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Abstract
The objective of this study was to assess the environmental impact of one of the biggest flow-through
rainbow trout farms located in South-Western Turkey between February and December 2006.  The feeding
water is obtained from the Yuvarlakçay Stream (Muðla, Turkey) at a mean flow rate of 2.86 Litre s-1 per ton
of the annual fish production (700 t year-1) with drum filtration used for the effluent treatment of the farm.
Bi-monthly sampling was conducted from the inlet and discharge water (before and after treatment) at the
same hour of each sampling day. No significant differences in total nitrogen (TN), total phosphorus (TP),
biochemical oxygen demand (BOD5), and chemical oxygen demand (COD) were found in the effluent,
although these parameters were found to have increased in the discharged water. The dissolved oxygen
(DO) and pH of the effluent water were found to be significantly affected by the fish farming activities. The
effluent treatment efficiencies were found to be 7.77% for TP, 8.67% for TN, 16.58% for BOD5, and
13.16% for COD, respectively. The annual TP load of the trout farm after effluent treatment was found to
be 5.68 kg P per ton of fish produced, and 5.30 kg P per ton of feed used, respectively. The average TP load
without any effluent treatment determined via chemical and biological methods was 7.66 and 10.46 kg P
per ton of fish produced, respectively. 
Keywords: Environmental impact, phosphorus load, trout farming, water quality

Yuvarlakçay Üzerinde Kurulu Olan Alabalýk Ýþletmesinin Çevresel Etkisi
Özet
Bu çalýþmanýn amacý, Türkiye'nin güney-batýsýnda bulunan ve en büyük akarsu alabalýk iþletmelerinden biri
olan iþletmenin Þubat-Aralýk 2006 tarihlerinde çevresel etkilerinin tespit edilmesidir. Ýþletmeye su
Yuvarlakçay'dan (Muðla, Türkiye) yýllýk üretilen alabalýk (700 ton yýl-1) ton baþýna 2.86 litre s-1 olarak
saðlanmakta ve iþletmeden çýkan atýk su tambur filtrasyona tabi tutularak atýlmaktadýr. Giren ve çýkan
(arýtma öncesi ve sonrasý) sudan iki ayda bir örnek alýmý örnekleme günü ayný saatte gerçekleþtirilmiþtir.
Toplam azot (TN), toplam fosfor (TP), biyokimyasal oksijen ihtiyacý (BOÝ5) ve kimyasal oksijen ihtiyacýnýn
(KOÝ) istatistiksel olarak atýk suda fark olmadýðý tespit edilmiþ, ancak bu parametrelerin atýk suda arttýðý
gözlenmiþtir. Atýk sudaki çözünmüþ oksijen (ÇO) ve pH balýk yetiþtiriciliði aktivitelerinden önemli ölçüde
etkilendiði tespit edilmiþtir. Atýk su arýtma etkenliðinin sýrasýyla TP için %7.77, TN için %8.67, BOÝ5 için
%16.58 ve KOÝ için %13.16'dýr. Atýk su arýtma sonrasýnda alabalýk iþletmesinin yýllýk TP yükü 5.68 kg P/ton
üretilen balýk ve 5.30 kg P/ton kullanýlan yem olduðu bulunmuþtur. Atýk su arýtmasý olmadan kimyasal ve
biyolojik metotlar kullanýlarak tespit edilen ortalama TP yükü sýrasýyla 7.66 ve 10.46 kg P/ton üretilen balýk
olduðu bulunmuþtur.
Anahtar kelimeler: Alabalýk yetiþtiriciliði, çevresel etki, fosfor yükü, su kalitesi
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INTRODUCTION
Production of rainbow trout (Oncorhynchus

mykiss) in Turkey commenced in the early 1970s as a
land-based operation using water abstracted from
rivers and it has significantly increased from 28500
tons in 1997 to 61073 tons in 2007 (Anonymous
2008). This expansion in rainbow trout production

