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The levels of amonnia and sulphide, when exceeded the critical limit became 
toxic to aqxatie Iife in brzckishwater systems. An experiment was conducted in 
laboratory to test the efficiency of commercially available materials uzz. health 
stone, BN-10 and zeolite powder in removing ammonia and sulphide from 
hrackishwater. IIcalth stone + BN-10 combination was significantly (Ps0.05) 
superior over other treatnlents in decreasing ammonia (7P.6%), whereas, other 
treatments including bioaugmentors were not effective when applied alone. 
Zeolite was not effective in brackishwater system for ammonia removal. Sul- 
phide removal was 100% by 3rd day with zeolite alone and health stone + EN- 
10 combination 

Hntsodua3tion other oxidised sulphur compounds aster- 

Ammonia is the principal end prod- 
uct of protein metabolism in crustaceans 
(Hartenstein, 1970; Kinne, 1976) and 
found in both ionised (NH,') and union- 
ised (NII,) forms. %he unionised form was 
usually toxic (Burkhalter and Kaya, 
1977; Amstronget at., 1978). When the 
concentration of ammonia exceeded 2 or 
3 mg/l, it  became toxic to aquatic life 
(Mumpton, 1977). High concentrations of 
ammonia in intensive culture ponds 
caused poor growth and survival of fish 
and shrimp (Colt and h s t r o n g ,  1981; 
Tucker and Robinson. 1990). 

minal electron acceptors in metabolism 
and excrete sulphide (Boyd, 1982). The 
unionised form of hydrogen sulphide is 
toxic to aquatic organisms and the s d -  
phide concentration of 0.01 to 0.05 m@I 
is  lethal to fish (Adelman and Smith, 
1970; Smith and Oseid, 1975). Smith et 
al. (1976) suggested that  any detectable 
concentration of hydrogen sulphide in 
pond water is considered undesirable. 
The build-up of hydrogen sulphide in the 
culture pond is considered highly toxic 
to shrimp and affects shrimp production 
(Gopakumar and Kutdyamma, 1997). 

Fast anlmonia removal by zeolites is 
Inintensivecul t~es~stemsunder  a well known process in fresh water 

anaerobic condition, certain hetero- aquaculture (sand and Mumpton, 1977). 
trophic bacteria can use sulphate and zeolite treatment of ponds for 
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ammonia control is a stmdard practice 
in south east Asia (Boyd, 1990). The lit- 
erature available on the removal of an- 
monia and hydrogen sulphide from 
brackishwater systems is meagre. The 
present paper deds with the efficiency 
of commercially available materials 
tested under laboratory condition to re- 
move metabolites from brackishwater. 

Materids and methods 

Health sfone : This powder, im- 
ported from Taiwan comprised a mixture 
of inorganic salts containing SiO, 
(63.27%), Al,O, (17.66%), Fe,O, (3.93%), 
CaO (4.41%), MgO (2.68%), TiO, (0.32%), 
Na,O (3.88%), K,O (1.18) and LiO 
(1.16%). Health stone was applied @ 500 
kgha. 

BiN-dO : A typical bacterial augmen- 
tation material imported &om Taiwan 
contained nitrobacter, nitrosomonas, 
sdphobacieria a d  organic analqtiml mi- 
croorganisms. The rate of application for 
BN-10 was 20 %@a. 

Zeolite : Natural hydrous alu- 
minium silicates with one or more arks- 
line metals easily exchanged for other 
cations. The processed zeolite mineral 
powder was used & 500 kgfha. 

The experiment was conducted in 10 
litre glass jars containing water with a 
salinity of 15 + 0.5 ppt, temperature of 
30.5 + 0.5OC and pH 8.1. Standard am- 

monia (Ammonium sulphate) and sul- 
phide (Sodium sdphide) solutions were 
added separately to the medium to make 
an initial concentration of 0.867 mg/l nn- 
ionised ammonia and P mg/b sulphide. 
The test materials were applied to jars 
singly and in combination. The treat- 
ments were : (1) Health stone, (2) EN-10, 
(3) Wealth stone + BN-10, (4) Zealite (5) 
Control (without any of test materials). 

Watcr samples were collected for 5 
days continuously after the application 
of test materids and analysed for ammo- 
nia on alternate days and sulphide every 
day. Am-onia nitrogen was estimated by 
Striclkdand and Parson method (1972), 
hydrogen sulphide consentratio11 by 
iodometric method (A.P.H.A, 1989). 

The experiment had a completely 
randornised design with three replicates. 
ANOVA and Duncan's multiple range 
tests were used to determine differences 
in treatment means (Gornez and Gornez, 
1984). 

Resdts and discussicaw 

There was significant difference be- 
tween different treatments in the re- 
moval of ammonia from the saline wa- 
ter. Health stone + BN-18 treatment com- 
bination was significantly superior 
( 5 0.05) over the other treatments in re- 
ducing ammonia concentration from 

TABLE 1. Changes in ammonia concentration affected by treatments 

Days Ammonia concentration (ppmF 

after Health stone BN - 10 Health stone + Zeolite Control 
treat- BN - 10 
ment 

* -Average values of three replicates with standard deviation in parentheses. The values with 
similar superscript alphabets are not significant (P20.05). 
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0.067 to 0.019 ppm on the fifth day. Zeo- 
lite treatment was not effective when 
compared with control, as revealed by the 
decrease in unionised ammonia from an 
initial concentration of 0.067 to 0.060 
ppm on fifth day after the treatment (Ta- 
ble 1). Two-way statistical analysis re- 
vealed that Health stone + BN-I0 was 
able to decrease ammonia concentration 
upto 0.039 ppm (Fig. 1) whereas, on fifth 
day, the removal was 0.045 ppm from an 
initial value of 0.067 ppm. 

