The solution was mixed and a two minute reaction time was started.

4. The vial was once again cleaned with a Kimwipe and placed in the DR/2010. The phosphate

concentration was read from the display in mg/l.

Nitrate

Nitrate (NQ) is a form of nitogen found in water and is a source of nutrients for plant uptake.

It is formed as a product of the microbial degradation and oxidation of ammonia nitrogey,(Ntnd
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NH," - N) and organic nitrogen. Nitrate concentration is an important parameter iemegiality testing.

For tilapia fish, the tolerance limit for nitrate is 150 mg/l. (Graber and Junge, 2008) In water reuse
systems such as in an aquaponic system, toxicity from nitrates can occur when concentrations reach
300400 mg/l. The filtration mddms in these systems, however, can usually control nitrate

concentrations and keep them at much lower levels. (DeLong et al., 2009)

The chromotropic acid added to each sample vial in this experiment reacts with nitrate under
strongly acidic conditions, eating a yellow product that absorbs light best at a wavelength of 410
nanometers. A higher concentration of nitrate corresponded to a higher ability of the solution to absorb
light at this wavelength. Measurements were taken on triplicates of the saatervgample each time

to reduce the level of error.

The test performed was called the Chromotropic Acid Method. (Hach Company) It has a range of

detecting nitrate concentrations of 0.680.00 mg/| N@ -N.

Materials

- NitraVer X Reagent A vial

- Water Sample

- DR/2010 Spectrophotometer

- NitraVer X Reagent B Powder Pillow

Procedure
1. 1ml of sample was added to the NitraVer X Reagent A vial. The vial was inverted ten times to
mix.
2. The vial was cleaned with a Kimwipe and placed in the DR/2010 and zeroed.
3. The contentof one NitraVer X reagent B powder pillow was added to the vial. The vial was
inverted to mix and a five minute reaction time was started.
5. The vial was then placed in the DR/2010 and a nitrate concentration was read from the display

in mg/l.
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Ammonia

Ammona nitrogen consists of nitrogen in the ammonium ion form or in the following

equilibrium:
NH' = NH+ H

Ammonia nitrogen is also used to a degree by plants as a nutrient source and is found in
wastewaters as a product of animal waste. Thenized form of ammonia (NfHis highly toxic to fish
and other aquatic life, while the ammonium ion (NHs much less toxic. (DeLong et al., 2009) At values
of pH typically found in aquaponic systems (values around 7), the majority of ammonia nitsdgehe
ammonium ion form. High pH values increase the proportion of ammonia nitrogen that is in the toxic
unionized ammonia. (Droste, 1996) When fish are suddenly exposed to waters with unionized ammonia
concentrations greater than 2 mg/l, most will di&%hen the concentration increases gradually to about
3 mg/l, about half of the fish will die within 3 or 4 days, therefore; bibhcentrations should be kept as
low as possible. Chronic exposure to concentrations above 1 mg/l will cause gill diseassudinih
fish loss, particularly juvenile tilapia. Mortalities begin to occur at concentrations as low as 0.2 mgl/l,
when exposure is prolonged and food consumption decreases at 0.08 mg/l(Rbpma and Masser,
1999) Thus, a concentration of Nthat isas close to zero as possible is ideal. Concentrations of the

ionized form of ammonia should be kept below 1 mg/l,NKGraber and Junge, 2009)

In the test used for this experiment, ammonia compounds react with chlorine to produce
monochloramine which racts with the salycylate in the pq@epared solutions to form 5
aminosalicylate. The-&8minosalicylate oxidizes with the presence of a sodium nitroprusside catalyst,
forming a blue compound. The excess yellow reagent used turns this blue colour grepreparces the

sample vial for a reading in the spectrophotometer. The intensity of the green colour is directly related
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to the concentration of total ammonia (NH NH") present in the sample. Measurements were taken
on triplicates of the same water samptach time to reduce the level of error.

¢CKS GSad LISNF2N¥SR ¢gla OFftftSR GKS Wb GdzoS {Ff A
0.00:50.00 mg/l of ammonia (NH NH).

Materials

- 2 High Range AmVer Diluent Reagent vials

- 2 ammonia Salicylate reagepowder pillows

- 2 ammonia Cyanurate reagent powder pillows
- DR/2010 spectrophotometer

Procedure

1. 0.1ml of sample was added to one vial and 0.1ml of distilled water was added to another AmVer
Diluent vial.

