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A comparative evaluation of water quality in the existing semiclosed fish culture system

was made to improve the system management. From the comparison of water quality

between the flow-through mode and the recycle mode of the semiclosed system, the mal-

functioning of the settling channel deteriorated water quality and reduce the nitrification
rate in the recycle mode. The peak concentrations of COD, PO,~P and SS in the fish tanks
appeared just after feeding, and then decreased to normal levels within two hours.

However, the NH,-N concentration increased slightly after two hours of feeding in the

recycle mode. The water exchange rate was directly related to the water quality in the

semiclosed fish culture system.

introduction

The water quality in an aquaculture system is
directly related to productivity of the fish. Particu-
larly, residues after feeding and fecal organic mat-
ters become major sources that deteriorate water
quality in the system, Now a semiclosed system is
commonly used especially for flounder culture in
Korea, because it has the merits of the controlled
application of feed and programed water quality
monitoring, temperature control, disease prevention
and therapeutic treatment compared to a natural
culture system like a cage culture system.

The semiclosed cultrue system can be classified
into two types according to its operation mode. The
first one is the flow-through mode in which sea
water is pumped into tanks, used for rearing and
discharged into the sea. The other is the water re-
cycling mode. In which, the certain portion of the
effluent from fish tanks is treated in the water
treatment units and then returned to the fish tanks
for reuse. Therefore, the water quality control in
the semiclosed system can be achieved by water
treatment and water exchange.

The comparative evaluation of water quality in
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the both systems has not been made in Korea par-
ticularly for the flounder culture. It is interesting
to know whether there are differences in both sys-
tems in term of efficiency of water quality control.
The scientific data on the design of these system
is not available. Thus, fish farmers have designed
and operated the system based on their experien-
ces without scientific background in terms of the
cost-effective and water quality control.

The objectives of the present study are to eva-
luate the water quality in an existing semiclosed
system and to suggest countermeasures for the im-
provement of the system.

Materials and Methods

For the present study, one aquaculture system
was chosen to compare the water quality between
in both flow-through and recycle modes. The ove-
rall layout of the system is shown in Fig. 1.

In the flow-through mode, the fish tank volume
was 448 m® and influent flow was 76.3 m®/day.
Thus hydraulic retention time (HRT) became 14.1
hours that is equivalent to 1.7 cycles/day of the
water exchange rate.
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Fig. 1. The overall layout of aquacultural system(T: Fish tank; P: Pump; S: Settling channel; F: Submerged filter

unit; R: RBC unit; O: Outlet.)

The system of the recycle mode consists of a
fish tank, a settling channel, a rotating biological
contactor (RBC) and a submerged filter unit. The
squared fish tank had an effective volume of 44.8
m>. The RBC consists of the corrugated circular
plates having total surface area of 1,215 m® The
rectangular corrugated plates having nearly equal
amount of surface were placed in the submerged
filter unit. Total effective volume of the system ex-
cept the fish tank was 11.2 m°. The influent flow
rate was 93 m?/day. The HRT of the system was
14.5 hours which is 1.66 cycles/day of the overall
water exchange rate. The recycling flow rate from
the fish tank to the water treatment unit was 2,232
m®/day. Therefore, the hydraulic surface loading on
the RBC and the submerged filter unit was 1.83 m?®
/m? - day in both cases. About 2,500 flounders ha-
ving mean weight of 450 g were growing in the
both systems, and fishes were fed with the moist
pellets made of the mixture of raw fish (70%) and
dry feed (30%) twice a day at 7: 00 and 16: 00.
Sea water heated to 15C was pumped into the fish
tank during the present study.

Samples for water quality evaluation at the flow-
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through mode were taken at the inlet and outlet.
At the recycle mode, samples were taken at the in-
fluent and the effluent of the fish tank and the wa-
ter treatment units. Samples were taken with one
hour interval for 7 hours from 11: 00 to 18: 00, and
analyzed according to the standard method (APHA,
AWWA and WPCF, 1989). The water quality para-
meters examined were COD, SS, PO,~P, NH,N,
NO;-N and NOs;-N.

