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This study was performed to evaluate use of zeolite for water quality management in cold water recirculating aquaculture system. The
system was reared Arctic charr (Salvelinus alpinus) and Hybrid char (Salvelinus fontinalis x Salvelinus alpinus) fry. Fish biomass in
the reservoirs was distributed as follows: Arctic charr accounted for 7.32 kg at a density of 23.74 kg'm, and hybrid charr accounted
for 7.78 kg at a density of 26.91 kg'm™. After increasing the feed rate and documenting water quality studies, a vast increase of
ammonium and nitrite concentration was noticed in the rearing tanks. Natural zeolite, known as clinoptilolite with a cation exchange
capacity (CEC) of 1.20-1.50 mol.-kg?, was used to reduce the amounts of these hazardous substances in the rearing tanks. Zeolite
was used to decrease the increased concentration of ammonia and nitrites, which were reduced by 22.7% and 16.7%, respectively,
during the study period. These results suggest that zeolite is suitable for water quality management in cold water recirculating
aquaculture system with as little of an investment as possible.
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INTRODUCTION

When fish are cultivated for industrial purposes, i.e., at high density and using large amounts of feed, fish
metabolism products and unused feed pollute the water where the fish grow. The management of water quality parameters
in recirculating aquaculture systems (RAS) is important to successfully develop cultivation. One of the main
disadvantages of intensive RAS is the toxic influence of accumulated ammonia in the water tank. Ammonia’s toxic
influence can be reduced by increasing the water metabolism using the nitrification method or the ion exchange process.
Either synthetic or natural zeolites can be used.

Zeolites are hydrated aluminum silicates that have a crystal structure and are able to absorb many different types of
gas, odors, humidity, oil chemical products, ammonia, heavy metals, low level radioactive elements and various other
solutions (Ghasemi et al., 2016). lon metabolism is the main ammonia absorption theory based on CLP (Zhang, 2017;
Almutairi and Weatherley, 2015). Zeolite has a natural negative charge, which gives it high cation-exchange capacity (CEC).
It absorbs ammonia ions as well as other cations dissolved in water and removes heavy metal cations (Pb, Cu, Cd, Zn, Co,
Cr, Mn and Fe, with almost 97% of Pb and Cu being removed), organic waste and undesirable odors in the water. After
zeolite is saturated with cations, it is regenerated by being washed in saltwater and can be reused many times until it becomes
100% unusable. This can happen after 10-11 regenerations (Guisnet, 2011). Zeolites are as effective as other ion exchange
substances, but they are much cheaper than their counterparts. Due to their high cation-exchange capacity, ecological
structure and low cost, zeolites are widely used in pools, reservoirs, aquariums and aquaculture farms (Yin et al., 2018).

Acrctic charr (Salvelinus alpinus) is the northernmost residing freshwater fish, which is best adapted to living in
cold conditions among all Salmonid fish (Johnson, 1980). As reported by Klemetsen et al. (2003), Arctic charr exhibit a
high degree of biological plasticity and easily adapt to a shifting environment. The optimal temperature for the growth of
Acrctic charr is reported to be in the range of 10 to 15°C (Bebak et al., 2000), and Arctic charr can survive in water
temperatures as low as 0.3°C (Siikavuopio et al., 2009). As determined by Thyrel M et al. (1999), Arctic charr stop
feeding and growing at the critical temperature of 21.5°C. However, Larson (2005) and Siikavuopio et al. (2014) reported
a slightly lower temperature of 10-12°C as the most comfortable temperature range for Arctic charr. Like other salmonids,
Acrctic charr are grown in recirculating aquaculture systems (RAS). Arctic charr are attractive to fish farmers because of
their tolerance for high density, i.e., as high as 90 to 130 kg/m? (Jansson, 2008). This fish is also attractive to consumers
because of its delicious boneless fish meat, which has omega-3 fatty acids useful for human heart disease prevention
(Aarset, 1999, FAO, 2014).

