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PREFACE

M. Pursiainen
Finnish Game and Fisheries Research Institute

P.0. Box 202, SF-00151 Helsinki, Finland

1. ABOUT EIFAC WORKING PARTY ON FISH-FARM EFFLUENTS

During the Eleventh Session of EIFAC (European Inland Fisheries Advirory
Commission) in Stavanger, Norway, in 1980, the following recommendation was
given by the Sub-Commission 1l (Fish Culture and Diseases). * The effects of
effluents from intensive aquaculture facilities on natural fish populations should be
studied. Such water quality aspects should be taken into consideration by EIFAC Sub-
Commigsion |11 - Fish and Polluted ¥ater™

This recommendation was taken into cosideration by the Sub-Commission {1l, which
recommended. * A separate Working Party should be established to enalyse the
problems arising from the discharge of effluents from fish farms, together with
possible remedial measures. To assist the Working Party, 8 workshop should be
organized with the assistance of Sub-Commission If, during the next intersessional
peried and & report made to the Twelft Session of EIFAC.”

These quotations ment actually the beginning of the EIFAC Working Party on Fish-
Farm Effluents. In 1981 the recommended Workshop on Fish-farm Effluents was
convened by Mr. JS. Alabaster, the former Cenvenor of the Working Party, in
Silkeborg, Denmark. The report of this Worksop 1s published as EIFAC Technical Paper
No. 41. In 1982 in Budapest, Hungary, during the Twelft Session of EIFAC, Sub-
Commission Il recommended that the Working Party's terms of reference should be
amended as follows:

i}  To keep under review potential and actual water pollution problems erising

from fish-farming activities:

A)  identify importent problems

b) formulate quidelines and advise on appropriate methods for their contro?

and

c) report recent developments and identify relevant research needs.

1)  Sub-Commission Il should censider directing its attention to the need o

improve fish-feed formulations so as to reduce adverse effects on the quality

of water from fish-farm activities.

Since ite establishment and the Workshop the Working Party have had several ad hoc
meetings during the EIFAC Sessions. EIFAC has also given a number of



recommendations concerning suspended solids, organic and inerganic phosphorus, and
therapeutic agents in fish farm effluents, and spreading of information.

In Bordeaux, France in 1986 in conjunction with the Fourteenth Session of EIFAL the
Working Party had an ad hoc meeting. The meeting wes informed by the chairman, Mr,
R. Lloyd that Mr J.S. Alabaster had resigned just before the Session. in the meeting of
the EIFAC Sub-Commission 111 {Fish and Polluted Water) it was proposed that Mr. M.
Pursiainen (Fintand) Should be appointed as Convenor of the Working Party. Sub-
Commission also recommended: " The newly formed Working Party should be convened
as sooh as possible by Mr. Pursiainen in ordsr to make arrangements for progressing
the future programme.”

2. FIRST SESSION OF THE EIFAC WORKING PARTY OM FISH-FARM EFFLUENTS

The first session of the EIFAC Working Party on Fish-Farm Effluents was held in the
Hague 29-30 May snd 1 June in 1987 at the kind invitation of the Ministry of
Agriculture and Fisheries of The Netheriands. The session was attended by 17
participants from 10 EIFAC Member States. The meeting was chaired by the Convenor
of the Working Party, Mr M. Pursiainen (Finland). Mr J.F. Solbé {(United Kingdom} acted
as Rapporteur and Mr. G. Marmulla (FAD) as Technical Secretary. The Report of the
First Session of the Working Party will be handied by the Fifteenth Session of EIFAC

in Goteborg, Sweden, 31 May - 7 June 1988. The following gives only some
information concerning the meeling.

The main item during the Session was suspended solids from land-based fish farms.
Reparts from B EIFAC Member States were presented by the authors and discussed in
the Sesgion (Austria, Finland, Federal Republic of Germany, Greece, The Netherlands,
Morwsy, Sweden, United Kingdom). The Report from Yugosiavia w&s summarized by
the Convenor as Mrs L. Debeljek w&s not presenl. Some information was also
available from Belgium end Spain. After the meeling reports of Czechoslovakia,
Hungary, and italy were received and included to the material. This means that
alitogether 12 EIFAC Member states contribuied about problems concerning
suspended soiids in land-based fish ferm effiuents. These 12 contributions are
collected {nto this publication according to the aggreement of the meeting.

The Session discussed also briefiy about suspended saitds from net gages. In this the
Working Party aggreed that, for its immediate work, ihis and ali other effects of
gege rearing should be considered in combination. In this, 10 avoid duplication,
collaboration with the ICES Working Group on Environmental impact of Maricuiture
should be encouraged by the exchange of reports and observers.



About other future activities the meeting aggreed immediately to continue in
gathering information on suspended seolids from land-based fish farms from those
member countries which did not contribute, collect netional guidelines on feeding of
farmed fish and alsc Information concerning therapeutic agents in aguscutture. The
Session alse discussed about: the role of fish-farm effluents in increasing the risk
of fish diseases; problems from the use of the use of TBT as anlifouling &gent; the
escape of farmed fish; the trensportation of gage units, as well as transportation of
fich by well boats, which could spread diseeses; and effects on natural fish
communities.

The Warking Party also handled carefully a draft on standsrdization of methodology
in tish-farm effluent reseerch end monitoring prepared by Mr S-A. Carisson. The
modified document appears as an Appendix in this publication. The EIFAC Working
Party on Fish-Farm Effluents recommended that this stendardizetion be applied by
Member States.



SITUATION OF FISH-FARM EFFLUENTS IN AUSTRIA

I. Butz
Bundesanstalt fiir Fischereiwirtschaft
Scharfling 18
A - 5310 Mondsee

Austria

Production figures on fish farming in Austria

Cold-water fish culture

Number of farms approx. 100
Annual production 2,900 ¢t
Market-size fish (250 - 300 g) 70 %
Fingerlings 30 %
Fish species - percentage by weight
Rainbow trout (Salmo gairdneri) 80 %
Brown trout (Salmo tr.fario)
Lake trout (Salmo tr.lacustris)
Brook trout (Salvelinus fontinalis) 20 %
Arctic Char  (Salvelinus alpinus)
Grayiing (Thymallus thymallus)
Huchen (Hucho hucho)
Imports 600 t

Warm-Water fish culture

Total pond surface area 2.500 ha
Annual production 1.30C t
Market-size fish 75 %
Fingerlings 25 %

Fish species - percentage by weight

Common Carp (Cyprinus carpio) 83
Grass Carp (Ctenopharyngodon idella)

3%

os

Silver Carp (Hypophthalmichthys molitrix) 10 %
Tench (Tinca tinca)
Pikeperch  (Luciocperca lucioperca)
Pike {(Esox lucius) 7%
Pollan (Coregonus lavaretus)
Catfish (Silurus glanis)

Imports 700 t

The import figures indicate that an increase in fish production is possible.
This is, however, hindered, on the one hand, by cheap imports and, on the other,

by opposition from conservationists and sportsmen, whose demands are anchored in
provincial laws.



General legislation and government policy in effluent questions

In Austria the "Wasserrechtsgesetz" (Water Law) of 1959 provides the legal foun-
dation for all matters concerning water. It states, among cthers, that a permit
is needed to emit solid matter into a body of water. This concerns especially

cleaning and rinsing reserveoirs, sewers, and all tanks and ponds which hold wa-

ter. Fish farms are therefore substantially affected by this legislation.

This law has been administrated liberally in the past. Only in the past few years
has it been applied more strictly to new licenses and fish farm expansions. In
order to fullfill the requirements of the law, guidelines have been established

to determine commitments for keeping waters clean.

Guideline to limit waste-water emissions (Federal Ministry of Agriculture
and Forestries, Vienna 1981) (Table 1).

The emission limits generally reflect minimum requirements, which are attainable
by known waste-water treatment technologies. These limits take the type of water
body into consideration with regard to their effects on the water quality. If
these limits prove difficult to adhere to (for technical reasons), then a de-
tailed individual evaluation by experts is needed, in order to determine the

necessity and extend of a special regulation for the emission limit.

The emission requirements refer to running waters and reservoirs. For stagnant
and running waters in the catchment areas of lakes, stricter standards must be
applied when determining whether to permit a weste-water discharge; this is espe-

cially true for phosphates.

In order to adhere to the standards, discharges of waste water and pollutants
are to be kept as minimal as possible by using appropriate operational proce-
dures and work-specific water conservation measures, and sporadic discharges
of waste water are to be equalized with appropriate retainment devices and sub-

jected to treatment.

(Federal Ministry of Agriculture and Forestries, Vienna 1987} (Table 1).

This guideline was drawn up to complement the quidelines to limit waste-water
emissions. Its requirements provide a minimum framework for the water quality to
be sustained or striven for in a river or reservoir of a river. The goal is to

support a biological water quality II.



Guideline to keep Lake Constance clean (International Lake Constance Water

Conservation Commission, in composition).

In the Lake Constance catchment. area,cage cultures with feeding as well as in-
tensive cultures with low water renewal and intensive aeration are not allowed.
Feeding in angling ponds is not allowed, and in holding ponds only to the ex-
tend of sustaining the fish. While harvesting, small ponds with low rates of
water replacement are to have mudremoving devices at the outlet. Units with
high rates of water replacement and high feeding rates are to have settling
basins, whereby the total amount of water is to be taken into consideration
and a settling time of 30 minutes is required. The settling basins are to be
cleaned in as small time intervals as possible and not during harvesting pha-
ses. Instead of settling basins, other equally effective mudremoving devices

are acceptable.

Water Quality of Effluents

Through fertilisation and supplementary feeding an average of 1,3 tons per hec-
tare per year of grain (80%) and dry feed (20%) carp production in Austria rea-
ches an average of 500 kg/ha. Due to varying climatic conditions within Austia,

the production conditions are very variable.

During the growing pericd, fish ponds do not pose problems: for the recipient
body of water (E.Kainz, 1985). The annual harvest coupled with pond draining
causes the greatest load to the recipient by mobilising pond sediments.

Investigations referring to this in Austria are not known to me.

Trout Culture

The current investigations concern twelve trout farms with different forms of
management, which account for approximately 30% of the trout production in
Austria. for each fish farm, the water quality was examined at the inlet and
outlet in tow-hours intervals over 12 hours {table 3 a) and the most important

operations were recorded (table 2).

Many fish farms take ail of their water (farm No. 3,4,7,10,12) or the majority
of their water (farm No. 1,2,6,11) from the headwater. Due to the lacking or
minimal dilution of the fish farm effluent in the recipient, the Immission

Guidelines are tc be used (Table 1).



Table 1:

Emission limits for waste-water discharges into a body of water (1981) and loading limits for running waters

(1987), as related to pond Fisheries (Federal Ministry of Agriculture and Forestries Vienna).

Chemical Parameter

Emission

limits, 1981

Immission limits, 1987

Total undissolved substances

Settleable substances

Oxygen
Ammonium/Ammonia

Nitrates
Nitrites
Phosphorus

Dissolved Organic Carbon
(DOC)

30 mg/1

(0,45 pm filter)

0,3 ml/1 (Z hours settling time)

to be determirned in individual

to be determined in individual

to be determined in individual

cases

cases

cases

]
5,0 mg/1 NO, (1,5 mg/1 NO;-N)
to be determined in individual

cases

1 mg/1
outlet

25 mg/1
30 mg/1

P average concentration at

*/**

avq.conc.at outleb*
in spot checks**»

Ne increase in turbidity

No siltin?whkh leads to covering of stones,
burying of biolpgiral, communities and hin-

dering of primary production

should not fall below Bo% oxygen saturation

0,5 mg/1 (NH'+NH_)-N maximum limit
othernise liﬂitea by 0,05 mg/l N, -N

8 mg/1 NOL-N
0,05 mg/1 Nﬂé—N

0,2 mg/1 P (dissolved), to be decreased in
catchment area of lakes and reservoirs

2 mg/1 {fillered samples, 0,45 pm filter)

Chemical Dxygen Demand 75 mg/1 avq.conc.at outlet# To mg/1 0, (total sample)

(con) 30 mg/1 in spot checks#xs

Biochemical Oxygen Demand 20 mg/1 avg.conc.at outlet® 3 mg/1 0, (total sample with nitrification
(Ban} 25 mg/1 in spot checks*¥* hindering)

* The average concentration at the outlet over 24 hours should nok be exceeded in Bo% ol all cases

**  When referring to settled waste waler, at least 85% uof the phosphorus should be removed

**#* In spot checks Bo% ol all values should lie under the slaled value

Iable 2:

Main Features of 12 trout farms in Austria at Lime of investigatjion

Farm Production unit Vol | Source of water renewal| fish stockings dry feed-feeding cleaning
Lime

Na ™ | r:s__ /s % min. | species t  kg/l.s ka/d g/l.s % |
1 concrete raceway 210 | 1:0 1% 1913-14 20 ®,5/c 6 32 7% o,8 1,2 continuous
2 concrete racewsy 1740 | 1:0 960 1o-14 3o R/e 35 57 550 0,6 1,0 continuous
3 concrete raceway 1500 | 1:4 520 1o 5a R/M-e 5o 96 S0 1,0 1,0 continuous
4 concrete raceway 477 | 10 220 9-10 4o R,5/f-c 7 32 6o 0,3 0,9 cont inuoua
5> concrete raceway 13300 | 1:0 3%00 8-11 7o R/e 150 44 1600 0,5 1,1 6x/year, effluent

bottom gravel airated
6 earth raceway 1930 | 1:0 3B B8-10 85 /e 17 45 180 o,5 1,1 2x/year
7  concrete racew.+ 115% | 5:2 700 11-13 276 R/f-e 76 119 93 1,3 1,2 continuous,

earth ponds 1-2x/year
8 earth ponds 6880 [ 3:1 400 8-10 2% R/e 40 1oo 4on 1, 1,0 1-2x/year
%  earth ponds 4200 | 0:1 200 10-12 35 | R,S5/f-e 8 4o 230 1, 2,9 |  6x/year
10 earth ponds 7800 | 3:1 120 15-18 780 R,S/F 42 140 1, 2,8 1-2x/year
11 concrete tanks + 15500 | 4:1 710 9-11 360 | Rye 55 718 | 865 1,2 1,6 | 1x/d

earth ponds | 1-2x%/year
12 tanks 51 o1 5,1 10 114 | R/C 0,41 81 8,2 1,6 2,0 1x/day

airation
r river rainbow trout
s spring pther salmonids feed not extruded

[ B W A ]

fingerlings
edible Fishes



Table 3 a:

Water quality data: Concentrations in effluents of 12 trout farms {7 - 9 measurments per farm ir two hours

intervals). (F Feeding, € Cleaning, * Aeration).

Average *
{effluent)
farm No 1 2 3 4 5 6 7 B 9 1o 11 12 Increment
{outflow-infl.}
Dissolved oxygen
min. 72 49 48 9a B4 76 59 65 85 74 a6 106
max. % N 75 6o 95 94 93 a3 a3 o2 a4 % . 123
x 85 66 55 92 B9* 85 a7 7 95 78 9 112» T4*
- 15,2
min. 7,1 5,2 5,1 9,6 9,1 7,9 6,8 7,0 9,2 6,8 8,5 1,4
max. mg/1 %0 7,5 6,4 i0,0 1o,0 9,7 10,4 9,0 10,5 7,5 1o0,4 13,3
X 8,4 6B 59 9B 9,6 92 90 7,7 99 7,2 94 12,1+ B,5*
- 1,7
Ammonia as M
min, 0,7 0,23 0,21 o0,08 <o, 0,08 0,23 0,16 0,09 0,37 0,06 0,22
max. mg/1 a,24 0,45 0,32 0,13 ©,22 0,12 0,33 ©,2> 06,16 0,55 0,44 0,50
X 0,20 0,35 0,27 o0,0% a,20 ¢,%0¢ 0,28 0,20 aq,11 0,47 0,33 0,52 0,26%
0,25
Nitrite as N
min. o,o004 0,005 ©,00Z n.n. 0,006 nN.n 0,015 o,c03 0,004 0,026 o,c03 N0
max. mg/1 o,008 a,008 0,003 o0,col e,022 n.n 0,02} o©,004 0,007 0,031 o0,co06 0,000
x o0,00% o,c07 0,002 o,00l 0,006 n,n. o,0i8 o,c03 0,005 0,028 0,006 o,cO02 a,co7*
0,004
Nitrate as N
min. 1,11 3,47 1,36 1,33 1,08 0,45 2,76 1,22 1,29 1,15 0,69 0,55
max. mg/1 1,25 3,68 1,57 1,34 1,12 a,4% 3,09 1,34 1,29 1,30 1,11 g,74 *
x 1,t5 3,58 1,52 4,34 1,08 o,47 2,83 1,30 1,26 1,25 0,95 0,66 1,42
- 0,12
Phosphate as P
min. 0,028 g,016 0,065 0,006 0,022 0,013 0,029 o,04' 0,002 0,045 0,022 0,016
max . ma/ 1 g,056 o,046 0,163 o,020 0,097C 0,030 0,072 6,697 0,211 0,097 0,080 0,036
X o,037 0,025 0,09 0,02 0,c27 g,022 o,046 0,055 0,007 0,073 o0,03c 0,023 0,03B8%
0,027
Tatal - P
min. ¢,042 0,038 o,081 0,012 a,035 o,020 @,c53 o,050 0,033 ©,098 0,027 0,032
max. mg/1 0,078 0,046 0,282 0,029 0,037 0,053 0,088 o0,1Z20 0,055 0,129 0,052 0,054
x F/C 0,10F o,17F o0,143C 0, 56F o,16C 1,61C
x 9,055 0,047 0,134 0,018 o,036 0,031 0,068 0,068 0,047 0,118 0,039 0,043 0,053 %
0,040
Suspended Solids
as dry weight
min. 3,1 1,8 a,8 3,3 3,8 1,6 2,8 0,7 3,6 6,4 0,9 1,3
max. mg/1 3,9 7,0 2,4 4,2 6,2 4,2 4,3 3,8 7,6 4,8 3,9 3,0
x §/C 5,2F 11, 47C 327C  32o0C 3of 8oioC 74C gac
X 3,5 2,8 1,5 3,7 4,4 2,4 3,3 1,5 5,4 11,4 2,3 1,9 3,7
ign.residue % 47 41 42 35 44 49 56 36 42 42 74 1,8
BOD
m;n. 2,2 1,7 2,3 1,5 2,3 2,2 2,5 1,2 2,1 4,0 1,6 2,4
max. mg/1l 3,4 6,6 3,1 2,2 2,7 1,7 3,5 3,8 3,2 4,5 2,9 4,4
x 7/t 4,5F  6,9F 558 1i50C 7,48 519C 39¢  S5at
X 3,0 3,0 2,6 1,9 2,4 1,9 2,9 2,7 3,0 4,4 2,4 3,6 2,B*
‘ 1,6
BGD2
min. 1,4 a,7? 1,0 a,8 1,2 0,9 1,2 1,1 1,2 2,2 1,2 1,4
max . mg/ 1 z,2 2,8 1,5 1,4 2,8 1,3 1,8 2:0 2,4 3,4 Z,1 3,1
x 1,9 1,2 1,3 1,1 1,6 1,1 1,5 1,2 1,9 2,8 1,3 2,2 1,6%
. 0,9
KMnDa
min. 15,2 12,3 6,5 10,1 1,4 9,2 9,5 1,0 7,6 22,4 13,3 B,2
max. mg/1 17,4 18,0 8,8 1c, 16,7 10,1 ttH,4 1te,1 9,8 26,2 i3,2 10,1
x F/C 17,4F 17,7F 16,2F 50C  1oeC
X 16,2 13,3 8,7 10,4 13,9 9,4 1e,1  B,1 8,9 24,0 13,B 9,0 12,2 %