2. An ammonia salicylate reagent powder pillow was atitteeach vial.

3. An ammonia cyanurate reagent powder pillow was added to each vial.

4. The vials were capped and inverted to dissolve the powder. A 20 minute reaction time was
started.

5. At the 20 minute mark, the vials were cleaned with Kimwipes and the blahkvas placed in
the spectrophotometer. The instrument was zeroed.

6. The sample vial was placed in the spectrophotometer and the total ammonia {N¥H"

concentration reading was taken in mg/I.

Dissolved Oxygen

Dissolved oxygen analysis measures the amof gaseous oxygen (02) dissolved in an aqueous
solution. Oxygerenters bodies ofwater by dssolutionfrom the surrounding air, by aeration (rapid
movementalong the watesair interfacg, and as a waste product dfie photosynthetic processes of

aquatic plants Dissolved oxygen (DO) is an important parameter when testing for water quality for
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aquaculture. Fish may show signs of partial suffocation; surfacing, gulping of air, crowding into areas
where water spills in and agitates the surface and redurctof activity. (Post, 1998) There are
recognized optimal concentrations of DO for fish health and tolerance limits for survival that can be
used to make conclusions and improvements regarding the oxygen levels available to fish before they
reach a criticy low level. The DO should not be lower than 3mg/l. If thishis case, fish growth may

be stumped anchealth is reduced(PBS 1998The gtimum DO for fish growth is at 56 7.5 mgl/l.

(DeLong et al., 2009)

When performing the dissolved oxygen testnlyp grab samples(samples taken of a
homogeneous materialn a single vesselBhould be usedand the analysis should be performed

immediately. Therefore, thiield testshould be performeds close to theite of sampling as possible

Materials
- Hanna Insuments HI 9828 Multiparameter Probe and Monitor
Procedure
3. A HI 9828 Multiparameter Probe was connected to the Hanna Instruments monitor and inserted
into the centre of the aquaponic fish tank.

4. Readings were taken and recorded for DO concentrations it.mg/

Results

Five data points were obtained between November™1&nd December "8 2009 for
temperature, pH, salinity, nitrate, ammonia and dissolved oxygen. Three data points were collected for
phosphate concentrations. The values obtained may be compagegéhst values provided in scientific
literature regarding the tolerance levels of each parameter for tilapia. figble 1 summarizes the

results of this experiment.
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Tablel: Summary of Results

Parameter Range found infish tank Optimal range

Temperature 27.0529.73°C 27-29°C

pH 7.387.65 6.89

Salinity 0.37-0.43 PSU (ppt) < 10 ppt (PSV)

PQ* 9.159.17 mgl/l 50>g/l

NG;s 0.77-1.23 mg/l <150mg/I

Ammonia NH; 0.0020.0045 mg/l <0.08mg/I
NH," 0.0980.220 mg/l <1.0mg/I

DO 2.31-2.94 mgl/l 5.0-7.5 mg/I

Temperature

The temperature in the fish tank ranged from 27.05 to 29.73 °@.fals nearly within the ideal

temperature range for the cultivation of tilapia fish, with two of the measured temperatures being less

than one degree Celsius above the optimal range for growth. Temperatures in Barbados range from the

lowest average dfi low temperature of 23.44 °C (74.2 °F) to the highest average daily high

temperature of 29.89 °C (85.8 °F) over the course of a year. (Grantley Adams International¢sgmort

Table 17n Appendix £This temperature range should generally not represamy problems in terms of

heating or cooling the water in a fish tank such as the one required in an aquaponics system to any

significant or problematic degreeFigure9 on the next pageshows the changes in fish tank water

temperature over the duratiowf the experiment.
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Temperature in Aquaponic Fish Tan
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Figure9 : Water temperature over time
pH

The pH values over the experimental period varied between 7.38 and 7.65, with the average pH
value being 7.51. These values fall within the range of ideal pH foiatilapd for the biofilter

microorganisms in the grow bedtigure 1(below displays the relatively stable trend of pH values found

over the course of the experimental period.
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Figurel0: pH of fish tank water
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Salinity

Salinity inthe aquaponic fish tank remained well below tolerance limits for tilapia. The@4&¥
PSU (or parts per thousand) range found in the fish tank is far below the 10 to 15 ppt range above which
reproductive rates decline. Since the water in the fish taak wbtained from the tap and any additions
were from rainwater, these low salinity numbers are appropriate. The salinity values measured are

plotted below inFigure 11

Salinity in Aquaponic Fish Tan
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Figurell: Salinity of fish tank water

Phosphate

The two ptosphate measurements taken yielded concentrations of 9.17 and 9.15 mgfl PO
Thesevalues are higher than the recommended values for the protection of aquatic life. The effects of

high phosphate concentrations will be addressed in the discussion.

