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Abstract.

‘ The biological treatment units were operated for 37 days
without water circulstion and seration supply. Six ecircular con-
cret tanks of 350 liters were used. The prior period of the ex-
periment was designed without water exchange to study the dif-
ference in water quality Dbetween two treatments. The one was
econtrol, designed.without Artemin, and the other one was stocked
at a density of 100 ind/l1 (pre-adult stage). Three replications
were conducted for each treatment. The results showed the signi-
ficant (p<0.05) difference in pH, nitrite-nitrogen, nitrate-nitro-
gen, ammonis-nitrogen, orth;phosphate, total phosphate, dissolved
oxygen, BOD, chlorophyll a, chlorophyll b and chlorophyll ¢ con-
tent. Artemia were able to grow from the initial length of 2.36
mn to the maximum length of 8.08 mm on the 8th day. _ The brood
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eggs appeared on the 7th day and maximom biomasss was on the 5th
day. BOD was decressed from the initial level of 8.34 mg/1 to 3.4
ng/1l within the detention time of 6 days.

Waste water exchange was designed in the experiment to
study pollutant removal rate and Artemia production. Artemis
was cultured for 23 days and were able to grow from 1.88 mm to
5.34 mm in length. Brood eggs sppeared on the 20th day and maxi-
min biomass was alsoc occurred at the same day. The filamentoué
bacterium infested Artemia on the 23th day. Aversge production of
Artemia on the 23th day was 19.72 g/tank. The pollutant removal
rates were the highest during the 15th day to 23th day of 0.11
ng /ind/day, 4.83 ug/ind/dsy, 0.53 ug/ind/day and 1.55 ug/ind/day
fqr the removal rate of BOD, chlorophyll a, chlorophyll b and

chlorophyll ¢, respectively.
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CHAPTER 1

INTRODUCTION

1.1 Statement of the Problen

The brackishwater shrimp farming in Thailand has become an
important industry which generstes large amounts of employment and

foreign exchange. The giant tiger prawn (Penseus monodon Fsbricius)

is commonly cultured, and highly demanded in internationsl markets.
Seisithi and Nakaeres ( 1 ) reported thst during the years 1983 to
1986, shrimp production from ponds increased steadily from 14,196
tons in a culture area of 220,000 rais ( 1,261 millions baht of
shrimp production) to 18,000 tons in the present area of 293,000
rais (1,600 millions baht of shrimp production ). The land devoted
to shrimp ponds increased to the present level in Just three yesars.
The sﬁrimp farming was included in the present (6th) Nation Econo-
mic and Social Development Plan (1987-1991). The targets set by
the Department of Fisheries, Ministry of Agriculture and Coopera-
tives, to improve yields by increasing the shrimp ponds to raise

annuel production of 70,000 tons of shrimp.

The pond culture pattern can be broadly classified into 3
categories based on the level of productiont extensive, semi-inten-
sive and intensive. Features of intensive shrimp culture includet
seed supply from hatchery, high stocking density, formulsted diets,
application of aeration, and water exchenge, Intensive shrimp

culture is designed for maximize production in the limited 1and by



using these technologies. However, increasing the number of shrimp
ponds, usually increases the seawater supply, end also affects the
quality of seawater. A major limiting factor in intensive shrimp
culture is water quality becesuse of in-adequate waster quality

control mechanisms for pollutant removal and detoxificetion.

Water quality problems in squaculture may be divided into
problem area: the water supply, media ( water in culture pond )
and pond outlet which are interrelated. The important water quali-
ty parameters in intensive shrimp ponds are salinity, dissolved
oxygen, pH, asmmonia, nitrite, suspended solids, ROD, phytoplankton

sbundance etc.

The wester guslity in shrimp ponds depends partly on the
gquality of the seawater which is used as exchange water. The
serious problems mey occurred when wster supply is not suitable
for culture because of high composition of toxic nitrogen compounds.
A very serious case for the chenging of water movement condition is
always occurred in the stagnant dischrage from shrimp ferm which
accumulated in the small cenals. Organic matters are decomposed,
causes ammonia, nitrite and hydrogen sulfide diffusion, as well as
the toxic phytoplankton and bacteris which ere usually dominant in
the celm polluted water, described by Boonyarutparin et al, ( 2 )
and Gaines sand Tayler ( 3 ). Thus, the pollution which occurs
due to by unplenning shrimp farms asre expanding and damaging shrimp

farms such as in Samuthsongkarm and Samuthsakorn province.

Intensive management requires applications of fertilizers
and feeding with pellet into the pond culturey both practices csuse

eutrophication of shrimp ponds and increasing of BOD, decribed by



Sin and Chiu ( 4 Y, The pellet from feeding remains, excretion
from the shrimps which is called "organic maetter”, and phytoplank-
ton asccumulates causing a POD increase. The BOD increasing with

the period of culture is shown in Table 1.

Table 1.1 The biochemical oxygen demand (BOD) in shrimp pond by
stocking rate of 33 ind/m2 by Ransgkok Aquaculture

Company (in Charoen Pokphand Group).

Period of culture Pond | Pond 11
{weeks)
BOD (mg/1) ROD (mg/1)
0 4,00 ' 3.43
& 4.30 3.50
4 9.70 8.95
6 4,70 7.20
8 6.00 12.25
10 9.70 4.95
12 26.50 16.75
14 44,50 20.00
16 20.00 20.50

Sourcest modified from Musig et al, ( § )



The treatment plant for the waste water from shrimp farm
is not prectical, because of great deal of the discharge of the

pond outlet and low ROD level.

A brine shrimp is a non selective filter feeding crustasces
with high tolerance, a short period of culture and a high benefit,
The brine shrimp can filter and digests the organic particlesy
thus, pollutant removal by Artemia feeding is the main purpose

and Artemis harvest is only by-product ion.

The brine shrimp is live food and suitable for mericulture
which is used in shrimp and marine fish hatchery, decribed by
Sorgeloos et 81. ( 6 ), The business of brine shrimp production
was over 350,000 US, dollars per year, around the San Francisco Bay,
reported by Huttasingh ( 7 ), In Thailand, the cyst of brine
shrimp is commonly used in the hatcheries and costs about 1200-1800
bahts per kilogram and cost of live brine shrimp is about 50-100

bahts per kilogram.

1.2 Objective in the Study

| G To conduct the comparative study of water quality

with and without brine shrimp culture.

2. To study the pollutent removsl rate of brine shrimp

using waste water from shrimp farms ss a food source.

1.3 Assumption

The waste water from intensive shrimp farming consists

of nutrient, organic matter, detritus and bacterian, which causes



water pollution. The brine shrimp can consume organic particles
and phytoplankton with sizes smaller than 60 micron in waste
water, Theréfore brine shrimp should be able to remove the poliu-

tant in the waste water .

1.4 Expected Result

! To get the information of the quality of effluent from
treatment by brine shrimp culture for further water pollution
control planning.

2. To get the information on the biological trestment by
. brine shrimp culture in the following aspects which is necessary
for the design of treatment units

- the pollutant removal rate.

- the suitable exposure time for brine shrimp culture.

- the constraint of biological treatment and its improv-

ment.

~ the brine shrimp production.



CHAPTER 11

LITERATURE REVEIWS

2.1 Water Quality in the Intensive Shrimp Farm

Musig et al.( 5 ) described that euthrophication in shrimp
ponds is the phenomenon, according to the period of cultural opera-
tion. The particular pellet excess and excretion of shrimp accu-
mulate and cause the suspended solids to increase. The simple
criteria of water management in shrimp farm are considered by sec-

chidisk visibility.

Boyd ( 8 ) and Predslumpaburt et al {( 9 ) reported that
nitrogen compounds are the main production in shrimp pond, caused
by en excess of feed and high stocking rate. Ammonie- nitrogen,
nitrite-nitrogen and nitrate-nitrogen steadily increase from the
initial to the final levél of the crop, The safe ammonia-nitrogen
and nitrite-nitrogen levels are recommended by Chen et al. ¢ 10 )
of 4,26 mg/1 and 10.60 mg/1 for ammonia and nitrite-nitrogen, res-

pectively.

2.2 The Biological Waste wster Treatment in Aquaculture Research

Naranarasest et al. ( 11 ) reported the culture of fresh

water flea ( Moina macrocopa ) in domestic waste water was under-

taken 57 days for the purpose of waste water utilization. The
freshwater fles was able to grow well in BOD of 165.5 to 440.6

mg/1, but when high BOD levels reached 603.0 mg/1, it only grew



slighly. The fleas died within 7 days, i{f BOD reached higher
than 822.8 mg/1. Although it was able to reproduce for 5 €enera-
tions, its life span was short, according to incréasing genera-
tions. It might be a nutrition factor and the water was imme-
distely exchanged, causing the environmental factors to suddenly
change. The freshwater fleas lost their energy due to adaptation

for their matabolism.

Wang ( 12 ) reported that oysters were sble to remove the
phytoplenkton and suspened solids in shrimp ponds. The filter
rate of oyster was 7 liters per hour, and it was able to filter
1 to 100 micron of particles. But the oyster lost of its filter-

ability with some kind of plankton such as, chlorella, Nitzschia

and Euglena, because numbers of these plankton were still found.
after rearing. It could be estimated that oyster's removal ef-

ficiency Was 40 percent.

2.3 Biology of Brine shrimp

2.3.1 Classification of Brine Shrimp

Brine shrimp or Artemia 1is the common nsme of

Artemia sp., one kind of crustacaen as crab and shrimp. The taxo-

nomic classification is as followt

Phylum Arthropoda
Class Crustacesa
Sub-class Branchiopoda (Phyllopods)
Order Anostraca
Family Branchiopodidue (Artemiidae)

Genus Artemia
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2.3.2 Distribution

Brine shrimp has 8 abroed distribution, both trophical
zone snd subtrophical zone, and able tp live in highly saline water,
as for an escape from predators, which is usuasly & salinity of

3-250 ppt.

2.3.3 Life History and Reproductive Cycle

The life cycle of Artemia begins in nature when the cysts
hatch out because the surrounding water has lower salinity levels
due to rain and freshwater run off. The nauplius will develop to
adult within 4 to 6 days or a few weeks depending on available food
organisms and environmental conditions. Adult Artemia will find
their mates and precoupulation cen be seen in the riding posi-
tion. Maturation of the female starts when eggs leave ovaries, or
sbout 40-60 minutes after real coupulstion, move to the latersatl
pouches ( oviduct funnel ), then +to the ovisac which is a recep-
tacle for spermatozoa., Eg¢s are fertilized in the ovisac or uterus
and continue to mature. The reproductive cycle of Artemia has two
alternate modesy the ovoviviparity: when a small number of
adults produces a high density of population in 8 short period,
and the oviparityt when critical environmental conditions occur
and cysts are produced. It is interesting that both reproductive
modes can persist under the same conditions, even in the same
female in subsequent reproductive cycles. Cyst production in
Artemia has been reviewed +that due to high salinity level, low
dissolved oxygen, presence of iron or chlorophyll in food, and
presence of certain products. It would be & cyclical occurring

event., In the dorsal region of ovisac there are shell glands which
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function in shell formation. These shells will be formed before
the cysts are leid out from the uterus of the female. Artemis
with brown shells are oviparous and those with white shells are
ovoviviparocus, The mechanisms which induce the animal to produce
brown or white shells are unknownt{ haemoglobin is believed to be

involved in shell formation.

The 1ife cycle of Artemias is shown in the Figure 2.1.

2.3.4 Morphological Development of Brine Shrimp

Dry cysts of brine shrimp are generaslly 8 brown color, and
size of these cysts depends on strain with diameters ranging from
200 - 300 microns., The cysts will haetch when submerged in sea-
weter., While in the hatching membrane, the embryo looks like a
drop of water with a dark spot of nauplius eye in the middle of
the head region and appendages start moving inside. Shortly after
this, the free swiﬁming nauplius is born and called "Instar I"
nauplius or nauplius stage . It is brownish orange in color be-

cause of the yolk sack.,

The larvaee differentiates though sbout 10 - 17 molts, and
passes four stages of mnsuplius. Approximately 40 to 48 hours
after hatching is the period of meximum growth and differentistion,
i.e.y the trunk and the abdomen are elongasted, and the digestive
track becomes functional. Thoracopods are developing from paired,
tubular eppéndages, and a8 compound eye appéars on either side of
the ocellus. From the 10th instar (Post- metansnplius v) or sbout
72 hours after hatching, it underdgoes sexual differentiation by

reduction in growth and morphological changes, i.e., the antennae
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losing their long setse and bend forword the head. Thoracopods on
the ventral side are differentisted into three functional parts,
f.e., teleopodites- formation, endopodites for locomotion and the

membranocus exopodites (or epipodite ) for respiration.