Table 3 b:

Mean production of pollutants expressed as percentage of dry feed by weight
farm No. 1 2 3 4 5 6 7 B 9 0 1 12 Average

Diss.oxygen -37,0 -14,2 -28,8 -B,2 -27,5 -14,5 -10,2 -6,8 -15,6 -6,2 -36,4 -(16,9 % 10,6)
Ammonia as N 4,2 4,4 2,5 2,6 2,7 1,8 1,9 1,7 o7 3,3 2,3 2,8 2,5 1,0

Nitrite ss N 0,021 0,027 0,018 n.n. 0,03} n.n. 0,09 0,024 0,036 0,12 0,035 o,on8 0,627 p 0,033
Nitrate as N -o0,68 -1,09 0,36 -0,44 -0,95 -0,16 -1,73 -2,05 -o0,60 5,09 0,09 -0,29 -{1,05 b4 1,45)
Phosphate as ' 0,18 0,22 0,57 0,179 10,59 0,31 0,29 0,43 0,01 0,08 0,28 0,05 0,26 ¥ 0,19
Total - P ©,52 0,42 0,78 0,28 0,51 0,3 0,38 0,63 0,29 0,20 0,27 0,13 o,40 ¥ 0,19
Solide - 55 27,02 19,2 6,92 -1,85 23,8 13,7 14,48 15,0 37,4 46,7 5,58 12,1 18,3 ¥ 13,7
mjl}5 42,9. 18,6 1to,B 6,7 24,2 NM,7 16,9 10,6 11,9 21,5 9,2 16,6 16,5 % 2,8

KMnO, 49,2 3,3 19,9 22,2 a4,1 31,9 2,1 15,9 24,6 46,5 49,2 21,6 28,5 ¥ 12,9

The measurments of nitrate, nitrite and total phosphorus lie far under the
limits. The dissolved oxygen was under the reccommended limit of 8D % in five
fish farms at the outlet shortly during feeding, and in two fish farms conti-
nually (farm No. 2,3), to the ditriment of their own fish stocks. The oxygen
decreése due to fish culture amounted to an average of 1,7 mg/l Uzor 15% of
saturation. Not contained in this average is the farm with oxygenation (No.12)
and the one with an aerationarrangement (turbulence) at the outlet (No. 5).

Due to turbulence of the water, saturation in the recipient occured very quickly.

0f the twelve fish farms, two did not comply with the limit for ammonium, namely
the one with a high stocking density made possible by oxygenation (No. 12) and
the one with highly eutrophic ponds (No. 10). The increase in ammonium concen-

tration due te fish culture amounted to an average of 0,25 mg/1 N—NHZ.

As any increase in the concentration of suspended sclids leads to an increase

in turbidity, this guideline is hardly attainable. The emission limit of 30 mg/1
dry weight was reached temporarily by only one farm (No. 8) under normal
operation. The average daily increase in the concentration of suspended solids
due to fish culture, was 1,6 mg/1 dry weight; the ignitidh residue amounted to
an average of 46%. When cleaning the production units, settled amounts of silt
are mobilised, causing suspended solid concentrations of 17 - Booo mg/l dry
weight and 2 - 75 ml/1 settleable solids (inteqrated sample) in the effluent.

Silt deposits were found in calm area and backwater zones of recipients.

When measuring the organic substances (BUD, KMnDa) the suspended solids were
included. The recommend limit of 3 mg/1 BOD was in 8 farms temporarily and in

two (No. 10, 12) continually exceeded. Under normal operation the increase in
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BOD due to fish culture amounted to an average of 1,6 mg/1 OZ.The mobilisation
of silt during cleaning of the production units led to BOD values of 40 - 1150
mg/1 0, at the outlet (integrated samples). The solid particles also led to

an increase in the phosphorus concentration, which was, however, only measured
in two fish farms (No. 11, 12).

The concentratics and loads of pollutants in the effluent of the individual
fish farms depend mainly on the water supply and on the kind and intensity of
management. To compare the measurments of the farms, the pollutant loads are

expressed as a percentage of feed (Tab. 3b).

The ammonium load in fish culture lay between 0,7 and 4,4 % of feed, 2,54 % on
average. The values are on the scale of those quoted in the literature
(3.Querellou a.o., 1982 EIFAC T41).

The solids corresponded on average to 18,3 % of the amount of feed. There is a
correlation between the solid load and the retention time of the water in the

production units {figure). In concrete raceways the solid load sank from

27 % with a retention time of 20 minutes (No. 1) to & % of the amount of feed

with a retention time of 5o minutes {(No. 3). Within the raceway farm 4 the

quantity of the sedimentation was higher than the load of suspended solids in
the effluents.

In the earthen raceways the suspended solid load increases again when compared
with concrete raceways in spite of the longer retention time. In earthen ponds
sclid concentration is increased by biological production in the ponds and by

swimmingactivities of fishes near the outflow.

The BOD loads amounted an average to 16,5 % of the amount of feed. The course
of the BOD ioad follows that of the solid load. In ponds with retenticn time of
6 to 12 hours, the BOD load fell short in relation to the solid lcad {Tab. 4).

In concrete raceways with high water renewal and high stocking density, a
continuous silting out of solids ensues. The solid load is raised by the incea-

sed activity of the fish during feeding, harvesting, etc.

With increasing water retention time, sedimentation ircreases within the fish
farm, which requires own cleaning precautions.In practice this is accomplished
mostly by draining the water and sweeping osut the bottoms of the production

units.
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Loading of solids in waste waters during cleaning manipulstion in some trout Farms (n=1)

Fish Farm No. ? 6 5 7 1" 12
bott.gravel
Production units earth ponds earth racew. concr.racew. concr.racew. concr.tanks  tanks+oxygen
Production area m* Jooa 2400 1%000 1340 1700 35 m’
Renewal time min. 350 85 7o 45 [£1¢] 114
Cleaning manipulation
treated area m* 112 600 4840 1340 1700 35 m
% of total Fish farmes 2 25 25 1o 1o 1oo
treatment draining draining draining suckering of suckering of draining
spilling spilling brushing settl.area tanks
time of treatment 2o min. 2,5 heurs 5 hours 30 min. 35 min 15 min.
last treatment 2 month half year 5 weeks 3 days daily daily
Waste water concentration
settl. solids ml/]l 7o 2,7 1,7 74 0,8 2,8
sugp.solids ds mg/l  Bolo 327 17 3200 74 84
ignition residue % 24 29 34 72 6o 72
aob -5 mg/1 519 54 1150 39 S0
Woste water load
discharge m’ 7 4280 16v00 26 263 4
settl.solids 1 S04 11400 13260 1934 216 1
susp.solids ds kg 58 1400 1100 a3 19 0,33
BUD -5 kg 3,7 231 3o 1o u,20
Load in % of
C+(E-1-C)}+1=100%%*
discharge - <1+ 0 +99 13 4,0 +B7 5 +0 +95 ¢l +0 +99 <1+0+99 1 40 +99
susp.solids ds % 49+ 88 +3 95 4+ 2 4+ 3 46+ 16+ 39 32 + 524+ 16 15 + 10+ 69 3Jo+61+ 9
800 -5 % 17+81 «2 79 4+ 7 + 14 14 + 45+ 41 6 + A47+47 1Z+73+ 15
Removal of solids settlement Lak no sielLlomol teank  setiling arca no no
volume of tank  m’ 56 112a in racevay 180 m’
sektling time min., Jo - 60 1o - 20 [
. N
efficiency % 95 <o ~70

* {oad of elfluent (£=1oo%), composed of load of inllow (1 %), normal farm-oprrat ion (r-1-C%) nnd of
cleaning menipulation (C %).

Production of suspended salids (55) amd B0D expressed as perecndage of feed in relatbion

to rencwal Lime of water in twolve fish farma {1 - 12},

SS and BOD in

55

concret o racrways

——
504 % of feed cmsomesmeen  TACEWAYS, boblom gravel
- earth ponds
- s {anks 1
e BOD
[ ]
40 H
!
' :
:
304 |
! i
! ! i
20 ! t
T !
™ *
||
’ ]
' o ‘& H ¢
! i : |.
° ! i I |
! i i &
i ;I
't 1 l__ii
I — T T T T T
renewal time i H 30 50 100 200 304} 500 1000
in minutes
rish farm no 1 2 4 3 % & 12 78 91N H
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A varying amount and composition of solids occurs by sweeping of fish farms
(Table 4). In earthen ponds and earthen raceways, the percentage of organic
substances in the removed solids is relatively low (ignition residue 24 - 34 %),

in concrete raceways and tanks with higher water renewal rates, relatively high

(ignition residue 60 - 72 %).

In daily cleaning of the fish tanks by draining (No. 12) and suction (Nao. 1),
apprex. 30 % of the solid-load and approx. 10 % of the BOD load are registered

in less than 1 % of the daily operating water amount of the cleaned production
units.

In farm 7 twice a week the settleable solids are sucked from the bottom of a
part of the concrete raceways kept free of fish with a water renewal time of
6 minutes. Subsequentely the seltleable sclids are spread on farmland. Approxi-
mately 20 % of the daily settleable solid load are registered in less than 1%

of the daily operating water amount within the settling area.

In the ponds and raceways with earthen bottoms, a part of the production area
is swept out in intervals of 1 to € months. By this operation, 58 - 1400 kg
dry weight of suspended soiids (No. 9, 6, 5) and 4 to 231 kg BOD (No. 9,6)
are mobilised within a few hours. The swept out amount of silt had 46 - 95 &
of the daily lcad of solids and 17 - 79 & of the daily load of BOD within an

amount of 1 - 13 % of daily operating water.

In the farm with earthen raceways (Na. 5), the used cleaning water was intro-
duced into a settling basin with a retention time of 10 - 2c minutes. No

cleaning ability of the settling could be proved.

Literature published in Austria

Butz, 1. und Vens-Cappell,B. 1981.0rganische Belastung des Wassers mit Stoff-
wechselproduktion von Forellen bei Verfiitterung von Trockenfutter.
Fisch und Umwelt 1o: 103-125.

Butz, I and Vens-Cappell,B. 1982.0rganic Load from the Metabolic Products of
Rainbow Trout Fed with Dry Food. EIFAC 1 41: 73-82,

Kainz, £., 1985.Zur Auswirkung von Karpfenteichabfliissen auf die Wasserqualitat
von Vorflutern. Usterr.Fischerei 38: 88-96.
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CZECHOSLOVAKIA - FISH FARM EFFLUENTS

G. Neumann
Federal Committee for Agriculture and Food
Czechosinvak National Committee for Cooperation with FAD
110 01 Prague 1, Czechoslovakia

1. INTRODUCTION

Czechostovakian fish farms produce about 15 thousand tons of market fish as an
average per annum, almost all this amount is represented by carp. The total figure

also includes 650 tons of market rainbow trout, reared on speciatized trout culture
factlities.

The carp ig produced in ponds. The number of the ponds is about 7 thougand and the
total area is about 52 thousand hectares).

There are three calegories of ponds, divided according to the method and intensity of
their management. The category of ponds producing above 1.6 tons of fish per ha is
watched most closely as for water quality. The water management euthorities
monitor the quality of the water leaving the ponds, using all the water quality
criteris as prescribed by the Czechoslovak Stale Standard. All the intensification
practices, including fertilization and feeding, are performed in agreement with the
State Water Management Inspection, current inspection of ihe quality of the water
flowing from the ponds being the main conditions an which the above mentioned
practices can be performed.

2. INVESTIGATION

Investigation of the influence of fish culture intensification upon water quality was
part of the state research project of the study en environmental conditions and fish

protection in intensive fish farming practices. Some of the results of this
investigation can be cited here:

The saprobity index, evaluated according to the phytoplankten, is favourable in all
cagses. The parameter prascribed for the waler courses serving as drinking water
sources has never been exceeded.

No smell associated with pond water has ever been recorded even immediately after
the application of pig siurry.
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Colour changes are observed regularly but more or less independent of the intensity
of fish culture even in depths of 10 cm under surface, but this is caused by vegetation
or by turbidity as a result of the raising of bottom mud by the fish - this obviously
should nat be considered as a drewback and should be tolerated in fishponds.

No case of disturbance of the self-cleaning sbility of water has been recorded.

The concentration of oxuygen has been favourable in the ponds in the majority of
cases.

Cases of gxceeding the admissible BODs Jevel of 8 mg per litre have been recorded.
As known, in stagnant water the BODs value may be about twice higher without any
change in weater quality, as compared with flowing waters: it is therefore
recommended for the fish ponds to raise the obligatory BODs level to 16 mg per litre
for unadjusted water sampies.

The same can apply to the admissible level of CODMa (higher than 20 mg per litre):
like with BODs |, it is possible {0 recommend for the unadjusted water samples from
ponds & value twice higher; however this level of the content of organic substances
is unfavourable to water culture and requires the use of chemical preparations - it
would be therefore useful to determine a lower limit for additionsl fertilization in
accordance with the technology of production.

As the CODHn velue can be determined easily and readily, its level should be regarded
as sufficient criterts for the content of organic substances in pond water. This
yiew 15 supported by the finding that in some cases the BODs value is
unpropertionally fow in comparison with the CODMa value in the same samples (cases
of phytopiankion depletion with mass development of water fleas, or toxicity of
infiow water). This i¢ probably due to the insufficient inoculum of bacteria which
are not added ragularly to the samples, not even in water-msnagement practice.

The influence of figh culture on a number of various parameters is negiigibie and the
intensification of fish culture does not invelve any hazard of exeeding the levels
admissibie for the water courses used as sources of drinking water: this applies to
chlorides, sulphates, calcium, magnesium, totat hardness, nickel, copper, cadmium,
chromium. With no retation to fish culture, values of dissolved substances, fluorine
and zinc, exceeding the admissible level for drinking water supply sources, occurred
in exceptiohal cases, but there is no danger even in these cases that the parameters
for other surface waters would be exceeded: on the contrary, the concentrations of
metals decrease considerably in the ponds.

Ammonia concentration and the concentration of ammonium fons decrease in the
ponds, as compared to the inflowing water
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On the other hand, owing to water stagnation and better conditions for the primary
production, the pH is much higher inside the pends than in the inflowing water.

The edmissable values of iron concentration (1.5 mg per litre for the cetegory of
other surface waters) have been exceeded in the ponds with a slight dependence on
the intensity of fish culture: it is recommended for the fish ponds to tolerate 3-5
mg per litre.

Manganese concentration in pond water is also largely higher than the admissible
level for drinking water sources (0.5 mg per litre). it is recommended to use the
admiseible value of 1 mg per litre for the ponds.

Fonds located in watershed areas with fields were observed to contain more
nitrates; nitrate concentrations are reduced rapidly in the ponds, the rate of this
decraase growing with the intensity of fish culture.

Irregpective of the intensity of fish culture, faecal pollution is generally eliminated
in the ponds: while the admissible value of the coli index for the water supplied to
waterwaorks was observed to be exceeded in some inflows, no cage of exceeding the
admissible levels was observed inside the ponds.

3. A CASE STUDY

The quality of the water leaving the rainbow trout culture facilities was studied, as
a model, on the trout farm of Annin in the West-Bohemian region of the Czechoslovak
Socialist Republic. This farm produces sbout 70-80 tons of rainbow trout annually. it
can be stated that the results of this investigation of water pollution caused by
intensive trout culture correspond generally with what is said in literature. Greater
poliution levels were recorded in the case of insoluble substances: 18.54 g per kg per
day, as compared with the maximum values asserted by LIAD-MAY0: 15.6 g per kg per
day. This is ascribed to the larger amount of food residues and to the hydraulic
conditions of operation.

The pollution level in the biological oxugen demsnd at 8.76 g per kg per day
correlates with other authors’ data, and the same can also be said of the chemical
oxygen demand (54.48 g per kg per day) and of ammonium nitrogen (0.89 g per kg per
day).

The actual specific stock density was 6.35 kg per cubic metre and the maximum was
30.2 kg per cubic metre. These values are by far lower than the specific densities
used tn other countries.
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The Annin trout farm appears to retain a great reserve as for the gpecific stock
density and as for the admissible concentration of undissociated ammonium nitrogen.

4 CONCLUSIONS

It can be stated in conclusion that the waters flowing from the fish culture
facilities in Czechoslovakie {fish ponds, rainbow trout rearing facilities) do not
raise any problems associated with the quelity of water. in spite of this, however,

water quality is regulsrly monitored and inspected by the weater management
authorities.
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REPORT ON SUSPENDED SOLIDS FROM FISH-FARMS IN FINLAND

T. M&kinen
Laukaa Fish Culture Research Station
SF-41360 Valkola
Finland

SUMMARY

Annual food fish production in Finland is nowadays about ten
million kgs. The Finnish authorities seem to take up a
restrictive attitude towards the size of fish farms.
Environmental impacts are maybe the most important reason
preventing the otherwise rapid development of fish farming in
Finland.

In the experiments the observed loading of solids has varied
between 22 and 255 g {(dry weight of sludge per kilogram of
feed used). Practical observations regarding effluents of
farms have been somewhat higher.

A special sampling apparatus is developed 1in Finland for
reliable sampling of fish farm effluents. The loading figures
of solids are not complete because in Finland the authorities
take into account nutrients above all and not so much
suspended solids and direct oxygen uptake. The quality of feed
is very decisive for nutrient loading.

Techniques for solid removal are being developed. The problem
to treat effectively fish farm effluent is not any more so
much techmical but also economical.