Nitra te

A range of 0.77 to 1.23 mg/l NQvas found in the fish tank water. These numbers are far lower

than the tolerance limit of 150 mg/l and therefore do not pose a problem in terms of fish health.
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Figurel2 shows a plot of the concentration of nitrateser time in the fish tank.

Nitrate Concentration in Aquaponic Fish Tar
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Figurel2: Nitrate concentration in water

Ammonia

The concentrations of total ammonia (\H NH) in the fish tank varied from 0 to 0.27 mg/l.
Negative concentration values presumably obtained dueexperimental error were considered to

represent O mg/l of total ammonia. The changes in concentration over time are plotteidunel3.

050 Ammonia Concentration in Aquaponic Fish Tat
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Figure13: Ammonia concentration in fish tank water
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In order to compare these values foublished tolerance levels for tilapia, total ammonia
concentrations had to be converted to unionized ammonia jjNtdncentrations and ammonium ion
(NH;) concentrations. At the average pH value of 7.51 for the fish tankaNéiNH" concentrations

were determined using the relationships Figuresl4 and 15.

NHs
Figure 14(Droste, 1996) was used to convert 07— =

the total ammonia (Nk+ NH') concentrations (values

along the curves in the plot) to unionized ammoniaﬁ_lﬁ

concentrations (values on theaxis), ata pH value of g _.

NH3,

7.51. This resulted in an NEoncentration range of

0.0020.0045 mg/l, which is well below the 0.08 mg/l *“"

concentration at which food consumption in tilapia

declines. Figurel4: Relationship betveen total ammonia, pH and
unionized ammonia

NHa*
Figure 15 (Post, 1983) was used to convert [avwoniom

unionized ammonia conodrations to ammonium ion

concentrations through the relationship shown in the
EQUILIBRIUM CONSTANT

5 + ®2
(NHg )

figure, also using the average pH value of 7.51. Thisso}

PERDENT

resulted in an NI concentration range of 0.098.220

mg/l. These numbers are below the tolerance limit of

1 mg/l for tiapia health. Z ¢ 5 5
SOLUTION pH
Figurel5: Relationship between pH and proportion of
ammonium in total ammonia
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Dissolved Oxygen

The dissolved oxygen content in the fish tank varied from 2.31 to 2.94 mg/l over the
experimental period, with an average value of 2.72 mg/l. Recommended concentrations afé 5.0
mg/l, in other words; at least twice the noentration that wa found in our tank. Figure Ifisplays the

change in DO concentration over time.

Dissolved Oxygen Concentration in Aquaponic Fish T:
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Figurel6: Dissolved oxygen in fish tank water

Biomass
Plants
Table 2 presents the original average weights of the okra/basiédlings before they were

planted and the final average weights of okra and basil plants at the time of harvest. The average okra

plant increasedn weightby 784%and the average basil plant ie@ased in weight by 10318wer the six

weeks.
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Table2: Average initial and final weights of okra and basil

Average Dry Weight Grown Percent Change in
Species | Average Dry Weight Seedlin Plant Weight
Okra 0.096 0.848 783.617
Basil 0.096 1.086 1030.833

In terms of total biomass of plastin the grow bed0.48 grams of okra were planted at the

beginning of the growing period ar@l33 grams were harvested at the end. For ba@ifl8 grams in

seedlings were planted ariil43grams were harvested. This corresponds to a total increagd ®®6 in

plant biomass over the six weeks of the experimental peffgzk Table 3)

Table3: Total initial and final biomass

Percent Change in
Species | Total Dry Weight Seedlings | Total Dry Weight Grown Plants| Weight
Okra 0.48 9.331 1843.96
Basil 0.48 5.428 1030.83
Total 0.96 14.759 1437.40

Two of the okra plants had grown pods by the time of harvest. Their individual and total weights

are tabulated inTable 4below.

Table4: Weight of okra pods

Okra Pod | Dry Weight of Pod
1 0.471
2 0.257
Total 0.728
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Fish

Table5: Tilapia weights over course of experiment

Initial Weight 1154.7( g
Final Weight 1329.2( g
Total increase 1745]| g
Initial Average weight 46.188| g
Final Averagaveight 53.168| g
Average increase in fish weight 6.98( g

The weight of each individual fish was taken at the start and at the end of the experiment. This
was to quantify the increase in mass of the fish during the experimental period. We can see that over
the course of 6 weeks, each tilapia increased its biomass by almost 7 grams. The total increase in
biomass was 174.5 granisee Table 5)This increase is much smaller than what can be read from the

literature. This will be addressed further in the dissios.

