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ABSTRACT

The ever-expanding of aquaculture activities raised
concerns about the unknown detrimental effects of high
effluent loading on the aquatic ecosystems. Therefore, this
study quantified the accumulation of nitrogen (N) and
phosphorus (P) in different forms in the water, sludge and fry
in rearing ponds. Four ponds were assigned in a Nile tilapia
hatchery of private sector to study the nutrient mass balance
and the chemical composition of the sludge, in two fry
production cycles, each for 25 days divided into three
periods, during April-June 2021.

The results showed that, every Kg feed (45% protein)
produces 420 g sludge and 355.94 g suspended solids, 50%
out of which settled at the bottom. Fry retained 27.6 % and
20.4 % of the applied dietary nitrogen and phosphorus,
respectively. Accumulation of TN and TP in the sludge
accounted for 16.6% of the dietary N and 50% of the dietary
P. Effluent water contained 29.16 % and 25.8 % of
introduced dietary nitrogen and phosphorus, respectively,
distributed in different forms. The dietary nitrogen recovery
in the present study was 73.38%, suggesting considerable role
for ammonia volatilization, denitrification and anammox
processes in the N-losing and almost no N-fixation occur in
these ponds, while the phosphorus recovery reached 96%.
The results also showed that the fry rearing ponds threaten
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the environment, as their effluent and sludge are rich in
nutrients.

Thus, it is recommended to utilize the fry ponds effluent in
microalgae production and recycle the sludge into
vermicompost fertilizer.

Key words: Nitrogen and Phosphorus mass balance, Nile tilapia-
hatchery, Oreochromis niloticus, nutrient transformation,
fry production.

INTRODUCTION

Aquaculture is the only mean for bridging the gap between supply and
demand of many farmed species. However, as aquaculture has been
tremendously successful and expanding over the time, more concerns are
rising by the environmental advocate groups over the aquaculture impact
on the aquatic environment (Naylor et al., 2000). Therefore, aquaculture
industry has to respond to these environment concerns in a responsible
manner by developing more sustainable production techniques, with
efficient management for aquaculture wastes treatment. To achieve such
responsible systems, it is necessary to fully understand the nature of the
pollutant nutrients and their transformation clearly. Several studies have
documented the nutrients budget in several fish species production
systems (Moustafa et al., 2020). Nevertheless, there is a serious dearth of
literature focusing on the nutrients budget in the fry rearing ponds in the
hatcheries.

Artificial feed-based aquaculture has become the standard production
technique for many species globally. Aquaculture feeds are usually
containing 4 to 8 % nitrogen and 0.8 to 1.5 % phosphorus. Thus,
nutrients are generated, as a result of the feeding process, in dissolved or
particulate forms enriching aquaculture effluent, which results in
eutrophication the receiving water bodies (Warren-Hansen 1982). Since
nitrogen use efficiency ranged from 11.7% to 27.7%, whereas
phosphorus use efficiency ranged from 8.7% to 21.2% (Zhang et al.,
2015), which means more than 70% of the applied amount of feed’s
nutrients are waste load. According to Shwartz and Boyd (1994), the
effluents of catfish earthen ponds contain 28.5 % of N and 7% of P
applied in feeds. Moreover, Boyd (1985) showed that nutrients resulted
from a 1000 channel catfish production result in 2500 Kg dry
phytoplankton.

The production of tilapia in Egypt reached around 1 million tonnes in
2017(FAO 2020) representing an economic value of 35 billion Egyptian
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pounds. This production necessitates a large number of hatcheries to meet
the demand on Nile tilapia fry. However, there is scarce information
describing the nitrogen and phosphorus dynamic in the rearing ponds of
the Nile tilapia fry. Therefore, the present study aimed to determine the
amounts of nitrogen and phosphorus that are generated by the fry tilapia
rearing concrete ponds and their transformations in the ponds effluent as
well as in the sludge, through characterized nitrogen and phosphorus
fractions. So, a more efficient mean can be developed to eliminate or at
least reduce the negative impacts of hatcheries effluents on the aquatic
environment.