The adult Artemia is 8-10 mm in length, has stalked eyes,
sensorial antennullae, 8 straight digestive tract and 11 pairs of
'functional thoracopods. In the male, antennae are modified into
muscular claspers (graspers) which have sensorial papillae (knobs)
end 8 group of small spines at the inner side. The female has &8
pair of small sensoriasl antennae, end paired of ovaries on both
sides of the digestive tract behind the thoracopods. The ripe
oocytes move from the ovaries to oviducts, then to the uterus or
brood sac. The comparison of adult Artemia is shown in Figure

2.2

2.3.5 Food Hebit of Artemia

Artemia food habit is non-selective filter feeding, the
first pair of tentacles is used to pass the food to the mandible
in larval stage. In the adult stage the thoracic limbs are used

in locomotion and to filter food particle along the body groove.

The Artemis food source in pond is usually devided into

2 formst

1. live food. The small-sized of phytoplankton, such as
diatoms, blue green algae and bacteria. are popular food sources

for Artemia culture.
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2. non-live food. The yeast, instant milk powder, rice
bran, etc., of less than 60 um were suitable particulste size.
Aksyanont and Maneewong ( 14 ) reported thst Artemie were cultured

in 33-34 ppt of salinity by Tetraselmis and rice bran for feeding,

stocking of 3.000—5,000 individauls/1. The survival rates were
low at 54-71 % in 7 days of feeding. On the other hand, in lonyg
pe;iods of culture of about 14 days, the survival rate declined %o
about 12.8 to 25,3 %. This condition was caused by decomposition

of food and black disease.

2.3,.6 Tolerance of Brine Shrimp

Musig et al. ( 15 ) reported that high temperatures of
37—3h éC were harmful for brine shrimp, and it is aﬁle to live in
temperature range of 6-35°C. Thoeye et al. ( 16 ) decribed that
wide‘differences ( 20-35 °C ) between the diurnal temperature af-
fected its tolerance and caused high mortality. The body tempera-
ture of aquatic invertebrates closely follows that of the environ-
ment, This means that, in conditions of temperature fluctustions,
en organism has to be sble to maintain its physiological function
in spite of changes in body temperature. The main machenism to
'compensate for these changes in the temperature is metsbolic adap-

tation such as enzymatic reactions.,

2.3.7 Brine Shrimp Culture

Hutasingh ( 17 ) reported brine shrimp culture using low
salinity lévels (32-50 ppt ),the addition of fertilizer, and non-
changing of water media. The nauplii were reasred st a stocking

rate of 80 ind/1. Although brine shrimp were able to grow and mate
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(procopolation) behavior within {5 days, all brine shrimp died af-
ter 20 desys. The effect on Artemis unmoclting from black disease

caused high mortelity. Cheastoceros calcitran and Trichodesnium

were the best phytoplankton which bloom from the fertilizer, but

Thallassiosira and Navicule were not suitable for feeding because

of their hard shell content.



CHAPTER 111

METHODOLOGY

3.1 Scope of the Study

.3.1.1 Sources of Waste water

The waste water from shrimp wes taken from & private
shrimp farm at Ranot District in Songkhla Province ( southern
part of Thailand). Rather high BOD levels were expected when
waste water from shrimp'farm which had been cultured for 90 to

120 days was used in the experiment.

3.1.2 Study on Water Quality

3.1.2,1 Chemical Water Quality

- BOD_ 20 T
- Nitrate-nitrogen
- Nitrite-nitrogen
= Ammonia-nitrogen
- Orthophosphate {reactive phosphate)
- Total phosphate
.~ BPpH
~ Dissolved Oxygen

- Salinity

3.1.2,2 Biological Water Quality




- Chlorophyl! &, b and c

- Species abundance of plankton

3.1.2,3 Physicel Water Quality

- Temperature

- Suspended solids

3,1.3 Variastion of Water Quality

- In the control tank

-~ In the treatment tank

3.1.4 The Veriation of Artemia

- Total length
- Weight

- Mortality

3.1.,5 The Pollutant Removal Rate of Artemia

- BOD removael rate
- = Chlorophyll a, Chlorophyil b and Chlorophyll c
removal rate

’

3.1.6 The Harvested Production

- Average Artemia production in the bioclogical

treatment tank

16
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.3.2 Materials

3+2,1 Six circular-concrete tanks of 0.5 meter height and
1.0 meter diameter..

3:2.2 Artemis éyst from Sén Francisco Bay tribe.

3.2.3 Net with mesh size 200 microns

3.2.4 :Plankton net, mesh size 25 microns

3.2.5 Stereo microscope and Profile microscope
3.2.6 Waste water from shrimp farm which had been cultured
for 90 to 120 days .
3.2.7 Filtering sets for wster anlysis preparation
3.2.8 Apparatus for water analysist
- pH meter t model Corning pH 105
- Hend reflecto-salinometert Atago model s-100
- DO metert YS! DO meter model 58
- Low tempersture lncubaéor model R.K.J. LE-series
- Thermostete oven model MRK

- Spectrophoctometer: Hitachi model 100-20

3.3 Experimental procesdure

- The experiment was divided into 2 steps as follows

3.3.1 First Step Experiment (Prelimindary Experiment)

The experiment was held for 14 days, from August 22, 1990
to September 5, 1990. Those condition were without feedinyg by

supplementary food, serstion and water exchange. All experimental
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‘tanks were left outdoors as the similar condition of shrimp'farm

conditions.

- 3,3.1,1 Experimental Unit

Each circular concrete tank was used to instell shrimp
farm waste water for 315 liters. There were 2 treatments and 3
replications in the experiment which were 3 tanks of the control,
withoﬁt Artemia and 3 tanks of the treatment with Artemia

{ pre-sdult stage ) at a density of 100 ind/1.

3.3.1.2 Determination of Water Quality, Plankton

analysis and Artemia Growth

Water qualityt the waste water in every tank was collected
daily during 7.00 - 9,00 A.M. and enalysed for pH, salinity,
nitrite, ammonia, orthophosphate, total phosphate, but dissolved
oxygen and temperature were measured direcly at dawn ¢ 5.30 to

6,00 A.M. ),

Planktont +the waste water in every tank was collected

during 7.00-9.00 A.M. and analysed daily.

Artemie growth: Artemia were sampled from every tank in
the treatment. The Artemis density was determined daily during
1.00 to 3.00 P.M, The Artemia growth of body length and weight
were done es the same time of plankton sampling and were also

collected for daily analysis,
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3.3.2 Secondary Step Experiment (Feasibility Experiment)

This experiment was operated 23 days, from September 26,
1990, to October 18, 1990, The waste water examination was only
one treatment with Artemia density of 100 inds/1. Each 2.0 tons
of waste water from the shrimp ferm for 5§ time—transportations
were tasken to exchange the media after the Aftemia consumed the
particulate suspendance until +the BOD wes degraded at detention
time ( 4 mg/1l ), refer to Klinsukornt ( 18 ), This deteﬁtion time

'is.determined from the result of the first step experiment.

3.3.2.1 Experimental Unit

Those same experimental tanks ss the first step experiment
were used and also left outdoors. Six replications were designed
for this experiment. The waste water were determined to drain out
8t 15 cm-level, and exchenge with the new one by filling at the
40-45 cm-level, The level of water was needed to record for celcu-

lation of water volume.

3:3.2,2 Determination of Water Quality, Plankton

Analysis and Artemia Growth

Water qualityt the waste water in every tank was collected
for immediste analysis while the effluent wss drained out snd the
new waste water was already filled up. The parameters were ana-
lysed such as pH, salinity, nitrite, nitrate, sammonia, orthophos-
phate, total phosphate, suspended solids, BOD, total chlorophyll

contents and water temperature,

The flow chart of the experiment is shown in Figure 3.1 .
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waste water waste water

.
Y

shrimp farm shrimp farm

filtered with net ( 200 u ) filtered with net ( 200 u )

experimental tanks

AN

control treatment

experimental tanks

without brine -Jwith brine shrimp with brine shrimp 100

shrimp 100 ind/1} ind/1

Left, without feeding and without Left, until BOD of water

water exchange but still observed degraded less than 4 mg/1,

e memanccnacetnn - aemand ma - e P
v s mredmes m o ad sommen wme o an s el nen "= e msmamssatafrrn s e sceaee e
"

water quality and Artemia growth. then drained out, at 15

cm-level and fi11 up with
the new waste water shrimp

ferm at 40-45 cm-level,

First step experiment Secondary step experiment

Figure 3.1 Flow chart of the experiments.




21

Plankton snalysis: the waste water in every tank was
collected for immediate analysis while the effluent was drained
out and the new waste water was already fill up. The Artemisa
growth of determination by body length and weight were done as

the same time of plankton sampling.

3.4 Method of Sampling and Semple Preparation

Water samplingt one liter of water sample was siphoned
through a 200 u plankton net, at the middle level of tank by using
8 pipe. Then the samples were brought to the laboratory to be

immediately analysed.

Water samples were prepared by filtration through filter
paper Whatman GF/C, to determined of nitrite-nitrogen, nitrate-
nitrogen, ammonia-nitrogen, orthophosphste and total phosphate.

Plankton and Artemia samplings phytoplankton, zooplankton
and Artemia were sampled by one-liter volume, then filtered through
25 u plankton net.

The samples were preserved in 5% formalin solution,

3.5 Method of Water Quality Analysis

3.5.1 Chemical Water Quality

- Nitrate-nitrogen determined by cadmium reduction

method followed from Strickland and Parsons ( 19 ),



22

- Nitrite-nitrogen followed from Sirickland and Parsons
{ 19 )

- Ammonia nitrogen followed from Stickland and Parsons
{ 19 )

- Orthophosphate followed from Strickland and Parsons
( 19

- Total phosphate followed from APHA, AWWA and WFPC ( 20 )}

- BOD § day-incubation at 20 aC by amzide modification
followed from APHA, AWWA and WFPC ( 20 )

- Disolve Oxygen and teﬁperature by D.0O, meter YS! model
58

- pH by pH meter model Corming pH 1056

- Salinility by hand refracto - salinometer model Atsgo,

s-100

3.5.2 Biological Water Quality

- Chlorophyll a, b and ¢ contents were measured by
Spectrophotometric Determination followed from APHA; AWWA and

WFPC ( 20 )

~ Phytoplankton quantity was determined by counting

technique followed from APHA, AWWA and WFPC ( 20 )

- Phytoplankton and zooplankton were classified by the
method of Cupp ( 21 ), Desikachary ( 22 ), Fergoson ( 23 },

Kudo ( 24 ), Shirota ( 25 ).
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3.5.3 Physical Water Quality

- Measurement of suspended solids followed the method of

Chuan and Sugshara ( 26 )
- Temperature was measured by YS! DO. meter model 58

3.6 Method of Growth and Mortality Determination

3.6,1 The Determination of Body Length

The body length was measured by profile microscope and
determined +the length form the carapece to the fucal. The 30

individuals of Artemia were examined in each tank of the treatment.

3.6.2 The Determination of Individual Dry Weight

The individusl weight was examined after the lenghted-
measurment. The Artemia samples were prepared by isolation during
messurement of the body length and transferred to the small hottle
which contained distilled water, The samples were filﬁered on
Whetman Filter paper number 1 about 30 ind/ tank and dried in the
oven at 60 C for 2 hours, then they were left in descicator for t

hour, The weight was measured by 8 high sensitive balance, modified

from Benijts et al. ¢ 27 ),

3.6.3 The Mortaslity Variation Analysis

The Artemia mortality was determined at the first rearing
through out the last day. The mortality at the other day was ana-

lysed as follows:
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Mortality (%) = ¢ Di—D“)x—IOO/Dt
Dl = +the density of Artemia on the first rearinyg day

=]
]

the density of Artemia on the othor rearing day

3.7 Data Analysis

At the first step of the experiment, every variable was
anelysed by graph plotting. The comparison of water quality
between the control and the treatment were analysed day by day.,

using 8 t-test.

At the secondary step of experiment, the water quality was
comparatively reported both before and after Artemia culture. The

pollutant removal rate of brine shrimp was analysed as followst

BOD removal rate = (BOD %V - BOD "%V )
—— e ——— g T

(Batch 1) N %D

. tr t

BOD removal rate = ( BOD l!“(~ BOD r*V r)

(Batch n) N“r*D“
BODLI = initial BOD on the first time
BODlr = final BOD on the first time
V‘t = volume of waste water of the initisl
Vlf = volume of waste water of the final before
drainage
Nlr = number of Artemia of the final on the first

water exchange.
D o= duration time in the batch of experiment,
BOD = initial BOD on the n - th order

BOD = final BOD on the n - th order

n§
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V“‘ . volume of waste water of initial st the n- th
order

Vnr = volume of waste water of final at the n - th
order

N“r = number of.Artemia att final bn the n - th order

D = durstion time st the n - th order of waste

water treatment

Chlorophyll a, b and ¢ were also calcqlated as shove,

The statistical analysis of pollutant removsl rates were
conducted by completely randomized designed ( F-test ) and various
pollutant removal rates which were different were tested by Dun-
can's new multiple range test, followed from Croxton and Cowden

« 28 ).,

3.8 The Experiment Location

The experimental tanks were set outside of the nutrition
laboratory building. The water samples and Artemia samples were
analysed at the Chemical laboratory and Plankton laborstory at the
National Institute of Coastal Aquaculture, Department of Fisheries,

Songkhla Province.