in land-based farms as well as cage farms in dammed
lakes has led to fears that a significant amount of
nitrogen and phosphorus from trout farms are
discharged into the rivers which in turn drain into
lakes or seas. However, there is a lack of information
about the environmental effects of rainbow trout
farming in Turkey, although numerous publications
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have been published about this issue for decades in
various countries (Bergheim and Selmer-Olsen
1978, Bergheim et al. 1984, Phillips et al. 1985, Foy
and Rossel 1991, Enell 1995, Kelly et al. 1996,
Boaventura et al. 1997, Cripps and Bergheim 2000,
Lekang et al. 2000, Bergheim and Brinker 2003,
True et al. 2004, Maillard et al. 2005, d'Orbcastel et
al. 2008). Furthermore, increasing concerns on the
environmental impact of fish farming have driven
many goverments to adopt regulatory procedures
(Tacon and Forster 2003, Boyd 2003, Bergheim and
Brinker 2003). In this context, effluent treatment
facilities, including physical, chemical, and
biological techniques, have been constructed in
many freshwater fish farms to control the Nitrogen
(N) and Phosphorus (P) concentrations being
discharged into the surrounding waters (Cripps and
Bergheim 2000, Bergheim and Brinker 2003,
Sindilariu 2007). In addition, better feeding
management, reduction in excessive nutrients in
feed, and the improved physical and chemical
quality of feed also resulted in decreasing effluent
loading from the salmonid culture by 50 - 70% since
1980s (Bergheim and Cripps 1998).

The assessment of the environmental impact of
fish farms might be determined by using chemical
or biological methods (Cho et al. 1991). The
chemical method includes monitoring of the
physico-chemical parameters of the inlet and outlet
water samples, while the fish production and feed
used in the farm are taken into account in the
biological method (Cho et al. 1991, Anonymous
2004). 

In this study, the chemical quality of the effluent
from one of the biggest flow-through trout farms in
Turkey was characterized. The P loading from this
farm was also estimated by using both chemical and
biological approaches and the efficiency of the
effluent treatment of the trout farm was evaluated.

MATERIALS AND METHODS
Description of the Farm
The monitored farm is located outside of

Beyobasý on the Yuvarlakçay stream in the South-
Western part of Turkey. This is a mountain spring,
discharging into Köyceðiz Lake which in turn drains
into the Mediterranean Sea (Fig. 1). 

The Yuvarlakçay stream flows at a high velocity
through a narrow bed because of the topographic
character of the area. Only the sampled trout farm is
operated on the Yuvarlakçay stream and it has many

features of a modern farm. Trout production is
realized in concrete raceways which are designed so
that water flows by gravity through three raceways.
The fish farm has been operating since 1986 and the
effluent treatment has been accomplished by drum
filtration since 1992. The trout are grown from the
larval stage to about 250-400 g. Table 1 presents
details of its production capacity, food conversion
ratio (FCR) and water capacity within the farm.
Extruded feed is used on the farm throughout the
production period. The average proximate
composition of the grow-out feed (4, 6, 8 mm size)
which comprises approximately 80% of the total
consumption is as follows: moisture: 9.3%, protein:
45.0%, fat: 22.5%, ash: 9.95% and phosphorus:
1.35%.

Water Quality Monitoring
Bimonthly sampling was conducted from

February to December 2006 from the inlet and
discharge water (before and after treatment) at the
same hour of each sampling day. Water samples for
chemical analysis were collected from the middle of
the water column in triplicate using prewashed
polyethylene bottles and were carried to the
laboratory at +4°C and analyzed within 24h.

Analytical Methods
Water temperature, pH and dissolved oxygen

(DO) were measured in situ via a 567 YSI probe.
Total phosphorus (TP) and total nitrogen (TN) of
the water samples was measured according to
Strickland and Parsons (1972). Biological oxygen
demand (BOD5) and chemical oxygen demand
(COD) of water samples and the proximate analysis
of feed and fish samples (moisture, protein, fat and
ash) were determined according to the Association
of Official Analytical Chemists (Anonymous 2000). 
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Fig 1. Location of the farm.
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Calculations
Phosphorus Load Determination
The annual TP load of the farm was determined

by chemical and biological methods. In the chemical
method, the TP load was calculated by using the
inlet and outlet water (as treated and untreated
forms) TP values. In the biological method, the TP
load was estimated according to the method
suggested by the OSPAR Commission (Cho et al.
1991, Anonymous 2004).