MATERIALS AND METHODS
Experimental design

The present study was designed to study the nitrogen and phosphorus
transformations, nutrients mass balance and characterize the effluent and
sludge of Nile tilapia fry’s cement ponds, in a Nile tilapia hatchery of a
private sector, in Kafer EI-Shikh Governorate.

During two successive fry culture cycles on 215 April 2021 through
25"June 2021, each of 25 days, the input of nutrients via feed only and
nutrients loss in fish biomass, nutrients settled in sludge and nutrients
loads in the effluents are the environmental indicators that have been
determined in this study.

To achieve that goal, four cement ponds with dimensions of 3.0 x 7.0
x 1.0 m were assigned for the environmental indicators determination in
each culture cycle and filled with water at 80 cm depth, with a working
volume of 16800 L, and stocked with 50000 (3000 fry/m®) Nile tilapia fry
of about 8 mg in each pond. The daily feeding rate was applied ad-
libitum feeding for 15 min, introduced three times daily between 9:00 and
18:00 using feed of 7.2 % nitrogen and 0.8 % phosphorus contents.

To get reliable data, two fry production cycles were carried out. Each
cycle continued for 25 days, and divided into three periods, 12, 8 and 5
days. At the beginning of the second and third periods, 50% of the water
within each pond was discharged to reduce the nutrients concentrations to
avoid any threat on the fry survival. After those ponds were refilled to the
water depth of 80 cm and the water nutrients concentrations were
determined and considered as the baseline for the period. At the end of
each period the water nutrient concentrations were determined to
calculate the Nutrients Mass Balance (NMB) as a result of the feeding
process. At the end of each fry production cycle the data of the three
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periods were accumulated and gathered to determine the overall
concentration of the nutrients and their transformation.

Nutrient budgets and mass balance

The considered nutrient gains source was feed while considered
nutrient losses were the gain weight of harvested fry, drainage water and
determined pond sediment (sludge).

To estimate total nutrient gains from feed, feed proximate analyses
were made for total nitrogen as well as total phosphorus contents.

To estimate nutrient contribution of affluent water in the first period of
each fry production cycle, water samples were collected from the inlet
pipe during ponds filling and their different forms of nitrogen and
phosphorus contents were determined. To calculate the nutrient
contribution from feed in the ponds water (Nutrients Mass Balance,
NMB), the nutrient load in affluent water (La) was subtracted from the
effluent nutrient load (Lg) at the end of each period (12, 8 and 5 days per
fry production cycle), according to the following Equation (Boyd and
Queiroz, 2001; Boyd et al., 2007; Osti et al., 2018):

NMB = Le - La
Where: NMB = nutrients mass balance loads of (TP and TN)

For considered losses in sludge, sediments volume and weight in each
pond were calculated after fry harvest and its TN and TP were
determined. To measure N and P loose in fry biomass, final fry samples,
at the end of the production cycles, were collected and their TN and TP
were determined and multiply in the weight gain, assuming that nitrogen
and phosphorus content % did not change (Jimenez-Montealegre et al.,
2005).

Sludge of different sources determination:

Water TSS: The volume of water added to ponds was estimated by
monitoring water levels in each fish pond. Gradual signs (100 cm high)
were marked on the cement ponds walls to monitor changes in ponds
water depth and volume. The total suspended solids were determined
according to APHA (1985).

Feed: Commercial feed (7.2% nitrogen) was used throughout the
experiment and the quantity of feed inputs into the fry ponds were
introduce three times daily (between 9:00 and 18:00) and recorded daily
then quantified at the end of each fry production cycle (25 days) and the
feed contribution to sludge accumulation was estimated.
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To get the sludge volume and weight in each pond at the end of each
fry production cycle, the fry were collected after the water depth reduced
to 50 cm, then aeration stopped and the water within the pond left for 24h
for settlement, to get concentrated sludge. On the next day the water was
discarded to the minimum water depth 10 cm. To determine the dry
weight sludge, three water samples, each of 2000 ml volume, were taken
and left to be settled for another 24h. The dry weight of the collected
sludge was determined using drying oven for 48 h on 70 °C.