Sparctic charr is a hybrid created by artificially interbreeding Arctic charr (Salvelinus alpinus) and Brook trout
(Salvelinus fontinalis) (Jansson, 2008). As claimed by Dumas et al. (1996), the survivability of these hybrids in the early
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stages is satisfactory for aquaculture purposes, even though this indicator is lower than for the parent species. This hybrid
is attractive in its exterior; meat structure and taste, which resemble those of Salmonid fish; higher water temperature
tolerance; and increased resistance to several fish disease (Brannds et al., 2011; Jansson, 2008). Based on (Muus &
Dahlstrom, 1981), Sparctic charr grow faster than its parent species and is healthier and more energetic, making it popular
for recreational fishing. Some of these hybrids are fertile (Muus & Dahlstrom), 1981. As stated in a study by (Gross et
al., 2004), the first hybrid, which was created in 1890 in Germany, is still appreciated by consumers and farmers.
Salvelinus spp. typically have a higher tolerance for low oxygen concentrations and higher pH limits (4 to 9.8) (McClane
1974). The optimal SPP temperature is 7.5-12.5°C (Piper et al., 1982, Stevenson 1987). In Canada, Brook trout show
better growth and lower size variance than other salmonids (Dumas et al., 1995).

The aim of the study is to estimates the possibilities of zeolite use in Arctic charr and Hybrid charr fry for water
quality control in rearing tanks.

METHODS AND MATERIALS

The Vytautas Magnus University (VMU) Aquaculture Centre ordered 20 500 Arctic charr (Salvelinus alpinus) eggs
and 24 200 Hybrid charr (Salvelinus spp.) (Salvelinus fontinalis xSalvelinus alpinus) eggs from Canadian and Polish
aquaculture farms, respectively. These eggs were then incubated in the VMU Aquaculture Center incubation room. After
using 70-90% of their yolk, the hatched alevins, with an average weight of 0.1-0.15 g, were moved to an alevin rearing
system (Fig. 1) and were fed 50-60 g a day. The rearing tank dimensions were 2.47x0.50x0.40 m. The fry rearing system
consisted of the rearing tanks, sediment tank, trickling biofilter, ultraviolet lamp, and pump. At the beginning of the study,
the tank water depth was 15 cm. After 90% of the fry had begun to feeding, the water depth was increased to 25 cm. The
study began with 18 324 Arctic charr fry (mortality of 11%) and 20 354 hybrid charr fry (mortality of 16%). Fish biomass
in the reservoirs was distributed as follows: Arctic charr accounted for 7.32 kg at a density of 23.74 kg'm=, and hybrid
charr accounted for 7.78 kg at a density of 26.91 kg'm™.
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Figure 1. FT —fish tank, ST — sedimentation tank, Z — basin with zeolite, BF — biofilter, P — pump, UV — ultraviolet lamp, and V — valves

At the start of the study, 110 g-d* (1.5% of AC biomass and 1.4% of HC biomass) of feed was provided to the
fish, and after 16 days, the rate was increased to 220 g-d™* of feed in each tank. The feeding rate was lower than suggested
by the supplier because unused feed amount and water quality parameters were taken into account. The feeding rate was
reduced or completely stopped after water quality parameters worsened. All fry were grown under equal conditions in the
same system, fed with identical feed and feed amount. Biomar LARVIVA proStart (Denmark) was used as feed.
LARVIVA ProStart contains Bactocell®.

Dead fish were removed from tanks every day. The mortality rate was established at the end of the study. Unused
feed and excrement accumulated on the bottom of the tanks was pumped out manually twice a day.

After increasing the feed rate and documenting water quality studies, a vast increase of ammonium and nitrite
concentration was noticed in the rearing tanks. Natural zeolite was used to reduce the amounts of these hazardous
substances in the rearing tanks with as little of an investment as possible. A tank containing 20 kg zeolite with particle
sizes of 4-8 mm was installed immediately below the biofilter; that is, before flowing into the tanks, the water from the
biofilter first flowed through the zeolite using a trickling filter principle (Fig. 1). Every 10-14 hours, the zeolite was
washed in NaCl solution and returned to the system. After the feed rate was increased, the amount of zeolite was also
increased to 30 kg.