1. INTRODUCTION

1.1. Development of fish farming in Finland

Fish farming has increased rapidly in Finland in the last few
years. The number of farms and annual fish production for
human consumption are presented in figure 1.
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Figure 1 Food fish production and number of farms in Finland

The value of food fish production in 1979 was 59 million marks
(about 15 million U,S.dollars) and in 1985 227 million marks
(about 57 million U.S. dollars).

The average size of farms in Finland is about 20-30 tons'
annual production. ©One fifth of the farms with biggest annual
production is producing about 50 per cent and one fifth of the
ones with the smallest annual production only 5 per cent of
the total rainbow trout production.

In the last few years the sea production has increased most
rapidly (see figure 1). The major part of the preduction takes
place nowadays in the southwestern archipelago: between Hanko
peninsula SE and the city of Pori N along about 200 km long
coastiine with 125 farms which are producing about & 000 tons
yearly. The financial value of farmed fish has exceeded since
1985 the value of catched fish on this area.

In 1983 the value of the whole fish farming production
(farming for stocking purposes included) was already over 30
per cent of the value of the catched fish {the total catch was
about 150 000 tons, and value about 421 million marks, about
105 million U.S. dollars). The total amount of farms 1in
Finland (farms preducing only fingerlings in tanks or natural
rearing ponds included) was 677 in 1985.
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Fish farming employs in Finland directly about 1 000 persons.

The fish feeds used in Finland (last year about 20 million kgs)
are mainly dry feeds - only a very little part is fresh or
semimoist feed used at brackish water net cage farms.

The main part of production consists of large rainbow trout
(average weight 1.5 - 2.5 kg), with relatively small salmon
production - only about 25 tons per year. There is no market
for 'portion fish' in Finland, and none is produced. Part of
the largest fish are exported. The amount going to the export
has been about 20 per cent, e.g. in 1985 2.02 million kgs were
exported. Due to the changes in prices the exports were in
last year of minor importance.

Traditionally it has taken three growing seasons to produce

such large rainbow trout, mainly because the optimum
temperature period is so short. Heated water is also used
nowadays , which makes it possible to stock the net cages

already during the first summer. This _enables to rear large
rainbow trout in only two growing periods. In case this

method becomes more popular, it means that more and more of
the production takes place in the brackish water on the
coastal zone.

Finland also produces large amounts of fingerlings for
stocking into natural waters, e.g. the annual of salmon smolt
stockings into the Baltic Sea are at present about 2.5 million
specimens per year. Brown trout stocking have been over tuo
million fingerlings yearly. Major part of salmon, trout and
whitefish catches is based on stockings.

The fingerling raising in Finland includes one unusual
feature: the maintaining of salmon, sea trout and whitefish
brood stocks at the freshwater, mostly state-owned central
farms. This is due to historical reasons, since it has not
always been possible to obtain enough natural brood fish from
nature.

1.2. The water authorities' policy in Finland

The present public opinion in Finland is very favourable, as
it is all over in Europe to the conservation of waters. This
has lead to discussions as well as to free speculations on the
impacts of fish farming.

Licences for establishing new farms exceeding a certain size
are granted by water courts. National Board of Waters
represents general interest and is also supervising the farms
and their loadings. In the last few years smaller and smaller
farms in inland waters have been obliged to make application
to water court for a licence. The maximum size of a farm
needing a licence without water court handling is now under
five tons' annual production.

The trend has been nearly the same in brackish water area.
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When farming started in the sea it was uncertain if a licence
was needed or not, but now all farms with yearly production
over some ten tons are obliged to water courts.

The obvious attitude of Finnish authorities to fish farming is
to restrict the size of the farms. Authorities would like to
keep 50 tons annual production as a maximum limit for farms
in brackish water areas. This has made licences more and more
strict. Environmental impacts are the most important reason
preventing the rapid development of fish farming in Finland.

The supervising directives for fish farms made by the National
Board of Waters and Environment includes sone orders
concerning farm activities, e.g. before feeding feed dust must
be removed and fresh feed (fish) must be cut (not grinded).
The farm shoulkd have for its effluent a sedimentation lagoon
(if any other treatment is not in use) with detention time of
20 - 40 minutes and with possibility of byflowing. 3So that
sludge can be removed periodically.

The National Board of Waters and Environment is revising these
superviging directives. According to the draft new licences
would always restrict the amount of allowed feed and at
landbased farms also nutrient loading. In addition to these
restrictions, also 1limits for maximum annual growth and for
maximum tank, pond or net cage volume are to be followed.

Furthermore there will be a recommendation to restrict the
nutrient content of the feed used at the farm. The draft
recommends alsc to make feed conversion rate higher and
nutrient content lower. Fresh feed should only be used if it
is first pelletized.

For net cage farms the draft directive recommends an order to
arrange sludge collection system under cages. If this is not
arranged, such a farm may have to pay the water conservation
charge. This payment has been about 0.1 marks {0.02 U.S.
dollars) per kilogram fish produced.

2. LOADING OF SUSPENDED SOLIDS

Suspended solids from fish farming are either undigested feed
(excreta) or feed waste. In nutritional studies the average
digestibility of proteins is estimated as 90 per cent (Elliot
& Davison 1975), 1lipids as 85 per cent (Phillips 1969) and
that of carbohydrates varying between 40 - 80 per cent {Bergot
1979, average maybe 50 per cent novwadays) .

With the help of a typical dry feed composition (10 % water,
40 % protein, 18 % lipids and 22 % carbohydrates and assumed
10 % of undigestible ash and fibres) it is possible to
calculate an average digestibility of 75 % for the whole feed
(72 % for dry weight}. This means about 250 g g#xlids formed
per kg feed used. With fresh feed {fish) without carbchydrate
digestibility is higher.

The feed quality and environmental factors effect the growth
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of fish and feed conversion, thus bringing about great
differences and fluctuation in suspended solids loading.

When carefully removing sludge, with the help of the funnel
shaped tanks, before each feeding, the dry weights of sludge
per kg of used feed has varied between 22 - 255 g in nutrient
budget experiments at Laukaa Fish Culture Research Station.

In Finland is above all taken into account nutrient loading
and not so much organic loading and direct oxygen uptake,.
That's why the data of suspended solids loading are not soO
perfect as the figures of nutrient loadings measured by farms
with water court licences. As an example, table 1 presents the
loading of solids on a big fish farm in Central Finland (Savon
Taimen corporation at Rautalampi water course, producing about
400 tons large rainbow trout and salmon fingerlings; landbased
farm by the river Tyyrinvirta, mainly with earthen ‘'danish-
type' ponds).

Table 1. The feeding amounts and loading of solids from Savon
Taimen fish farm in 1979-1986

year feeding solids solids
tons/year tons/year kg/kg feed used
1979 769.2 216.9 0.282
1980 800.7 213.3 0.266
1981 817.2 46.6 0.057
1982 789.5 206.1 0.261
1983 784 .4 310.0 0.395
1984 783.2 254 .4 0.325
1985 703.9 418.0 0.594
1986 682.5 572.6 0.839
average 766.3 279.7 0.377

If the amount of feed waste is estimated on this data by
assumed average digestibility of 75 per cent of feed, it makes
12.7 per cent on an average. However it must be kept in mind
that variation in loading figures is very big. According to
the observations in practical farming it is also clear that
the amount of wasted feed in every circumstances is very
little, rather under than over 10 per cent in every case.

The nutrient loading varies as much as solids according to
growth enhanced and also according to contents of nutrient in
feeds. The correlation between solids and nutrients is often
contradictory (content of e.g. phosphorus decreases with
increasing amounts of excreta and vice versa) but the
dependency is not very regular.

Observed variation of loading values in Finland is presented
in table 2 (Mikinen 1985).



22

Table 2. QObserved loading values of fish farming in Finland

1oadiﬁ§ factor g/kg feed g/kg fish produced
suspended solids 80 - 280 110 - 520

BOD 7 100 - 370 145 -~ 720
nitrogen 37 - 48 51 - 86
phosphorus 4.7 - 10.8 7.1 - 18.4

A special sampliing apparatus for reliable effluent sample
collecting has been developed in Finland. It consists of a
pump and a cooled container. By this system it is possible to
collect water samples for a few days with sampling intervals
of only some minutes (Kivinen 1986). Sampling of effluents
with high suspended solids contents is, however, still
difficult, results have proved to be unreliable.

3. REMOVAL OF SOLIDS

The first and most effective way to reduce loading from fish
farming is teo develope feeds and feeding. Estimated phosphorus
loading per kilogram of produced fish with different feeds is

presented in figure 2. F % in feed

P g/Kg

3¢

n
<

feed ccefficient

Figure 2 Estimated phosphorus lcading per kilogram of
produced fish with different content of phosphorus
in feed and with different feed coefficients
(Makinen 1985)

The quality of feed is very decisive for loading figures. The
development of feed, especially that of its nutrition_ value
in ordfer to improve feed conversion and the lowering of
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excess nutrient contents, can thus give far better results
than any treatment of effluent waters. The lowering of
phosphorus and nitrogen contents in relation to the content of
metabolizable energy in feed and the optimatization of feeding
(see Ruohonen & Makinen 1987) can together quite easily reduce
the nutrient loading to one third.

on the basis of costs and outcomes after having improved the
feeds actions will follow to separate solids from the
effluent.

Sludge removal from 'danish-types’ earthen ponds has been very
laborous and uneffective, although some experiments have shown
somewhat better results for nutrient reduction (Helkid 1984).

The first condition for effective removal of solids is
selfcleaning of tanks. 1In practice this means use of circular
plastic, steel or concrete tanks or ponds. Experiments at
Laukaa have proved it that self cleaning secondary flowing
(Burroughs & Chenoweth 1955, Makinen 1986) is reached in
concrete circular basins (28 - 120 m2) if flow speed eXxceeds
0.15 m/s measured at the surface near the basin edge. Flow
speed in pipe lines and canals should exceed 0.3 m/s8 in order
to transport all settleable solids to treatment for removal.
Design for rapid transport of gludge from basins of a farm 1is
important to avoid leaching and resuspension of solids and
leaching of nutrients as a consequence(see figure 3, Manninen

1982} .

Experiment at laboratory
3 ® conditions. The amount of
mobilized phosphorus was 14.49
mg P/g mg/l. The original phosphorus
) i content in sludge was 19.9
mg/l, so the mobilized amount

was about 73 per cent.

2 ]

e
T

Time days

Figure 3 The regression of time versus the amount of leached
phosphorus per dry weight of sludge {Manninen 1982)

Swirl concentrator is a simple and suitable devie for sludge
removal. Recommendations for dimensioning of the swirl
concentrator is published in Finland (Makinen & Naukkarinen
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1982) . Some commercial swirl concentrators are nowadays
available in Scandinavian countries. Most effective
combination is selfcleaning circular tanks and swirl

concentrators. Cbserved reduction of solids by the swirl
concentrator has varied between 50 - 80 %. The reduction of
phosphorus estimated by subtracting the amcunt of phosphorus
in plusgrowth of fish and ocutflowing water has varied from 42
per cent (Mdkinen 1984) to 20 per cent in experiments in
1985. Combination presented in figure 4 (Vaarianen 1985) was
also tested in 1985,

EFFLUENT
ta 60 L/s)

SWIRL CONCENTRATOR
SLUDGE

1 DRUM S[EVE

TREATED WATER |
~

FLUSHING ‘WATER

Q1 /5
SLUDSE € 3 s P
¢ FLOTATION
TREATED WATER NOZZLES
| T\ CHEM{CALS
| O !
HIGH PRESSURE CONTAINER
Figure 4 Schematic flow diagram in experiments at Laukaa

Fish Culture Research Station in 1985

In this combination swirl concentrator, drum sieve and
flotation device worked together. The last one was treating
the flushing water from drum sieve. The reduction of suspended
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solids of this system was over 90 per cent and reduction of
phosphorus about 80 per cent. The so called triangel filter
was also tested later parallelly with drum sieve. The results
were very similar with both sieving systems.

The triangel filter which had low amount of flushing water and
big hydraulic loading., was tested in 1986 at Hankakoski fish
farm. The phosphorus reduction in the water treated by the
filter was about 80 per cent. Although in this experiment only
about one tenth of effluent water from the bottom of the
center of circular tanks was treated by one triangel filter
the total effluent phosphorus reduction was over 50 per
cent (M3kinen et al. 1987).

Triangel filter seems to be to day most interesting device for
high standard effluent treatment. Although flotation gives
always the best results (effluent became in some cases purer
as the incoming water of the farm '), it is just 1like some
other alternative and wellknown systems for producing of
household water, too expensive for a total effluent treatment.

The problem to treat effectively fish farm effluent is not any
more so much technical but also economical. Triangel filter or
similar devices have proved to be suitable for farms with high
standard effluent treatment and for the ones with high price
products. The costs need to be lowered to make sieving more
general.

4. SLUDGE UTILIZATION

Out of swirl concentrator or sieving apparatus concentrated
suspensions of sludge is periodically pumped. They can be
clarified by adding chemicals and settling. Major part of
usual chemicals have proved to function well 1in this
connection (Selidnne et al. 1983) but using of the standard
powder chalk (Ca{OH)2) can give the best results because it
stabilizes also the settled sludge and makes it even more
suitable to be used as reconditioner for agricultural land.

The settled sludge can be stored and dried in earthen basins
with the help of drain pipes under a sand layer. On top of the
sand layer, a peat layer may be used. The stabilizing of the
sludge layer can be confirmed by adding chalk on it {also
useful gainst bad smell). The sludge basins can be emptied
once a year and peat layver changed at the same time.

The heavy metal content of fish farming sludges does not
obstruct the use of sludge for agricultural purposes since the
analyzed contents have been very low (Jdrvi 1984).

On the municipal and industrial sewage plants, many highly
developed sludge utilization techniques (e.g. biogas
production) are wellknown but their usefulness for fish
farming sludges has been unimportant.
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5. CURRENT RESEARCH AND RESEARCH NEED

Contrary to Swedish results (Enell et al. 1984} the Finnish
outcome has been very poor when experimenting sludge
collecting under net cages. The estimated phosphorus
reduction has varied between 24 per cent (Leminen et al. 1986)
and 10 per cent (Kehitysaluerahasto QOY). Although on a very
sheltered area with a lake net cage farm, estimated reduction
was a little better (Sckka 1985), the water courts are
recommended not to allow the use of net cages in inland areas,
because there is not any effective treatment method for such a
farm. In brackish water area a Scandinavian cooperation has
started on national level each country involved to seek for to
plan better use of coastal areas and site selection
optimization of circumstances for net cage farming in the sea
{HAkansscon et al. 1987)

On older Danish-type farms with long earthen canals as farming
ponds, the removal of solids is very laborous and expensive.
It has been planned tc study sludge removal technique for
these farms.

As concluded already earlier in this paper, the most effective
way to reduce loading from fish farming is to develop feeds
and feeding. Basic research of fish nutrition and verall

development of feeding techniques should be encouraged. The
thorough knowledge of nutritional requirements and effective
techniques which fulfill the needs exactly will give optimum
minimization of lecading.

A selective breeding program for rainbow trout (Sumari et al.
1984) has started last vear. A selected rainbow trout strain
will have in addition to better growth also better feed
conversion efficiency and therefore also small nutrient
loading to the recipient.
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SUMMARY

Some informations are given about fish consumption, freshwater fish production and
the Waste wWater Charges Act.

The 1oad and composition of suspended solids are described tor trout and carp ponds.
In general refatively small amounts of suspended solids are washed out only during
the farming period. The outflow of suspended solids occurs during the fishing-out of
trouts and in the last phase fishing-out of carps.

Possibilities of removal of suspended solids or slugde are discussed.

1. INTRODUCTION

There is a relatively great market for consumption fish in Germany, but only a small
one for freshwater fish - i.e, maximum consumption of roughly 1 kg per person per
year. Freshwater fish species of economic importance for consumption are rainbow
trout an carp. Yearly 30,000 - 32,600 tons of rainbow treut and 12,000 - 13,000 tons
of carp are demanded. The domestic production capacity is approximately, 16,000
tons of rainbow trout and 8,000 tons of carp - and, in addilion to this, roughty 8,000
tons other fish species, trouts and carps from hobby-ponds and fingeriings of other
fish species (Bohl, 1985a).

Thesge yields are produced in about 3,500 trout and 7,000 carp pond cultures with

different sizes and under different degrees of intensification (Bohl, 1983b; v.
Lukowicz, 1986).

The legislative regulation in effiuent questions is fixed in the Waste Water Charges
Act (Abwasserabgabengesetz or "Abw AG") (Bohl et al, 1982). As ponds sre treated
like nalural waters in German justice dictions, they are not touched by this law,

except from the more intensive holding systems. Parameter demanded are listed in
Table 1.

In the meantime the maximum of inland freshwater fish production capacity is
almost reached. Facing oo high losses caused by itensification in pond culture in the
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past, now the stocking density {s commenly reduced. In some pond cultures with poor
water supply the use of technical oxygen for aeration is successful. Only & few
numbers of modern aquacuiture systems, as recirculating piants, are used for fish
production.

TABLE 1. Parameters of the so-called minimum requirements according to the
Waste-Water Charges Act.

it e i i e g e et e o P e g g e e e e A T S B B . S B S D AR N N S M e i e e o e ey = e P P T W Y R M AN EE S M M S s S S S

Parameters Pandom 2-hour-composte
sample sampie
Suspended sclids mi/1 0,3 -
CoD mg/ - 30
BODs mg/! = 10

2. LOADING NF SUSPENDED SDLIDS

The nature of suspended solids varies dspending on different factors. The main
difference originate from the type of pond or holding facilily, especially between
carp and trout ponds. In Germany the extensive carp production is spread widely;
intensification is not considered to be economical everywhere. Therefore these
sucpended solids consist of mineral substances in high proportions ~ see table 2
(Bohl, 1585a). They were sedimented in the settiement basin of our resesrch station;
but they are mixed with a certain quantity of siudge originating from trout ponds.

TABLE 2. Anaiysis of sludge from setilement basin of the research station

Wielenbach.
8)* b*

dry matter (dm) 348.40 31540 g/
water content 78.87 73.60 %
residue on ignition 550°C 301.24 27964 g/1
volatiie matter 550°C 47.18 35.76 g/1
inorganic dry matter 550°C

in relation to dry matter 8594 88.70 4
srganic dry matter 550°C

in relation to dry matter 14.06 11.30 2

C0z +COz inrelation
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to dry matter 13.74 17.30 4
silicate, clay etc. 7220 71.40 1

ph 6.53 6.79

BODs 10.20 6.43 g/kg dm
Cop 235.70 122.46 g/kq dm
NHa* 0.370 0.019 gN/kg dm
NO2- n.n.