Total amount of sludge (Kg) = (volume of concentrated sludge x dry
weight of sludge in samples) / 2000 ml (volume of sample)

Chlorophyll “a”

Chlorophyll “a” was determined as indicator for phytoplankton.
Phytoplankton is considered a considerable source for sludge, since 50%
of the phytoplankton settles at the bottom of the fry ponds daily
(Schroeder et al., 1991).

Chemical analysis:

Total nitrogen in sludge, fish and feed was analyzed by the Kjeldahl
method (APHA, 1985). The total phosphorus content in sludge; fish and
feed were determined by using dry ash method (Tavares and Boyd,
2003) for digestion then phosphorus was colorimetrically estimated using
the vanadomolybdate method (APHA, 1985).

Affluent and effluent water samples were collected at the beginning
and ending of each period, from each pond for analysis and determination
of : total solids (TSS), NHs; NO2; NOs, total nitrogen of sample before
filtration (TN); Total dissolved nitrogen (TDN) of sample after filtration;
total phosphorus of sample before filtration (TP); total dissolved
phosphorus (TDP) of sample after filtration and orthophosphate (OP)
according to the analytical methods of APHA (1985).

Particulate nitrogen (Part. N); particulate phosphorus (Part. P);
dissolved organic nitrogen (DON); and dissolved organic phosphate
(DOP) were calculated.

Calculations:

Total nutrient (Nitrogen / Phosphorus) input per pond (TN;) =Total
amount of applied feed (kg) x average of dry matter fraction x average of
nutrient (nitrogen/Phosphorus) content in dry feed (Kg) by Kg of feed

Nutrient loss in fish biomass was calculated as following equation
(Boyd and Queiroz, 2001; Boyd et al., 2007):

Ng=P x DM x Npwm
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Where: NB = converted nutrient in fish biomass (kg of TP or TN), P =
fish gain weight (kg) at the end of each culture trial, DM = amount of dry
matter by kilogram of fish (kg), Npm = amount of nutrient (TP or TN) by
kilogram of dry matter of fish (kg).

According to Thoman et al., (2001) the following equations have
been used to determine different fractions of nutrients in water.

Particulate nitrogen = total nitrogen (TN) before sample filtration —
TDN after sample filtration

Dissolved inorganic nitrogen (DIN) = NH4 +NO> + NOz mg/L

Dissolved organic nitrogen (DON) = TDN after sample filtration —
DIN

Particulate phosphorus = total phosphorus (TP) before sample
filtration — TDP after sample filtration

Dissolved organic phosphorus (DOP) = TDP after sample filtration -
Orthophosphate

Total Nutrients Recovery % (TNR; per tank) = % Nutrient (N/P) Fish
+ % Nutrient in sludge +% inorganic fraction of nutrient (DIN/OP) in
water + % organic Nutrient (DON/DOP) in water + particulate nutrients
(Part. N/Part. P) in water.

Chlorophyll a was determined using acetone 90% extraction and
measuring absorbance at 665 and 750 nm (APHA, 1985). Nitrogen
content in the chlorophyll “a” was calculating assuming the ratio of 5 mg
N 1 mg? of chlorophyll “a” (Laws & Bannister 1980).

RESULTS AND DISCUSSION
Fry growth:

At the beginning of each fry production cycle, the fry were stocked at
a biomass of 400 g in each pond. At the end of the production cycles,
after 25 days per cycle, the survival rate was 81.7 + 3.7 % and the
average fry biomass was12.25 £0.56 Kg /pond. The feed intake was of
15.59 + 0.66 kg/ pond / 25days and FCR was1.32 + 0.03. Harvested fry
have N content of 2.61%, and P content of 0.215%. Higher FCR (1.6
0.2) was reported for fry Nile tilapia with average weight 9.0 + 1.0 mg
(Arredondo-Figueroa et al., 2015). The lower FCR in the present study
may be explained by assuming that the fish utilized detrital and
planktonic feed between meals during the rearing period to support the
smooth growth (Jimenez-Montealegre et al., 2005).

The survival rate in the present study was 81.7 + 3.7%. Lower mean
mortality (5%) was reported for Nile tilapia fry (9.0 £ 1.0 mg) reared in
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RAS system by Arredondo-Figueroa et al., (2015). This lower mortality
can be attributed to different culture conditions, water filtration and water
flow rate.