Discussion of Experiment

The overallquality of the aquaponic fish tank water was relatively high throughout the three
weeks of laboratory testing. Temperature, pH, salinity, nitrates and ammonia (unionized and ionized)
values were all in the rangadeal for tilapia cultivation. The parameters for which values did not meet

ideal conditions for aquaculture were dissolved oxygen and phosphate concentrations.

Low DO may be a result of the absence of an aeration system in the tank, the presengie of hi
levels of organic matter (fish waste, leaves and other plant matter entering from the environment)
whose degradation process requires the use of oxygen, the algae beginning to grow and decay on the
tank sides and on the pipes, high water temperaturescivhower the solubility of oxygen in water and
high phosphate concentrations which may lead to hypoxic conditions. To improve the level of DO in
aguaponic systems, an aeration system will need to be incorporated into the design of each fish tank.

As oxygen levels are one of the most important water quality parameters that pertain to fish health,
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measures need to be taken to address this issue for the improvement of aquaponic systems before they

are made available on the market.

The HACH Company preparegaction
vials that were used for phosphate, nitrate an
ammonia may not have been the most precis
and effective method of measuring th!
concentrations of these substances due to t
age of the chemicals. Also, the HI 98

Multiparameter Probe provided fluctuating

Figurel7: After 6 weeks okra is almost ready to harvest

values and may not have been perfectly calibrated. Other methods for measuring these water quality

parameters should be explored.

The biomass of the plants in the grow bed increased48/®6 in total. However, out of the 24
plants originally faced in the grow bed, 16 survived and grew. The plants that were lost either wilted or
were consumed by pests. Planting the seedlings to a higher density would have been a poBilnitity
growth also would likely have been great if the grow bed waispartially in the shade and had better

access to sunlight.

{2YS aLlSOdA FdA2ya +ta (G2 sKeé (GKS FTAaAK 0A2Yl aa
that the experiments in tte articles were more extensive and a greater degree of control was
maintaired over experiment parameters. In these experimehtsfish were fed multiple times per day
and were kept highly stocked in a small volume of water. This was clearly not the same for our

experiment where feeding was once per day and the stocking denasgyquite small.
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Ideally, this experiment would have been conducted over a much larger portion of our
internship periodand under more stringent conditions Due to logistical complications, only three
weeks of sampling were possible. A longer set of datauld have given values that are more

representative of an aquaponic system over time.

Conclusion to Laboratory Experiment

The four objectives of this experiment were met. The water quality parameters pertinent to fish
health were monitored and all werfound to be appropriate except for dissolved oxygen and phosphate
concentrations. It was determined that an aeration system in the fish tank is necessary to elevate the
DO concentration. The nitrification process and breakdown of organic matter prostetb pose any
problems in terms of ammonia toxicity. The increase in biomass of the plants and fish over the six weeks
of growth was determined and discussed. Further tests performed on aquaponic systems for longer

periods of time would be an asset tothe technical expertise of the BWA

Cost Benefit Analysis

To assess the viability of housing a system a cost benefit analysis was performed. Cost benefit

analyses are useful tools to determine the financial feasibility of a venture. The cost of tdl timpioe

v A 4
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inputs, including initial material costs, electricity, and fish feed. = Our outputs are in the form of
vegetable and tilapia production. awWy assumptions must be made in order to make reasonable
estimations for many of the inputs and outputs. A thorough explanation the systems components will

be explored in this section.
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Initial Material Costs

The cost of the materials used for the ialtsystem setup was obtained by our mentor, Damian

Il Aylazysz FTNRBY GKS
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of some of the materials, such as the grow bed stands asttilalition network can be found in

AppendixC.