NOz- 0.08 gN/kg dm
Org. N 8.93 5.78 gN/kg dm
Tot. N 9.30 5.66 gP/kg dm
Tot. P 1.67 1.20 gP/kg dm

T S . T T T ey e ey T ey ke ey Al e S e i L e S Ty b L B T s

* - Lwo random samples

The composition of suspended solids depends on different factors; besides fish-
farming activities and farming facilities the ration of food is very important. The
good results in decreasing the load of fish-farm effluents by the use of highly
digestible, protein- and fat-rich ration are well known. Our investigations conducted
with a “normal” and s "high energy” dry food in semi-intensive rainbow trout ponds
{=concrete tanks) showed some clear differences, for example in COD, BOSs and

organic nitrogen - see Tables 3 and 4 (Bohl, 1984) and a reduction of sludge of about
40 %.

Table 3. Sludge from trout pond (concrete tsnk) - fish fed with "high energy” dry

food.
DATE 2402 18.03 14.04
smell silage grass grass/corn
colour dark brown dark brown dark brown
dry matter 105°C g/1 30.776 105.580 69.878
residue 550°C g/1 11.096 58.310 55.168
residue 800°C g/1 9.550 44,608 39.648
water content & 96.92 89.40 91.01
inorg. dry matter  dm 36.0 56.2 61.4
org. dry matier & dm 639 438 38.6
COz + CO32- % dm 5.0 139 17.3
silicate, clay etc. ® 310 42.3 441
pH 6.47 6.83 7.20
CoD g02/kg dm* 931 gt 660
BODs g02/kg dm 254 211 206**

NH4* gN/kg dm 2.08 0.93 1.19
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NO2~ gN/kg dm 0.010 0.013 0013
N0z~ gN/kg dm nn. n.n. 0.026
org. N gN/kg m 36.13 30.73 26.91
Tot. N gN/kg dm 38.22 31.67 28.14
Tot. P gP/kg dm 19.43 21.77 16.82

e A T T S W R R T T e e e AN B S S N S S S e e e e e e S S5 S S R T S e A S S A

* = sludge samples were homogenized with ultrasound
*% = 1404 BODs was measured out of frash sample

TABLE 4. Sludge from trout pond (concrete tank) - fish fed with "normal” dry foad.

ot e o e R N L Lk T A R L N S WS TR W e e e e M e M M R M W WY WN TR M e b b A A S S S e e M e R MR S M R N S R M W R ER R W e e e e S S M G e

DATE 2402 18.03 14.04
smelf silage grass grass/corn
celour dark brown dark brown dark brown

dry matter 105°C g/1 63.6938 61.1684 34922
residue 550°C g/1 20626 19412 15.100
residue BCO°C g/ 16.348 16.1688 11.074
water content 8 9363 93.88 96.51
inorg. dry matter 8 dm 32.4 3.7 432
org. dry matter & dm 67.6 68.3 568
C02 + €032- & dm 6.7 NS 113
silicate, clay etc. & 25.7 265 37
pH 5.89 6.46 7.12
£OD g D2/kg dm* 1084 1134 1054
B00s g 02/kg dm 280 302 3477%
MHa* gN/kg dm 1.67 097 1.06
MO2- gi/kg dm ¢o010 0.013 0.012
NOz- gN/ka dm 0.026 n.n. n.n.
org. § gN/kg dm 39.17 4214 28.20
Tot. N gN/kg dm 40.68 4312 29.27
Tot. P gP/kg dm 1496 22,30 17.01

* = gludge samples wera homogenized with ultrasound
#% = 14.04. BODs wes measured oul of fresh sample

The conient of phosphorus in fresh sludge of trout ponds reaches 8 maximum of 76 &
of totsl faeces (Loffler, 1987).

Times of settiement differ too; it depends on the ration of dry feed, water quality
and age of sludge, for example - see Figure i (Bohl, 19835a).
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FIGURE 1. Time of sludge settlement from different trout ponds in Imhoff-Funnel. (T
= pongds)
The estimated production of suspended solids amounts epproximately 30,000 tons

per year in the Federal Republic of Germany, if the quantity of sold fish feed and the
experience-value, that one ton dry food produces | m3 sludge is taken into account.
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Y'e know, however, hat there ic only a small smount of outflowing suspended solids
during the preduction period, even in trout ponds. During the investigation peried -
even at a stocking density of 40 kg trout/m3 water - suspended sclids 0.1 m1/1 would
be stated occasionally {Jensen, 1972). Table S shows first results from & current
research program: From each pond culture 8 different number of random samples
were taken (Horst, 1987). Therefore these date ere given only for an additional
contribution to demeonstrate the great variety.

TABLE 5. Total effluent of suspended solids at pond fishing-out.

Fish species yleld pond vel. pond area susp.solids
(age years) kg m3 ha mi/)
brovn trout {2) 775 102 0.011 0.137
brown trout 965 133 0.013 0.278
carp {3), tench (3)

roacn etc, 10500 400,000 15 0.125
carp (1), grass carp

and silver carp (1) 510 2,700 (.35 0.693
pike perch (1), carp

and grass carp (2) 2,150 11,000 0.9 1.019

The situation in carp ponds is different. Usually there is no through fiow; most of the
initial time during fishing-cut the outfiow is clear The oulflow of suspended solids
begins by the concentration of fish in the figsh pit In front of the monk. Generally it

seems 0 exist a relationship beiween the fish yield and the amount of the washed
gut suspended solids (Horst, 1987).

The silualion in exntensive carp ponds - bessd on several niveliement of the water

volume and related quantity of suspended solids by random samples - are shown in
Table 6.

TABLE 8. Relation between suspended solids and area of pond {per hectare), based on
several invastigstions at singie carp ponds.

s e e ey e T S G e ST M R R N R R R M et M R M M G S S R A S R RS L D M e Sy M g e S W W e ) PN Vet e i W S e NS e v

Suspended solids Weed cover  Fish yield
tot. m3 m3/ha % of area kg/ha
pond S ha | year 215 0.43 0 381
pond 5 ha 2. year 2.40 0.48 0 377
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pond 0.2 ha 0.95 475 20 600
pond 0.2 ha 0.45 225 t0Q 245
pond 0.2 ha .10 0.50 100 145
pond 0.2 ha 0.70 350 0 443

o i o ol A B e i et e o e M i A M N S e S S . S A S S T o ——ry = At 7y = v o o ke

in general, only relatively small quantities of suspended solids are washed out, but
that is the end of fishing out period.

3. REMOVAL OF SOLIDS

The most effective method is a settlement pond or basin, but unfortunately not &
cheap one. The retention time of water has to be 30 minutes et least. Recent
investigations showed that shorier retention times are possible. Encoureging resuits
have been noted with a swirl-concentrator and a clarification-pond behind e trout
pond culture (Dvorak, 1987). By correct professional farming activities and pond
management most of the sludge would remain in the pond; sludge-pumps can
transport it on dry beds, for example.

If the fish is yielded from ponds with closed outlet, no sludge flows out; but this Is
not the best way from the point of good care of the fish.

Another method is to dam up slightly the receiving water about 20-30 cm above the
bottom. The most outrunning sludge will settle down in this dammed section; after
that the siudge has to be removed with a suftable measure.

There exists a further possibility protecting the receiving water after fishing out of

the carp ponds; the monk has to be closed partially with few baffles for a while until

the liquid sludge is stabilized and settled, in order to retain sludge in case of heavy
rainfall.

ACKNOWLEDGEMENT

11any thanks to Dr. Scherb, Waste Water Research Field Munich-Grosslappen, Bavarian
Water Research Agency, for the analysis of sludge (Tab. 2 bis 4).

REFERENCES

Bohi, 1., 1984. Abwasserabgabengesetz und Fischproduktion Untersuchungen zur
Yorfluterbelastung durch Forellenteichwirtschafien in Abhangigkeit



36

unterschiediicher Futtermitte Aqua-Fisch; Fachreferate Internationale
Fachaussteliung: 190-202. Friedrichshafen-Bodensee.

Bohl, M., 1985a. Fischproduktion und Vorfluterbeisstung Minchener Beitrage zur
Abwasser-, Fischerei- und Flussbiologie, R. Oidenbour Veriag Minchen u. Wien,
Bd.39. 297-323.

Bohi, M., 1985b. Aquakuitur in der Bundesrepublik Deutschiand - Begriffe-
intensitatsstufen-Produktionsverfahren. Osterr Fischerai 36 (2/3):51-57.

Bohl, M., {(and other membars of the Weste-Water Commission: Dethlefsen, Deufel,
Huber, Kleisteuber, Mann, Miilier, PiGmer and Scherb}, 1982. Production of
Freshwater Fish in the Federal Republic of Germany in Relation to the Waste-
Wwaier Charges Act. EIFAC Technical Peper No. 41: 141-147.

Dvorak, K.-I., 1987. Personal Communicatioh. 777777

Herst, B., 1987. Personal Communication. Research programme: Conservation aspects
of waters by fish pond plants. 777777

Jensen, J., 1972. Rational design of hatcheries for intensive salmonid cuiture, based
on metabolic charecteristics. Cited in: Westers, H. and K.M. Pratt, 1977. Prog.
Fish-Cult. 39 (4). 157-165.

| @ffier H., 1987. Parsonal communication. Research programme: Conservation
agpects of waters by fish pond plantg. 7?7797

Lukowichz, v. M., 1686 Die Binnenfischerai der Bundesrepublik Deutschiand -
Erzeugung un Absatz - Fischwirt 36 {4) : 26-30.



37

REPORT ON SUSPENDED SOLIDS FROM LAND BASED
FISH FARMS IN GREECE

OLGA AGIOVLASSITIS
MINISTRY OF AGRICULTURE
FISHERIES DIRECTION

381 ACHARNON STREET

GR - ATHENS 11143
GREECE

i. INTRODUCTION

In Greece, the fish farms in freshwater concern a father
amell part of the syricultural economy,

Today there existm140 fisn farms in freshwater, where
there are cultivated tne followiny species:

Sglmo yairdneri, Cyprinus carpio, Anygulla anyguils, Salmo
selar, Tilapie sp.

The total productivity of these farms for 1986 1s 2641 tn
(Fisheries Direction, Min, of Ayr., 1986) and from Table
1 and Teble 2 we cen see that salmo ysirdneri, or as we
say ~ the rainbow trout, is the first of the cultivated
species.

Table 1. Total Pcoduction/yr pec esch species

SPECIES TOTAL PROD.(TN) % PRICE 103DR/TN
(MEAN)

Salmo ysird 2.282 86,41 350

Cypcinus Carp. 290 10,98 300

Any. any. 20 0,76 1.000

Salmo salar 4 0,15 1.800

Tilapia sp. 45 1,70 350

2.641 100.00
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Taeble 2. Production/yr for the 3 first species

YEAR T. PRODUCTION (TN)
1980 2.200
1981 2.500
1982 2.000
1983 1.900
1984 1.600
1985 2.100

ALl <tne s8bove mentioned fish farms are land based except
one, the "S.,A. EYRYTANIA™ wnich, 1in collaboration witn
tne Institute for oceanoyraphicel and fisheries research
of Atnens has beyun an experimental caye culture in the
Lake of Kremaston, Prefecture of Eyrytania, since 1983,

These freshwater cayes ace used for the product:ian of
Cacp (Cyprinus carpio), rainbow trout (Salmo yeirdneri})
and eel (Anyuile anyuils).

The production of tnis caye farm was for 19861

- Rainbow trout: 20 tn== 0,9% of totsl product.
fecom fish farms
- Carcp : 20 tn—s 31% of total nroduct.

from fish farms

We must include in tne land based fish ferms two National

hatcheries for the production of rainbow tcout
finuerlinys (one in the Prefecture of Ioannine and the
other of Pells); gacn of tnem produces 1.500.000

fingecliny trout per yeacrc, The glm is the production of
youny fish either for restockiny free watecrs (rivers and
lakes) o:r for fstteniny inte fisn facms. They are also
able to hatcn eyys of the species: coreyonus lavaretus
and salvelinus fontinalis,

Two more national hatcheries 8are building for the
producticn of Carp fingerlings {in the Pcrefecture of
Fiorina and Prefectuce of Arta),

Tnecre existe one nhatchery (this one of Lake Ioanninon)
for Carp finyerlinys production; 1t produces 2.000,000
fingeclinys per yesr,
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The pecrmission for fish farm installation is yiven by the
local official fisheries office, which 1n gach
Pcefecture, 1is the Ffisheries Department of the Ministry
of Ayriculture., The needed documents are:

- neture of fish farm, surface, site, quelity and
quantity of water, neiyhbours fish farms, density of
fish, manayement of fisn ferm, certificeste of @ Technical
school foc fish farmec of¢ followiny of special seminars
in one of the National hatcheries.

Accordiny to the Health Directive No., A5/1738/82, snd
cancerniny the quantity and tne quality of fish farms
effluents 8nd the quantity and uses of the curcent, 1t is
demanded the instaliation of treatment of effluents,
especially for removel of suspended solids (see Fig. 1),

Accordiny to the Ministecial Decision No.
46399/1352/3.7.86, which includes the E.E.C. Directive
78/659, (about the yood survive of Salmonids and

Cyprinida) the free freshwaters {rivers and lekes) of our
countcy s8re submitted to 8 systematic control of tnhelr
quality.

For tcout fisn farms, tnerLe exist a standiny becsause of
the ssturation with trout of the country macket, altnouyn
the trout fish farms capacity is much higher tnan thelr
productivity. This 18 due to the selection of Greek
consumer to sea fishes (only the continental depsrctments
of our country demsnd fresnh watec fisnhes),

Carp is limited only to the Nocrth West of Greece.

Eel consumption is very limited (<€ 1% of total
production) by Greek people but contcary to this, eel 1s
very much exported.

The trend of development for eel and Atlantic Salmon
farms is yoiny 1increaslny; altnouyh Atlantic Salmon
culture 1is still in an experimental phese, the same tcend
seems to be for the species Astacus leniusculus.

2. LOADING OF SUSPENDED SOLIDS
Tne wastes from s fish farm can be divided into two major

fractions, solid and soluble waste. The solid fraction
is laryely composed of uneaten food and faeces, with @

smaller proportion of fish scales, mucus and other
detritus. These wastes @8arte yenerally densefr tnan water
and thecefore must eventually sink to tne bottom

sediments (Pnillips M.J., 1985). Petit (1985) found tnat
B6% of the suspended solids from a tank farm discharye
gsettled out of the water.
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For the fish 1itself, tne 1mpact of suspended solids, 1in
niyn concentrations can be the damaye of the yills. In
the same time they are the bese where mlcro-orcyanismsg can
cause several diseases ocr c¢an facilitsete tne risk of
contamination.

For environment, the impact from suspended solids 1is
laryely due to the consumption of (awnich 1s demanded
for the bioloyicael destruction of orysnic maetter and thus
it will cause an 0a deficience,

a. For saimonid cultivation, where tne first and
principal question 1is water, the evaluaticn of the
guantity of waster demand 1s for our country (Prefecture
of lopsnnina Decision 9.5.84)> 70 + 160 lt/sec/stremma
(=1000 m?® ), correspondiny a 5 % 6 lt/sec. tn trout for
density 15 tn/stremma,

b, Evaluation of Susp., solids fcr & Salmonid farm, whece
trout is intended for consumption and it 1s concecrned
that:

- the quantity of weter cemand is: 22,8 lt/sec., tn
trout (Leyer’s formuls yives : 16 lt/sec. tn trout)

- the concentration of §$.5. in the influent and effluent
water is yiven by the following fiyuce (Tervet 1981)

INPUT S.S. (mg/lt) QUTPUT S.5. (my/lt)
min P max min ( max
1,00 8.0 16,00 1,C0 11,00 47,99
M = mean

Tne difference between p water input and @ water

gutput is: 3 my/lt, thet means: every 1t of water,

which comes out of the fish farm concerned, 1s charyed
with about 3 my/lt (mean) of suspended sclids,

* In one day (= B86.400 sec) tne quantity of effluent

weter, for the sbove mentioned fish farm 1s : 1.,969.720

lt.tn trout.

So: The S.5. in the quantity of effluent weter 1s 5,9
Ky/dsy tn trout

The value of suspended solids found 1s very much
comparative to what several studies oan solids production
from land-based Seimonid facms yive us (Tabie 3)
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Table 3. A review of solids production from land
based salmonid farms

SOLIDS PRODUCTION SOURCE

0,474 + 4,015 tonnes/tn fish

pcoduction tme:n 1,24 1/¢t) Alabsster, 1982

5 y/Ky of fisn neld per 24n Warren - Hansen,
1982

3,02 y/Ky of fish neld per 24n Beryheim et al

(canye 0,9 ¢+ 7,9) 1982

3. REMOVAL OF SOLIDS

For small scele fisn faems (1 & 2 stcemma, or less),
which do not have special system for sedimentation ot
absocrption of suspended solids, these mey be subject to
dissolution and dispersion by the river, where these are
dischecyed to.

One solution, for avoidiny maximum values of pollution by
the above mentioned farms effluents, when emptyiny the
tanks, 1is, for the farmer, to prevent continuously feaces
sedimentation 1n the tsnk; 8&nd even usiny hiyh water
quantities and surface oxyyenerstors, which dissolve
wastes. The farmers must also use foods with low
sedimentation velocity, and must use, 8s far ®8s possible,
the exact quantity of food for fishes wanted,

For biyyer fish facms (215 stcemms) it 1s demsnded,
accordiny to the Healtn Dicective No. AS/1738/82, special
systems for the absorption of suspended solids, as it is
described in the desiyn of Figure 1.