TSS:

TSS in affluent water was found to be 8.3 mg/liter and produced
about140 gm sediment/pond of the 16.8 m® working volume. The
accumulated TSS as a result of feeding was determined, for each fry
production cycle, in the present work to be 330.3 = 51.6 mg/liter and
produced about 5549.1 + 886.7 gm suspended solids/pond of 16800L
working volume per fry production cycle, half of them settled on the
bottom. The total determined sludge / pond was found 9321.3 g/pond/25
days. Then the settled uneaten feed and fish excretion generate about
6546.75 g / pond. Based on that, each kg feed produced 355.94 g of
suspended solid, assuming half of them settled at the bottom of the pond
that means 177.95 g settled solid/kg feed, which represents about 29.77
% of the total produced sludge (598.6 g/kg feed, 9321.3 g/pond) at the
end of the fry production cycle, and about 419.93 gm sludge / kg feed,
which represent 70.23% of the total produced sludge per Kg feed.
Moustafa et al. (2020) found that every kg feed produce 420 g of sludge
as fish solid excretion and uneaten feed, which represented 62.4 % of the
total produced sludge.

According to the literatures, every Kg feed produces about 412 gm
sludge (Muendo et al., 2014). Summerfelt et al. (2001) calculated that
every kilogram of fed feed emits 0.43 kg of suspended solids, additional
9% suspended solids of feed emerge from activity of heterotrophic
organisms and another 0.09% — due to activity of nitrification bacteria.

Aquaculture sludge has negatively impact on fry survival as well as
growth performance due to unpredictable release of toxic elements such
as hydrogen sulfides and nitrites. Organic matter deposition is
concomitant with a high oxygen demand and lead to oxygen depletion
(Boyd and Tucker 1995). Lin and Yi (2003) reported that although the
aquaculture sludge is a waste of valuable nutrients, nevertheless, it threats
environment. Therefore, it is necessary to search for a suitable treatment
before using it, i.e., vermicomposting (Kouba et al., 2018; Moustafa et
al., 2020; Gomha et al., 2020).

Chlorophyll “a”

In the present study the chlorophyll “a” was found to be at 4.99 + 1.04
Mg/L, which means 83.8 + 17.4 mg / pond. Assuming the ratio 5 mg N
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per 1 mg chlorophyll “a” (Laws & Bannister 1980). Then the
Chlorophyll “a” N content is 419.0 = 87.0 mg / pond.

Nitrogen gains

Introduced feed was 7.2 % N and 0.8 % P. An average of 15.59 + 0.66
kg of feed containing 1122.3 + 47.5 g N (average of 2.67 g m~3 d™?) was
applied to each pond in 25 days of fry production cycle. Feed accounted
for almost 100 % of N entering ponds.

The TN : TP molar ratio average was higher than 22 suggesting
inhibited N-fixation process in the fry ponds in the present study. Hence,
N-fixer cyanobacterium overcome N shortage (at low TN : TP ratio)
through N fixation while other species halt in their growth. Gross et al.,
(2000) reported that N> fixation by symbiotic bacteria and blue-green
algae is suppressed by increasing concentrations of TAN. Findlay et al.
(1994) and Hendzel et al. (1994) showed that a molar ratio of TN:TP
above 13 completely inhibited No-fixation and low N:P stimulate N»-
fixation cyanobacteria blooms. They suggested that a low TN : TP ratio
causes phytoplankton to become N deficient and gives blue-green algae
capable of fixing N2 a competitive advantage over other phytoplankton
species. Moreover, Morris & Lewis (1988) suggested DIN : TP ratio of
3 as a threshold value for N limitation. In the present study, the DIN : TP
molar ratio was found to be 16.18, indicating the inhibition of N-fixation.
Ferber et al. (2004) reported that nitrogen fixation can be accounted for
about 28% of phytoplankton N at low DIN concentrations.

Nitrogen losses:

The affluent water contribution in nitrogen and phosphorus budget
was calculated and deducted from different fractions of nitrogen and
phosphorus data, so the feed became the only measured nutrients source
as shown in tables of nitrogen and phosphorus (Tables 1&2).