Results and Discussions

Water quality in the flow-through mode

The variation of the major water quality parame-
ters are shown in Fig. 2. In the influent the mean
csconcentrations of COD, suspended solids {SS), PO,
-P and total inorganic nitrogen (TIN) were 1.06,
0.96, 0.03 and 0.05 mg/l, respectively, most of which
are slightly higher than the ranges(1.0, 10.0, 0.007
and 0.05 mg/l) of the sea water quality standard
for marine life cultivation in Korea(Ministry of En-
vironment, 1992).

The COD concentration in the fish tank ranged
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from 1.9 to 2.6 mg/l before feeding as shown in
Fig. 2(A). Although 38 mg/l of COD was detected
during the feeding period, it decreased to 7 mg/l
about one hour later and seemed to gradually dec-
rease to normal COD level of 1.9~2.6 mg/ within
several hours. The suspended solids concentration

(mg/1)

cobD

in the tank ranged from 2 to 5 mg/l during non-
feeding period, while it rose rapidly up to 49 mg/l
during the feeding period and then decreased gra-
dually. Thus, this decrease of COD was due to set-
tlement of suspended solids to the bottom.

The PO,~P concentration in the effluent ranged
from 0.16 to 0.2 mg/, and it also rose up to 0.42
mg/l just after feeding. The NH4,-N concentration
did not change much even during feeding period.

(mg/1)

SS

The NHs~N concentration in the tank ranged from
0.40 to 0.56 mg/, being the average of 0.47 mg/l.
A similar trend was observed in TIN concentration.
The TIN concentration ranged from 0.5 to 0.66
mg/l and the average concentration was 0.56 mg/l.

(mg/1)

- The effluent concentration of the TIN was nearly
11 times higher than that in the influent as shown
in the Fig. 2(E).

The differences in concentrations of the water

PO4-P

quality parameters between the influent and the
effluent were probably due to the mineralization of
fecal matters and debris of feeds remaining in the

04r fish tank.

{mg/1)

03¢
Water quality in the recycle mode

NH4-N

The variations of water quality parameters are

orp R shown in Fig. 3. Although the variation trend is
o .

quite similar to that in the flow-through mode, the
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concentrations of all the water quality parameters
except NH,-N are relatively higher in the recycle

{mg/1)

mode.

TIN

tank was over 3 mg/l before feeding and increased

up to 46 mg/l after feeding, which is more or less
2 to 8 mg/l higher than those observed in the flow-
through mode. This was mainly due to the fact the

Time
COD concentration of the water returning from the
Fi

g. 2. Variation of major water quality parameters treatment unit to the fish tank was higher than that

with time in the flow-through mode.(®: the
influent; 1: the effluent; — feeding time).

of the influent. This results postulate that the COD
accumulation might take place in the system. The
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Fig. 3. Variation of major water quality parameters
with time in the recycle mode.(#: the influent;
®: before treatment; A: after treatment; 1:
the effluent; —> feeding time).

SS concentrations in the effluent is quite similar to
those in the flow-through mode. However, the PO,
P concentration of 0.55 mg/! in the tank was about
3 times higher than that (0.16 mg/) in the flow-th-
rough mode.

The effluent NH,-N concentration before feeding
was almost below 0.22 mg/! and rose to 043 mg/]
about two hours after feeding. However, the NH,-
N concentration in the treated water did not cha-
nge significantly with time. The average NH,~N co-
ncentration of the influent and effluent of the trea-
tment unit was 022 and 0.17 mg/, respectively,
thus being only 23% of removal efficiency.

Gas bubbles rising to water surface from the su-
bmerged filter was observed. This indicate that de-
nitrification seemed to occur at the inner layer of
the biofilm and dead zone in the filter where oxy-
gen diffusion was limited. The differences in the
TIN concentration of the water before and after
passing the units are shown in Fig. 3(E). The TIN
removal efficiency in the units was 13.8%, The nit-
rate concentration in the fish tank ranged from 0.62
to 0.84 mg/l, being the average concentration of
0.73 mg/l

Fig. 4 shows the monthly variation of the major
water quality parameters in the recycle system,
The water exchange rate during the period from
December to April was maintained to be 1.5~2.5
cycles/day, while the rate from May to November
was about 4 cycles/day. The concentration of the
water quality parameters were clearly varied con-
sequentially by the change of the water exchange
rate, which might be due to the dilution effects,
The monthly variation of the water quality was
probably attributed to the variation of the rearing
density and feeding rate in the fish tank.