Table6: Initial System Setup Material Cos($BDS)

Materials Cost
PVC Grow Bed 264.94
Grow Bed Stand 376.78
PVC Fish Tank 291.65
Pump 200
Distribution Network 269.56
Extension Cord 100
Grow Media 10
MediaBags 10
Seedlings 10
Tilapia fish 50
Total 1,582.94

Annual Costs

An additional input to the system cost of electricity used to run the water pump that circulates the

water. The cost of electricity was assumed to be $0.21/kWh, which falleitolwhat Barbados Light

& Power chargesBarbados Light and Power The calculations assume that a 0.5 horse power (373

Watts) pump that run 24 hours a day is used for the system. The annual electricity costs then become:
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$0.21 , 87600
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Finally, the annual cost of fish feed needs to be calculated. It was assumed that a fish tank would hold

50 tilapia fish with an averagaitial weight of 20 grams. Feeding rates, growth rates, and growth

periods were all taken from publications of the Southern Regional Aquaculture Center (SRAC) and were

as follows inTable 7 More detailed calcutans of the can be found iAppendix C.

Table7: Fish Feed Required for Tilapia Life Cycle

Growth | Feeding Growth | Feed

Weight Rate Rate (as % | Period | Required
Cagegory (9) | (g/day) | bodyweight) | (days) | (9)
20-50 1 5.5 30| 2846.25
50-100 1.75 4 30 4522.5
100- 250 3 2.5 50 | 5381.25
250- 475 3.25 15 70| 6685.313

TOTALS 180| 19435.31

The above table shows that the fish have four growth stages, each with a specific feeding and growth
rate. Once the total amount of food was determined for a 180 day life cycle, it veasnad, for
simplicity that there would be two life cycles per year and that a 22.5 kg bag of fish feed could be
LJdZNOKF aSR F2NJ PppmdTpz Fa ¢la AYRAOIGSR Ay GKS

following annual fish feed costs:

19435700 2 0MOGLEQ  ciSQ  $51.75
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Outputs

Fish production for the year is resultant from two full tilapia life cycles beomgpleted. Fish
prices were estimated looking at local supermarket prices. In the case of tilapia, it was assumed the
monetary value to be taken as a whole fish, as opposed to just the fillets, at the price of $20/kg. With 50
fish in each cohort, hanated at approximately 475 g, the monetary value of all fish produced in the
year is as follows:

50°(Q 268'@id 047570 $20

AW £DWweE QN = I ok TooTe) TX): $950/ uX2d

To estimate vegetable production it was assumed that a plant density of 12 plénigimused.
This is an empirical fige determined from the experiences of our mentor.  For the sake of the cost
benefit exercise it was assumed that a system uses half of its area to grow okra and the other half to
grow basil. In reality systems can be used to a number of different cedipwith different yields and
market prices, but for the sake of simplicity, and because of the information available, okra and basil
were used as characteristic crops. Again, prices for okra and basil were determined by looking at local
supermarket pices and were decided to be $ 6.75/kg for okra and $ 53.55/kg for basil. A grow bed of
1.824 nf will be assumed to hold 12 basil plants and 12 okra plants. Per plant production values, which
GSNBE GF1Sy GF1Sy FTNRY 5NXP WkartiaUnigemitywflthp RiQie IS&ndsg 2 NJ
were found to have an average of 700 g for okra and 250 g. According to the UWI study, okra is
harvested once every 3 onths and basil, once a montfiable 8summarizes the finacial gains from

the two crops orthe next page.
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Table8: Annual Financial Gains from Okra and Basil

total market | Annual
# of weight/plant | weight | price value
Crop plants harvests/year| (kg) (kg) ($BDS) | ($BDS)
Okra 12 4 0.7 33.6 6.75 226.8
Basil 12 12 0.25 36 53.55| 1927.8

Table %summarizes the cost benefit analysis. 8@pendix Gor a more detailed table.

Table9: Cost benefit analysis for single family aquaponics system for 1st and 2nd year

1st Year Inputs Outputs 2nd Year Inpts Outputs

Startup

Materials $1,582.94| Okra $226.80 Electricity $686.17| Okra $226.80
Electricity $686.17| Basil $1,927.80 Fish Food $89.40| Basil $1,927.80
Fish Food $89.40| Tilapia $950.00 Tilapia $950.00
Total $2,358.51 $3,104.60 Total $775.57 $3,104.60

The tables make the distinction between the first and second year of production because initial
start-up costs, which are quite significant, are only incurred in the first year. For this reason financial
gains subsequerib the first year ($2329.03) are significantly higher than those experienced in the initial

year of production ($746.09).

At this point it should be reiterated how much this analysis relies on the stated assumptions.
Basil is obviously much more prafitle than okra, which makes the system very profitable. If a family
were to just use the system to produce for their own consumption, not much of area would be devoted
to herbs, whichis much more profitable. Planting densities, production plant weighted material

costs are all values that can vary and will affect a cost benefit. Nevertheless, the system seems to be

quite financially worthwhile.
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