The data of the nitrogen budget is shown in Table (1), which includes
nitrogen added in feed; nitrogen retained in fry; nitrogen lost in sludge as
well as different nitrogen fractions lost in drainage water. Based on the
proposed indicators, fry biomass increased from 400 g to 12251.3 +
561.2 g within 25 days retaining 309.32 + 14.65 g N pond ™ (27.56 + 0.54
%) of the dietary nitrogen input as showed in Table (1). Moustafa et al.
(2020) determined that the Nile tilapia brood-stock retained at least 25.8
+ 3.91 % of the dietary N input.
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Table (1): Average concentrations = SD for different nitrogen (N) fractions in fry Nile tilapia ponds at a private
tilapia hatchery, Kafr EL-Shikh governorate.

Feed N N retained N in Water N

Parameter input in Fry sludge
TSS N DIN N
b Non-Ch BON Recovery
Units N “a” NH4 NO; NO3
N
ma/L. 0.025 3.64 + 1.39+ | 0.156 + 12.55 + 1.66 £
g +0.005 | 212 | 0402 | 0071 1.169 0.96

pond 11223+ | 3093 118043 1 604 | 6115+ | 2331 | 263+ | 21082+ | 2787+ | O4L9

47.56 14.65 901 0.09 35.59 +6.75 1.19 19.64 16.15 3631
% of feed 27;56 16;62 0.04 + 5.47 + 2.09 + 0.23 + 18.86 + 2.48 + 73;38
N 054 081 0.008 3.19 0.63 0.11 2.37 1.4 429

Ch “a” N = chlorophyll “a” N, DON = Dissolved organic nitrogen. Each value is an average of 8 replicate + standard
deviation.
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Avnimelech and Kochba (2009) found that about 25% of the protein
ration given to tilapia with average weight of 20 g / fish is recovered in a
biofloc system. Overall, only about 20 —30% of the nitrogen applied as
feed to fish is recovered in the fish upon harvest (Avnimelech and Ritvo,
2003, for more references see Jimenez-Montealegre et al., 2005). The
rest is apparently excreted by the fish (Hepher, 1988). However, Gross
et al. (2000) reported that catfish can retain about 36.98% of applied
dietary nitrogen. It seems that the nutrient retention in fish (mainly
nitrogen and phosphorus) may differ under different conditions such as
fish age, fish species, and environmental conditions (Avnimelech and
Kochba 2009).

The total estimated sludge was 9321.3 + 495.g g / pond containing
186.42 £ 9.9 g N/ pond or 16.6 + 0.81% of the dietary N input. However,
Moustafa et al. (2020) found that sludge of the Nile tilapia brood-stock
ponds contained 11.3 + 0.78 % of the dietary N input. The higher N
content in the present study can be explained by the higher protein
content in the applied feed (45% protein) compared to that study (35%)
and longer period of the present study (25 days in each cycle vs 15 days)
which allowed longer period for more plankton activities in the fry
ponds. Schroeder et al. (1991) reported that 50% of the phytoplankton
biomass deposits daily.

Nitrogen losses in the effluents during draining accounted for 326.19
+ 50.1 g N / pond which represents 29.16 + 4.95 % of dietary N input
including three main fractions: particulate N; dissolved inorganic N and
dissolved organic N. However, Moustafa et al. (2020) estimated that
draining water of the Nile tilapia brood-stock ponds contains 43.64 +
6.45% of the feed nitrogen content. On the other hand, Osti et al. (2018)
reported that 16% TN which entered the system in the form of feed were
exported by effluent.

Water TSS N in the present study was found to be 5.5 + 3.2 % of the
applied dietary N, including N in chlorophyll “a” (0.04 £ 0.01 % of the
applied dietary N) and non-chlorophyll “a” N (5.46 £ 3.19 % of the
applied dietary N). Moustafa et al. (2020) estimated the water TSS N
fraction at 13.29 £+ 7.27 % of the applied dietary N. These differences
may be partially explained by the differences of the nature of the water
TSS. In the present study the TSS mainly consisted of planktonic and
microbial population that have fast dynamic and short life span, while in
the previous study the water TSS was mainly consisted of the non-living
particles, as the experimental period was just 15 days, so there was not
enough time to develop plankton and microbial communities. Also, it can
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be explained by the higher amount of feed with higher protein content
that is applied in the present study compared to that amount and protein
content of the applied feed in that study. Cripps and Bergheim (2000)
reported that particulate wastes commonly contain 7-32% of the total
nitrogen (TN) and the remainder is in the dissolved fraction in
wastewater.

