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Abstract

Fish processing plants use huge amount of fresh water for processing purpose. After processing, these
huge amounts of water are discharged to the nature. The present study attempts to represent the
characteristics of effluent form fish processing industries and probable impacts on coastal habitat and
fishery sustainability. Water samples were collected from three different zones adjacent to Rupsha River
where waste water is discharged in. Considering distances from the river three zones (Zone 1, zone 2 and
Zone 3) were evaluated. Samples were collected from nature, adjacent to the corresponding zones both at
low tide and high tide. The periodic physicochemical analysis of effluent to access the quality of effluent
has been carried out in the laboratory. The parameters such as temperature, pH, TDS, TS5, TSS, BOD,
COD, chlorides, nitrate, bacterial count and plankton count of the water have been studied using
international standard protocol. The physicochemical analysis reveals that all the samples are polluted
having high chloride (14360 mg/l), BOD (62.37 mg/l) and TS (8000 mg/1) concentration which are higher
than the permissible limits. The reading of the parameters of the discharged waste water are very high
than the adjacent natural water bodies ( BOD 2.67 mg/l, COD 9.34 mg/l). Among three different zones
Zone 2 is more causative to pollution., This study concludes that waste water from fish processing

industries becomes a threat nat only to the aquatic lives but also for human habitat.

Key words: Fish processing industries, waste water, pollution, environment.
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CHAPTER ONE

INTRODUCTION



1. Introduction

Global production of shrimp has been in a steadily increasing trend over the last decade from 3
million tons to 4.2 million tons from 1992 to 2001 and this trend is expected to continue (FAQ, 2002).
In 2000, more than 60% of total world fisheries production underwent some form of processing
(FAQ, 2002). The most important part of the fish products destined for direct human consumption
was fresh fish (a share of 53.7%), followed by frozen fish (25.7%), canned fish (11.0%) and cured
fish (9.6%). Fresh fish increased in volume (live weight equivalent) from an estimated 28 million tons
in 1990 to 52 million tons in 2000 with a corresponding increase in the volume of processed fish
(frozen, cured and canned) from 43 million tons in 1990 to about 45 million tons in 2000. Freezing
represents the main method of processing fish for human consumption, and had a 55% share in 2000,
In developed countries, the proportion of fish that is frozen has been constantly increasing, and frozen
fish has become the most common form of product, with a share of 40% of fish production.
Considerable studies have been done on the characterization of the processed products as well as the
different possible modes of utilization of fish (Garcia-Arias ef al., 1994; Espe et al., 2001; Stepnowski
et al., 2004) and shrimp (Jeong et al., 1991; Shahidi and Synowiecki, 1991; Benjakul and
Sophanodora, 1993; Lee and Um, 1995; Chung er al., 1996; Shahidi er al., 1999; Mok and Song,
2000; Mok et al., 2000) processing by-products.

However, the wastewater generated from fish and shrimp processing plants, the waste loads as well as
the role of the wastes in environment have not been receiving enough attention since long.
Characterization of the shrimp and fish processing wastewater is particularly important not only for
the protection of the ecosystem but also for the sustainability of the fishery itself,

Dumping effluents into water bodies, such as rivers or lakes, creates a human health hazard but can
also negatively disrupt the river and lake ecosystems. Increased organic matter (from the effluents)
breaking down in the river reduces the amount of dissolved oxygen in the water body as the
decomposition process uses up the available dissolved oxygen (Davies and Walker, 1986). Fish and
other aquatic life need that dissolved oxygen in the water to live. The more biodegradable a waste is,
the more rapid is the rate of its oxidation and the corresponding consumption of oxygen. Because of
this relationship and its significance to water quality (dissolved oxygen levels in the water), the
organic content of waste waters is usually measured in terms of the amount of oxygen consumed
during its oxidation, termed the Biochemical Oxygen Demand (BOD).