The natural zeolite used in the study was purchased from a company in Slovakia called ZEOCEM. The chemical
name for the natural zeolite is hydrated aluminosilicate of alkali metals and alkaline earth metals, which in its mineral
form is known as clinoptilolite, with a cation exchange capacity (CEC) of 1.20—1.50 mol.-kg™. The chemical and mineral
compositions of clinoptilolite are shown in Table 1.

The temperature was quite stable throughout the entire study, i.e., 9-10.30°C. oxygen saturation was maintained
at 90-120%. In addition to recording the oxygen levels and temperature, the following water quality parameters were also
recorded during the study: ammonium (NH.), nitrite (NO>), nitrate (NOs), pH, and alkalinity (e.g., CaCOs). Water quality
was examined using a HI 83200 multiparameter spectrophotometer (USA). Spectrphotometric chemical analysis is based
on the possibility to develop an absorbing compound from a specific chemical reaction between sample and reagents.
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Table 1. Chemical and mineral compositions of clinoptilolite:

Component Percentage by weight (%) Component Percentage by weight (%)

Chemical composition TiO; 0.10-0.30

SiO; 65.00 —71.30 Si/Al 4.80-5.40

Al;,O3 11.50-13.10 Mineral composition

CaO 2.70-5.20 Clinoptilolite 84

K0 2.20-3.40 Cristobalite 8

Fe>0O3 0.70-1.90 Clay mica 4

MgO 0.60-1.20 Plagioclase 3-4

Na,O 0.20-1.30 Rutile 0.10-0.30

The homogeneity of the analysed parameters was checked using Leven’s test. One-way analysis of variance (ANOVA)
was used to determine any significant differences in Total statistical analysis was evaluated as significant if P <0.05.
Statistical analysis was done using the STATISTICA 10 software.

RESULTS

The pH and water temperature during the study period ranged from 7.90 to 8.15 and from 8.30°C to 10.30°C,
respectively. The dissolved oxygen concentration fluctuated from 7.88 mg-L* to 10.2 mg-L ™. The alkalinity ranged from
210 to 280 mg (CaCOs-LY), and the nitrate concentration was zero during the study period. The water quality parameters

are shown in Table 2.

Table 2. Average values of water parameters in rearing water during the study period

Parameter - Trgatments -

20 kg zeolite (feed: 110 g/d) 30 kg zeolite (feed: 110 g/d) 30 kg zeolite (feed: 220 g/d)
Temperature, °C 9.58+0.39° 9.9+0.22° 9.17+0.53?
Oxygen, mg/I 10.09+0.45° 9.71+0.262 9.37+0.592
Ammonium-N (NH4), mg/I 0.308 + 0.105% 0.254 +0.119° 0.238 + 0.075°
Nitrite NO2, mg/I 0.108 + 0.032% 0.094 +0.038* 0.090 +0.032°
pH 8.06 + 0.053% 8.01 £ 0.074? 8.01 £ 0.051°
Alkalinity (as CaCOs), mg/I 245.77 £ 3.44*2 237.00 £16.812 232.69 + 16.41°

Values (means + SD) with different superscripts in the same row are significantly different at the p<0.05

Fig. 2 shows the variation in the dissolved oxygen and temperature in the rearing water during the study period.
The water temperature was stable and varied no more than +0.5°C during the day.
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Figure 2. Variation of ammonia, nitrite and pH in rearing water during the study period
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Increased amounts of ammonia and nitrite were observed in the rearing water, ranging from 0.4-0.48 mg-L! and
0.06-0.12 mg-L%, respectively. The natural zeolite was used to reduce the ammonia and nitrite concentration in the rearing
water. The addition of 20 kg of zeolite reduced the concentrations of ammonium and nitrite in the system to 0.07 and 0.09
mg-L?, respectively. The alkalinity decreased to 210 mg CaCOs-L%, and the pH was 8.0. The feeding rate was 110 g-d*
for each tank.