CHAPTEER 1V

THE RESULTS

4.1 The First step Experiment

4,1.1 Water Quality

The varistion of temperature in the control snd trestment
renged from 27.13 C to 28.97 C and 27,20 C to 29,00 °C, respectively.
The salinity of control end trestment ranged from 36.83 +o 40,00
ppt end from 35.33 to 40.07 ppt, respectively., The comperison of
both tempersture and salinity between control end treatment were

not significantly ( p>0.05 ) different ( Table 4.1 ).

The varietion of pH, in the control end treatment, ranged
from 7.78 to 9.09 and from 7.74 to 8.57, respectively. The varistion

‘in the control was higher than the treetment ( Figure 4.1 ),

eH

10
ol
gL :
= \\-" "".~‘ ESheyuetnnsEne \'.-..-'.'
: sees Tregtment
b= ___|==Control

Figure 4.1 The comperetive varistion of pH
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The comperiseon of pH; in the contrel, it wes significent-
ly (p<0.05) higher than the treatment on the 1st, 2nd, 3rd day of
0.87%, 1.58% and 3.20%, respectively. The control was significant-
ly (p<0.01) highér then the trestment on the 6th day to the 14th

dey with & range of renge 4.68 % - 7,61 % ( Teble 4.1 ).

Nitrite-nitrogen, The varistion of nitrite in the control
increased from the Oth day to the 14th dey of 0.021 mg/1 to 0,333
mg/1, respectively, It repidly increased during the 8th day to
12th day. The varistion of nitrite in the trestment incressed from
the Oth dey to 14th day of 0.020 mg/1 to 0.412 mg/1, respectively.

A sherply incressing period wes on the 11th dey to the 12th dey

(Figure 4.2).

o o NITRITE (o 1)
LUl 3

===ex Tregtment
m—Control

Figure 4.2 The compaerative varistion of nitrite .
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The comparison of nitrite between the control esnd trest-
mentt in the control, it was significantly (p<0.01) higher than.
the trestment on the 1st and 2nd dey of 21.43 % end 30.77 %, res-
pectively. In the control,it was continuously higher than the
treatment, end significantly (p<0.01) different of 406,25 %
250,00 % end 192.86 % on the 9th, 10th and 11th day, respectively

(Table 4.1),

Nitrate-nitrogent +the variation of nitrate in the control
increesed during the 7th to the 14th dasy. The values of nitrste on
the Oth desy snd 14th dey wes 0.065 mg/1 and 0.558 mg/l, respective-
ly. The varistion of trestment increesed duriné the 10th to l4th
dey. The nitrate on the Oth dey to the 14th day was 0.161 mg/1 and

0.614 mg/1, respectively ( Figure 4,.3).

HITRRTE (mas1>

DD
=
Du SD I
=u 25 '_—
- ==e== Treatment
0.00 i —Contro]

DAYS

Figure 4.3 The comparative veriation of nitrate nitrogen.



-]

M.

2

31

The compsarison of nitrete between the control end trest-
mentt in the control, it was significantly (p,0.0%5) higher then
the tresment on the 8th and iist day of 250.58 % and 195,65 %

respectively ( Table 4.1),

The varistion of emmonis-nitrogen in the control decreased
from the Oth day to the 14th dey from 2.89 mg/l to 0.05 mg/1,
respectively. The verietion of ammonie in the trestment increased
on the 3rd dasy +to the 12st dey, end came down greduslly to the

14th dey ( Figure 4.4 ),

AMMONIAR (ool

-

i

-

i w=e=e Tregtment
i s ot 0]

01 2 34 5 6 7 & 91011121212
DAYS

Figure 4.4 The comparive variation of emmonis nitrogen.

The comperison between the control and the treatment: em-
monis-nitrogen in the control waes significently (p<0.01) lower
then the treatment on the 5th and the 6th day of 40.53 % and

65.22%.'respectively. The control wes significaently lower thsn
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treatment on +the 8th to 14th dey of 104,12 %, 158.28 %,

254,17 %, 586.27 %, 811.32 %, 1440.91% end 442.59 %, respectively

( Teble 4.1 ).,

The varietion of orthophosphete in the control, it in-

creased on the 2nd day ( 0.072 mg/1) from the Oth day ( 0.048

mg/1}, end became degraded, especially on the 14th day it was

only 0.019 mg/1. In the trestment, it increased from the Oth

dey to the 14th dey from 0.047 mg/1 to 0.159 mg/l ( Figure 4.5 ),

0.20
0. 15
0. 10

0.05

0.00

DRTHOPHOSPHATE. (a1

B

}—

-

- === Treatment
. : = —Control

Figure 4.5 The compsrative verietion of orthophosphsate.

The comperison of orthophosphate between the controi and

treatment, wes recorded thest the control was significently (p<0.01)

lower than the treatment on the 5th 4o the 14th dey of 147.62 % ,



137.74 % , 131,03 % , 168.42% , 254,35 % , 316.22 % ,

541.67 % and 736.84 %, respectively ( Table 4.1 ).
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541,67 % ,

The variation of total phosphatej in the control, it in-

creased from the initiel value on the 4th to 1ith dsy ranging from

0,064 to 0,141 mg/1l. After the t1lth day, the total phosphate de-

€raded.,

In the trestment, it increased on the 1st to the 4th day

from 0.046 to 0.090 mg/1, end greatly increased during the Sth day

to the 14th dey from 0.131 to 0.218 mg/1 ¢ Figure 4.6 ).
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Figuré 4.6 The comparative veristion of total phosphste,

The comperison of the control and treastment;

the total

phosphate in the control was significantly (p<0.01) lower then

the trestment on the 6th and the 9th day of 66.32 % and 74.07 %

respectively ( Table 4,1 ),

17943 1 11154658
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The dissolved 6xygen verietion in the control, increased
during at the first 3 deys (from 0.66 to 4.68 mg/1 ) and slighly
decressed on the 6th dey ¢ 1.51 wmg/l ). After +the 6th dey DO
velues were graduslly incressed., The variastion of DO in the
trestment wss lower then the control, end the range of DO in the

treatment was 0.44 to 3.18 mg/1 ( Figure 4.7 ),
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Figure 4,7 The comparative veristion of disolved oxygen.

The comperison of D03 the control was significantly
(P(0.0S) higher than the treatmen# on the 2nd and 3rd day 70.11%
eand 47.17 % mg/}. respectively. The control wes significantly
( p<0.01 ) higher than the trestment on the 9th day to the t4th
dey of 91.24 %, 87.61 %, 101.2 %, 60.20 %, 68.40 % and 77.85 %,

respectively ( Teble 4.1 ).



The veristion of BOD in the control increased during the
first three days of 8.84 mg/1, 12.58 mg/1 and 14.02 mg/1 on the
Oth, 1st and 2nd desy, respectively. BOD was graddally decreased
after the 3rd dey to the last day of 4.18 mg/1. In the treatment,
the BOD increased on the Oth, 1st and 2nd dey of 8,34, 12.46 and
14.20 mg/1, end rapidly decressed to 9.59, 5.60, 5,14, 3.14,
1,53, 1.06 end 0.00 mg/1 on the 3rd dey to the 9th day, respec-
tively. It slighly fluctusted on the 11th to 14 th day of 3.78,

0.02, 0.28 and 0.72 mg/1, respectively ( Figure 4.8 ),
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Figure 4.8 The compsretive variation of biochemicsal

oxygen demand.

The comperison of BOD: in the control, it's significantly
(p<0.01) higher then the trestment during the 6th dey to the 14th

14th, of 278,98 %, 412.42 %, 783.02 %, uncounted (infinity %),
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281.48 %, 213.49 %, 333.00%, 1,964.28 %X and 480.56 X, respectively

( Table 4.1 ).

The varistion of suspended sclidst the control decressed

on the 1st dasy of 172.33 mg/1l, and incressed on the 2nd to the 3rd

day of 195.68 mg/1 and 260.68 mg/1, respectively. After the 4th

day, the suspended solids fluctueted of range 134.00 - 205.67 mg/1.

In the treatment, on the first four days were close to the control.

The suspended solids degreded after the 6th day of range 123.67

meg/1 to 193.67 mg/s/1 ( Figure 4.8 ).
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Figure 4.9 The comparetive variation of suspended solids.

The comperison of suspended solids: in the control, it wsas

significently (p<0.05) higher then in the treatment on the 7th day,
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9th day and 10th of 23.75 % , 70.72 % and 97.29 %, respectively

( Teble 4.1 ).

The variation of chlorophyll & content: in the control, it
fluctusted and reached e meximum on the 5th dey of 889.4 wug/l. In
the treatment, the chlorophyll 8 was sherply depressed during the

6th dey to the 14th dsy ( Figure 4,10 ).
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Figure 4,10 The comperative veriastion of chlorophyll &
content.

The comparison of chlorophyll & content: the control was
significantly (p<0.01) higher then trestment on the 5th dey to
the 13th dey of 478.65 %, 333.16 %, 763.57 %, 854.05 %, 24%.79 %y
437.34 ¥ , 3360.00 %X , 1738,36 X end 3521.80 % , respectively

( Table 4.1 ).,

<+

i
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The varistion of chlorophyll b content: in thé control,
it renged from 77.37 to 109.15 ug/1 on the Oth dey and 14th day.
In the trestment, the chlorophyll b content decreesed from the Oth
dey end 14th day of 85.27 ug/l and 7.31 wg/l, respectively

( Figure 4,11 ),
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Figure 4,11 The comparative varistion of chlorophyll b

content.

The comparison of chlorophyll b content between the con-
trol and trestment: in the control, it wes significantly (p<0.05)
higher then the trestment on the day 5th, 6th, 7th and 8th of
443.42 %, 108.03 %, 373.27 % and 528.85 %, respectively. It was
significantly (p<0.01) higher than the treatment on the 12th and

13th dey of 401.37 % and 1,169.07 %, respectively ( Teble 4.1 ).

The variation of chlorophyll c content: in the control, it

decreased on the 2nd dey to the 5th dey of 246.63 and 170,37 wug/1,
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respectively., The chlorophyll c content on the 7th dey to 14th
day ranged from 47.10 to 94.46 ug/1. In the trestment, the chlo-
rophyll ¢ content decresded and accounted for 12.41 to 87.45 ug/1

{ Figure 4,12 ).
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Figure 9.12 The comperstive variestion of chlorophyll c
content.

The comperison of chlorophyll c content: in the controtl,
it was significently (p<0.05) higher than the trestment on the
5th, 6th, 7th, 8th, 1ith, 13th and iAth day of 552.76 %, 235,31 %,
76.86 %, 530.14 %, 57.84 %, 303.08 %, 482.00 % end 504.27 %, res-

pectively ( Teble 4.1).

4,1.2 The Plankton Abundance




The plankton on the first step experiment wes clacssified

es follow:

Phylum Cyenophyte (Blue green elgase)

Family Oscilletoriaceae

Oscillatorie sp.

Trichodesmium sp.

Family Chroococcacese

Aphanocapse sp.

Phylum Chlorophyte (Green aslgae)

Family Scenedesmacese

Scenedesmus sp.

Family Desmidiacese

Cosmarium sp.

Family Zygnematsceae

Spirogyra sp.

Family Oocysteceae

Chlorella sp.

Phylum Chrysophytae (Diatom)
Family Merosiraceae

Melosire sp.

Family Cosinodiscacese

Cosinodiscus sp.

Family Skeletonemacese

Skeletonemas sp.,

Family Chsetoceracese

Cheatoceros sp.

Family Naviculacese

Nsvicula sp.

Femily Nitzschiacease

Nitzschia sp.

ko



Phylum Euglenscese
Family Euglensacese

Euglesns sp.

Phylum Pyrrophyta {(Dinoflegelate)
Femily Peridiidae

Gymnodinium lohmanni

Gymnodinium sp.

The zooplankton clasificetion.

Phylum Protozos
Family Globigerinidae

Globigerine sp.

Family Scyphididae

Scyphidium sp.

Family Vorticellidse

Vorticells sp.

zgothamnium sp,

Family Ciliat
unknown ciliate
Family Leucosolenidae

Leucosolenie sp.

Phylum Arthopode
Suborder Calanoida
(Calanoid copepod)
Order Ostrecod
Unknown
Femily Dephnidae

Dephnias sp.