In the Table &, we ace yiviny some pacameters of Louros
tiver. The analysis of these psrameters 1S applicated by
U.E.B. (Data by tne Direction of Improviny Ayriculture of
the Ministry of Ayriculture) monthly from tne site
"Bridye of Kaloygeri". It 1s yiven thst, tne nigher
percentaye of Salmonid fish farms 1n Greece, function
alony Louros and Aocos rivers, 1n the Prefecture of
Ioannina.
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Table 4, Some parametecs by Louros River
(Bridye of Kaloyeri)
YEAR
1984 1985 1986
PARAMETERS
Quantity of water min: 5,5 min: 10 min: 10
(m3/ sec) max: 35 max: 24 mex: 24
Temperature (°C) 13°: 16° 11°+ 15° 1%+ 15,5
Susp. Solids 0 £ 13,4 0,7 # 31 ¢,2 + 38,5
(myg/it)
PH 7,2 %+ 8 7,6 7,7
Ga (peccentaye
satuyration) B4 = 96,1 78,7 & 100 86,5 + 100
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CASE STUDY ON SUSPENDED SOLID MATTER CONTENT OF EFFLUENT WATER OF
A STATE FARM FISH POND IN THE HARVESTING PERIOD IN THE GREAT
HUNGARIAN PLAIN

P. Szabo
Fish-culture Research Institute
H-5541 Szarvas
Hungary

1. INTRODUCTION

In Hungary it is 8 basic problem of earthen fish ponds that during the growing season
the erosion caused by wind-waves washes the dams back into the bed. Time at
disposal for autumn harvest is relatively short (October, November), that is max. 2
months, therefore, a rapid drainage of pond water is desirable. Size of ponds is of
wide range S50-100~200 ha, with a water depth of 1-1.5 m, thus during drainage the
sediment washed back from dams gets out of ponds by the heavy turbulent water-
moving. This effect is rather harmful for two reasons; in one hand it pollutes
environment by a probable erssive fill-up and organic matter loading of the receiving
ares, in the other hand there will be a 1ack of soil at dams, which, however, should be
supplied back in the reconstruction period. Additional expenses arise by maintenance
of the receiving ares as well as thet of the pond. A research project was sterted on
the estimation of the suspended solid matter outflow of our fish ponds.

2. MATERIAL AND METHODS

Duration of investigations: 10.17.-11.04.1986

Location: Fisheries Research Institute, Szarvas, Hungery

Technological parameters of the site investigated:

Area of fish pond 31.5 ha, reconstruction finished in spring of 1986, totsl inflow
volume 315,000 m3, stocking for rearing fingerlings in polyculture, summer water
treatment, dosage of artificial fertilizers N and P about 150 kg N/ha, 20 kg P/ha,

season, carp feeding on rearing food.

By reconstruction we mean a total bed readjustment, dam-building, construction of
completely new inlet-outlet structures as well as a new éxternal harvesting pit.

The aim of investigations was to determine the suspended matter content of effluent
water of a completely new fish pond during the harvesting, including the organic-
inorganic solid matter content.
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To this end, samples were taken ai the outlet, right after the draeinage started,
during ihe drainage period (in two-day intervals always in the same time). After
filtered through a Whatmman membrane fiiter, the dry matter content st 105°C, the
ash content at S50°C were determined as well as orgenic matter content of the
samples was calculated. Average speed of sinking concerning the time of taking
samples, was measured and the amount of outflow water was calculated.

Measurements were made till about the two third of the water was drained.

3 BESULTS AND DISCUSSION

Results of investigations ere shown in Table t. The effluent waler of the new-built
rearing pond in time of harvesting had & dry matter content of 0.120-0.535 g/1,
including - except for one case - 0.040-0.098 g/l organic and 0.080-0.449 g/
inorganic matter. it can be poinied out, thel inorganic mineral periicles of the
sediment formed the main part of soiid matter escaped by effluent water.

Table 1. Analyses of solid matter content of effluent water of the rearing fish pond

investigated.
Date  Dry Ash Organic Speed of ‘Yolume Dry Ash Organic
matter matter sinking drained matter matter
1986 g/} g/1 g/1 cm/dsy m3 kg kg kg

1017, 0.120 0.089 0.040 200 6,300 75600 50400 25200
10.20. 0.170 0.130 0.040 330 31,500 5,35500 4,08500 1,260.00
10.22. 0.248 0.205 0.043 350 22,050 5,46840 452025 948.15
10.24.  0.394 0.296 0.098 450 28,330 11,1690 8,391.60 2,778.30
10.27. 0.162 0.082 0.080 350 33,675 5,358.15 2,712.15 2,646.00
10.28. 0.168 0.108 0.058 225 14,175 2,253.03 1,53050 82215
1031 €444 0.102 0.342 200 12,600 559440 1,285.20 4,20920
$1.03. 0535 0.449 0.086 267 34,650 18,537.75 15,55785 2,979.90
1104 0238 6.152 0.066 8.090 25,200 5,49360 383040 1,663.20

e 3 B A R o i T T T B S S W W P b e e M S L S S W SN W N W S o e i e )k il S o s

Dry matter content of waler to be drained is influenced by the speed of drainage. An
increasing speed of dreinage implies an increasing emount of dry matier, in which,
naturaiiy, beth the increasing turbulence and the sediment-mixing activity of fishes
have a role, too.
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During the period of investigations, 210,000 m3 outflow water contained dry matter
nf about 60 tons which got out of pond to the external harvest pit where 11 partiy
sedimented and did not gel directly to the receiving area. About 70 % of the dry
matter escaped were inorganic minerals, while the remaining 30 & was organic
matier.

4. CONCLUSIOHN

During the present study solid dry matter content of the effluent water of a
completely reconstructed fish pond was investigated at the end of the first year, at
a commonly used harvesting technology. Fish ponds operating for several years were
not the subjects of our investigations.

The fish pond investigated is the integral part of a fish pond system constructed on
hard silty sofl in the central part of the Great Hungarian Plain.

Eccential findings: With about 210,000 m? outflow water about 60 tons of dry

matter escapes with @ composition of sbout 70 & inorganic solid minerals and about
30 % arganic matter, respectively.

Solid dry matter content of the effluent water will grow slong with the increase of
turbulence.
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SITUATION OF TROUT FARM EFFLUENTS IN ITALY

G.Ceschia, L.Bonetta, G.Giorgetti
Istituto Zocprofilattico delle Venezie
Laboratorio Ittiopatologia
Via della Roggia 92
Basaldella di Campoformido
Italy

1. INTRODUCTION

In Italy freshwater aquaculture, in its modern meaning,
developed in the sixties and in 1986 reached a remarkable level in
production and technology.

In the 1last years alsc salt water aquaculture worked new
technics out for the rearing of particulary valuasble species as sea
bass (Dicentrarchus labrax), sea bream (Sparus aurata), shrimps
(Penaeus japonicus) and mussel (Tapes semidecussatus).

The total amount af aquaculture production in 1986 is presented
by the following figures:

mussel 70.000 tons
trout 25.000 tons
trackish water lagoon 5.700 tons
eel 2.200 tons
catfish 1.300 tons
carp 300 tons

Aquaculture, like every zootechnic branch, presents problems
closely linked with the specificity of rearing (i.e. feeding,
management, sanitary condition, commercialization).

One of the aspects taken in congideration, above all in the last
year, is the environmental impact caused by intensive fish culture.

In 1976 Italian Government issued a decree for water protection
(Law 319, 10.5.1976) and also fish farmers were obliged to comply
with the provisions of the law (Tab. 1).

pH 5.5 - 9.5
sett]leable solids 0.5
suspended solids 80
total phosphorus as P 10
ammonia as NH} 15
nitrite as N 0.6
nitrate as N 20
BOD 49

Tab. 1: Maximum limits set to descarge
effluents by law 319.

In order to value the quality of immissions and emissions of
fish farms, in 1984 and 1985 effluents of 69 trout farms were
controiled. We were interested in trout farms because trout culture
is the most important of the fresh water intensive rzavinga.
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The chosen fish farms are in Friuli, in North-East of Italy,
Region that can boast 1/3 of the total italian trout production.

The drawings of the samples were done different seasons and
water characteristics conditioned by fish culture were took in
consideration.

Furthemore we analized effluents of the two greatest farms
efgluents as regards esclusively suspended solids and "feeding
effect".

2. WATER QUALITY

The 69 trout farms considered in our research are placed in the
"Spring area" that is one of the most suitable regions to Salmonid
culture as regards abundance of water with proper chemical-physical
characteristics.

Spring water have constant flows and temperatures all year round
(9-15°C) favouring the production of the commercial size of &
trouts/kg in 14-18 mounths. These trout farms studied reflect, with
good approximation, general situation in Italy about installations,
water-fishes ratio, kind of fish foods and so on.

The drawings of samples of inlet and outlet water were taken for
two years with a frequency of six mounths. In trout farms with
great productions (over 50 tons/year) samples were taken more
frequently.

Analyses were made with standard methods.

In general our data contirmed that chemical-physical
characteristics of inlet waters are excellent for Salmonids
rearing, even if hardness is higher than recommended (297 mg/l
CaCOg) (Tab. 2).

inflouw outflouw
min. max. mean dev.st min. ma . mean dev.st
temperature L1 4.0 18.0 12.0 2.60 4.0 19.0 12.2 2.81
hardness (Cac03) mg/1 (139.6 429.6 297 .1 53.70 {150.3 438.5 298.9 53.70
pH 6.8 8.5 7.5 0.35 6.7 8.5 7.5 0.35
dissolved oxygen mg/l| 5.5 13.5 9.9 1.33 3.4 14.6 8.5 1.70
BOD, mg/1| 0.0 4.9 ' 1.5 1.18 0.2 8.0 2.7 1.83
ammonia (NH:) mg/1| 0.00 0.40 0.09 0.09| 0.00 0.8 0.25 0.16
nitrite (uo;) mg/1| 0.00 0.24 0.04 0.05 0.00 0.40 0.07 0.06
phosphate (Po:) mg/l | 0.00 1.90 0.20 0.29 0.00 3.60 0.32 0.46
settleable solids ml/l 0.00 0.50 0.01 0.05 0.00 0.70 0.04 0.10

Tab. 2: Physical and chemical characteristics of water of 69 trout
farms.
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The comparison between effluents and inlet waters made with the
method of analysis of variance showed a significative increment of

NHa , NO, , PO, , settleable solids and a significative reduction
of dissolved oxygen (Tab. 3).

T caco,  pH 0, BOD, NH: No; PO} 3.set.

°C mg/1 mg/l mg/l mg/1 mg/1 mg/1 ml/1
Inflouw (mean) 12.0 2971 7.5 5.94A *.5B 0.098 0.04P ©.208 0.01B
Outflouw (mean) 12.2  298.9 7.5 a.s8 2.7A 0.25A 0.07A 0.32A Q.04A
Degrees of freedom| 473 475 485 478 469 474 478 454 481
Residual 7335 8902 0124 2304 2329 0017 0003 0145 0007

Tab. 3: Analysis of variance of data reported in Table 2.

Such variations depend on enrichment of uneaten food, feces and
excreta of water flowing in fish ponds.

Feeding of almost all intensive reared species is usually based
on the use of dry pellets. The mechanical feeding causes losses of
food extimated about 157 of total food weight. This high percentage
derives from the presence of "dust” of fish food, on overfeeding
and on inaccuracy of distribution.

Food uneaten or not digested deposits on the bottom of basins
where it is exposed to processes of breakdown and resuspension
because of solvent action of water, degradative activity of
mineralizating bacteria and water movements caused by swimming
fishes.

Other sources of pollution are fishes feces. Their amount is in
function of the kind of diet adopted, species cultured and their
sizes. Salmonids product about 200-400 g of feces per kg of dry
food.

In spite of the statically significative variations of some
parameters, water effluents of fish farms observed keep their
fitness for intensive rearing and their chemical-physical
characteristics comply with the limits stated by the law.

Only settleable solids, wusually because of not accurate

ma?agement, exceeded legal 1limits. The highest value found was 0.7
mL/1.

3. SUSPENDED SOLIDS

We analyzed the affluents and effluents of two farms, out of 69
studied yet, to know the increment of suspended solids in outlets
due to the distribution of food. The farms were different for
dimensions, water origins and amount of productions. The drawings
of the samples of inlet and outlet waters have been taken over omne
day from 8.00 to 16.00 at intervals of one hour.

In the two farms food distribution was from 8.30 to 10.30; the
research took in consideration only the feeding in the morning {(in
the afternoon, after 16.00, there was another lighter one).

The structural characteristics, quality of water utilized, fish
breeded and food rate are described in Table 4.
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characteristics of farm farm 1 farm 2
surface of farm m® 3600 18600
water supply river river spring
quantity of water l/sec. 1200 1600
retention period of water in farm min. 35—40 45
quantity of fish tons 60.3 52
size of fish g 75-315 40-230
type of feeding dry dry
Food X b.w. 1.5 1.0
time of feeding 8.20-10.30 9.00~10.30
type of pond (bottom) stone stone
(edge)} concrete earth

Tab. 4: Summary of characteristics of two fish-farms conside-
red (* b.w. : body weight)

parameters inflow outflow
samplig time h 8.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00
temperature vater *C 10.2 10.% 10.% 10.7 11.1 1.5 11.5 1%.7 1.7 11.6
M 7-9 7.8 7.3 7.5 7.9 7.6 1.7 7.7 7.7 7.8
oxygen ng/1 9.8 8.3 9.3 9.2 8.6 8.6 8.5 0.5 B.9 9.4
Rob, /L 0.7 | 0.5 3.7 3.5 2.6 2.7 2.0 1.3 ] 1.3 1.8
ammonia (III;I mg/1 0.00 0.20 0.20|. 0,20 0.20 0.30 0.30 0.35 0.33% 0.30
nitrite (HOE) mg/1 0.00 0.06 0.06 0.06 6.0} 0.0} 0.06 0.06 0.03 0.02
phosphate {70}) wg/1 0.2 0.4 0.5 0.6 0.3 0.3 0.3 0.6 | 0.5 0.6
suspended solids mg/l 1.8 3.8 7.4 5.6 1.9 3.2 3.0 1.2 2.4 2.2
settleable solids ml/3 0.0 0.0 0.0 0.0 0. 0.0 0.0 0.0 0.0 0.0

Tab. 5: Fish farm 1: physical and chemical characteristics of water

parameters inflow outflow
sampling time h 8.00 8.00 5.00 10.00 11.00 12,00 13.00 14.00 |15.00 16.00
temperature water *c 6.5 6.5 7.0 8.9 9.2 10.8 11.0 1.'I .0 12.0 11,0
pHt 7.7 7.7 7.8 7.9 7.9 1.9 7.9 7.9 7.9 7.9
oxygen »g/L 8.1 8.9 8.9 9.8 9.6 9.9 10.0 10.2 10.3 9.9
BoD, mg/1 1.5 1.8 1.7 1.3 2.4 1.8 1.7 1.8 1.3 2.9
ammonia “I!!;D ng/1 0.20 0.20 0.30 0.30 0.30 0.30 0.35 0.40 | 0.35 0.40
nitrite (loil mg/1 0.02 0.02 0.02 0.0a 0.03 0.04 0.03 0.02 0.01 0.0
phosphate (PO:’ mg/1 0.3 0.3 0.4 0.4 0.6 0.3 .4 0.4 0.4 0.5
suspended solids mg/l 1.6 1.2 7.2 3.2 4,0 3.4 2.4 3.0 1.8 2.0
settleabls solids ml/1 0.0 0.0 0.1 0.0 0.0 0.1 0.1 0.0 0.0 0.1

Tab. 6: Fish farm 2: physical and chemical characteristics of water
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Tables 5,6 show for both trout farms values found for suspended
solids and the other parameters conditioned by intensive breeding.

Chemical-physical characteristics of water were superimposed on
those of Table 2.

The values of suspended solids in effluents were included from
1,2 to 7,4 mg/l with an average of 3,8 mg/l for the farm 1 and 3,2
mg/l for the farm 2. These values are representatives of general
situation in Italian trout farms.

Sometimes it's possible to found higher concentrations ascribing
to particular operations such as cleaning of basins.

In our research highest data for suspended solids were recorded
during the distribution of food.

Suspended solids derive from dust of pellets, from their
tractions not eaten and from sludges resuspension caused by
turbolent swimming of fishes during the feeding. The differences
observed for the two trout farms depend on quantity of fish per m

(farm 1: 16 kg/m ; farm 2: 2,8kg/m ) and on quality of fish food
distributed (farm 1: 1,5% b.w.; farm 2: 1% b.w.).

88

-=-- farm 2

A a A r's A, ']

8 G 10 11 i2 13 14 15 16 (hiour)

Graphic: Increase of Suspended Solids in two trout farms effluents,.
Time of feeding of farm 1: 8.30-10.30

farm 2: 9.00-10.30

The graphic above shows the fluctuations of suspended solids
concentrations; atter three hours from feeding time values turned
back to standards.

We observed the increases of BOD and settleable solids
associated with the augmentaticn of suspended solids. The other
parameters (N and P compounds, cculd increase some hours after
feeding as consequences of metabolism products and solubilization
of uneaten food). The differences found among the two trout farms
cculd depend on more or less accuracy in distribution of food and
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on different frequency in cleanings of basins besides structural
characteristics of farms, tlows of inlet water and quantities of
fishes cultivated.

4. CONSIDERATIONS

Effluents water quality affect environment causing
eutrophication in consequence of increasing -even if limited- of
phosphorus, nitrogen, BOD, settleable and suspended solids.

This aspect is more evident in receiving waters of fish farms
with great productions or with long time of activity. From many
years technical and structural solutions have been investigated
trying to limit these negative consequences. So solutions of sure
efficiency such as filters and concentrators ot high technology or
settling ponds of easy construction and low costs have been
proposed,

Even if these systems of effluents treatments are not obligatory
by provision of the law, it's advisable their adoption above all in
those regions with high density of fish farms which put their
effluents in the same catchment basin.

Furthermore fish farmers should apply a correct management by
removing sludges from ponds avoiding nutrient solubilization and
solids resuspensions reducing overfeeding and spreading fish food
with more accuracy.

5. CONCLUSIONS

Effluents from 69 trout farms analyzed presented, in comparison
with affluents, statistically significative increments for BODg
(+1,2 mg/l), NHZ (40,14 mg/1l), NO7 (40,03 mg/l), PO3 (40,12 mg/l),
settle?ble solids (40,03 ml/1l) and reduction of dissolved oxygen 8-
1,4 mg/l).

The data for suspended solids in effluents of two trout farms
analyzed are included from 1,2 to 7,4 mg/l with an average of 3,8
mg/l for farm 1 and 3,2 mg/l for farm 2.

The highest data were found during feeding time. These values,

representative of Italian situation, could increase particulary
during cleanings.
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WASTE PRODUCTION AND DISCHARGE OF INTENSIVE CULTURE OF AFRICAN
CATFISH, Clarias gariepinus, EUROPEAN EEL, Anguilla_ anguilla, AND
RAINBOW TROUT, Salmo gairdneri, IN RECIRCULATION AND FLOW-THROUGH
SYSTEMS IN THE RETHERLANDS

L.T.N. Heinsbroek

Department of Fish Culture and Fisheries
Agricultural University
P.0. Box 338
Wageningen
The Netherlands

INTRODUCTION

Despite the fact that the Netherlands have a long tradition in
fisheries and fish trade, the production of cultured fish has
been and still is of minor importance. Untill recently, rainbow
trout, Salmo gairdneri, was the main species cultured with a
fairly stable production of 250 tonnes per year (table 1). Less
than half of this is produced on land-based farms. The remainder
is produced in cages, both in fresh and seawater.