The chlorophyll “a” content that was measured in the present
investigation is lower than that measured in well fertilized fish ponds,
although the existence of high DIN and TP in the present study, this may
be attributed to the grazing pressure exerted by fry and zooplankton, but
unfortunately the current investigation we did not determined
zooplankton. Also, low chlorophyll “a” content of N may be attributed to
limited orthophosphate in the water since the molar ratio of DIN / P was
141. Higgins et al. (2018) reported N/P molar ratio of 27:1 as a required
level for balanced growth in phytoplankton.

The dissolved inorganic nitrogen constitutes 21.18 = 2.5 % of the
applied dietary N, with nitrate being the major constituent, about (18.86 +
2.37 %) of the applied dietary N, which indicating good aeration within
the fry ponds. Jimenez-Montealegre et al. (2005) reported that the high
nitrate level in the water is a good indicator for aerobic conditions within
the fish pond. The high NO3 concentration may be attributed to the high
TN : TP that found in the present study. Similarly, Ferber et al. (2004)
reported that the relative contribution of NO3-N to N nutrition increased
with TN : TP ratio, while that of NH*s-N decreased. The low ammonia
concentration in the present study may be explained be the volatilization
and nitrification processes. Gross et al. (1999) reported that NH3 is
volatilized from pond surfaces as oxidized to nitrate (NO3z -N) by
nitrifying bacteria. Moustafa et al. (2020) found DIN to represent
10.78% of the applied dietary N. This difference can be attributed to the
difference in the length period of the study, in the present study the
period was 25 days which allow enough time for mineralization of the
organic N in the sediments. Summerfelt and Vinci (2003) and
Jimenez-Montealegre et al. (2005) reported that the organic form of
nitrogen needs 3-4 weeks, for mineralization through the microbial
activity.

Dissolved organic N in the present study was found to represent 2.48
+ 1.4 % of the dietary N. Both the high DIN and moderate DON levels
are suggesting active dynamics of plankton and microbial communities,
through daily settlement of 50% phytoplankton and mineralization of the
organic N, that resulted in high DIN and moderate DON levels.
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Moustafa et al. (2020) found that the DON level in Nile tilapia brood-
stock about 19.57 + 4.31 % of the applied dietary N.

In the present study, the cumulative N recovery at the end of the
experiment period was 73.38 + 4.29 % of the applied dietary N, meaning
that the N budget in the studied ponds of Nile tilapia fry cannot be fully
explained without consideration of N volatilization through different
ways, nitrification and de-nitrification that produces N20, one of the
greenhouse gases (Boyd and Tucker, 1998; Zhang et al., 2011) ,
ammonia volatilization and anammox process that produce N3
(Dalsgaard and Thamdrup 2002). Losses of N volatilization were
estimated by subtracting the sum of all other measured N losses from the
measured N inputs (Gross et al., 2000). Gross, et al. (1999) stated
existence of a positive linear correlations between the amount of feed
applied and TAN concentration in the water and between TAN
concentration and NHsz volatilization. Zimmo et al. (2004) also showed
that ammonia volatilization rate correlates with NHs concentration.
Jimenez-Montealegre et al., (2005) found that almost no N
volatilization occurred at low ammonium concentration and aerated pond.
Some studies showed different rates of denitrification as 17.36% of the N
loss (Gross et al., 2000). In agriculture ammonia volatilization and N2O
emission is considered the common mechanisms of N loss (Oenema et
al., 2009). On the other hand, Hargreaves (1995) showed that de-
nitrification rate varies with abundance of denitrifying bacteria,
concentrations of NOz-N and DO. Gross et al. (2000) reported NH3
volatilization (12.5%) and denitrification (17.4%) among of the main N
losses, which is matching with our results. Finally, Jaroszynski et al.
(2012) concluded that a stable nitrogen removal rate through anammox
process depends on maintaining free ammonia concentrations below 2
mg N L when the pH is maintained between 7 and 8.