41
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Phylum Rotifere

Brechionus sp.

The plankton, including phytoplankton end zooplsnkton
is shown on Teble 4.2 and Table 4.3. In the control, it consisted
of 16 geners of phytoplankton s8nd 10 genere of zooplankiton. The

mein composition of phytoplankton was Trichodesmium , Gymnodinium,

Aphanocapsa and Chlorella., Trichodesmium varistion was 35.05 %,

38.33 % , 82.52 % , 77.7 %, 71.890 % , 28,72 % , 3.04 % , 1.65 %,
21.04 %, 1.78 %, 1.85 % and 1.43 % on the day ist, 2nd, 3rd, 4th,
S5th, 6th, 7th, 8th, 9th, 10th, and 11th dsy, respectively.

Gymnodinium lohmanni veristion was 24.99 %, 31.68 %, 17.19 %,

5.65 %, 8.33 %, 18.45 %, 50.14 %, 55.77 %, 48.57 %, 26.60 %,
6.75%, 29.64%, 92.15%, 98.99% eand 99.82%, on the day Oth to the
day 14th, respectively. The zooplankton in the control wes domi-
natediafter the first two days, and accounted for 63, 952, 5273,
4733, 28600, 142464, 202974, 203853, 46343, 45574, 24610, 16103,
23791, 5848, and 11324 ind/1 on the Oth day to 14th dey, respec-
tively. The main compositions of zooplenkton were Brachionus
eand ciliete protozos. Brachionus composition was 0 % , 0 % ,
40.45 %, 47.38 %, 91.90 %, 99.27 %, 99.56 %, 100.00 %, 96.56 %,
86.53 %, 92.59 %, 82.61 %, 98.92%, 97,54% and 100.00%, on the

Oth day to the 14th dsy, respectively ( Table 4.2 ),

The plenkton in the treatment consisted of 17 genera of
phytoplenkton end 11 genere of zoopleankton. The main compositions

of phytopleankton were Gymnodinium lohmenni, Trichodesmium,

Aphanocapsa, Chlorella end Euglena ect. The varistion of

Gymnodinium lohmanni wss 43.06 %, 50.70 %, 7.19 %, 7.25 %, 9.19 %,

40.67 %, 56.46 %, 57.68 %, 93.92 %, 82.12 %, 2.75 %, 44.50 %

92.13 %, 99.13 ¥ end 99.89 % on the Oth day to the 14th day, res-
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pectively, Trichodesmium wes 25.70 %, 34.05 %, 92.17 %, 84.32 %,

63.75 % , 42.09 % , 2.73 % , 25.47 %, 5,76 %, 5.5! % , 0.72 %,

1.76 % 4 0.00 % , 0,00 % and 0.00 % on the Oth day to the 14th day,
respectively., The phytoplankton which wes compared between the

control and the treatment is shawn in Figure 4.13.

PRYTOPLANKTOM (cellsslo

TOO00000
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SO00000
Z=00000 -
N =sees Treatment
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Figure 4.13 The comperative variation of phytoplankton.

The total cell of phytoplankton in the control was

higher than the treatment (figure 4.13), however it still

dominented until the 14th day, because of Gymnodinium lomanni

was dominant.

The zooplenkton in the treatment meinly were copepod and
Brechionus. Totsl of zooplankton accounted for 4,328 2,236 1,854

7,317 41,687 48,680 178,453 112,243 68,920 68,094 21,653
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7,236 3,098 3,745 snd 3,158 ind/1 on the Oth day to the 14ih dey,
respectively (Figure 4,14). Brachionus was composed of 0,00 %,-
0.00 %, 51.78 %, 84.83 %, 97.27 %, 97.77 %, 98.70%, 98.63 %,

100.00 %, 96.85 %, 95,15 %, 78.95 %, 67.85%, 75.11 % and 100.00 %,

on' the Oth dey to the t14th dsy, respectively ( Table 4.3 ).

The comparison of amount of zooplankton in the control
end trestment ( Figure 4.14 ), during the 4th dey to 8th day,

zooplankton in the control was higher than the treatment.

™
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Figure 4.14 _The compsrative varistion of zooplesnkton.

4,1.3 Artemis Growth end Mortality

4,1,3.1 The Veriation of Weight

Artemie dry weight was slighly increesed on the first four
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deys of ran¥e 0.02 to 0.05 wmg/ind, The weight sharply incressed
on the 5th dey to 0.28 mg/ind, while on the 7th dsy to 9th day,
the weight decreased from 0.14 mg/ind to 0.12 mg/ind ( Fidure 4.15

and Appendix D ).
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Figure 4.15 The variastion of Artemie weight.

4,1.3.2 Varistion of Length

The body length increased during the first three days,
ranging from 2.36 mm to 3.71 mm. The maximum length of 6.06 mm

was on the 4th day ( Figure 4,16 sand Appendix D).

4.,1.3.3 Vearistion of Cumulative Mortelity

At the first week of rearing, the mortelity was slighly

increased, snd then sharply increased during the 8th day to
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Figure 4.16 The verietion of Artemia length.
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The varistion of Artemia cumulative mortality,
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the 14th day. In the period of the 12th day to the 144h day, the
cumulative mortality sccounted for 61.3%, 80.00% and 84.0%,

respectively ( Figure 4,17.).

4.2 The Secondary step Experiment

4,2,1 Wster Quality

The varistion of pH end selinity during this experiment,
ranged from 7.21 to 7.81 end 33.5 ppt to 36.8 ppt, respectively

( Table 4.4 ),

The water temperasture, it wes range from 28,0 C to 31,7 b.
as the water was being exchanged. The difference of temperature
between before and after drainagg was accounted for 0.7'0. 0 b.
1.5°C and 3.83 C et the ist-order, 2nd-order, 3rd-order snd the

4th-order water exchange, respectively ( Table 4.4 ),

Nitrite-nitrogen. In the 2nd- order, 3rd-order end the
4th-order bstch of water exchenge, there were incresse of 300,00%,
100.00% and 400.00 %, respectively., However, in the tst-order and
5th-order of water exchange, there wes a decrease of 50.00 % and
80.00 %, rgspectively. Both waste water and effluent had the

same range of 0.,001-0,005 mg No;ll ( Table 4.4 ),

Nitrate-nitrogen. In the 2nd-order, 3-rd-order and the
‘4th-order bstch of water exchange, it incressed 350.00 %, 33.33 %
end 63.22%, respectively. However, in the ist-order end 5th-order
betch of -water exchange, it decreassed of 47.06 % aﬁd 100.00 %,
respectively, The waste water and effluent ranged from 0.004 to

0.029 mg/] end 0.000 to 0,038 mg/1, respectively ( Table 4.4 ).
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Table 4.4 The water gualitiec comparicon tefore and after Artemic culture of the 2nd step erperisent.

Mater quaiity -

The order of effiuvent

ti K] K LH 5 i 4 ki A¢ o
pH 7.48 7.81 7.4 1.63 7.2 7.82 1.7 1.47 7.38 .37
Teaperature(®C) 29.4 29.4 30 29.05 27.8% 28.9 30.0 30,54 3,68 28,4
Salimtyippt! 3.8 35 28.3 3.7 35.5 36.8 35.2 36,3 36.0 3.0
Nitritetng/ls 0.062  0.001 0,001 0,001 ¢.000 0.001 0,04 0,002 0,005 0,008
Nitrate(ag/]) 0.017  0.004  0.018 0,023 0,029 0.009 0,018 0.024° 0,038  0.00¢
Total asscniaisg/i: G040 0109 €187 0,185 1.074 093  0.628  0,90F  1.55¢  0.817
Phoephate(ag/!: 008 0,002 0.007  0.016 0.008 0,006 0,028 0,056 0,028 0.00¢
Total phasph;ttitg/ll 0,045 0:021 0027 0.908 0,052 0,052  0.047 0,067  0.103  0.048
BOD. Sozy 20 € (ag/]) 6.41 4 9.48 6.22 8.8 0.3 0.2 1,43 0.04 B.74
Suspenéed selidiag/1} 1353 17t 139.2 13,5 193.5 43,3 1282 1362 1397 112
Chiorortivil a (ugil) 6.8 1438 157.8 13.1 165.2 6.2 1.7 19.2 6.4 50.09
Chiorophyll b ing/)) 8.2 12.3 16,3 10.9 FAR 3.0 .5 5.0 .9 1.5
Chiorophyll ¢ (ug/h 32.4 12.¢ 5.9 2416 64.4 1.7 12.4 10.2 1.¢ 0.5

Remark: iy before friemis tulture
f: after Artesia culture
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Ammonie-nitrogen, In comparison of waste water and ef-
fluent, it increesed in the !st-order, 2nd-order, 3rd-order aﬁd
the 4th-order batch of water exchange of 563.83 % s 476415 % ,
382,89 % snd 741,08 %, respectively. The ammonis-nitrogen in waste
water and effluent ranged from 0.14 mg/1 to 1.07 mg/1 end 0.61 to

1.56 mg/1, respectively ( Teble 4.4 ),

Orthophosphate. In comparison of weste water and effluent,
it increased in the Ist-order, 2nd-order, 3rd-order and 4th-order
batch of water exchaenge of 550.00 %, 600.00 %, 700.00 % and
75,00 %, respectively. The oerthophosphate in waste water and ef-
fluent renged from 0.002 to 0.016 mg/1 and 0.000 to 0.038 mg/1,

respectively ( Table 4.4 ),

Totsl phosphate, In comparison of waste water and ef-
fluent, it increesed in the {st-order, 2nd-order, 3rd-order and
4th-order bstch of water exchange of 6.12 %, lZS.Bi %, 148, 15%
and 1187.50 %, respectively. In the S5th-order batch of water
exchenge, it decreesed 50.00 % . Total phosphate in weste
water and effiuent,ranged from 0,008 to 0.021 mg/1 and 0.047 to

0,103 mg/1, respectively ( Teble 4.4 ),

Biochemical oxygen demend. In comperison of weste waster
end effluent, it decreased in the Ist~order, 2nd-order, 3prd-
orderg 4th-order and the 5th-order batch of water exchange for
88.45 %, 95,00 %} 84.92 % and 1.35 %, respectively. BOD in waste
water and effluent renged from 4,00 mg/1 to 8.88 mg/1 end 0.04
mg/1 t08.74 mg/1l, respectively ( Table 4.4 ), |

Suspended sclids. The suspended solids in waste water and
effluent renged from 193.5 mg/l to 135,3 mg/1 and 124,2 mg/s1

to 171.2 mg/1, respectively ( Taeble 4.4 ),
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Chlorophyll & content..ln comparison of waste water and
effluent, it decressed on the tst-order, 2nd-order, Srd—ordér,
4th-order and the 5th-order batch of water exchange and sccounted
for 977.42 %, 1129.06 %, 721.88 %, 1135.94 % and 229,81 %, respec-
tively. Chlorophyll 8 in waste water and effluent ranged from

66.8-165.2 g/l and 6.,2-50.09 wmg/1, respectively ( Teble 4.4 ),

Chlorophyll b corntent. In compesriscn of waste water and
effluent, it decreased on the Ist-order, 2nd-order, 3rd-order,
4th-order and the S5th-order batch of water exchange and accounted
for 1733.33 %, 73.33 %, 220.00 %, 275.86 % end 103.99 %, respec-
tively. Chlorophyll b in waste water and effluent ranged from

8:2 ug/l to 23.5 g/l end 2.9 ug/l to 11.52 agsl, respectively
( Table 4.4 ),

Chlorophyll c content. In comparisdn of waste water and
effluent, it decressed in the lst-order, 2nd-order, 3rd-order,
4th-order and the 5th-order of waster exchange and sccounted for
320.78 %, 476.19 %, 428.43 %, 223.68 % and 125.96 %y respectively.
Chlorophyll c in waste waster and effluent ranged from 24,6-64,4

g/l and 7.6 to 28.5 ag/1, respectively ( Table 4.4 ),

4.2.2 Plankton Abundance

The plenkton composition consisted of 22 geners and the

mein groups were Chlorococcus, Trichodesmium, Chlorella, Cosinodis-

cus, Nitzschie etc. ( Table 4.5 ). The phytoplankton in waste

weter .were 29596100, 7598705, 3612996, 31791 and 2204290 cellsl
of the ist batch, 2nd batch, 3rd bastch, 4th bastch and 5th batch,
respectively. The zooplenkton comprised !! groups and main: groups

were occupied by copepod end rotifer. The total of zooplenkton
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Table 4.5 The plankton of both before and after Artemia culture in the various waste water exchange.