More recently, the introduction of and the research on culture
of the African catfish, Clarias gariepinus, by the Department of
Fish Culture and Fisheries of the Agricultural University
Wageningen, together with research on water recirculation systems
by the Department of Water Pollution Control of the same
University, have stimulated the development of the culture of
warm water species in recirculation systems in the Netherlands.

Production figures of fish culture in the Netherlands are given
in table 1.

Table 1. Fish culture production in The Netherlands (in tonnes
per year)

Production Production
capacity
1985 1986 1987 1987
African catfish < 100 250 - 300 ? 500 - 1000
(no. of farms) (x 50)
European eel < 100 100 200 - 250 400 - 500
(no. of farms) (6 - 10)
rainbow trout 250 250 250 250
{no. of farms) (£ 10)

The production of warm water species, African catfish and
Furopean eel, Anguilla anguilla, has been expanding rapidly. Due
to market problems the future trend of the production of the
African catfish is uncertain. The expansion of eel culture is at

the moment hindered by the quantity and/or quality of the
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stocking material (wild catch young yellow eels) available. It is
believed that the developments in the production of stocking
material from glass eels are such that in the future eel culture
will grow considerably. Prognoses for 1990 range from 1000 - 2000
tonnes of eel production per year.

HASTE PRODUCTIOR OF INTEWSIVE FISH CULTURE

Due to the recent nature of intensive fish culture in the
Netherlands and the amount of work involved in actually measuring
the waste production thereof, no excact figures are known to date
(a report on waste production of trout cage culture in
sand/gravel pits is in preparation; Steinmetz, pers. comm.). A
theoretical estimation of this waste production can however be
given based on research on growth and feed utilization of the
fish species involved. In this report this will be done via the
flow diagram and methods used by Bovendeur et 21 (1987) (Fig. 1).

Uneaten feed not taken into consideration, the quality and the
quantity of the waste produced depend on feeding 1level, feed
composition, feed digestibility and utilization of digested fead.

Feeding levels feor the African catfish and the eel are taken as
the optimal {recommended by the feed manufacturer) levels at 25
°C. Although rainbow trout 1is cuitured 1in outdoor conditions with
fluctuating water temperatures, the feeding level for this
species is taken as the recommended level at 16 °C.

vigure 1. Flow diagram 1illustrating the relation between feed,
growth and production of waste materials (from Bovendeur et al,
1987)

consumplion [:: ureaten fee

digestion ueculloss

utilization . [no'n— faecal loss|

respiration Y= |gaseous exchange |

growth

The feed composition 1is taken to be that of a commercial trout
feed, Trouvit {Trouw & Co. B.V., Putten, The Netherlands).

Depending on the methodology of determination of digestibiiity,
the settleable faecal 1loss (settling} or +the totel fzecal loss
(intestinal dissectien) is determined. The non-satiiszzble faecal

loss 1s calculated as the difference between total and <settleable
faecal loss.

The amount of matter deposited as growth (per kg feed) can be
calculated from the feed conversion and the body composition of
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the species involved at stocking and at harvesting (table 2).

Finally the non faecal 1loss 1s calculated as the difference
between the amount fed and the sum of faecal loss and growth.

Table 2. Feeding 1level, feed conversion and body composition of
Afican catfish, European eel and rainbow trout

Africand European® rainbow®
catfish eel trout
Feeding level 16.8 12 14
(g kg=0-8 ¢-1)
Feed conversion (-) 1.5 1.9 1.6
Stocking
Body weight (g) 5 10 2
Dry matter (%) 20 26 18.2
Protein (Z) 14,2 14.1 13.7
Fat (%) 2.9 10.5 1.5
Ash (%) 2.9 1.4 3
Harvesting
Body weight (g) 500 150 300
Dry matter (Z) 28.5 42 28.9
Protein (Z) 17.9 15 15.6
Fat (%) 6.6 25 10.8
Ash (%) 4 2 2.5

a) Hogendoorn, 1983 ; Heinsbroek (unpublished)

b) Zohar & Viola, 1983; ODegani et al, 1986 ; Heinsbroek (un-
published)

c) Huisman, 1976; From & Rasmussen, 1984

The results of these calculations of waste production and
growth are given in table 3 for dry matter, nitrogen and COD. The
distribution of COD is calculated according to the results of
Henken et al (1986), which dindicate that feed and faeces have a
COD:dm ratio of 1.4 and fish of 1.6 . The remaining COD is
further partly oxydized in the respiration of the fish.

From table 3 it can be seen that the amount of waste produced
does not differ very much between fish species.

The amount of wastes actually discharged into the environment
depends on the production system ( recirculation vs flow-through)
and on whether there is additional treatment of the effluent.
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Table 3. Distribution of feed dry matter, nitrogen and COD over
waste and fish production (values are 1in grammes per kg feed,
percentages in parentheses)

Dry matter Nitrogen cop
Feed? 900 76.8 1260
African catfishb
Faecal loss 405 (45) 26.9 (35} 567 (45)
settleable 225 (25) 20 {26) 315 (25)
non-settleable 180 (20) 6.9 (9) 252 (20)
Respiration 255 (20)
Non-faecal Tloss 303 (34) 3.6 (40} 31 (10)
Growth 192 (21) 19.3 (25) 307 (28)
European eel®
faecal loss 315 (35) 23 (30) 447 (35)
settleable 180 (20) 16.9 (22) 252 (20)
non-settleable 135 (35) 6.1 ( 8) 189 (15)
Respiration 409 (32)
Non-faecal loss 360 (40) 40.7 (53) 50 ( 4)
Growth 225 (25) 13.1 (17) 360 (29)
Rainbow trout®
Faecal loss 350 (40) 26,9 (35) 504 (40)
settleable 216 (24) 19,2 (25) 302 (24)
non-settieable 44 (163 7.7 (10} 202 (16)
Respiration 308 (24)
Non-faecal loss 357 (40) 34,1 (44) 155 (12)
Growth 183 (20) 15.8 {(21) 293 (23)

a) Trouvit (Trouw & Co. B.V., Putten, The Netherlands)

b) Hogendoorn, 1983: Henken et al, 1985; Heinsbroek (unpublished)

c) Spahnhof & Xuhne. 1977; Nielsen & Jurgensen, 1383; Eding. 1985

d) Windell et al, 1978; Butz & Vens-Cappell, 198Z;
From & Rasmussen, 1984: Bergheim et al, 1984:
Clark et al, 1985; Philips & Beveridge, 1986
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DISCHARGE OF WASTE

The discharge of waste into open water in the Netherlands falls
under the Surface Water Pollution Act (Wet Verontreiniging
Opperviaktewateren, WV0). Discharges are regulated by permits and
charges (fees) according to the principle "the polluter pays".

Table 4. Waste production and discharge of intensively cultured
African catfish, Furopean eel and rainbow trout in the
Netherlands in 1986

African European rainbow
catfish eel trout
Waste produced
( i.e. kg feed~1) 7.1 5.8 6.9
Waste discharged
( i.e. kg feed~1) 3.2 2.6 6.9
Waste discharged
after physical
treatment of effluent
( i.e. kg feed~1) 0.2 0.2 4.0
Fish production
(tonnes year~™!) 250 - 300 100 250
Feed consumption
{tonnes year'1) 375 - 450 190 400
Total waste discharged
( i.e. year—] )2 3920 - 3860 1350 7560
Effluent fee
( Hf1 kg fish prod~1)b 0.65 0.68 1.51
Total waste discharged
after physical treat-
ment of effluent
( i.e. year—! )2 205 - 247 104 4380
Effluent fee
( Hf1 kg fish prod=1)b 0.04 0.05 0.88

a N.B. i.e. 1s expressed here on a yearly basis
b based on a fee per i.e. of Hf1 50.- (fees vary from Hf} 38.-
to Hf1 90.-)
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The unit used is the population equivalent (inwoner equivalent,
i.e. ) which is the amount of ultimate oxygen demand one person
discharges per day:

i.e. = (COD + 4.57 Ngj )/ 136

were Nij is the Kjeldahl-nitrogen and COD and Nyj are expressed
in grammes per day.

Table 4 gives the waste produced and discharged for the
intensive culture of the African catfish, European eel and
rainbow trout in the Netherlands. The amount of waste produced
per tonne of fish produced per year is comparable to that of
approx. 30 persons. From table 4 it can also be seen that
intensive fish culture in recirculation systems discharges less
than half the amount of waste discharged 1in a flow~through
system, due to the fact that in a recirculation system virtually
all suspended and dissolved wastes are oxydized 1in the biclogical
filter.

Physical treatment (e.g. settling of the effluent) further
reduces the waste discharged to about 3 - 4 Z of the waste
produced in a recirculation system and to about 65 Z in a flow-
through system.

From the above it 1is concluded that the culture system and the
manragement thereof are the major factors determining the amount
of waste discharged.
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1. PRODUCTION AND POLICY

1.1.Production
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Fig 1. The slaughtered amount of salmon and rainbowtrout in Norway
in the period 1973 -1985

The escalation of the fishfarming industry in Norway in the last
yvears is demonstrated in fig 1.The figures for 1985 give a total of
about 32000 tons (28000 tons of salmon and 4000 tons of rainbowtrout)
For 1986 there is a total of about 50.000 tons.1987 has been a year o
rest with 52.000 tons,but there is expected a greater increase in
1988 and 1989.

Until this day 720 fishfarm permissions are given with a total
capacity of about 5 mill.m’ .This will give 100.000 tons provided a
density of 20 kg/m3.600 of these are in business.In addition there

are registered 565 hatcheries with a capacity of 153 mill.smolts
pr. year.

Just a very little share of the farming of fish is taken place in
fresh water, something between 500 and 1000 tons pr.anno.Still fresh
water is an essential ressource for fishfarming in Norway;all
hatcheries depend on it.
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1.2.General legislation and government policy in effluent gestions

For establishing/extension of a fishfarm 1t is necessary to obtain
permissions according to several laws and from different authorities.
The "main" law is the Law of fishbreeding.This law reads that
permission cannot be granted if there is a risk of water pollution,
spreading of fish diseases or if the welfare of the community
requires so.Other important laws are the Pollution act and the Fish
disease act concerning freshwater fish.

If one wants to change/regulate the waterlevel in a lake or change
the waterflow in a river you need a permission according to the
Watercourse act.

It is the County Governor's environmental protection department in
each of Norway's 18 counties who gives permissions to fishfarms
according to the Pollution act.He also evaluates the impact on
wildlife and freshwater fish, recreation areas and nature
conservation.The County Governor is in these matters responsible to
the Ministry of Environment.

The Norwegian State Pollution Contrcl Authority {SPCA) works with
technical matters and gives advice to the Ministry of Environment
and the County Governors.

The establishing/extension of fishfarms discharging to freshwater
recipients is very restricted in Norway.In many areas it is
practically impossible.The main reasons to this are in the fields of
pollution and the impact on wild fish (salmonides).

Fishfarming -using fodder- causes a considerable loading of organic
matter,nutrients and in some cases therapeutic agents.The
possibilities to reduce the loadings from fish farms are in practice
still small.The authorities in Norway seek in general to reduce the
poliution impacts on the watercourses as much as possible and have
carried out a program for reducing outlets from industry and
communities.Establishing a fish farm will contribute to the total
poliutional load on the watercourse and counteract the effect of the
acticns already done to reduce pollution.The following example
i1lustrate this:

A fish farm is established in a watercourse where the general aim of
the authorities is to reduce P-contrbution to a certain level not
obtained yet.With a production of 10 tons of fish a year the farm
will contribute with at least 100 kg P/year.It is possible to
compensate this extra contribution by improving municipal treatment
plants and sewage systems.This will in many areas demand an
investment of 1-2 mill NOK and a cost of 0,2-0,4 mill NOK pr year.
Community expenses will be as much as 20-40 NOK (3-6 $) pr kg fish
produced.At the same time there are along the Norwegian coast in
calt water a great number of sites well suited for the farming of
salmonides without causing pollution problems.

Because of this,the pollution authorities have been restrictive in
regard to establish fisnfarms in or with outlet tc fresh water.

As mentioned before does the fishfarming of salmonides also have an
impact on wild species.The fish farm can spread diseases to the wild
fish,escaped fish can compete with wild fish or if spawning,cause
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"genetic" pollution.

As a result of this, fish farms in fresh water can only be
established in:

-water courses without any eutriphication problems and with large
recipient capacity.

-small lakes near the coast and without interests which can be
effected

and only in:

-water courses without a stock of wild salmonides of any importance.

1.3.Trends of development of fishfarming activities in Norway

- Further development of the cage technique towards more robust
constructions thus pemitting the farms to move to more open waters
with better exchange of water (and less pollution problems).

- Land-based fishfarms,both with and without recirculation.

- Closed constructions at sea utilizing deep water with more
guitable temperatures and less germs.

- Sea-ranching

- Fjord-ranching.The fishes which are kept in the free watervolume
are trained to take food by sound signals.

- Ecological manipulation of the environment outside the freshwater
farms to improve the breeding conditions inside the cages.

- Rearing of other species; halibut,cod,catfish, eel, turbot, crab,
mussels etc,in freshwater,crayfish.

- improving the technique of purification of effluents.
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2.1 )ADING OF SUSPENDID SOLIDS.

In the last 3-4 years there have not come reports showing values
differing much from the figures given in our report of March 83 to
EIFAC.

Most interesting is the development of a computer model by Anders
Stigebrandt,a Swedish oceanographer.The model is reported by the
Norwegian Institute for Water Research (NIVA) and will be tested
in 1987 and 1988.

The modell is based on the metabolism processe in fish and describes
the fish' appetite,feedmelting,respiration,growth and execretion as
a function of temperature and fish size.For a given feed

(fz t,carbohydrate and proteincontent can be varied) the modell

giies a.0.:

1. Oxygendemand

2. Loading of dissolved N and P

3. N and P in excrements

4, N and P in spillfeed

5. Ultimate Oxygen Demand (UOD) in excrements and spilied feed.

The modell is developed in particular for net cages,but can also be
used for landbased fishfarms.

Feed
. ‘ Fish
protelin
fat . .
fishwel £t Itemperatu:¥
carbchydra} prokein g
fat
. fbgrowth
—feedintake 4 wetabolism [— execretion
o}y‘é-e-n-e ‘ (NH4‘_p04,...
J 4
spilled feed excrements
| (UOD,N,P) (ucp, N, P)

fig 2. Outline of the fishmodell

Feed is eaten by the fish (feedintake) or settles (spillifeed).As the
fish grows,protein and fat are deposited.For metabolism the fish
uses oxygen which is taken from the water.The fish excretes NHA and
PC, (dissolved) to the water.Excrements and spilled feed with its
cohtent of UOD,N and P settles on the bottom.All these processes
vary with fish size and temperature.

The use of the modell is demonstrated in an example {appendix I)
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3.REMOVAL OF SOLIDS

In 1985-86 the Hordaland County Environmental Administration carried
out a study of current methods for treatment of discharge from fish
farms.The report called "Methods for reducing pollution from fish
farms" was published in december 86.It is a survey of the different
methods mainly used in Norway, Sweden,Finland and Denmark.

Exept for the technique of removal of sediment under fish-cages,most
of the development of the purification treatment technigues take
place outside Norway.The reason why our contribution is modest may
be the following:

Our long and diversified coast provides excellent possibilities for
aquaculture.This advantage means that the demand for location sites
can be met in seawater or in freshwater in the vicinity of the sea.
Our policy has therefor been more or less not to allow fishfarming
in inland waters where the pollution prcblems are greatest.When
choosing sites at the coast,great care has been taken to seek
locations in streamy water,with good exchange of water and
sufficient depth under the pens.The impact of pollution from fish
farms is thus reduced or often even eleminated.The consequence of
this has been a lack of incentive to dvelop techniques for
purification treatment of waste from fishfarms.However, something has
been done and the need for these techniques are nevertheless also
present in Norway too.

Returning to the report mentioned above,the summary says:

"The paper is a study of current methods of treatment for discharge
from fishfarms.The study is based on liteature,visits to fishfarms
and contact with specialists in the fishfarming business.

Most often the discharge is fresh and because of that will efficient
mechanical treatment reduce the discharge og organic matter and
nutrients in a very cost-efficient way.Traditional biological and
chemical treatment methods are too complicated and expensive for
traditional fish farms without recirculation.Controlled assimilation
of the discharge in limited parts of recipients would be o good
method from an ecological point of view.However,it is too
complicated yet.

Sludge disposal is still an unsolved problem.This will prevent an
effective overall solution at least for some years.We have little
experience with the methods described.Because of that it is
important to support the opinions given in the report with examples
of experience and development of new products.”

The authorities advices or demands to a fish-farm applicant will be:
a. Find a location site where you won't have pollution problems.

b. Minimize feeding waste and/or instal devices for removal of
sclids

As to b. the following techniques are for the time being available
in Norway:
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1. Sludge pocket under the pens
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f:g 3. Sludge pocket under a fish pen

Manner of operation

Spillfeed and excremants sediment in the pocket which is placed
under the pen.Sludge is pumped away with intervals varying from 15
minutes to once a d?y.With sludgeremoval once a day,a farm with a
penvolume of 8000 m” {(ca 250 tons fish/year) had ta handle 15-20 m’
siudge a day.The dry matter content varies from 0.1 - 10 %,depending
on the frequency of sludgeremoval.The ccst is about 300.000 NOK
(50.000 $§) for a 8000 m> farm.

Advantages: - Simple system

Draw-backs: - Expensive method and poor purification efficiency when
—————————— the sludge has to bs treated.Today there exist no
realistic methods for treating the sliudge.

Conclusion: - Little experience yet.Usefull when the siudge can be
—————————— disposed wihout tresatment, f.ex pumping to a good
recipient nearby.



2. Filtration.

Triangle-filter

A kind of sieve cloth filter developed in Sweden.Tried out in
Saltviken Fiskodling in Barsebeck in Sweden.The last year some
filters have been installed in Norway.The operation experience so
far is good.

. #A O~ WASHING DEVICE
' P

B

“fi\l-iETT QUTLEE, CQUTLET,VATER
,SLUDGE

 FILTERPLATE

fig 4. The triangle filter

Manner of operation:

The water is led upwards in the rear of the construction,over a
tilted filter-cloth where particles greater than the openings of the
pores (f.inst. 60 uym) will settle.The particles will slide off due
to a washing device and gravitation and are collected in a sludge
pocket.