The NH,-N concentration of the influent in the
treatment unit from December to April ranged
from 0.18 to 0.25 mg/l, being the average of 0.22
mg/A. The nitrification efficiency varied only from
11 to 344% with the average efficiency of 22%.
The PO,~P concentration during the period of from
December to May was about 7 times higher than
that during the other months. The large amount of
POs-P seemed to be released from the mineraliza-
tion of organic debris in the system. The average
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Fig. 4. The variation of monthly water quality in the

recycle mode(®: the influent; ®: before

treatment; A: after treatment).

TIN concentrations in the influent and in the eff-
luent of the treatment unit were 0.97 and 091
mg/l, respectively, thus resulting 66% of TIN

removal efficiency.

Comparison of water quality

Table 1 shows the differences in water quality
parameters between the two aquaculture systems.
Although the system HRT in the flow-through and
the recycle modes are quite similar, the differences
in water quality were great. '

It was expected that the water quality in the
recycle mode would be much better than in the
flow-through mode because of the operation of the
water treatment unit. However, the concentrations
of all the water quality parameters except ammonia
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Table 1. The major water quality parameters in the
fish tanks of the flow-through and the recycle

modes

Parameters 1P€ ﬂr?]\gat:rough Them g%ceycle
COD 7.81 11.52
S5 9.30 12.26
PO,-P 021 0.54
NH4-N 047 0.22
NO;-N 0.01 0.06
NOs-N 0.08 0.73
TIN 0.56 101

unit: mg/!

in the recycle mode were rather higher than those
in the flow-through mode.

The increase in PO4~P, COD and TIN concentra-
tion could not be explained without considering in-
ternal organic loading in the recycle mode. The
main cause is likely due to mineralization of the
organic debris accumulated in the water treatment
unit. The hydraulic surface loading in the settling
in the water treatment unit. The hydraulic surface
loading in the settling channel was 398 m%/m? - day,
which is quite higher compared to the normally ap-
plied hydraulic loading of 33~41 m%m® * day for
obtaining 50~60% of SS removal (WPCF, 1977).

It was not surprising to expect the lower remo-
val efficiency of the SS in the settling channel at
the hydraulic surface loading. Most of the SS accu-
mulation in the treatment unit probably occur in
about one hour after feeding even though the $S
concentration of the influent to the treatment unit
at usual feeding time 16:00, was merely 2.8 mg/l
as shown in Fig. 3(B). The grab samples were ta-
ken at each sampling point simultaneously within
5 minutes after the first feeding, Therefore, it was
thought the SS concentration increasement due to
feeding was not detected in the influent to RBC
unit.

The ammonia accumulation might be regarded as
the critical factor of the first priority in the water
recycle system. Consequently, the nitrification pro-
cess is the key for the design of a water treatment
installation. Although the NH,-N concentration in
the recycle mode was quite low compared to that
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in the flow-through mode, the nitrification rate in
the recycle mode was remarkably low. The nitrifi-
cation efficiency in the recycle mode was only 23
% .

Under the condition of attachable debris loading,
the fixed-biofilm nitrification can be also reduced
by the reduced oxygen penetration of the biofilm,
caused by the oxidation of organic debris by hete-
rotrophic bacteria(Bovendeur et al, 1990), Hence,
mal-functioning of the settling channel in the water
recycle system probably resulted in low nitrifica-
tion. From the comparison of water quality between
the flow-through and the recycle mode, it is noticed
that the poorly designed water treatment unit in
the recycle mode can deteriorate the water quality
in fish tank.

Water exchange rate

Most of the recycle systems are operated for the
specific purpose to maintain better water quality
and effective use of heated water during the cold
season. The increased expenses are offsetted by
the more uniform and higher quantites of fish pro-
duct in the system. The increased product over
that of the natural or the flow-through systems also
helps financially balance the increased expenses.