Taxa

The sequente of water exchange ( Batch of water changing)

2

¥ i

F

41

4 51

Phylue Cyanophyta
(Blue greéen algae)
FamilyOscillatoriacese
Dscillatoria sp. n -
Trichodesaius sp. 270914 2566
Fasily Chrootutcaceae
Chrootoccus sp, 28863333 173042
_fphanocapes 5p. 5 -
Phylus Chiorophyta
{6reen algae)
Fasily Scenedesmaceae
Scenedesaus. gp. 547 -
Farily Desmidiaceae
Closterius sp. 109 -
Cosaariue sp. 485 -
Family Spirogyra
Spirogyra p. - -
Faaily Oocystaceae
Chiorelia sp.
Phylua Chrysophyta
{Diston)
Family Merosiraceae
Helosira sp.
Fanily Cossinodiscaceae
Cossinodiscus sb,

"Fasily Skeletonesaceae

Skeletonens sp.
Fanily Chaetoceraceae

Eheatoceros sp.
Fanily Tabellariaceae

Elinscosphenis sp 75 3
Family Naviculaceae

faphiprors sp. 79 -

Gyrosignas sp. Q 17

Havicula sp. n oo
Family Nitzschiaceae

Nitzschis sp. 70 146
Fanily Eucampiaceae

Streptotheca sp. - -

Phylus Pyrrhophyta(Dinatlageiiate)

Fanily Euglenacese

Euglens &p. - -
Fasily Peridiidae )

Peridinius sp. - -

Byancdiniue ighaanni -

47807 i

316 =
94877 . M8
194186 -

18700 O

147
2429

7285142
3

9996

8973

o
85
)
303
1815

271112

7t

]
105

149 708021

313519 26850285

wn

-

od
1

> 146
v 1337

& 20393

- 1032 -

i 4731

855

m

500

|
5445

‘25312

53 K1)
1875 268439

- 1581977

-

87 -

180 1475

- 3763
118 1189

382 4875

12944

82

i

960

Total (cetl/l) 29596400 178937

7599708

314468 361299

1783

7t

2759 2264290

13647

Reaark: I=influence,F=effluence
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Table 4.5 lcontinue)

Taxa The sequence of water exchange { Batch of water changing)

TR 21 %* 3 3 T # 51 5

Phylus Protozoa
Family Globigerinidae

Slobigerina sp. 110 - - - - - - - - -

Fasily Codonellinae
Tintinnopsis sp. - - 9 . - - - - - - -
Fanily Actinobolinidae ’
fctinpspaeniun SR - 47 - - - - - - - -
Family Scyphididae . :
Scyphidius sp. 1533 = - = - - - - - -
Fasily Vorticellidae
Vortjcella sp. - 17 G 454 = - - - { -
Iocthasnius sp. 5 - 2 30 = 2 - - - -
Fasily Celiat
. unknown celiate 92 = S = - - 3 - - -
Phylus Arthopods
Suborder Calanoida
{Calancid copepod) 3031 1516 405 698 n 54 i 474 1290 -
Order Qstracod
Unknown = 2 699 39 = N - - - -
Phylus Rotifera ’
Brachionue sp. = 2120 S 1050 202 106 2 147 129 32
{rotifer)
Phylus Molusca
tnknown Rivalvia 0 S = = - - - - - -

Total find./1) 4986 3875 1123 451 494 160 L) 621 1420 12

Remark: l=influence, F=effluente
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Table 4.& The E‘JC‘FH(}&” o plnnl*tmn rwmmnlng after umnq Artam:a feed:ng.

Taxa wante water effluent lossing %4 loss remarh
Oscillateria sp. 219 11 208 5
Trichodesmiuwn sp. 255247 3678 2515714 79
Chrooroccus sp. aroRe10 F7429 81051581 9
Aghanormgra s . 4 S0 4 100
Seenedesmus sp. 109 0 109 100
Closterium sk, 62 ] &2 100
Cosmarium sp. 7 Q 7 100
Spirogyra sp. 962 3 749 29
Chlorella sp. 885 213 72 98
Melosira sp. &3 0 63 100
Cossipnodiscus Sp. 2OITE 7O 2005 100
Skeletonema Sp. HORI2 0 60232 100
Cheatoceros . 376G 0 3765 100
Climacosphenia sp. 19 12 7 37
Amphiprora sp. 149 0 149 100
Gyrosigma sp. (&} 3 5 63
Mavicula =p. 7EH0 0 750 100
Mitzsechin sh. B748% VA 37407 100
Str F'Q“ otheca spr. 28423 12 28411 100
Euglena zp. =574 74 300 a7
Peridiniuwm b, i 4 0 4 100
Gymnodimium lobmannd 2P3I2 19 28613 a9
Globigerina g, 22 0 22 100
Tintinnopsis sp. 4 Q 4 100
Scyphidiwn sp. 307 4 207 100
Vorticella sp. 0 165G - - increased
Zoothamnium sp, O & & - increased
Unknown celiate 19 O 19 100
potinocsphaeniuwm sp. y Q a - - increased
Unknown copepod 1220 548 742 &8
Unknown ostracod 140 17 123 88
Brachionus sp. &7 &7 - ~ increased

Unkrnown Bivalwvia
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in waste water were 4986, 1123, 434, 6 snd 1420 ind/1 for the
st bstch, 2nd betch, 3rd batch, 4th batch and 5th bstch, respec-
tively. The zooplankton in the effluent totally were 3875, 2491,
160, 621 and 32 ind/1, for the ist batch, 2nd batch, 3rd betch,

4th batch and the 5th batch, respectively.

The genera of phytoplankton stilil remaining in the effluent

were Climecosphenies, Gyrosigms and Oscilletoria which accounted for

63 %,37 %,end5 %, respectively ( Table 4.6 )., Zooplankton, the
groups which remained in the effluent were copepod and ostracod
which eccounted for 42 % and 12 %, respectively. The incressing

¥enera of those plankton in effluent were Volticella, Zoothsmnium,

Actinopheenium and rotifer. Rotifer in the effluent was approxi-

matly lO.times of the emount in waste water.

4,2.3 Pollutant Removal Rste

4,2.3.1 BOD Removal Rete

BOD removel rates averaged 0.0348, 0.0410, 0.0651, 0.1100
and 0,0244 wmg BOD/ind/day during the period of the ist batch,
2nd bstch, 3rd batch, 4th betch and the 5th batch, respectively
( Table 4.7 ). The anslysis of date indicated thet the various
aversges of BOD removel rate were significently ( p<0.05) differen’.

( Figure 4.18 and Appendix C ).

4.2.3.2 Chlorophyl!l contents Removal Rate

The chlorophyll e removel rate sveraged of 0.3414, 1,6894,
1,2076, 1.3080 end 4.8355 ug /ind./dey for the ist bstch, 2nd

batchy 8rd batch, 4th bstch and the 5th batch, respectively
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Table 4.7 The Duncen’
removal rat

cf the pollutant

Hatoh The wariooas

;‘-‘! [RYITIN s et A ntime e autmn s s onen ot boton srter b mras sares

removal rate
ROD Chlorophyll & Chlorophvll b Chlorophvll o
(madind dey) { nodindsday) ( mgdindddayy o agsind S gay)

1 2. 0548

prevy

W LAILEE 3 R AT

SIS TENES

4 . 1100

1. 3080 O DSY R 0, ER22440
i 0, 024484 4. 8535

AV ERSGE G0

e

0, GR44 1. 58040

L TS W

Femark: The pollutant removal rates response without letters
in common are significantly different ( pg0.0% )
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BODN removal raie

-

BATCH 1 BATCH £ B

ATCH 3 BATCH 4 BATCH 2

The sequence of waste water exchangs

Figure 4.18 The BOD removal rate after Artemia resring.

{ Figure 4,19 ), The enelysis of dets indiceted. that the various
averaeges of chlorophyll & removal rates were significantly (p<0.0l)
different. Chlorophyll 8 removel rete of the 5th betch was signi-

ficanly (p<0.05) higher then the others ( Table 4.7 ).

The chlorophyll b removael rstes were average of 0.0303,
0.0983, 0.1001, 0.0693 end 0.5344 ug/ind/dey . for the 1st batch,
2nd betch, 3rd bstch, 4th bstch and the 5th betch, respectively
( Figure 4.9 ), The analysis of dete indicated that the various
chlorophyll b removal rates were significantly (p<0.01) different.
The statistical analysis showed the chldfophyil b removel rate

of the 5th bstch was the highest ( Table 4.7 ),

'The chlorophyll ¢ removal retes averaged 0.1403, 0.7586,

0.3868, 0.3224 and 1,5506 ag/ind,/dsy, on the 1st batch, 2nd batch,
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Chloroptwll removal rates
- e
¢ ug/ind dad

4 =
ZL_

i L 1hl.c
I . BEEChl.b
N = = . . :
U

BATCH 3 BATCH 4 BATCH S

The seaquence of waste uater exchanags

Figure 4,19 The chlorophyll contents removel rate.

3rd betch, 4th bstch and the 5th bastch, respectively, The anelysis
dats ( Tseble 4.7 ) showed the various chlorophyll c removal rates
were significantly (p<0.01) different. The chlorophyll c removal
rate of the 1st batch, 2nd batch, 3rd bstch and 4th batch were
significently (p<0.05) less than the 5th batch. The chlorophyll ¢

removal rates of the 4th batch and the 5th bastch were significantly

{p<0.01) higher than the tst bstch.

The celculation of removal retes end statisticel enalysis

are shown in the Appendix C.

4.2.4 Artemis Growth
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4,2,4,1 Veristion of Weight

Artemie weight incressed from the lst bestch to the 4th
batch, but it decressed in the 5th bstch., The records of dry
weight were 0,000007, 0.00007t, 0.000106, 0.000208, 0.000384 end
0.000305 g/ind, for the initiel, the 1st batch, 2nd bastch, 3rd

batch, 4th bstch snd the 5th batch, respectively.

4,2,4.2 Varistion of length

The length of Artemis from the initisl to the 5th betch
incressed and asccounted for 1.88, 3.79, 4.26, 5.19, 5.34 gnd 5.81

mm, respectively.

4,2.4,3 The Cumuletive Mortality

The levels of Artemis mortality decreased from the initiel

to the 5th bstch, which were 0 %, 11.6 %, 27.38 %, 27.67 %, 56.56 %.

and 62.57 %, respectively.

4,2.,4.4 Artemia Development

The 1.86 mm total-length of the post metensuplius stage
were fed. The Artemia reached £o adult stege ( 4,26 mm ) and
precoupulation on the day 12th. On the day 20th, few femsles
cerried the esg¥ brood, and after that became unhealthly and were
sluggish. The body colour faded from reddish brown sfter the 4th
betch of water exchange ( 20th dey of rearing). On the day 23th,
the Artemies were infested with e filamentous bacterium

( Figuf‘e 4,20 ),
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Figure 4.20 The filementous bacterium infested the

Artemie 8t the end of experiment of the 23th dey resring ( x 40).

4,2.4.,5 The Post Harvest

The Artemis in the various tenks were harvested on the 23th
dey. The asverages of live weight end number were 18.74 £/tank and

3,505.67 ind./tank ( Table 4.8 ).

Teble 4.8 The post harvest of Artemis

Tank number . Live Qeigth (g) Number (individuals)
1 32.52 6,494
2 32.30 3,593
3 11.90 1,264
4 10.80 2,691
5 15.00 2,734



CHAPTER V

DISCUSSION

5.1 The Variation of Water Quality

5.1.1 Nitrogen Compounds

The comparative ammonia-nitrogen values show that the
control ( Figure 5.1 ) could be able to be self purified and
degraded. The ammonis nitrogen which dissolved in the water is
diffused and changes to gas formation as decribed by Boyd ( 8 ),
The phytoplankton of the control was more than the treatment
( Figﬁre 5.2 } and can sahsorb amﬁonia in photosynthesis. The
emmonis-nitrogen was accumulated due to the Artemis mortality.
The high protein ( 47-60 % ) content and decaying, Artemies and
its excretion, produced the excess ammonis concentration. The
nitrite-nitrogen and nitrate nitrogen in the control were more
than the treatment. The high ammonia concentration might be an
inhibitor of the nitrifers, because nitrite and nitrate-nitrogen
in the treatment were lower than the control, as decribed by
Singhal ( 29 ). The low BOD in the treatment was influence to the
nitrification and reflected the low nitrite and nitrate concentra-

tion of the treatment, ss described by Roger ( 30).