The purification efficiency during the tests in Sweden was about
80-95 & for SS and 70-80 % for tot-P.The content of dry matter in
the sludge was 0,8-1%.

The price of a filterunit with a capacity of 2.400 1/min was about
6.000 $ in 1984,

Advantages : - High purification efficiency as to removal of
---------- particles,organic matter and phosphorus.

- Cheap when compared to its hydraulic capacity.
Draw-backs : - The pumping system washing the filters may break,
(1984) daily supervision is required
---------- - The particles should not be smashed before reaching

the filter.The water way should not exceed 30 m and
no hydraulic jumps.

- Dewatering the sludge is necessary.

- Algae growth on the filter cloth (clogging).

Conclusion : - Very promising

- —— - —
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3. Swirl Concentrator/separator

This device has been used and tested especially in Denmark and
Finland.There are different versions.In Norway Aqua-Care A/S in
Bergen, is producing the one depicted in fig 5.

fig 5. The Swirl Separater

Manner of operaticn:

The water is ied in a tangential direction into the bottom of a
cylinder and drawn off at the top.As the water circulates in the
cylinder,the velocity decreases radially towards the center where
the particies are permitted to sediment and can be sucked off from
the center at the bottom.

The purification efficiency is about 60-80 % for SS and 30-50% for
tot-P.

Advantages: - Perhaps the cheapest device, considering its hydraulic
---------- capacity

- None moving parts
Draw-backs: - Very dependant on a gentle water stream (no hydraulic

—————————— jumps)
- Moderats purification efficiency

- Algae growth,must be cleaned 1-2 times each week

Conclusion: - Promising, further development needed.

- ———
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4, SLUDGE DISPOSAL/UTILISATION

The number of treatment units for fishfarm effluents beling very
limited yet there has not been established a system for the handli:g
of the sludge.The biggest problem is the very low content of dry
matter in the sludge from most treatment systems.This will most
often make it necessary with expensive dewatering treatment of the
sludge.

As soon as this problem is solved, the sludge can be used as a
fertilizer, eventually after being stabilized by a composting
process.A research project on the matter of composting waste from
fishfarming will be ready in early 1988.The possibility of the use
of sludge in the compost process will be looked on.

5. CURRENT RESEARCH AND RESEARCH NEEDS

5.1. Current research

The following items are under research and reports will be ready
from 1988:

-Antibiotics
-degradation in sediments
effects of antibiotics on biological activity and microflora
in sediments
-development of resistant bacteria living in fish, sediments
and water
-antibiotics/degradationproducts in wild fish and shell

-Waste from fishfarming, that means dead fish,waste from slaughtering
algaegrowth on pens

-Chemicals used in fishfarming
-Effects of fishfarming in salt water

-Computer modell for loadings from fishfarms

5.2. Research needs

The environmental effects of fishfarming will be integrated in each
field of a large researchprogram which is planned for the coming
years.These fields are:

-Production plant and maintainance conditions
(environment, pollution)

-Feed/feedresources (environment,pollution)
-Disease/health, therapeutic agents environment
-Breeding/genetics

-New species
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-Sea/fjord-ranching
-Economy,production,distribution,market

Especially important from an environmental point of view are the
following topics:

-Antibiotics and chemicals

-Better feed/feeding

-Development of better purification treatment

systems, standards for these and rutines for operation
-Develcpment of recipientsurveyprograms
-Eutriphicationmcdells for marine recipients
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REPORT ON SUSPENDED SOLIDS FROM LAND-BASED FISH FARKS
IN SWEDEN

Sten-Ake Carlsson
National Environmental Protection Board
Technical Department
Water Protection Division
Box 1302
5-171 25 Scolna
Sweden

INTRODUCTION

Sweden has today approximately 1000 fish farms and 600 of these
are land-based and 400 net-cage cultures.

The total production of fish 1986 was 3000-4000 tons.

The main production is rainbow trout with an average weight of
1-3 kg and they are cultured in net cages.

Most of the land-based fish farms are very small with a produc-
tion of less than 10 tons per year in average.

The main purposes of fish cultivation in land-based farms are

A,

B.

C.

D.

for production of fish fry to reinforce the natural supply,
to offset damage to natural fish populations caused by con-
struction of hydroelectric power stations and similar
installations,

to introduce new species,

to produce fry for aquaculture.

Permits for fish farms are given by the National Board of
Fisheries accerding to the Fisheries act and by County Councils
according to the Environmental Protection Act.
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The Fisheries Act concerns mainly the prevention of an introduc-
tion of new species into areas where natural stock is considered
of special value. According to this act it is also important to

prevent the introduction of diseases to valuable natural stocks.

The Environmental Protection Act requires a policy of prevention
of interference with the environment as far as is practically and
economically feasible. Any assessment of what is practically and
economically feasible is based on an individual evaluation of
each case performed by the County Council.

Localization of a fish farm is based upon an area utilization
plan of the local water resources. The size of the fish farm is
limited by the capacity of the receiving body of water to accept
nutrients without damage to the environment.

The reaction of lakes to an increased input of phosphorus will
depend on the annual nutrient salt load and the hydraulic load.
The nutrient salt lcad is expressed in terms of the quantity of
phosphorus per surface area unit: the hydraulic load is expressed
in terms of catchment runoff per surface area unit. A diagram has
been drawn up using these figures and based on the relationship
identified between dose and responsein different types of lakes.
Using the diagram, it is possible to make an assessment of the
effect of different levels of phosphorus load on a specific lake
as shown in Figure 1, The limits between different levels of load
set out in the diagram represent the dividing line between loads
that will result in nutrient-deficient {oligotrophic) lakes and
loads that cause nutrient-rich (eutrophic) lakes. This diagram
can be used to obtain an approximate estimate of the existing
margins in a lake to accept an increased phosphorus load. See the
example in Figure 1.

It is inadvisable to locate fish farming cages in eutrophic
lakes, as they may worsen the situation in the lake, e.g. algal
growth.

The phosphorus input to running water from a fish farm should not
be allowed to exceed 50 % of the natural background content of
the waterway.

2. LOADING OF SUSPENDED SOLIDS

Because of the Swedish policy of using nutrient input, in fresh
water phosphorus input, as a limiting factor for fish farm
localization the Swedish research on environmental impact from
fish farm effluents has not been focused on suspended solids.
This fact makes data on suspended scolids scarce.
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Fig. 1. Diagram for assessing the threat of eutrophication.

The following computations illustrate how the diagram should be
used:

Lake area (A} is 45 hectares.
Ccatchment area runoff (Q) = 2.4 million m3/year.

Hydraulic load O = 5,3 m the input value on the x-—axis.
A

Phosphorus content of catchment runoff (Pg) = 9.4 ug/1.

Natural background load Pt X Q = 0.05 g/mZ/year.
A

Amount of phosphorus discharged from farming 3 tonnes of fish
{(P,) = 15 kg P/tonne fish x 3 = 45 kg.

The load from an output of 3 tonnes of fish and the background
load are 0.10 + 0.05 = 0.15 g/m2 year, which is the input value

on the y-axis.

This example shows that the lake is capable of supporting a
farming output of 3 tonnes of fish, although this will eat up the

entire existing load margin.
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3 REMOVAL OF SOLIDS

During the last years there has been an active development of
equipment going on for effluent water treatment at landbased fish
farms. The technical development has been focused upon different
types of filtering equipment that has produced excellent results
referring to removal of both suspended solids (85-90 % removal)
and phoshporus (60-80 % removal).

The experience from different farms shows that a short retention
time in the farm is very important for an efficient removal of
phosphorus. This depends on that phosphorus, mainly bound to
suspended solids, easily dissolves into the water and that this
process depends on water temperature and the composition of the
fish-food. Recent research shows that the mobility of phosphorus
in fish-foods and fecal faeces from rainbow trout varies greatly
in magnitude between different fish-foods. The easy soluble part
of phosphorus in fecal faeces varies between 16~-51 % which shows
the importance of the composition of fish feeds for the total
result in the effort to reduce the nutrient load on the receiving
body of water,

The food coefficient (f.c.) is also important to know in an
evaluation of the treatment efficiency. The degree of treatment
of nitrogen compounds indicates the f.c. In fish foods nitrogen
is bound in organic fractions. Excreation of nitrogen compounds
from fish consists of 60-80 % of the dissolved fractions of
nitrogen. This fact makes a nitrogen removal of more than 10-25 %
an indication of overfeeding and of an overestimated reduction of
suspended solids and phosphorus. Consequently, a good treatment
efficiency due to a high f.c. leads to a higher phosphorus input
to the receiving body of water.

Time controlled feeding gives an intermittent load to the
equipment for water treatment. This puts special demands on the
sampling-techniques used in research.

4 SLUDGE UTILIZATION

The use of filtering techniques gives a sludge with a content of
dry matter that varies between less than 1 % up to 10-20 %
depending on filtering technology.

Sludge with a low dry matter content must be refiltered or
settled and treated with chemical precipitation.
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The nutrient content of the sludge varies between 19-35 ¢ N/kg
dry matter and 13-23 g P/kg dry matter depending on retention
time f.c. etc in the fishfarm,

The sludge is spread on land and used as fertilizer for agri-
cultural purposes.

5 CURRENT RESEARCH AFD RESEARCH NEEDS

In Sweden no research is done or will be done in the near future
within the field of environmental impact specific to land-based
fish farms. On the other hand extensive general research is going
on concerning dose and response of nutrients in fresh water and
the marine environment. Technical development and evaluation of
new effluent treatment techniques for fish culture will continue.

6 LITTERATURE ON LAND~BASED FISH FARHS

Federley B., editor, 1985, Aguaculture - Environmental impact, in
Nordic languages.

TYugofdrsta Nordiska symposiet om Vattenforskning. Os
1985~05-07--09. Miljdvldrdsserien publikation 1985:2, Nordforsk
milidvArdssekretariatet, Helsinki, Suomi.

Johansson M., 1986.

Investigation of water chemistry of the land-based fish farms in
Anten and Alvkarleby {in Swedish). National Environmental
Protection Board Report 3183, 55 pp.

Petterson K., 1988,

The mobility of phosphorus in fish-foods and fecal faeces from
rainbow trout (Abbreviated version in English). Ver.int, Verein.
limnol. 23:xx-xx (preprint).

Persson G., 1987.

Production and pollution in the rearing of large rainbow trout
(Salmo Gairdnesis). (In Swedish. To be published in English,)
National Environmental Protection Board Report 3382, 76 pp.
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REPORT ON SUSPENDED SOLIDS FROM LAND-BASED FISH FARMS
IN THE UNITED KINGDOM

.J F De L G Solbé
Water Research Centre
Medmenham Laboratory

Henley Road
Medmenhan
PO Box 16, Marlow
Buckinghamshire
United Kingdom SL7 2HD

1. INTRODUCTION
1.1 Production levels

Production by United Kingdom fish farms continues to increase,
particularly of salmon in cages moored in inlets from the sea
{'sea lochs’) in Scotland and its offshore islands. Rainbow
trout production was estimated to be 10 000 tonnes in 1986,
according to the Ministry of Agriculture, Fisheries and Food
({MAFF). This is virtually the same production as reported by
Lewis (1984). The Scottish contribution to this 1982 figure was
1918 t but it had risen to 2082 t by 1984 (Department of
Agriculture and Fisheries for Scotland 1985). Of the 2082 t 45%
were produced in freshwater cages (at 17 sites) and only 4% in
seawater cages (at 8 sites).

Salmon production in 1984 was 3912 t, mostly in cages, at 46
freshwater and 83 seawater sites (Banks 1985). 1In 1986 MAFF
estimate that 10 500 tonnes of salmon were produced. With just
500 tonnes of sea trout and sea-based rainbow trout and 250
tonnes of brown trout this gives the 1986 estimated total
farm-production of salmonid fish of 21 250 tonnes.

The 1987 forecast for Great Britain {to which perhaps 500 t of
rainbow trout for Northern Ireland should be added) is 14 000 t
of salmon, 950 t of large trout and 11 750 t of portion-sized
trout (Federation Européene de la Salmoniculture 1987), a total
of 26 700 t.

1.2 Conditions of consents to discharge fish-farm effluents

Details vary from country to country within the United Kingdom
but under the general framework of environmental protection
legislation a consent to discharge a fish farm effluent may be
issued.

The consent conditions may include specific maximum values or
maximum changes permitted for the following:

Biochemical oxygen demand pH

{nitrification suppressed) Colour
Total suspended solids Free chlorine
Total ammonia Cationic detergent
Turbidity Formaldehyde
Malachite Green Phenolic compounds

Copper compounds
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Often the consent requires that the following should be absent:

Antibiotics Visible 0il Fungal growth in the
receiving water

Dissolved oxygen minima may also be specified. There are other
requirements concerning abstraction rates and the screening of

infiuent and effluent streams to prevent the entry of wild fish
or the escape of farm fish.

1.3 Advice to fish farmers

The National Farmers’ Union of England and Wales, in consultation
with the Ministry of Agriculture, Fisheries and Food, the
Department of the Environment and representatives of the water
industry have prepared the following guidelines and codes of
practice for fish farmers:

NFU Code of Good Husbandry for Farmers Rearing
Fish fcr the Table and Restocking Markets

Guidelines for the Safe Use of Chemicals on
Fish Farms

A quarterly newsletter, 'Trout News’, began publication in 1987.
It is produced by the MAFF Directorate of Fisheries Research at
Lowestoft and contains articles, letters and news relevant to the
British trout farming industry.

This brief report addresses the main item of business on the
agenda of the EIFAC Working Party ’'suspended solids from
land-based farms' but the Appendices include nctes relevant to
other agenda items.

2. LOADING OF SUSPENDED SOLIDS

No information on the nature of suspended solids in relation to
the different types of fish-farming activities is presented here.

In & previous survey of fish-farm effluents in the United Kingdom
{Sclbé 1982) data were gathered and presented to EIFAC. A
questionnaire survey of up to 69% of the UK's fish farms in fresh
water was undertaken. The results are summarised below and
compared with data collected in 1987 for the years following the
guestionnaire survey.

Information was collected on the concentrations of suspended
solids in water supply, effluent and receiving water. With an
estimate of the water-flow through the farm and the rate of
production of £ish on the farm it is possible to calculate
approximate values for:

mass net output of solids and
cutput of solids per tonne of fish produced.

These data are set out in Table A2.1.
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The sampling regime employed seems to be reasconably comparable
nationally. Samples were generally taken in "working hours’ (the
time being recorded) at the inlet and outlet within a few minutes
of one another. Samples were filtered (GF/C papers typically)
and dried at 105 ©cC.

Although the sample sizes Qiffer it is possible to draw tentat1ve
conclusions from a comparison of data from the two periods.

(i) Most fish farms continue to discharge effluents containing
4-18 mg solids/litre although the average nett increase in
concentration is only 2.2 mg/1.

(ii) Maximum concentrations of solids observed in effluents
continue, in rare instances, to be extremely high. The
ratio maximum conc : average conc was less than 4 in 31 of

the 47 farms in the 1987 data set but exceeded & in seven
farms.

Table A2.1 Suspended solids from land-based fish farms

1980 1981-1987
Geometric mean and (range)
of average concentrations in
effluent (mg/1) 6.3 (0-47) 8.5 (1.8-22)
68 farms 47 farms
Geometric mean and {(range) of
maximum concentrations in
effluent (mg/l) 20.6 (3-333) 28.3 (5-282)
54 farms 47 farms
Increase in concentration
in rivers downstream of
farm (mg/1) 2.1 5.0
58 farms 12 farms
Mean and (range) of average
increase as water passed through
farm (mg/l) 4.4 (-16-31) 2.2 (-19-11)
64 farms 54 farms
1980 1981-1987
Average nett mass outflow
from farms {tonnes/year) 73.4 52.4
36 farms 20 farms
Average production of fish
in farms giving nett mass
outflow data (tonnes//year) 54.2 96.1
Nett mass outflow per tonne
of fish produced {tonnes) 1.356 0.55

{(iii) In the twelve farms for which such data were available,
concentrations of solids in the rivers downstream showed
changes ranging from a decrease of 7 mg/l to an increase of
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28 mg/l but the average change was an increase of 5 mg/1,
much higher than in 1980 (but see iv).

{iv) The encouraging news is that average nett mass outflows per
tonne of fish seem to have markedly decreased. 1In 1980 for
36 farms the figure was 1350 kg dry solids discharged per
tonne of fish produced while in 1987, for 20 farms, the
corresponding fiqure was 546 kg. There could be many
criticisms of conclusions drawn from these figures - the
farms used were not necessarily part of both surveys (the
data are anonymous so there is no way of checking); fish
production levels may have been pessimistically quoted in
1980 and/or optimistically in 1987 (properly validated
production figures seem to be difficult, if not impossible,
to find nationally); sampling of the water passing through
the farms is prone to a number of errors.

One particular point was noted in one case - that the samples,
'grabbed' from the mid-stream near-surface flow, may have missed
the solids that had already settled lower in the water column and
were moving along the bed of the effluent channel. If this was a
significant occurrence it could lead to an under-estimate of
solids discharged from fish farms. There is also a general
awareness of the depsndence of suspended solids ccncentrations on
the particular activity on the farm at the time of sampling.

However, the trend is in the right direction and the efforts of
fish food manufacturers and fish farmers to use less polluting
foods may be meeting with some success.

3. REMOVAL OF SOLIDS

The majority of UK fish farms do not yet seem to be eguipped with
effluent treatment systems. 1In 1980 about 17 per cent of farms
used settlement ponds. In four farms monitoring data were
available, and these showed reductions of 0.5 mg BOD/1, 2-7 mg
suspended solids/1 and 0.905-C.19 mg NH,-N/1 £rom the use of
ponds. In the 1987 survey one farm equipped with a settlement
lagoon discharged only 166 kg/t cf fish produced compared with
the national average of 546 kg/t.

From the 1980 survey data it was estimated from the regression
30D on SS that 13% of the weight of suspended solids might be
2xpressed as BOD. Simply calculating the nett outflow
roncentrations of other characteristics as percentages of nett
zolids outflow gave the following

BOD 37% of weight of solids

NH, 6%
NO, 6%
P 0.7%

but these weights will contain dissolved material.