After 16 days, the feeding rate increased to 220 g-d™ to each tank. When the feeding rate was increased, the
concentration of ammonia and nitrite increased, with the ammonia concentration reaching 0.29 mg-L? and the nitrite
concentration reaching 0.08 mg-L. At the end of the 18th day, the zeolite was taken from the system for regeneration,
and the concentrations of ammonia and nitrite increased to 0.36 mg-L* and 0.1 mg-L, respectively. Because the feeding
rate had been increased, an additional 10 kg zeolite was added to the system for the regulation of the ammonia and nitrite
concentrations in the rearing water. The amount of ammonia over the 14 hours decreased to 0.22 mg-L* and the nitrite to
0.11 mg-Lt. The concentration of the ammonia was maintained between 0.22 mg-L? and 0.28 mg/I*? and the nitrite
between 0.11 mg-L* and 0.14 mg-L*! until day 23 of the study, after which the zeolite was removed from the system for
regeneration in NaCl solution. While the zeolite was being regenerated, the concentrations of ammonia and nitrite
increased to 0.41 mg-L* and 0.14 mg-L", respectively. Once regenerated, the zeolite was returned to the system, and the
concentrations of ammonia and nitrite decreased to safe levels of 0.1 mg-L* and 0.03 mg-L?, respectively. The alkalinity
decreased to 215 mg CaCOs-L%, and the pH was 8.0.

DISCUSSION

Great water quality has to be maintained to grow Arctic charr at high density because, at this stage, bacterial gill
infections are quite common; hence, the rearing water needs to have a high amount of oxygen and low amounts of
suspended solids, carbon dioxide and ammonia. During the study, the water quality in the system was controlled carefully
to replicate the recommended values for Arctic charr growth.

Salmonid fish are usually sensitive to water pH changes, but Arctic charr are less sensitive than other salmonid
fish. Salmonids can tolerate a pH between 5 and 9, but maximum productivity is achieved when the pH is between 6.5
and 8.5 (Jobling, 1994). In this study, the pH level never decreased below 7.9 and never increased above 8.1.

Fish use oxygen to convert feed into energy and biomass. Depending on the fish species, as stated by (Pillay and
Kutty, 2005), the necessary minimal concentration of dissolved oxygen in water needs to be approximately 5.0 mg-L* for
warmwater fish and 7.0 mg-L? for coldwater fish to obtain optimal fish growth: salmonid fish are the exception to this
guideline, as their optimal oxygen saturation needs to be at least 70-80%; i.e. the dissolved oxygen cannot be lower than
6.0 mg-L* or higher than 9.0 mg-L. Once the oxygen saturation falls below 70%, the growth rate and feed consumption
are reduced (Jobling, 1994). When the saturation level is higher than 120-140%, fish welfare problems arise from
oxidative stress, and the fish will show increased sensitivity to diseases and higher mortality (Aquafarmer 2004). In this
study, oxygen saturation in the water is 84-110%, which corresponds to the recommended values by (Sather et al., 2015).
However, Beuvard et al. (2014) proposed optimizing Arctic charr growth by maintaining an oxygen saturation of 60-
80%. After commencing experiments with various levels of oxygen saturation (60%, 80%, 100%, 120% and 140%), the
authors determined that 60%-140% saturation showed no discernible difference between growth rates, but in the cited
study, fish age was not considered. However, feed conversion and oxygen consumption increased significantly as the
oxygen saturation levels progressively increased. Both routine and active metabolic rates (measured as O, consumption)
increased significantly with increased oxygen saturation. Salvelinus spp. has a higher tolerance toward low oxygen
concentration and pH levels (4 to 9.8) (McClane 1974). According to(Sather et al., 2015), Arctic charr oxygen
consumption varies depending on body weight, feed and growth rates, activity level, swimming speed, water temperature
and stress level. Properly fed fish that have good growth rates consume, on average, more than 150 mg O, kg*-h?, and
right after feeding, oxygen consumption increases to 40-50% above the average.