The important reason for the increasing nitrate nitrogen
in the control was due to the excess of blue green algae in the
control. Blue green algae was able to fix the nitrogen gas to

nitrate. In the Table 4.3, the amount of Trichodesmium on the

5th day to the 14th day, was more than the treatment.
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Figure 6.1 The nitrogen cycle in the control tanks;

modified from Higgin and Burns ( 31 ).
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modified from Higgin and Burns ( 31 ).
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5.1.2 Phosphate

Both orthophosphate and total phosphate in the trestment
were more than the control, because dead Artemia released the phos-
phorus compounds, this result agreed with Boyd and Musig ( 32 ),
Navansrasest et al. ( 11 ) reported that the utilization of domes-
tic waste water for freshwater flea culture, also produced the

increased orthophosphate from the control unit,

5.1.3 Biological Oxygen Demand (BOD)

Generally, the BOD is influenced from carbonaceous and
nitrogenous organic matter described by Mastsumoto ( 33 ). The BOD
of waste water from shrimp farm was mainly influenced from carbo-
naceous organic matter from phytoplankton, sccording to cell abun-
dance. The degradation of phytoplankton cells might affect BOD
decreasing. BOD removel depended on the decrease of phytoplank-
ton., The detention time of this biolegical treatment was 6 days,
according to decreasing BROD from 11,90 mg/1 to 3.14 mg/l by
Artemia filterability. The results showed the degradation of BOD
between the ist experiment and 2nd experiment was not fixable on

the day 6th. It might be affected by the initial BOD level.

5.1.4 Dissolved Oxygen

The DO in the treatment was less than the control, due to
the Artemis respirstion. This was consistent with the study of
Navanarasest et al, ( 11 ) that freshwater fleas used oxygen for

its respiration. The inter-relationship of low DO and high ammonisa
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concentration was reported that DO of 2.3 mg/!1 and ammonis of 33.5
mg/1l caused 80 % of tiger shrimp prawn to die within 96 hours.
Increasing DO to 5.7 mwg/1 and ammonia of 33.9 mg{l, caused only

3.33 ¥ mortality, as reported hy Allan et al. ( 34 ),

The pH in the control was higher than the treatment, it

might be decribed in two basic causest

- Influence of ammonia concentration.

The nitrification caused the decreasing pH in the treat-

ment modified by Higgin snd Burns ( 31 ) as follow:!

2NH, + 0 ———>2NH OH + 2H’ .. 1)
NH_OH + HNO_ ————> NO_NHOH + 2H' R E B
2 NO_NHOH + 0 ———> 4 HNO_ S T T3
HNO_ + H_O ———>HNO_ + 2H T £'2)

It appears that the first stage in nitrification was
oxidation of ammonia to hydroxylamine ( i ). Following this the
hydroxyemine might react with nitrite already formed ( as nitrous

acid ) to produced nitrohydroxylamine ( ii ) which was sub-

seqﬁently oxidized to nitrite ¢ 1ii ). Nitrobacter oxidized

nitrite to nitrate directly, then it was scid condition ( iv )

- Influence of carbon dioxide concentration
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The carbon dioxide caused by excess Artemia respiration,

was hydrolysed to carbonic acid.

5.1.6 Suspended Solids

The suspended solids in the treatment wes less than the
control. The observation of water colour in the trestment was
clear but the colour of control was still greenish brown but it
was similar to the suspended solids velue +throughout in the
secondary step experiment. To be reasonsble that Artemis was
not able to remove any group of plankton such as Euglena,

Gymnodinium, Nitzschia, Chlorella, aphanocapsa, and rotifer etc.

5.1.7 Chlorophyll a content

The chlorophyll a content is the main component of various
phytoplankton, decribed by Bogoad ( 35 ) and Parson and Takahashi
{ 36 ). In the treatment the chlorophyll a decreased after the 4th
day, sccording to the degradation of suspended solids and phyto-
plankton. Thus, decreasing of chlorophyl a content during the 4th
day +to the 7th day reasonably supported that Artemia was asble to

filter plankton more than the prior day.

5.1.8 Chlorophyil b Content

The chlorophyll b content is the component of green algae
which is decribed by Bogoad (3% ) and Parson,Takehashi ( 36 ),

The green algae in the lst step experiment comprised Aphanocapsa

Scenedesmus, Cosmarium, Spirogyra and Chlorella. The chlorophyll

b content decreased during the 4th day to the 14th day, indicating
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the Cosmarium and Chlorella had gone. This result suported that

Artemia was able to feed on Cosmarium and Chlorella. The report
from Hutasingh ( 7 ) supported that Artemia could be able to feed

Chlorells, however its growth was 1lower than Cheatoceraos

and Skelletonema a8s food source.

During the 2nd step experiment, Spirogyra, Scenedesmus and

Chlorella were removed.

5.1.9 Chlorophyll ¢ content

The chlorophyll ¢ content is the component of distom, Eugle-
naceae 8nd dinoflagellate, reported by Bogoad (35 ) and Parson and
Takahashi ( 36 ). In the secondary step of experiment Melosirs,

Cosinodiscus, Skelletonema, Cheatoceros, Amphipora, Naviculsa, and

Streptotheca were the decreasing diatoms, Gymnodinium was not

decreased, due to effect on its well locomotion and Artemia was
not able to feed, especially G. lohmanni was tLoo lardge for fil-
terability. In the 1st step experiment, G. lohmanni was dominated
over on the 1ith dey to the t4th day. Thus, it may be indicated
that the remain species might be trouble to the Artemig. Gaines
and Taylor ( 3 ) reported that few dinoflagellates were toxic for

aquatic species.

Hutasingh ( 17 ) reported that Artemia was sable to feed

Trichodesmium, Chlorella and Cosinodiscus.

5.2 Artemia Growth
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In the 1st step experiment, Artemis weight and length in-
creased 8and reached to adult stage within 5 days. Few Artemis
formed brood eg¥s after the 8th day and approximately 20-30
egeg/ind., The comparative fecundity with same strains as this
study, which fed by rice bran suspension as food source. The
average fecundity waes 73.6 egg/ind., The effects of different food
sources and strains on Artemis fecundity was decribed by Yashiro
( 13 ). The sgrowth and biomass were decreased after the 12th day,
according to increasing of ammonia and decreasing suitable food
sources., The determination of harvesting might be on the 5th day

to the 6th day.

In the 2nd step experiment, maximum Artemia weight was on
the 20th day of 0.384f mg/ind. The initial size, BOD and plankton
species affected Artemia growth., According to different initial
sizes ( 2.36 mm and 1.86 mm for the st stép and the 2nd step
experiment, respectively }, the culture period was approximately

3 to 4 times longer for reaching the same adult size.

5.3 Artemia Mortality

Artemia mortality was influenced by the following factors!

5.3.1 Temperature effect

The wide range of diurnal temperature and long periods of

culture affected mortality, reported by Thoeye et al., ¢ 16 )
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The wide range temperature ( 3.7 C ) occurred during water exchange,
in the 5th batch of the 2nd step experiment. This condition might
be affected Artemia metabolism and cause infestion by external

parasitic protozos and backeria.

5.3,2 Toxicity of Ammonia and Nitrite

Leeprasert et al., ( 37 ) reported that safe concentration
of un-ionized ammonia and nitrite to Artemia at salinity of 30, 70,
110 and 150 ppt were 0.26, 0.58, 0.65, and 0.87 myg NH_-N/1 end 0.40,
0.76, 0.90, and 0.91 mg NOZ—NII ( pH=7.6-8.4 =and water tempera-
ture = 28-30 °C }y respectively., In the first step experiment,
ammonia was higher than the safe levei but in the second step ex-

periment was not,.

5.3.3 External Parasites

The observation by microscope found that Vorticellidae and

Scyphididae were parasites of Artemisa. Zoothamnium is the common

genus in shrimp pond ands slways infests the crustraces, described

by Boonyapalin et al. ¢ 2 ),

5.3.4 Competition Community

The zooplankton in the waste water are phytoplankton
feeders, with rotifer and copepod 8s the main zooplankton groups.
The zooplankton were larger size and more active movement than
the Artemia. The same particular food sources were consumed

by the zooplankton and caused ﬁrtemia to starve. In the 1st step



71

experiment; dinoflagellate were dominant over becsuse Artemia was

not able to feed.

5.3.6 Bacterial Infestion

The shortage of immunity for Artemia caused bacteriasl in-
festion. This might be due to unsuitable conditions, such as tem-
perature change, protozoa infestion and starvation, which occurred
during the 2nd step experiment. Solangi ( 38 ) reported +that

Artemia were inflested by filamentous bacterium might cause low DO

level.

5,4 Pollutant Removal Rate

The removal rate depended on filterability of Artemia. The
increasing length and weight, influenced on the removel rate. The
advanced developmentsl stage of Artemis is slso differentiated and
the locomotive and filtering organs are more advanced, described

by S5chrehardt ( 39 ).,

5.4.1 BROD Removal Rate

The maximum and minimum of BOD removal rates were belonged
to the 4th batch and 5th batch, respectively, Filterability
was ¥radually increased from 1st batch, 2nd batch, 3rd batch and
4t h batch.-respectively. The accumulation of nitrogeneous organic
matter from dead ﬁptemia, caused BROD to increase. The low BOD

removal rate was revealed on the last batch.
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5.4.,2 Chlorophyl! Removal Rate

The maximum and minimum of chlorophyll a , chlorophyll b
and chlorophyll ¢ removal rates belonged to the 5th batch and
ist batch, respectively., Those chlorophyll contents on the 5th

batch was well removed becasuse of Artemia filterability.

5.5 Biomass and Production

The Artemia stocking density of 100 individual/l reared
in the waste water from intensive shrimp farm, produced 8 maximum
biomass of 36.63 mg/1 ( on the ist step experiment) and 20.02 mg/1
( on the 2st step experiment). Both of two experiments could not
produce the offspring (nauplii). It might be +that the limited
condition, nutrition and infestion of protozoa were not suitable
for recruitment. However, the Artemis were sble to grow and

produced biomass.

Akksyanont and Maneewong ( 14 ) reported thast Artemis fed

with Tetraselmis sp. and rice bran for 14 days at densities of

3000, 4000, and 5000 ind/1 and salinity of 34 ppt grew by the

estimation of 5.5, 4.8 and 4.2 mm, respectively. Variable»costs
( without electricity cost ) for Artemia culture were 37.17,

42.76, snd 103,01 beht/kg, respectively.

Sergeloose et al, ( 6 ) reported that Artemis fed with
waste butter as food source could be able to produce the biomass
(live weight) of 4.3 g/1 . The production in this study was only
19.74 g/tank (or 0.06 €/1). The important factors influencing on

the Artemis production was water circulestion as reported by Ser-
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geloose et al. ( 6 )y, Thoeye et al, ( 16 ) and Schrehardt ( 38 ).
Addition of water circulation might raise Artemia production higher

than this study which might be applicable for the commercial scale.



CHAPTER VI

CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

6.1.1 Comparative Water Quality

The study revesled the assumption thst Artemia would be
able to degrade some pollutants. Obvious results on the compara-

tive water quality between waste water from shrimp farm with

Table 6.1 The solution of different water quality.
Parameter Treatment Control Occurrence of the

difference (date)

pH less more 5-14
NOZ_ less more 6-11
Noa- less more 5-14
NH4+ more less 5-14
P04= more less 5-14
Total'P04= more less 6-14
i) | less more 1-14
BOD less more 4-14
58S less more 5-11, 13-14
Chlorophyll s less more 5~14
Chlorophyll b less more 5-14

Chlorophyll ¢ less more 5-9, 11-14
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Artemia culture and waste water from shrimp farm without Artemia

culture are briefly presented in Table 6.1 .

6.1.2 Detention Time of the Biological Treatment

BOD can be degraded from the initial BOD of 8.34 mg/1 to
4 mg/1 within 6 days. The detention &ime might depend on the

initiel BOD of the treatment.

6.1.3 Pollutent Removal Rate

The removal rate of Artemig depended on the period of
feeding and developmental stage of Artemia. It was concluded
that the highest rates of various pollutant removal were gs

follow}

- The highest BOD removel rate ( 0.11 wg/ind/day ) on the
15th day to 20th day.

~ The highest removal rates of Chiorophyll a ( 4.83 ug/
ind/dsy), Chlorophyll b ¢ 0.53 ag/ind/1 ) and Chlorophyll ¢
( 1.55 ug/ind/day ) were on the 20th to 23th day.

- The lowest pollutsnt removal rateswere on Oth day to

6th day.

6.1.4 Suitability of Biologicel Treatment Operation

In determination of the pollutant removal rate, suitable
operation time was about 15 to 23 days. PRase on determinetion of

the maximum biomass, the suitable operation time was 15 to 20 days.
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6.1.5 The Growth of Artemia

In the first experiment and 2nd experiment, the maximum
growth of Artemia was the 6th day and 20th day, respectively.
The observation of Artemia srowth might depend on the initial

Artemis size, according to capability of feeding filterability.
The Artemia formed brood eggs on the 7th sand 20th days,
of the 1st experiment and 2nd experiment, respectively. The fe-

male ¢ Artemia was not able to produce the nauplii snd cyst.

6.1.,6 Biomass and Production

High biomass of the 1st experiment and 2nd experiment was
on the day 5th and the day 20th in dry weight of 0.03 g/1 and 0.02

€/1, respectively.