In a recycling system, the accumulation of am-
monia may be regarded as the most critical factor
as mentioned earlier. Total ammonia, generally cal-
led ammonia, in water consists of ionized(NH,")
and unionized species(NH3). The equilibrium bet-
ween the two species depends on temperature, pH
and ionic strength. The NH; is favored by increa-
sing temperature and increasing pH(EPA. 1976).

The unionized fraction of total ammonia is well-
known to be toxic to fish. Mortality and morbidity
of fish is the result of gill hyperplasia, causing ina-
dequate transfer of gases and wastes between the
capillaries and the aqueous environment(Roberts,
1978). For marine life, the unionized NH; concent-
ration of hazard level is 0.4 mg/l, and the minimal
risk level of deterious effects is 0.01 mg/l as NH,.
Application factor applying to 96hr LCs is 0.1(EPA,
1977).

Chang and Yoo(1988) reported that no adverse
effect was observed in the growth of the flounder

at NHs;~N concentration of 0.07~0.48 mg/l, NOs-N
concentration of 3.89~34.06 mg/l, and NO,-N con-
centration of 0.006~0.33 mg/ in a closed circula-
tion system. This results was quite agreeable to the
fact that the flow-through system was being opera-
ted well at the NH,-N concentration range of from
04 to 0.56 mg/l with the average of 047 mg/l wi-
thout any problem. The fish species might exhibit
the various degree of susceptability to pollutants.
Therefore, in the present study the recycle system
seemed to have been operated relatively at the low
NHs-N concentrations ranging from 0.12 to 043
mg/l with the average of 0.22 mg/l. The monthly
variation of the water quality also showed that the
NHs-N concentration of the influent to the treat-
ment unit from December to April ranged from
0.18 to 0.25 mg/l, being the average of 0.223 mg/l.
Hence, water exchange rate in the recycle system
could be reduced to some extent if more efficient
system management could be applied. Also it was
found that the system was discharging the heated
water without the effective use of it.

Fig. 5 shows distribution of the water exchange
rate in the culture systems of Kyungnam and
Cheju Province. The rate is determined by various
parameters like water quality, temperature, stock
density and, etc.. However, differences of the rates
were also significant even among the systems in
the same area. The rate of water exchange of the
system in Kyungnam Province ranged from 0.4 to
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Fig. 5. Distribution of water exchange rate in
Kyungnam and Cheju province.
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6.0 cycles/day, being the mean value of 159 cyc-
les/day, while that in Cheju Province varied from
1 to 55 cycles/day, being the mean value of 2.65
cycles/day. It can be easily noticed that optimiza-
tion of the water exchange rate might reduce a
great amount of expense in the running cost of the
culture system.

All these inefficient management seemed to
come from the lack of the intensive data on water
quality, the proper measuring instruments, and the
trained personels. The development of water trea-
ment facilities, the standardization of the system
and the efficient operation methodology are urgen-
tly required to manage the semiclosed culture sys-
tem properly.

Summary

Water quality in a semiclosed system of flounder
culture in Korea was evaluated to improve the fish
culture system management skill with particular
emphasis on enhancement of water quality. From
the comparison of water quality between the flow-
through mode and the rccycle mode of the existing
semiclosed system, the followings were found.

The peak concentrations of COD, PO,~P and SS
appeared just after feeding, and decreased gradua-
lly to normal levels within two hours. However, the
ammonia nitrogen concentration in the recycle
mode tended to increase after two hours of fee-
ding. Concentrations of all the water quality para-
meters except ammonia in the rcycle mode were
slightly higher than those in the flow-through
mode. These were attributed to the mineralization

of organic debris accumulated in the RBC and the
submerged filter unit due to the poor functioning -

of the settling channel. Consequently, the average
nitrification efficiency of the recycle mode was 22
%, that was not effective than might be expec-
ted.

The water exchange rate was directly related to
water quality in the semiclosed fish culture system.
The rate should be optimized based on water qua-
lity to reduce the running cost of the fish culture
system.
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