Based on Jobling, 1994, the temperature for Arctic charr fry growth should be 8-10°C if the fry are being fed with
artificial feed. The optimal growth temperature for Arctic charr fry and fingerlings is from 13-18°C, whereas they grow
better, consume feed and are more resilient to diseases when the water temperature is 11-12°C (Siikavuopio et al., 2013;
Larsson 2005). However, Larson (2005) and Siikavuopio et al. (2014) reported a slightly lower temperature of 10-12°C
as the most comfortable temperature range for Arctic charr. The optimal temperature for Salvelinus spp. has been reported
as 7.5-12.5°C. (Piper et al., 1982, Stevenson 1987). During this study, the water temperature in the rearing tanks was
between 8.3°C and 10.3°C, but it did not vary by more than 0.5°C on any given day. Water temperature boundaries were
optimal for both species of fry.

Nitrogenous compounds and metabolites, such as ammonia (NHs), nitrites (NO2) and nitrates (NOs), frequently
accumulate in intense UAS and semiclosed rearing systems even if the water is frequently changed (Colt et al., 2009,
Lekang 2007). When fish are kept in RAS, the water is usually cleaned in biofilters to remove ammonia (Colt et al. 2009,
Lekang 2007). However, biofilter effectiveness is decreased at low temperatures. As stated by (Van der Werf , 2012),
temperature change can influence the bacterial activity of the biofilter. Van der Werf proved that, at temperatures lower
than 10°C and higher than 32°C, nitrification processes are limited in aquaculture systems. High ammonia and nitrite
concentrations are toxic to fish; if this toxicity is not removed for a longer period of time, it causes great stress to the fish,
and the consequences can be lethal. Increased NH4 and NO;, levels were encountered during the study. The recommended
ammonia quantity for salmonid fish is 0.015 mg-L* (Maclntyre et al., 2008; Skybakmoen et al., 2009); however, different
nitrite concentration boundary values for Arctic charr have been noted, including < 0.1 mg-L? , as reported by (Jensen,
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2003, Lekang, 2007; Maclntyre et al., 2008), and < 0.015 mg-L? or 0.012 mg-L* for the first feedings of Arctic charr
(Johnston, 2008). An increased amount of ammonia and nitrite inside fry rearing tanks was noticed at the start of the
study. One explanation may be that biofilters work better in higher temperature water, as stated before. During the study,
the water temperatures in the systems used with the Arctic and Hybrid char were between 8.3°C and 10.3°C; therefore,
the biofilter worked at lower efficiency than projected. Since the feed amount was reduced and constant TSS removal did
not help, zeolite was used to reduce the concentrations of these parameters. Many studies have been published on zeolite
use to effectively remove ammonium NHs* from waste (Almutairi and Weatherley, 2015; Casadella et al., 2016; Zhang
et al., 2017, Zhou and Boyd, 2014). Zeolite‘s effectiveness in lowering the ammonia concentration in rearing water is
proven, and as stated by Emadi et al. (2001) and Aly et al. (2016), the effectiveness was able to reach 83% when the
ammonia started at <1.0 mg-L™ . Oz et al. (2016) proved that zeolite inserted in a net bag reduced ammonia concentration
in a rearing tank by 72%, whereas zeolite placed directly into water in the tank reduced the ammonia level by only 33%.
Ghiasi and Jasour (2012) studied water quality parameter changes for aquarium-grown Pterophyllum scalare by using
different values of Iranian natural zeolite (clinoptilolite) and determined that the best results were achieved in reducing
ammonia concentration in rearing water with 10 g-I"t ammonia. (Obradovi¢ et al. 2006) used Ambizel-V natural zeolite,
which has a particle size of 0.8-2.5 cm, to improve rainbow trout growth conditions. Once applied, 60 kg of zeolite
considerably reduced the general water hardness and the nitrate and ammonia concentrations. As stated by (Ghasemi et
al., 2016), zeolite particle size also influences the effectiveness of ammonia formation removal. Ammonia absorption
productivity in freshwater RAS was better when smaller 0.7-1.0 mm zeolite particles were used than when 1.0-1.4 mm
zeolite particles were used for the same holding time period (Mwale 2001). Similar results were reported by (Nguyen and
Tanner 1998), who studied different sized particles of clinoptilolite and mordenite and proved that zeolite with particle
sizes of 0.25-0.50 mm was more effective in removing ammonia from waste than zeolite with a particle size of 2-2.83
mm. These authors state that zeolite particle size both influences ammonia removal effectiveness, the holding time period
and the chemical structure of the zeolite. The higher level of ammonia removal effectiveness by fine zeolite can be
explained by the larger surface size and, therefore, the shorter diffusion path length (Chiayvareesajja&Boyd, 1993,
Alshameria et al., 2017) because finer particles are more likely to reach exchange sites by cations. If zeolite is used in a
column or as a medium for constant filtration, the use of finer particles can contribute to lower pressure and more frequent
media jams, which results in a reduced filtration rate, making the use of fine zeolite in aquaculture impractical (Semmens,
1983). Considering these observations, 4-8 mm size zeolite was used in this study.