Initial Heal(hitonc BN-lo Hcailhrlonc Zcol~tr. Cvnliol 
+ EN-I0 

Matcriai 

Fig.1. Effect of treatments and material on 
the removal of ammonia from 
brackishwater 

Chiayavareesajja and Boyd (1993) 
reported that zeolite quickly reduced to- 
tal ammonia nitrogen concentration in 
freshwater with little further removal. 
Zeolites function as ion exchange mate- 
rial. Zeolites shows a high preference for 
ammonium ions as it can be seen from 
the selectivity studies it exhibits for the 
following ions. 

Cs+ > Ki > NH,' > Sr2- 2 Na+ > Ga2+ z 
Fe3+ > A13+ > Mg2' 

The present study showed that quick 
removal of ammonia by zeolite was not 
taking place in the tested saline water. 
The efficiency of zeolites was enormously 
reduced in seawater systems (Lopez-Ruiz 
and Fernandez del Barrio, 1987). In s d t -  
water aquaculture systems, sodium in 
water competes with ammonia for bind- 
ing sites on zeolite, making the latter less 
effective for removal of ammonia from 

saltwater than freshwater. The ion ex- 
change capacity of zeolites is dependent 
on many factors such as size of exchang- 
ing ions, ion concentrations and presence 
of competitive ions, structure of zeolites 
etc. Papadopoulos et al. (1996) observed 
partial ion exchange capacity using natu- 
ral zeolites and this was a t tdmted to the 
blocked channels of the zeolite due to 
impurities and volume stenic effect. 

The mode of action of bacterial in- 
oculate is claimed to be the enhancement 
of natural processes such as ammonia 
removal, organic matter degradation, 
denitrification and demadation of toxic - 
pollutants. Bacteria augmentation with 
BN-10 alone reduced the ammonia con- 
centration, but the decrease was more 
with health stone + BN-10 combination. 
The interaction effect (Treatments x Days 
of incubation - TXD) was significant in  
decreasing ammonia concentration. 

Zeolite reduced the ammonia concen- 
tration to a m a x i m u  of 10.5 percent only 

y fifth day, whereas, other treatments 
when applied singly, the percent reduc- 
tion was up to 40. A maximum of 71.6 
percent reduction in ammonia was ob- 
served with health stone + BN-10 combi- 
nation. 

All the treatments except BN-10 re- 
corded a sipificant decrease in sulphide 
as compared to control. Health stone + 
BN-10 combination was superior over 
other treatments followed by health stone 
alone, as revealed by the sulphide con- 
centrations of 0.02 and 0.06 ppm respec- 
tively on 2nd day. Sulphide concentration 
was nil with zeolite and health stone + 
BN-10 treatments by third day, while it 
was nil with health stone alone by fourth 
day (Table 2). A decrease of 90 per cent 
and above was observed by second day 
with health stone and health stone + BN- 
10 treatments. BN-10 when applied alone 
was not effective as compared to control 
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TARLE 2. Changes zn s d p h r d ~  concentrutron afected 113 ireatmc~rts 

Days .Ammonia concentration (ppn)  ' 

after Health stone EN - 10 Health stone + Zeolite Control 
treat- BN - 10 
ment 

1 0.98 k0.02)" 0.99 (iO.Ol!= 0.99 k0.01)" 1.0 &O.O1ja 1.0 (?O.Qlja  

2 0.06 (;i0.03)g 0.62 ( r tO.OS)U.O2 (k0.02)di 0.97 ( ; i 0 . 0 2 ) 0 0 . 7 6  @3.02Ib 

3 0.04 (i0.O2Ph 0.36 (+0.05Ie Nilh 11 0.52 i+U.07)d 

4 Nil 0.32 (+0.06)' Nil Nit 0.32 [&D.04)" 

5 Nil 0.14 b0.05)' Ni! Nil 0.iS &0.03) ' 
Average values of three replicates with standard deviation in parenti~cses. The values with 

similar superscript alphabets are not significant (Pz0.05). 

(84%), though the decrease in sulphide 
concentration was 86 per cent at the end 
of experiment. 

Zeolite is an alunlino silicate mineral 
that possesses unique properties due to 
its crystalline structure and resulting 
molecular-sized cavities. These cavities 
serve as a molecular sieve that absorbs 
hydrogen sdphide gas. BN-10 contains 
sulpho bacteria which may be responsi- 
ble in decreasing sulphide concentration. 
Health stone is a mixture of inorganic 
salts containing ferrous compounds 
which might have replaced sulphide from 
the system. 

The interaction effect of T X D was 
significant in decreasing sulphide concen- 
tration. Health stone + BN-10 combina- 
tion followed by health stone alone and 
zeolite were effective as compared to con- 
trol in decreasing sulphide concentration 
from an initial value of 1 ppm to 0.202, 
0.216,0.393 and 0.551 ppm, respectively 
(Fig. 2). The sulphide concentration on 
fifth day after treatment was 0.06 ppm 
as compared to 0.991 ppm on the first 
day. 

Zeolite was not effective in decreas- 
ing ammonia concentrations, but effec- 
tive in reducing sulphide. Bacterial aug- 
mentation with BN-I0 and combination 
with health stone was more effective in 

Fig.2. Effect of treatments and material on 
t h e  removal of su lphide  from 
brackishwater 

reducing ammonia and sulphide eoncen- 
trations as compared to their application 
alone. 
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