TP load = 0.01 x (I x Ci - P x Cf)
where TP load: total phosphorus discharge to

water body (tons/year); I: feed used (tons/year); Ci:
phosphorus content in feed (%); P: production
(tons/year); Cf: phosphorus content in produced
organisms (%). 

Effluent Treatment Efficiency Determi-
nation

The effluent treatment efficiency of the drum
filtration system was determined by using the data
of the sampled effluent water before and after
treatment:

Treatment Efficiency (%) = [(Concentration of
the parameter before treatment - Concentration of
the parameter after treatment) / Concentration of
the parameter before treatment] X 100

Statistical Analysis
The collected data was subjected to one-way

analysis of variance (p<0.05) using the statistical
software package Statgraphics (Statgraphics
Centurion) (Zar 2001). Differences between the
means of the inlet and effluent discharged before
and after treatment were determined by the Tukey's
HSD procedure.

RESULTS AND DISCUSSION
The physico-chemical parameters of water at the

farm inlet and effluent before and after treatment
are presented in Table 2, 3, 4 and summarized in
Table 5. Changes in temperature, TP, TN, BOD5

and COD concentrations between the inlet and
effluent water samples were insignificant (p>0.05),
while the DO and pH values of the inlet were
significantly reduced in the effluent water
(p<0.05)(Table 2). 

The levels of DO varied between 7.5 and 8.7 mg
l-1 at farm inlet during the monitoring period and
the lowest DO in the effluent after treatment was
observed in October (5.2 mg l-1). This value was
found to be close to the limit of DO concentration
for fish farm effluents (5 mg l-1) as recommended by
the Global Aquaculture Alliance (Boyd and Gautier
2000). Reduction in DO concentrations in the farm
effluent, due to fish farming activities, was in
accordance with previous findings (Boaventura et al.
1997, Pulatsu et al. 2004, McDaniel et al. 2005).
However, Kazancý and Dügel (2000) previously
reported that DO levels in the Yuvarlakçay stream
before and after the fish farm ranged between 8.77
and 9.50 mg l-1 , respectively. The difference in DO
concentrations of effluent water between this result
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Table 1. Characteristics of the sampled trout farm.

Table 3. Water quality parameters at the farm outlet before 
treatment.

Table 2. Water quality parameters of the farm inlet.

Table 4. Water quality parameters at the farm outlet after 
treatment.

Table 5. Summary of the water quality parameters of the 
inlet, and effluent before and after treatment 
(Mean±SE) (Table 2-3-4)*

*Means on the same row that do not share a common superscript
letter are significantly different (p<0.05).



and above mentioned study may be due to the
elevation of fish production capacity from 1992 to
2006.

In contrast to Boaventura et al. (1997) and
Pulatsu et al. (2004), there was a significant decrease
in the mean pH values in the effluent water
compared to the receiving water (p<0.05) (Table 2).
This is supported by Kazancý and Dügel (2000) who
measured the pH value in a decreasing manner in
Yuvarlakçay but they did not report whether such
decrease in pH values were significant. 

The mean BOD5 values of the inlet, and the
effluent before treatment and after treatment
displayed an increasing trend during the sampling
period with a maximum value of 6.24 mg l-1

measured in October at the outlet of the farm before
effluent treatment. However, the elevation rates of
the BOD5 in the effluents were not significantly
different (p>0,5). This is in contradiction with the
findings of Boaventura et al. (1997), Pulatsu et al.
(2004) and Maillard et al. (2005) who reported that
the impact of trout farm effluents on the BOD5 of
the receiving water was significant (p<0.05). As the
suspended solids and dissolved nutrient
composition in effluent increases, COD values in
the effluent increase due to aquaculture activities
(Pillay 2004). This was observed in the present
study, however the increase in COD values in the
effluent compared to the receiving water was not
confirmed statistically (p>0.05)(Table 2). 

Similar to BOD5 and COD results, TP and TN
values in the discharged water increased. However,
there was no statistical difference in the TP or TN
concentrations among the mean inlet and effluent
before and after treatment (p>0.05) (Table 5).
Depending on the farm production capacity, feeding
level and feed composition, the TP or TN values
determined in this study were in accordance with
earlier studies in which the effluent TP and TN
were reported to be within the ranges of 0.06-0.591
mg l-1 and 0.17-2.2 mg l-1, respectively (Boaventura
et al. 1997, Pulatsu et al. 2004, Maillard et al. 2005,
Sindilariu 2007).