Zeolite started working 6-8 hours after its inclusion into the system. This result is similar to that of (Nicolae et al.,
2017), who determined that after water had passed through the zeolite column (166 g zeolite) for 8 hours, the NH,4
concentration was lowered from 0.176 mg- L to 0.10 mg- L%, and the nitrite concentration was lowered from 0.569 mg-
L™ to 0.398 mg- L in the aquarium water in which common carp fish were grown.

In intensive RAS, the nitrite level may become elevated when the ammonia oxidation level to nitrites exceeds the
nitrite oxidation to nitrates level (Bjorn-Steinar et al., 2015). As stated by Saether et al., 2015, safe levels of ammonia, nitrites
and nitrates for Arctic charr are not fully known. Intermediate ammonia oxidation products—nitrites (NO,)—are harmful
for water organisms in relatively low concentrations. (Pillay and Kutty 2005) state that nitrite levels in aquaculture systems
need to be lower than 1.0 mg NO,-N-L%. The lethal concentration for rainbow trout (Oncorhynchus mykiss) after 24 hours
of captivity was reported as 1.8 mg NO,-N -L* (Hagopian and Riley, 1998). However, (Macintyre et al., 2008: Skybakmoen
et al,. 2009) state that, based on Arctic charr growth inside recirculating systems and Atlantic salmon and other salmonid
fish growth in freshwater practice, the nitrite concentration must be less than 0.1 mg-L* and must not exceed 0.2 mg/I.
Furthermore, according to (Jensen, 2003, Lekang, 2007; Maclntyre et al., 2008 Jobling, 2010), if biofilter effectiveness is
reduced in low temperatures, the addition of chloride in the form of salt (sodium chloride) or calcium chloride at a rate of 10
mg-L? chloride for each 1 mg/L of nitrite will reduce the toxic effects of the nitrite on the fish (Syrakov et al., 2015). In the
studied system, salt was used to reduce the toxicity of the nitrites, and the rearing water salinity was 2 ppt.

The results show that zeolite is effective in lowering ammonia and nitrite concentrations in fish rearing water.
Furthermore, zeolite helps regulate water pH levels. Notably, one of zeolite‘s weaknesses is that it needs to frequently
regenerate in intensive enclosed aquaculture systems. Emadi et al., 2001 also determined that zeolite lowers the amount
of ammoniaions in the RAS water when salinity is lower than 10 mg/l, but the main weakness was that after several hours
of zeolite use, the zeolite ion exchange effectiveness was lowered; therefore, frequent zeolite regeneration is necessary.

After zeolite is saturated with cations, it is regenerated by being washed in saltwater and can be reused many times
until it becomes 100% unusable. This can happen after 10-11 regenerations (Guisnet, 2011). Zeolites are as effective as
other ion exchange substances, but they are much cheaper than their counterparts. Due to their high cation-exchange
capacity, ecological structure and low cost, zeolites are widely used in pools, reservoirs, aquariums and aquaculture farms
(Yin etal., 2018).

CONCLUSIONS
1. Zeolite decreased the concentration of ammonia and nitrites by 22.7% and 16.7%, respectively, during the study
period.
2. The obtained results suggest that zeolite is suitable for water quality management in cold water recirculating
aquaculture system with as little of an investment as possible.
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