These results indicate that the effluent water of the fry rearing ponds
has more negative effect than that reported by Moustafa et al. (2020) of
Nile tilapia brood-stock pond since it has more nutrient concentrations
and the nitrification and de-nitrification process play reasonable role in N
loss producing N2O. On the other hand, the brood-stock effluent has
lower nitrogen thus, it may give chance for blue-green algae to bloom
through N —fixing capability.
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Table (2): Average concentrations + SD for different phosphorus (P) fractions in fry Nile tilapia ponds at a private
tilapia hatchery, Kafr EL-Shikh governorate.

Water P

TP = [Parameters | ..qp retaFi)ne 4| Pin Recovery | Total
Units input | "°EC" | Sludge | TP | TDP | PartP | DOP OP %
1.92 0.36 1.56 0.14 0.22
mg/L + + * + *
0.13 0.06 0.1 0.04 0.03
124.7 25.48 62.27 32.19 5.96 26.23 2.29 3.68 119.94
g/pond + + + + * * * + +
5.28 1.2 3.31 2.14 0.96 1.67 0.72 0.49 6.01
% of feed 20.4 50 25.8 4.8 21.1 1.8 2.9 96.2
N°° e + + + + + + + +
0.4 2.4 15 0.7 1.4 0.6 0.4 3.9

phosphorus, TDP = Total dissolved phosphorus, Part P = particulate phosphorus, DOP = Dissolved organic
phosphorus and OP = ortho-phosphate. Each value is an average of 8 replicate + standard deviation.
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Phosphorus budget:

The dietary phosphorus input was found to be 124.7 £ 5.28 g / pond /
25 days (Table 2). Nile tilapia fry was found to retain 20.4 + 0.4 % of the
applied dietary phosphorus. It has been well documented that fish species
as well as phosphorus source can significantly influence the P retention
and loss in fish. Salmonids utilize phosphorus from fish meal more
efficiently than do carp (Yone and Toshima 1979) whereas availability
to tilapia is low. Moustafa et al. (2020) found that the Nile tilapia brood-
stock retained at least 2.74 + 0.37 % of the feed phosphorus content. A
percent of 10.02-15.10 % P from the total P inputs was reported to be
retained in tilapia fish by Lin et al., (1996) in fertilized earthen ponds.
Phillips et al. (1990) also estimated that 15% of dietary phosphorus was
retained in the fish biomass and 85% is lost to the aquatic environment.
Wang et al. (2012) have found that 30% TP which entered the system as
feed phosphorus were reversed into fish biomass. It seems that the
nutrient retention in fish (mainly nitrogen and phosphorus) may differ
under different conditions such as fish age, fish species, and
environmental conditions (Avnimelech and Kochba 2009).

The total determined sludge at the end of fry production cycle was
9321.3 £495.3 g / pond / 25 days, containing 50.0 + 2.4 % of the applied
dietary phosphorus. Moustafa et al. (2020) reported 32.62 + 14.46% of
the applied dietary phosphorus was recovered in sludge of the Nile tilapia
brood-stock cement ponds. According to Lall (1991) fish excrete dietary
phosphorus in soluble form as dissolved inorganic P and particulate form
settles at the fish pond bottom and referred as aquaculture sludge. Kibria
et al., (1996) demonstrated that dietary phosphorus lose is a range of 80
and 95% with a decrease of temperature from 25 to 20 °C. Cripps and
Bergheim, (2000) also reported that the main part of feed phosphorus,
30%-84% of the total phosphorus (TP), is in un-dissolved fraction.