In this investigation, the maximum TN, BOD5,
and COD value as well as the minimum DO values
were observed in the effluent before and after
treatment during the October sampling expedition,
when the fish biomass was found at its maximum
for the production season. This is in compliance
with the fact that as the fish biomass increases, the

level of excretory products of fish lead to a decrease
in effluent DO concentration and an increase in the
BOD5, COD, and TN in the effluent (Pillay 2004,
Maillard et al. 2005). 

The calculated and estimated TP load of the
farm is given in Table 6. Different TP loads of fish
farms were previously reported as ranging from 4.8
to 25.6 kg per ton of fish produced (Foy and Rosell
1991, Enell 1995, Kelly et al. 1996, Bergheim and
Cripps 1998, Pulatsu et al. 2004, d'Orbcastel et al.
2008). The calculated TP load of the fish farm after
effluent treatment in this study was found to be
quite near the values ranging between 4.8 and 6.0 kg
P per ton of fish produced as determined by
researchers' investigations about trout farms in
Europe (Enell 1995, d'Orbcastel et al. 2008). On the
other hand, the total TP load without any effluent
treatment was found to be near the values
determined for the fish farming facilities on the
Karasu stream, Turkey. The study on the TP load of
trout farms upon the Karasu stream has revealed
that the TP ranged between 6.25 and 14.5 kg per ton
fish produced (Pulatsu et al. 2004). 

While comparing the TP loads determined by
the chemical and biological methods it was observed
that the biological method overestimated the TP
load. Other researchers have also found that there
might be overestimation between the biological and
chemical methods for the TP loading (in terms of kg
P per ton of fish produced) determination (Cho et
al. 1991, Papatryphon et al. 2005, d'Orbcastel et al.
2008). The determination of TP loads of fish farms
via the chemical method is usually expensive and
also time consuming, because in the chemical
method regular water quality monitoring as well as
water flow rate measurements should be conducted.
On the other hand, the biological method for farm
TP loading determinations appears to be easier, less
expensive and time saving, provided that there is
enough and reliable information about the fish
production, feed consumption, feed composition,
and digestible coefficients of feed used (Anonymous
2004, Papatryphon et al. 2005, d'Orbcastel et al.
2008).

In this study, the effluent treatment efficiencies
were determined as 7.77% for TP, 8.67% for TN,
16.58% for BOD5 and 13.16% for COD,
respectively. These findings were in accordance with
the previous results with the only exception that the
COD treatment efficiency was lower in our study
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than the values in literature. The treatment
efficiencies were reported in the ranges of 6-79%, 5-
28%, 5-49%, and 23-30%  for TP, TN, BOD5, and
COD respectively for different effluent treatment
facilities, including drum or belt filters and settling
basins depending on the water flowing rate and
effluent content (Bergheim and Brinker 2003,
Sindilariu, 2007). 

CONCLUSION
The present study demonstrated that effluent

treatment of the trout farm by means of drum filters
helped reduce the discharged organic matter,
although the differences in concentrations between
the inlet and the effluent water of the farm were
insignificant (p>0.05). In this context, the sampled
farm can be regarded as a good example considering
the rest of the trout farms in Turkey because of the

use of high quality extruded feed (i.e: FCR: 1.1) and
using a solid waste removal technique since 1992.
The Ministry of Agriculture and Rural Affairs in
Turkey has recently been introducing some
regulations for the environmental assessment of fish
farming. These developments are promising, but
monitoring the inlet and effluent of the farms for
TP, TN, BOD5 and suspended solids, and
limitations on the use of water and feed should be
applied to determine and control the impact of
aquaculture facilities in Turkey which currently is in
the process of joining the European Union. The
rainbow trout industry of Turkey, must also
demonstrate a sustainable responsibility on the
efficient use of water since the declared objective of
The Water Framework Directive of the EU is that all
the waters within EU are returned to a 'good status'
by 2015. 
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Table 6. Calculated and Estimated TP loads of the trout 
farm*.

*P content of fish was assumed to be 0.4% on dry basis
(Anonymous 2004)
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