Production of biclogical treatment in live weight was 19.74

g€/tank, or 0.06 ¢/1.

6,2 Recommendations

6,2.1 Other Pollutant Removal Unit Need to Combine

Artemis filterability only degraded a few pollutants,
such as BOD, chlorophyll content, nitrate and nitrite. On the
another hand, ammonia nitrogen and phosphate were increased. It
might be unsuitable alone as biological treatment unit. The pro-

tection of water pollution should include sea weed for the biolo-
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gical treatment component to sbsorb the excess ammonia and phos-
phate. The effluent from those two biological treatment compo-
nents, might provide suitahle seswater for &8 close system of

water supply.

6.2.2 Plankton Composition in Shrimp Farm should be Exemined

Before Culture

Artemia is able to feed only on small particles. The waste
water from shrimp farm may sometimes be dominated by unsuitable
plankton. In addition some toxic phytoplankton might be harmful
for Artemia, Therfore, the pre-examination of plankton species is

essential for Artemia culture.

6.2.3 Improvment of Artemia Production

Generally, the water movement system for intensive Artemis
culture is applied for use in mass production.. The sediment remo-
val, remove of ammonia, and aeration are the practicles to improve

the production.

In biological treatment unit, production masy be improved
by these criterions. The outdoor culture condition as biological
treatment may cause diurnal thermal stretificastion. The influence
of high temperature damages Artemia production. Thus, using water
movement can decrease high water temperature and raise feeding

filterability of Artemia.
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6.2.4 Further Study

The suitable density of Artemia culture in biological
treatment needs to be studied to gain the maximum production and

highest efficiency of pollutant removal in Artemia filterability.
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APPENDIY B

THE CALCULATION OF VARIOUS POLLUTANT REMOVAL RATES.

The BOD removal rate calculation.

Nusber of frtemia in variocus tanks

tank
nusber gt i
dayd dayh dayl¢  dayts  dayl0  dayl3
(Bti)  DLEY  (DZF)  {DIF) D4R} (D)
{ 10789 7810 $285 5133 5435 4494
2 5917 9238 5712 132 4432 3593
3 s414 34622 1722 6294 2325 1254
3 8729 7363 £424 7030 a1 6%
g 7049 a7 7801 7079 4345 2738
b 13298 7264 A5 888876 3643 4254
AVERAGE 9364 amm 5802 153444 4069 3672

The BOD occurrences {ag/l)

THE SEQUENCE OF WASTE WATER EXCHANGE

Tank
nusber md e m oo 7 /AR~ ~ T -- ---
1i 14 2 24 3 3¢ 4i 4 5 ot

t 5.4 0.36 .72 .47 {1.52 0.8% 7.14 0.42 8.1 11,395
2 5.086 2,36 5,32 it 2.39 0,57 547 0 8.19 10.89
3 5,38 3.4 1.5 ] 9 .9 §.75 ] § 9.18
4 4,97 0.46 5.12 it 7.77 .45 1.7 ] 3.81 1.717
5 8.85 0.18 3.48 ] 10,44 1,53 5.42 4 8.01 6
b 7.482 0.48 3.4 it 8.76 1,35 5.80 9 9.45 7.14

The record of water voluse {liter}

“Tank THE SEQUENCE OF WASTE WATER EXCHANGE

L S ———— - - - -

i 1 2 ? 3 it 4i 44 o o4
1 % 75 M4 T30 176 275 3533 330 353 333

2 306 798 kLT 238 283 275 330 314 353 330
K 278 283 kLT 33 298 283 33 306 338 k¥
4 267 593 338 i 294 267 330 34 iR g
g 267 253 k{13 332 283 267 33 22 30 3o
s 25.7 54 338 4 282 U3 35 34 330 34

AVERAGE 283 FER 43 329 288 248 RS} 7 340 325
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The foraula for calculation of BOD removal rate:

50D reamoval rate = (BODLiaVLI -BODEFxY1E)

BATCH D e
NEx M

BED removal rate = {(BODZix¥2i-BOD2FxV2H)

(BATCH D) e

K2¢ » B2 '

20D removal rate = {ROB3ixY3i-BODIExVEE)

{BATCH 3) e
B3

RGD removal rate = {RODA1xVAi-BODAEyva)

{BATCH &) mmemeemmeeeeeeee e
N&E » D4

ROD removal rate = {RODSixVSi-BODGFeYIE)

{BRTCH 5) | mmemmeemememecceee
: NS¢ 2 D5

THE VALUE OF BOD REMGYAL RATE I VARIDUS TAMKS
{ ag/indfday)

Tank The sequence of waste water eschange
nusber SIS A Sw- LN

P 0.031306 0.035834 0.122776 0.078027 -0.05163
2 0.031519 0,080563 0.081274 0, 103802 -0,04518
3 0.030858 0033157 0,076297 €.194612 0.022687
§  0.027019 0.067347 0.037578 9.0856086 0.074304
3 0.044277 0,039502 0.071931 0,098195 0.0755¢1
6 0.043904 0.040665 0.000487 0,106527 0.068519
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{APPENDIX B EONTINUED)
The chlorophyll a removal rate caleulstion,

The chiorophyll a ocourrences ug/1)

103

Tank ‘ THE SEQUENCE OF WASTE WATER EXCHANGE

nusber - B el -
i1 i i 24 3 3¢ 4i Af o i
{ 35 7.5 1304 12.4 150 9.4 87 1.8 139 45,4
2 b, 1 7.8 1.9 5.1 13,8 .13 87.2 6.4  198.5 359
3 92,6 b.6 48,2 10.8 159.3 1.8 82,5 5.4 207 1046
] .4 b 1435 1.8 169.2 10.8 715 5.7 1828 b1
5 9.3 5.2 132 H 153 4.1 73.8 §,2 1119 3
b 7%.8 5.7 1505 8.8 1552 11.8 72,5 3.2 166 20,74
The foraula for calculation of chlorophyll a remsoval rate,
Chlorophyll a removal rate = {ehlali n Vii-chl.alf & Yi6)
{BATCH 1) =g : =
Hif x DY
Chicrophyll 3 removal rate = {chl.ali » YZi-chl.a2f » ¥2¢)
BATEH 2) mmmmemmmeoommemmmsoeemoseooeos
: H2f x D2
Chlorophyll a removal rate = {chl.adi » V3i-chl.al¢ » ¥3f)
(BATCH 3 © s L
N3t » D3
Chlorophyll 2 removal rate = {chl.adi ® V4i-chl.adf @ vif)
{pATCH Y s -m=
» Naf » DA
Chiorophyll 2 removal rate = {chi.a5i ¢ Y5i-chl.aSf » Vi)

{RATCH 5) =<

THE VALUE OF CHLOROPHYLL A REMOVAL RATE IM VARIDUS TAMKS -
{ ug/ind/day)

Tank The cequence of waste water eithange
RUBhEr  -memoemomomeemomesosmmem oo oo
BATCH § DBATCH 2 BATCH I BATCH 4 BATCH 5

0.172589 1,631457 1.272744 0.837473 1,728487
0.324594 2.061782 £, 199159 1, 311435 5, 401547
0.445628 1, 544715 1.401905 2,199793 7.548776
0,291%92 1735110 1367807 1, 216405 3,250637
0,331643 1.457439 1.15R923 1. 068122 3.773104
0.422043 1,705590 0.009109 1,203837 3.778584
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{APPENDIY B CONTINUED)
The chiorophyll b removal rate talrulation,

The chiorophyll b occurrences (ug/l)

104

Tank THE SEQUENCE OF WASTE WATER EXCHANGE
- -
{i 1 2 i3 3 3 $i i i o
1 6.4 2.4 12.4 4.8 17.5 7 12,2 7 N.n; 10,4
2 1.5 2.8 8.7 4,87 17.2 6.5 1.5 7.8 4.1 12,7
3 19,9 t.1 13 3 14,3 8.7 1.7 1.5 7.9 13,5
] %3 3.k 14,6 4,3 14 3 10,1 3.z 24,1 13
5 1.4 3.8 12.7 6.4 16,5 33 7.3 1.9 13.3 1.2
b 9 3.2 12,2 3.8 16,3 4.7 1.8 3.2 24,1 8.32
The foraula for calculation of chiorophyll b resoval rate:
Chiorophyll b removal rate = {chi BI1 ¢ Vii-chl.bif ¥ Vie)
BATCH 1) el
Nif » DY
Chlcrophyll b removal rate = fchl.b2i » Y2i-chl.b2¢ » ¥2¢)
BATEH 2} e
NIf v D2
Chlorophyll b rescval rate = {chl.b3i » YIi-chi,b3f » V3F)
{BRICH 3} el
H3f « D3
Ehlorophyll b removal rate = {chl.bdi » V4i-chl.bAf » v4¢)
(BATCH 4 e
NafF » D4
Chicrophyll b removal rate = 1chl b5 Y51 -chlLb%F ¥ Y56)
(BATCH B e
Nat » DS

THE VALUE OF CHLOROPHYLL R REMOVAL RATE IN VARIOUS TANKS

{ ug/ind/day)

Tank

nusher

1
]
]
'

The cequence of waste water exchange

BATCH | BATCH 2 BATCH 3 BATCH 4 BATCH 5

o LN ey B3 e

-
3
kL

0.025522 0.10763¢ 0. 115234 0.079457 £.19495
0026351 0.959705 0. 100133 0,059587 0,40043
0.050871 0,113571 0.073118 0.088631 {, 340504
0.010718 0.136488 0.108293 0.053129 0,49494
0.031732 4074681 0.105523  0,05875 0,353206
0.036696 0,103694 0.078039 0,072211 0.418077



{APPENDIX B CONTINUED)

The chlorophyll ¢ resoval rate calculaticn.

The chiorophyll ¢ ocrurrences { xgfl)

Tark THE SEQUEMCE OF WASTE WATER EXCHANGE
BUBBET  —mm e mm e e e e o s s s e
fi if 2i 2t A1 3 4i L1 S il

{ 25.6 8 68,7 14 9.3 11,1 2.9 8.2 3.1 3.2
2 37.8 2.5 46,7 15.9 0.5 4.8 19.8 a.% 0.5 333
3 81,2 4.4 5.7 14.2 0.9 3.2 7.5 9.1 71.9 35,4
4 22.4 9.4 17.7 3.4 57.7 1.2 16,6 7.4 61.% 25,2
i} 35 {2.4 72 2.1 o4 12,3 25,5 5.7 83.7 28.5
5 30,7 7.1 R 11.3 3.4 8.2 1,6 7.1 8.2 17.7

The formula for calculation of chiorophvll ¢ rempval rate:

fchl.cti o Wi-chl.cté x V1)

BT 1) - e

Nif » DI

{chl.c2i v Y2i-chl.c2f » V2§)

(BATEH 2} e

N2ty D2
{chl.c3i » M3i-chl.c3F » Y3f)

(BATCH ) e e

N3f » B3
{chi.c4i ¢ Yéi-chl.cdf » »4§)

(BATCH &) e

Chicrophyll t removal rate =
Chiorophyll ¢ removal rate =
Chiorophyll ¢ removal rate =
Ehiorophyll c resoval rate =
Ehlorophyll ¢ removal rate =

Haf x D4
{chl et » Y&i-chl, oS 2 Y3¢)

BATCH 5) e e

Wit x Do

THE YALUE OF CHLORDPHYLL C REMOYAL RATE IN VARTOUS TAMKS

{ ugfind/day)

Tank The sequence of waste water cuchange

rusher  ——mmmmm e mm e

o 0.18148% 0,735372 6,505922 0.,
2 0,19328 ©,774B59 0, 368057 0.

0. 190115 €.738273 0.408119

4 0,080232 0.846334 0,393193 0.
3 0.128145 €, 589514 0,3438546 4,
b

4, 136852 0, 766687 ©,294955 6,

177043 0,505528
189347 &,%451823
0,6304 3, 402795
32797 1598784
304984 1,481955
J8880% 1, 152604
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APPENRIY €
ANALYSIS OF VARIANCE IN THE YRRIGUS POLLUTANT REMOVAL RATES

ANOVA TEST OF BOD REMOWAL RATE

tank no. batch t batch 2 hatch 3 batch 4 batrh 3 batchi®? batch2*2 batchd®2 batchd®2 batchd®2
{ 0.631306 0035834 0.122778 0,074077 -0.05167 ¢.000930 0.001234 0015073 0000479 0.002465
2 0.031519 ©0,080563 0.081274 4, 103302 -0.04518 0.0009793 4. 0064%0 0.005508 0.010774 0,004248
3 0.030868 0.033157 0075297 0. 171410 9.027687 0,000952 0,001097 0005321 2,036715 0. 000514
§ 0.02702 0,067347 0,037578 0. 086080 0.07A304 €.000730 0.004535 0,001412 0,607410 9,005822
5 0.044277 0.039607 4,071931 £,098198 €.093501 0.0019560 0.001568 (005178 4.009642 ©.00%120
b 0.043908 0.040685 0,000883 £, 106527 0,063619 0001927 0,001653 0,000000 0.011348 0,004708

suppationd. 208894 0.297168 4,390359  9,66023 €. 148303

arand total = 1.702974

r=4

t

Haot MEAN OF BATCH {=MEAN OF BATCH 2=,...=MEAY OF BATCH 5
His one or more hatch is not egus!