More recently Phillips et al (1986) made an 85 day study of a

rainbow trout cage unit. For each tonne of fish produced 292 kg
of dry matter was trapped below the cage and this waste contained
96 kg C, 10.5 kg N and 10.3 kg P. In addition, the waste soluble
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carbon, nitrogen and phosphorus per tonne of fish weighed 305, 64
and 9.8 kg respectively. The solids were therefore a more
important source of phosphorus (51.2% of the phosphorus lost was
in solid form). The phosphorus in solid form accounted for 3.5%
of the total weight of dry solids, rather more than the 0.7%
suggested by the questionnaire survey data of 1980.

4. SLUDGE UTILISATION

No information is available for the UK at present but the
practice of utilising sewage sludge on agricultural land (at no
cost to the farmer) is widespread and experiments on its use in
forestry are under way. The 10 000 tonnes of land-based
fish-farm production appears capable of producing 5000 to 13 000
tonnes of dry solid (perhaps 100 000 to 260 000 tonnes of wet
sludge) annually and there may be useful outlets near fish farms.
It does not seem likely that wet sludge would become a saleable
commodity in the UK,

5. CURRENT RESEARCH AND RESEARCH NEEDS

Research appropriate to the management of land-based fish farms
is carried out by Government Departments (MAFF and DAFS),
Universities, Agricultural Colleges and the water industry.
Topics covered include: fish breeding and the production of
mono-sex stock; diet; diseases, their treatment and preventionj;
effluent treatment and pollution prevention. It should be
possible to collate these various studies to give a national
picture.

6. RELEVANT LITERATURE
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CONTRIBUTION ON SUSPENDED SOLIDS FROM LAND-BASED FISH-FARMS I
VOGOSLAVIA

Ljubica Debeijak
Faculty of Agricultural Sciences, University of Zagreb
institute for Animai Husbandry and Diary Science
YU-41000 Zagreb
P.0. Box 5196
Simunska 25

1 INTRODUCTION
1.1. Production Figures on Fish Farming

According to available statistics there are about 27,025 ha of carps’ and 25 ha of
aalmenids’ fish-pohds in Yogoslavia today. The follewing species of fich are reared in
rarps’ fish-pond:

Carp {Cyprinus carpio L. 1758)

Grass carp (Ctenopharingodon ideila Val. i844)
Carp fish {Hypophlaimichitys molitriz Va. 1844)
Bighead {Aristichtys nobilis Rich. 1844)

Tench (Tinca tinca L. 1758)

Cat-fish (Silurus gtanis L. 1758)

Pike (Esox lucius L. 1758)

According to statistical data for 1985, the participation of separate species was:
carp about 70 3, plant-eating fish (grass carp, carp fish and bighead) about 26 & and
sther (lench, cat-fish, pike, pikeparch etc.} about 4 &.

Total production of fish on inland fish farms for 1985 was about 32,484 tons. Annusl
total production of fish on 26 greater carps’ fish farms wes approx. 29,084 lons
which includes approx. 23,270 tons (80 &) of market fish and fingerling of approx.
5,617 tons (20 B).

There are no exact statistical data for existing areas of salmonids’ fish farms. It is
congidered that there are 46 grester saimonids’ fish farms occupying the area of 25
ha with the totel production of about 3,40C tons of domesticete rainbow trout
(Salmo irrideaus Gibb) (Bojcic, Bunjevac, 1982
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|.2. General Legislation and Government Policy in Effluent Questions

Existing requlation of socio-economic relations within Water Authorities is nol
settled adequately The influence of the Federation exists only trough the Act of
waters which concerns common waters only, satisfying interests and nesds of
several republics and provinces which share the same waters.

Each republic has its own book of rules for contro! of level and kind of waste waters’
pollution. However, the probtems of effluents from fresh-water fish farms have not
been legally regulated yet.

New statutory resolutions, which are in preparation, will recognize the problem of
water quality protection in connection with water management, technological and
legislative proportions {Dordevic, 1966). The New Act on Water will anticipate river
basins on which a uniform management on waters will be established. If the
principle of integrity within Water Authorities is realized, together with other legal
requlations, common programmes of protection against water pollution include
fresh-water fish-farms, too. An initiative has commenced that in water poliution
generally, a part of effluents from fish-farms must be determined.

1.3. Tends of Development in Fish-farming Activities

The development programme for fresh-water fishery in Yugoslavia up to the uear
1990 foresses considerable increase in the productien of fish in fish-ponds (Tables 1
and 2). It will be achieved by reconstruction of old, sub-standard fish-ponds, end by
increasing the amount of such species as salmon, cat-fish, pike, pikeperch and tench
and by the introduction of new technologies for rearing eels and steriets
(Development Programme up to 1990).

Tablel. Scheme of fish production in carps’ fish-ponds

[ el o S e S P e e Al i S [ e S o e e A, o T ot S e ot S S S W T "

Stated in 1985 Planned for 1990
Area(ha) kg/ha total (tn) Area(ha) kg/ha total (tn)
27,025 1,076 29,084 30,500 1,580 48,200

. A . B Bk mary o P = T P T T S P N e i M A e i e M S e A Y W S EE S e e = A S A A S P —

2. LOADING OF SUSPENDED 50L1DS

When talking about carps’ fish-ponds, there is & wide range of sizes and types in
Yugoslavia. Areas of single fish-ponds for the production of market fish varies from
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several dozen to several hundred hectars. In such fish-ponds semi-iniensive
technology is carried out.

Table 2. Scheme of fish production in salmonids’ fish-ponds

e Bt e . L o T S o A S e e S A M S M W MM MY S P T T T T TE M R P e e e o o o o o P e o o o o e o o o

Stated in 1985 Planned for 1990
Area (ha) kg/ha totat {tn; Area (ha)  kg/ha total (tn)
25 136,000 3,400 39 193,000 7,525

Fingerlings &re grown in ponds which vary in size from saveral hundred sq. m.up t &
hundred hectars. Fish-farms have close cycle production as they produce market fish
and fingeriings for their own needs.

Intensive production in small carps’ fish-ponds was introduced a couple of years ago.

But such high production technology ts being applied in the area of several dozen
hectars oniy.

Salamonids’ fish-farms can be distinguished with regards to construction, largeness
and production assignment. Rearing cf salmonids is carried out in earth, concrete or
plastic ponds and other kinds of basins, which vary in size from several sq.m. to
several hundred sq.m. Besides small satmonid fish-ponds which use a semiintensive
type of production and are mainly specialized for market fish production, the
majority of them were constructed using up-to-date technology for rearing both
fingeriings and market fish.

During the reering process a certain amount of supplementery fish food and fertilizer
ie added to the water. In carps’ fish-ponds cersals (maize S8 &, wheat 10 %, rye 0.04
%, bariey 19 B) and fodder mixture are used as fish food. The total amount of fish

food used during the year 1985 was g&s follows: cereals 60,564 tons and fodder
mixture 8,259 tons (Turk, 1986).

The amount of fish food usad in salmenids’ fish~-ponds during the 1985 was approx.
8,527 tons. This was mainly industriai food with 5 - 10 % of fresh sea fish.

According to the above statistical data it fotlows that during the yesr 1985 the
quantity of supplementary fish food added to carps’ fish-ponds was approy. 2.24

tons/ha or 2.08/kg fish of cereels and approx 0.30 tons/he or 0.28 kg/kg fish of
foddar mixture.
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Te quantity of fish-food added to salmonids’ fish-ponds was approx. 341 tons/ha or
spprox 2.51 ka/kg of fish,

iManual fish feeding s carried out, except on several dozen hectars of carps’ ponds
yhere an intensive technology {s applied. On such small areas semimechanical and
mechanical fish feeding is carried out.

The total amount of fertilizers used in carps’ fish-ponds is approx. 8,240 tons: 5,115
tong (80 %) of mineral fertilizers and 1,211 tons (20 %) of orgenic fertilizers. During
1985 the following amount of mineral fertilizers were used: nitric fertilizer 462
tons; phosphate fertilized 378 tons; lime 4,275 tons. On average it is approx. 176
kg/ha of mineral fertilizers and approx. 45 kg/ha of organic fertilizers.

Up to now, the production of suspended solids in fresh-water fish-ponds in
Yugoslavia has not been analyzed. Analytical methods for deterinination of suspended
solids in other waters are as follows:

Totel solids

Ignite an evaporating dish in a muffle furnace at 105°C for 90 minutes. Cool the dish
tn o desiccator and weigh it. Take 100 ml of the water sample and pour into & tarred
evaporating dish. Place in an oven at 90°C. Firs, evaporate to dryness and then
increase the temperature to 103°C for an hour. Cool the dish with residue in
desiccator and weigh. The following equation 1s used to calcuiate the total solids:

Totel solids inmg/1 = __(B-A) % 1000
sample volume in mi

B = the weight in mitligrams of the evaporating dish with residue
A = the weight in milligrams of the evaporating dish

Total volatile solids

Ignite the evaporating dish and residue from the total solids analysis in 8 muffle
furnace at 550 C for 30 minutes. After that, cool it in & desiccator and weigh. The
tolal volatile solids concentration is calculated by means of the following equation:

Total volatile solids inmg/1 = __(B~C) % 1000
sample volume in ml

B = the weight in milligrams of the evaporating dish with residue before ignition
C = the weight in milligrams of the evaporating dish with residue after ignition
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The procedyre for total dissolved solids and total volatite dissnived solids is the
same as for total solids and total volatile solids, but the water sampie must be
filtered through a glass or paper filter before anaiysis (Methods, 1966).

3. REMOYVAL OF SOLIDS

Up to now, systematic measurement of quality and quantity of sedimented and
suspended solids in fresh-water fish-ponds has not beeh carried out. None of the

rnethods for reducing and outflowing sedimented and suspended solids have been
ipplied.

4. SLUDGE UTILIZATION

In spite of ail suggestions for the removal of sludge from fish-ponds and the
possibilities for its use in sgricullure, none have been realized yet. There are many

reasong for this which apart from the lack of adequate machinery for such methods,
are mainly finsncial.

5. CURRENT RESEARCH AND RESEARCH NEEDS

wWater guality in fresh~-water fish-ponds is checked by means of physical, chemicat,
biological and technological indices defined from water samples and samples taken
from the bottom of the pond, The fellowing chemical and biological peremeters are
reqularly checked as part of the technologicel process: dissoived gases, minerals,
consumption of oxygen from KMnO4 and quelitative end quentitative composition of
bincenozes. These analyses sre carrted out in order to determine favoursble
conditions of inflowing waters in fresh-water fish production. They aiso help to

establish endogenous and antropogenous alternations in different fish-pond
categories.

As the water quality is gradualiy becoming worse, {rom how on fish-ponds effluents
rmust be taken inio consideration. The increase in fish production will gradually bring
bigger water quaiity changes. To determine the levei of physical snd chemical water
changes in fish-ponds and their impact on other ecosystems, systematic research by
8 team of experts must be carried out.

At the moment, we do not have approved research progirammes, but according to the
methods for effluent evaiuation in other weters (Mitoradov, 1986) the same three
basic parameters wil! be used. They are as follows:

- suspended sollds
- oxidization matters
- toxity
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These three parameters were suggested at | Congress on Waters on Yugoslavie
{Dular, 1986).

For the determination of suspended solids gravimetric analysis will be used.

Oxidization matters will be determined with the chemical consumption of oxygen in
the stirred water sample.

For carrying out toxity tests Salmo Gairdneri is proposed but it will be necessary to
take other species typical of warm water basins too.
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Appendix

standardization of Methodology in
Fish-farm Effluent Research and Monitoring

submitted by S.A. Carlsson

1. Introduction

At the ad hoc meeting of the EIFAC Working Party on Fish-farm Effluents,
Aarhus, Denmark, in May 1984, it was stated during the discussions that there
is an obvious need for a recommended standard methodology for investigations
of fish-farm effluents to make research results more comparable.

Much of the existing literature on fish-farm effluents is less useful
than it might be because of the lack of basic data. This often gives reperts
a limited value as basis for, for instance, development of equipment for
effluent water treatment.

2. General Considerations and Recommendations

2.1 Basic Data

2.1.1 wWorking hypothesis should be clearly stated
2.1.2 Layout and brief data on the fish farm
2.1.3 Technical description of ponds and basins

Construction of basins and tanks, etc. Tubing. Retention time.
Treatment of inflowing water.

2.1.4 Sampling sites

Location of the site and date of sampling. Examples of locations: (i)
infiow; (ii} inflow after water treatment; (iii) flow before effluent water
treatment; (iv) effiuent flow. The sampling sites should be carefully chosen
so that the samples will be representative. Observe that there is often a
transport of solids over the bottom of the tubes of channels.

2.1.5 Data on fish

Species, age, size and number/amount of fish at each sampling site.
Stocking density (expressed both as weight/volume and number of fish/volume).
Annual production -and maximum stocking density of the farm.

2.1.6 Fish focd

Type and quantity, composition, content of phosphorus, nitrogen energy
and metabolizable energy, food handling, e.g. dust removal. Feeding methods,
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schedule and frequency. EIFAC Technical Report T36, Report of the EIFAC/IUNS
and ICES Working Group on Standardization of the Methodology in Fish
Nutrition Research provides methods of analysis of fish food, if required.

2.1.7 Farm management
Frequency and timing of the last cleaning of the ponds or basins.
2.1.8 Diseases and unexpected situations

Data on diseases and treatment of diseases. Unexpected situations; for
instance, if supersaturation is indicated, the total gas pressure should be
noted.

2.2 Sampling Methods

Water samples should be taken at intervals and over a suitable period of
time to provide data appropriate to the research or monitoring hypothesis. .

Samples could, for example, be taken continually over a period of 24,
48, 72, etc., hours with an automatic sampler at 10-20 minutes intervals with
a minimum sampling volume of 100 ml. If the sample is taken through a tube,
the diameter should not influence the representativeness of the sample, i.e.
the tube should not be smaller than 19 mm (3/4"). Water samples could also
be taken manually with a grab-sampler from which a sub-sample is collected.
Samples for analysis can, for example, be taken twice each 24-hour period to
represent the feeding and non-feeding period.

The handling of the collected samples is also very important. Suspended
solids from fish farms are biologically very active, which means that the
sample should be cooled (<4 C) or preserved properly.

2.3 Determinations and Methods of Analysis
2.3.1 Parameters

The samples could be analysed individually to determine the following
characteristics

pH
alkalinity
conductivity
BOD5 or BOD7
DO

nitrate (NO,-N)
ammonia (NH,-N)

total nitrodgen (tot-N)
phosphate (PO,-P)
total phosphoéus (tot-P)
suspended solids (SS)

BOD, total nitrogen and total phosphorus should also be analysed in a
filtered sample (membrane filter of 0,45 um). pH, alkalinity, conductivity,
BOD, suspended solids and ammonia should be analysed within 24 hours.
Samples for analysis of nitrate, total nitrogen, phosphate and total
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phosphorus should be preserved with sulphuric acid and cooled to less than
4°C. Filtered samples should be preserved after filtering.

Waterflow and temperature should be determined for each sampling site.
As water quality could be .influenced by climate, the weather conditions
should be recorded.

To obtain a nutrient budget of phosphorus or nitrogen, it is. also
important to study the nutrient content of fish food, effluent and removed
suspended solids. Such research can only be carried out in a farm with
self-cleaning production units and efficient effluent treatment techniques.
The reason for this is that suspended solids from fish farming are biologi-
cally very active and could cause rapid leaching of phosphorus from the
solids. This could make the interpretation of the data difficult.

2.3.2 Standardized analytical methods

They are to be used according to the manual "Standard Methods for, the
Examination of Water and Waste Water" (APHA/AWWA/WPCF, 1985). If those are
not used, for any reason, the applied method should be clearly stated.

Determination of pE

pH value 1is determined electrometrically at 25 + 2°C either with a glass
electrode and a reference electrode or with a combined electrode.

Determination of alkalinity

The determination is performed by titration with hydrochloric acid during
vaporization of carbon dioxide. The end point is determined by indicator or
pH meter at pH 5.4.

Determination of conductivity

Determination is carried out with a specific conductivity cell containing
platinized electrodes. If the instrument does not compensate for different
temperatures, the sample must be temperated to about 257C.

Determination of biochemical oxygen demand (BOD) - dilution method

The concentration of dissolved oxygen is determined immediately before and
after an incubation period of, wusually, 5 or 7 days at 20°C. The BOD value
is stated as the difference in concentration of dissolved oxygen. It is
necessary to use a nitrification inhibiter, i.e. allylthio-urea (ATU).

Determination of dissolved oxygen (DO}

The method is a modified Winkler titration. The addition of divalent
manganese solution to the water sample followed by an alkali-iodide-azide
reagent results at last in a brown precipitation of MnO(CH),. After
acidification with E.PO,, the precipitation is resolved; th% oxidized
manganese reverts to the divalent state and an equivalent amount of iodine is
liberated. The iodine is then titrated with a solution of thiosulfate.
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Determination of nitrate nitrogen (NOB—N)

When the sample is run through a column containing amalgamated cadmium
fillings, the nitrate is reduced to nitrite. The nitrite is determined by
diazotizing with sulfanilamide and coupling with N-(l-naphthyl)-ethylene-
diamine to form an azo dye which is measured colorimetrically. A correction
must be made for any nitrite initially present in the sample.

Determination of ammonia nitrogen (NH4—N)

Ammonia reacts in alkali solution with hypochlorite and mono~chlor amine is
formed. Mono-chlor amine and phenol form, in the presence of catalytic
amounts of nitro-prusside ions and an excess of hypochlorite, indophenol
blue., The amount of indophencl blue is measured colorimetrically.

Determination of total nitrogen (tot-N)

Organic and inorganic nitrogen compounds are digested in an alkali solution
of persulfate (K,S 08) in an autoclave. The oxidized nitrogen is reduced to
nitrite in a ca am reduction column. The nitrite is determined colorime~
trically in the same way as nitrate.

Determination of phosphate phosphorus (P04—P)

Orthophosphate reacts with ammonium molybdate and after reduction by ascorbic
acid, a blue coloured complex is formed. The intensity of the colour is pro-
portional to the phosphate concentration in the solution which is measured
colorimetrically.

Determination of total phosphorus (tot-P)

The sample is digested in a persulfate solution (KZS O,) in an autoclave.
The organic and inorganic phosphorus are converted to o%tﬂophosphate which is
measured colorimetrically.

Determination of suspended solids (SS)
The sample is filtered through a glass microfibre filter with a retention

efficiency of about 1 um (i.e. Whatman GF/A). After filtration, the filter
is dried at 105°C for 1 hour and then weighted.

Reference

APHA/RWWA/WPCF, 1985. Standard methods for the examination of water and
wastewater. 15th edition. Washington D.C., American Public Health
Association, 1268 pp
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