Total water phosphorus in the present study was found to be 1.92 +
0.13 mg/L accounting for 25.8 + 1.5 % of the applied dietary phosphorus.
Moustafa et al. (2020) found that the total phosphorus water was 0.16
+0.05 mg P/L representing of 50.22 = 16.63 % of the applied dietary
phosphorus in Nile tilapia brood-stock ponds. These differences can be
explained partially to the differences in the applied amount of feeds as
well as to the differences in the phosphorus content in the applied feeds.
Lower phosphorus percent that is exported by effluent (11% of TP
entered the system in the form of feed) were reported by Boyd and
Queiroz (2001) and Osti et al., (2018). However, Wang et al. (2012)
found that 70% TP which entered the system in the form of feed were
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released to the environment, which is in consistent with the present study
by combining the effluent water phosphorus and the sludge phosphorus.
Generally, total phosphorus at a concentration of 0.1-0.15 mg/L in the
aquaculture effluent may results in eutrophication in the received water
bodies as reported by (Warren-Hansen 1982; Alabaster 1982).

Dissolved organic phosphorus (DOP) in the present study accounted
for 0.14 + 0.04 mg/L or 1.8 £ 0.6 % of the applied dietary phosphorus.
Moustafa et al. (2020) found that the dissolved organic phosphorus to
represent 16.47 + 7.69 % of the applied dietary phosphorus. Also, lower
ortho-phosphorus % was found in the present study (2.9 = 0.3 % of the
applied dietary phosphorus) than that reported by Moustafa et al. (2020)
in the Nile tilapia brood-stock suggesting high pressure on both the OP
and DOP in the present study through the phytoplankton as well as the
microbial population. Relative high DOP in the present study can be
partially explained by the bacterial activities that are supported by the
nitrification process as well as other processes (de-nitrification and
anammox) that results in N volatilization. Feuillade and Dorioz (1992)
reported that there is a large bacterial population capable of taking up
liberated soluble reactive phosphorus in natural water samples and turn it
into dissolved organic phosphorus (DOP). Matsumoto (1985); Ogura
(1985), elucidated that the organic phosphorus produced by in situ
biological processes is repeatedly utilized in the ecosystem through
remineralization and recycling that can render phosphorus uptake rate
larger than P input up to 20-folds. The high DIN : P ratio in the present
study suggesting that phosphorus acts as a limiting factor in these Nile
tilapia ponds for phytoplankton.

CONCLUSIONS

A better understanding of the N and P transformations may lead to
practical ways to improve fish growth, maintaining pond water quality,
and enhance effluent quality as well as efficient utilization of aquaculture
wastes, either dissolved or solid wastes. As, improved fish feeds and
efficient feeding practices can increase N & P recovery in fish, which in
turn maintain water quality within the fry ponds for longer period and
subsequently reduce the water consumption in fry rearing period. The
results showed that the P is a limiting factor in the fry pond’s effluent,
which results in relatively low N recovery in the system. So, we can
enhance N recovery by adding P in these ponds, which will stimulate
phytoplankton growth and reduce N volatilization.

The second path of nutrients loss is atmosphere through NH3
volatilization and denitrification, which was high in fry ponds. This
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shows that the effluent of Nile fry rearing pond threatens environment
more than the Nile tilapia brood-stock ponds, where it is richer in
nutrients as there is more nitrification and denitrification processes that
produce N2O to the atmosphere. So, it is necessary to search for efficient
mean to control emission N>O and utilize nutrients in the aquaculture
effluent. An efficient choice to achieve that is applying fish/aquatic plants
integration system, through which aquatic plant consume these nutrients
and turn them into valuable economic biomass (Ali et al., 2020) and at
the same time maintain the water quality within ponds for longer time
and subsequently maximize the water use efficiency in fish hatcheries.

The third portion of nutrients loss is through accumulation as solid
wastes in the fish sludge form. Recently, Gomha et al. (2020) proved the
vermicomposting technology as an aquaculture sludge recycling
approach. In the present study the produced sludge characterized with
high N and P content that may improve the quality of the produced
vermicompost fertilizer. This vermicmopost fertilizer can be utilized in
microalgae production, such as Spirulina platensis, as a cheaper
alternating of chemical fertilizers, moreover, it enhances the quality of
produced microalgae (Abd - El hay et al., 2019) or in fertilizing fish
pond as well as agricultural land.

In this sense, it is recommended to use the effluent of fry rearing pond
in microalgae production or aquatic plant production (i.e. duckweed) as
use the sludge of these ponds in producing vermicompost bio-fertilizer
and earthworm.
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