CORECTION TERM=  grand tetal “2r/t = 1.095670

TOTAL 55 0. 166717 -0,0%470 = 0, 070044
3871 = 0,781680 fri-ct} = 0,026939 {ct ic CDRECTION TERM)
35E = TOTAL 65 - 58 7 = 9, 043107
ANALYSIS OF VARIANCE
Spurres of variation gf Sum of souzres  Mean square F
AMONG TREATMENTS ] 0026933 0. 006734 I,95837
RITHIN TREATRENTS 25 £,043107 0,001724
TaTAL M 0, 070044 0.0084%9

F test at p(0.05 of degree of freedos {4,25) ic 2,78
ACCEPT Hi: THE TREATXENTS IS SIGNIFICANT

ore or sore batch is not egual,



ANOVA TEST OF CHLORDPHYLL A REMOVAL 2ATE (2PPENDIX T CONTINUED)

tank no, batch t bateh 2 bateh 3 bhateh 4

1 0.172588 1.b3166 1.272744 C,B33473
7 0,324594 2.061787 L 199159 1. 311A%E

3 0.445628 1.544715 1401705 2.199793 9

4 0.291592 173511 1307803 1216805
5 0,391643 1457437 1156923 1.06617
& 0.422083 1.70557 0.91218% 1223837

hatrh 5 batchi”? bateh22 batch3”2 batchd?2 batchi®l

{,228487 0,029786 2.662314 1.419877 0.694677 1509180
5, 401567 0.105361 4.250945 1.4377982 171981 29.17691
9,568776 0.198584 2,386147 1,745337 4.839089 91.56147
£ 250437 0.085025 3.010806 1.677295 1.479641 27.56918

73,773104 0,153384 2. 124178 1338470 1136616 14.23431

3.779584 0178120 2.909037 0.832044 1.497777 14.27789

suppation?. 043038 10,13677 7,245699 7.801085 19,

pean 0.341348 1,489382 1. 207816 1, 308010 4

susfi®2) 0,750262 17.34347 8,971008 11.36746

b

E
o

r
t

H "

Ho: NEAN OF BATCY 1=HEAN OF BATCH 2=...

.=HEAN OF BATCH S

Hi: one or mere bateh is not epeal
CORECTION TERM=  grand total "2/rit = 4%, 5897
TOTAL 55 214,5828 -105,589% = 11,0929
887 = 1042, 145 fri-ct) = 71,8343% (¢t is CORECTION TERM)
5$E = TOTAL 85 - 5§58 T = 3965843
ﬁNQLYSIS OF VARIANCE
Sources of variation ¢ Sum of squares  Meen sguare F
RMONG TREATMENTS ] 71.43433 17.85858 11.257468
WITHIN TREATHENTS 25 39.65863 1,586345
T07AL 27 111.0%29 19.44477
F test at p(0.0t of degree of freedom (4,23) is 4.18

ACCEPT Hi: THE TREATMENTS IS HIGHLY SIGNIFICANT

one or more batch is not egual
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© ANOVA TEST OF CHLOROPHYLL B REMDVAL RATE (APENDIY © CONTINUED)

tank no. batch t bateh 2 bateh 3 batch 4 batch 5 batchi”? batch2®2 batch3®2 batchd*? batch§™?
0.025522 0.107630 0, 115234 0,079857 0,196%56 0.000651 0.011585 0613278 0006317 0,03879
0.026358 0.059705 0. 100133 0.057587 0.400436 0.000574 0.003564 0,010024 0.003350 0.1460348
0.050871 0113571 4,093118 0,0BA831 1.340506 0.002587 0.012898 0,008670 0,007504 1.796954
0.010718 0.136488 0.108293 0.063129 0.362304 §,00011% 0.018628 0.011727 0.0037835 0.131244
0.031737 0,074641 0,105523  0,05475 0,353206 0.001004 2,005571 0.011135 0.002997 0124754
0.0365%6 €.103599  0,07803 0,072211 €,418077 0, 001344 0.010752 ¢.005088 0.005214 0,174783

supeation 0.18209 0.595735 0.600327 0.415743 3.071485

d I e

o N b

[, ]

grand total 4855404
r=g
t=5

Ho: MEAN OF BATCH i=MEAN OF BATCH Z=,.=HELN OF BATCH 5
Hi: ore or sore batch ic not equal

4, 789071

LITE3

CORRECTION TERN= grand total “2/rit
T07AL S5 2.53580% -0,78907¢

8571 = 10, 35533 fri-ct) = (936814 fct is CORRECTION TERX)
58 E = TOTAL 85 - 55 7 = 0,860914
ANALYSIS OF YARIANCE
cources of variation tf sum of cquares BEAn SgQuare F
AMONG TREATNENTS 4 0,734814 1, 234204 &, 80015
WITHIN TREATHENTS 25 0, 860914 0, 034434
T0T4L 29 1.797733 0, 268640

F test at pe0.01 of degree of freedon {4,7%) ic 4,18
ACCEPT Hi: THE TREATMENTS 15 WIGHLY BIGHIFICANT

one or more batch is not equal



ANOYA TEST OF CHLOROPHYLL C REMDYAL RATE (APFENDIY C C
tenk ne, batch | bateh 2 bateh 3 hatch 4 hateh S
0,11348% 0,735372 0,505927 £,177043 0.505578 0

0, 189347 ¢ 9;’3;4

0,648 3
§  0.080232 9,845334 £.39519% 0.337%2 ¢
I 0128105 0,589518 0.748456 0, 04944
&

{
2 0, 19524 774859 0.3680%9
I 0.1901 16 9,73899R 0.408119

{,481955

ONTINUER)

L7478 4,
038118 0.

3407773 9., 0 0144 4, C86118 §, 148551
1,593734 0.006440 0715281 0154177 4,

0. 016410 0,

0.136837 . 766587 0,294955 0,208805 1,357804 0.018729
tetal  (.842085 4,551758 2.320994 1,934459 2,303569)
nean 0. 140341 0,758427 0.385817 0.322441 1,550445
sum{i®?) 0.128270 3.464818 0922727 0.788947 19,342(5
grand total =  18.95287
r=a
t =3
Hes MEAN OF BATCH 1=MEAN OF RATCH 2=..,.=MEAN BF BATEH S
Hi: one or mere hateh is not equal
CORECTION TERM=  gramd total *2fr/t = {1,9737%
T0TAL 55 2462893 -11.97370 = 12.85512
587 = H7 15 iri-ct) = 7545457 |
85 E = TOTAL 55-55 1 = L9746

AHALYSIS OF YARIANCE

SA077Y 0, 255957 0,071333 0.25555
§00405 0, 135467 0,035857 0.925103
2, 417832 11,5790
HITE3L 2,556749

73429 0, 121561 0.093002 219510

4.587808 £,085772 ﬂ 033448 1.829542

ct ic CORECTION TERM)

cpurces of variation df stk of SQUATES  MRAR SQUArE F

AMONG TREATMENTS 4 7. 045457 1.888354 3.22920%
WITHIN TREATMENTS 25 5.169764 0. 204396

T8TAL 29 12,65527 2.0%0754

Fotest at pi0.0) of degree of freedon {4,25) ic 4,13
ACCEPT His THE TREATMENTS IS HIGHLY SIGMIFICANT

one or more hatch ic not equal
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APFENRIY D

CONPARATIVE BIOMASS AMONG THE THO EXPERIMEMTS

The comparative Ariemia guality in various days
or the Ist step eaperizent,

fay of Bencity Biomase Length Height
cultere Hind/1) o/} {me) {g/ing)

0 134,72 2,36 {1, 000024

i 109,58 0.00“!”2 262 {1, 400020

? 103,03 &, (05834 352 1, 600054

3 108,72 0.005974 L 4, 000056

] 1 EIY. 4077012 - S.i4 1,000743

3 122,18 4, 43419¢ .42 . 000230

4 {18,748 0.029855 .08 0, 400250

7 149,72 1, 615348 3.49 4000140

f 74,89 u.GIZ@lG 588 0, 000135

g 97,74 4,041074 KL 8.600129

10 87,74 4, 018471 s 4, 000145

{1 B, 30 1. 015879 S5 £.000198

12 52,04 1, H08590 57k 2, 000145

tpendiy D {continued)
The comparative Artemia guality in
various daye on the Zet ebep experizent,

fav of Density Ripmace Length ¥eight

rulture {ind/1} g/l tam} tg/ing}

0 111,54 .84 0.000007

93,71 i 4.000078

H 153,483 4,26 1, 000108

1& 80.82 0.935821 w9 a, ﬂ4ﬁ°ﬂﬂ

20 %213 0,020023 5.0 L A00324

22 33.92 Q. 030352 G431 G.OQGEGJ



AR}

fppendix £

The variation of number, density and length of friemia in the secopdary step experisent.

The density of Artemia in varicus tasks. {ind/1}.

{i i 3] i 3 ki 4 4¢ H of
144,35 9447 81,47 LW 6L 822 SREY 85O0 .00 41,37
90.27 10333 17 RAEE 7383 TAET BRLET O AREY 0 TOBT N
83,67 HALIED 7.8 7.0 Log FALe 7.3 2533 3L 13,08
$15.87 9A.85 7567 64,00 BA00 BRLEL TANH 3A.33 567 fA.2
128.80 107,17 91,00 TR.ER 0 94050 BRLIB 9087 4487 57.00 7940
109,33 9%.30 62,33 TR0 96,83 122,03 80MBY GRL67 80,50 45,20

13 i 2 21 4 i 41 4 i af

1.4 325 1,40 4.2 &.27 4,53 4,43 .97 5.62 6.10
1.87 550 3,30 3.60 4,45 4,48 6.3 3. 44 5.48 6.30
1.9 393 5.12 4,78 37 .83 4,50 .42 3.16 3.3
5] 3,85 KT 3.8 4,93 3.68 22 7.25 5.47 3. 26
.8 Rt 5,24 3.7 4.5 5.3 .64 .12 .63 6,32
1,82 4.03 8,23 393 349 3,52 4,84 4,40 .80 3.60

od g e

[ I

-

0.000007 0,000101 0, 000010 0, 000101 0,000812 0,000194 0,000217 0.000412 0.000354 0,000263
0. 000006 0,000087 0,000083 0400102 0,000138 0, 000211 0.000194 0.000386 0,000422 0,000312
¢.000008 0,0000564 0.000074 0,000102 0000124 0,000198 0.000107 0,000338 0.000483 0,000302
0,000607 2,006033 0000684 4,000800 0,000113 0, 600356 0, 000235 0. 000483 0,000277 0.000294
¢.000007 0,000105 0,000068 0.000103 €,000125 0.000205 0.000178 0.000277 0,000294 0.000345
4, 000005 0, 000053 0, 000070 4,000027 0000090 &,000303 0,000341 0,000289 0,000538 4,020313

£.000007 0,000078 ¢, 000083 0, 000106 0,000117 2,000208 0,00071% 0.000384 0,000334 {, 000305



Appendix E {continue)

The nusber of individual sempling in varicus tanks for length and weigth analysi

€

=

112

i if 21

J 30 ki 20

? K R kit

3 3 % 0

4 Kt Rt 74

5 af Bt R

4 k4 36 0
RYERAGE ki kit 29

[ROTGETY

jaig. o
9238,00
422,040
7368.00
8377.60
7266, 40

100,00 6235,
7IRT.00 AT,
giaz. 00 7770,
7898, 00 8424,
448,00 T4,

§320.00 70830

S350, M0
6268, 40
7420. 04
7308.00
023,00
8271.80

3500
§152.00
8276.00
7470, 60
7900
2856, 00

§336.00
8677.04
7854, 04
7376.040
8975, 04
8002, 40

158
H 10980, 00
2 591700
3 b411. 00
4 8720, 00
i 3883, 00
5 $3798. 00
LVERAGE 9365.83

M 3 it

& b ?

14 4 3

16 7 3

2 & 3

30 1 F

3 i &

17 3 &

4 o 5t

£835.00 6884.00 £494.00
8082,0¢ 3265.00 3593.00
325,00 3143.00 1284.00
Sh1L.00  GA45.00 - 2691.00
131580 6633.00 3734.00
J643.00  7970.00 4258.00
4068.50 5E30.00 350567

17943