Effluents heightens the levels of nutrients, increasing the bioavailability of nutrients, which can
increase productivity of plankton near the effluents outfall (Munawar ef a/ 1993) and increase the
chance of algal blooms.
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Contaminants present in the effluents might be toxic for some already existing phytoplankton
(Munawar et al 1993).

According to Bangladesh Frozen Food Export Association recently there are 145 numbers of onshore
fish processing industries all over Bangladesh. Among them there are 34 industries situated at the
bank of river Rupsha in Khulna District. Major part of the processed shrimp products come through
these industries. Though Bangladesh Environment Association has a close inspection on the
surrounding environment of the industries but very few numbers of industries follow their
instructions, beside there are many flaws in the inspection system of the Association. These industrial
effluents released into water directly after little or no treatments have added to the problem.
Wastewaters released from different Fish Processing plants differ in composition because of the
varietal management practices. As each fish processing plant has its own characteristics and
standards, it is difficult to estimate the amount of waste water use and generate to the surrounding

water bodies.

Seafood Processing Plants generate a high volume of effluent which increases as the amount of
production increases. As the effluents are not as visible as other industries, people often are not
concerned about the deleterious effects of the effluents. Slowly but steadily this negligence may turn

into a fatal impact on environment.

Comprising all these it is essential to conduct a research on analysing the characteristics of shrimp and
fish processing waste water and have a fine idea on the probable impacts on coastal habitat and
fishery sustainability. If the impact can be understood clearly then it will be easier to have an effective

way to mitigate the pollution level through adequate waste water management.

1.1. Objectives

e To analyse and discuss the characteristics of shrimp and fish processing wastewater,

e To identify the probable impacts on coastal habitat and fishery sustainability.



CHAPTER TWO

LITERATURE REVIEW
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2. Literature Review

Any literature is hardly available regarding the magnitude of regional and global Joads of effluents
produced by the seafood proggssing indystries and related impacts on geosystem; Given the absence
of any reliable estimate of the global production of seafood processing wastes and the waste
characteristics, an attempt was made to analyse the approximate waste loads from the reported vatues
of waste characteristics (e.g., quantities of different parameters per quantity of seafood processed) and

the reported quantities of seafood processed.

The main inputs in a processing plant are whole fresh or iced fish and shrimp, water, ice, calcium
hypochlorite and other chemicals, packaging materials and electricity plus liquid soap used during
cleaning. The outputs are the fresh chilled fillet exported or consumed; swim bladders, removed from
fish carcasses and processed separately into valuable product; skins of fishes like sharks and rays are
processed into leather; remaining fats, red meat carcasses (with swim bladders removed) and fillets
rejected on quality grounds that are cither ysed for human censumption or made into fish meal or
silage; wastewater of varying strengths, especially from the filleting and trimming processes, contains
fat, oil and grease with blood, small pieces of fish and protein; waste heat from ice manufacture,
chilling, and the cold room (to atmosphere). The outputs of the processing industries usually contain a
large bulk of waste products, (1. Shahidul er e, 2004)

Generally, the head, shell and tail portions of shrimp are removed during processing and these account
for approximately 50% of the volume of raw materials. Increasing production of inedible parts of

shrimp, such as heads, shells and tails, is causing environmental problems as a result of uncontrolled

small particles of flesh, breading, soluble proteins, and carbohydrates. (I. Shahidul et e/, 2004)

Mauldin and Szabe (1974) reporied that as much as 65% of ithe tuna is wasied in the canning process.
The average daily waste flow was over 27,000 I'ton of fish, varying from 500-1550 mg/l of BOD;
13003250 mg/l of COD; and 17,000 mg/t of TSS of which 40% was organic. Steven {1581}
surveyed the North Carolina seafood industry and stated that unloading, washing and separating ice,
sarting orading and re-icing before shipping all constitute handling and sources of contamination form
personnel. Results of the survey found that the average values for TSS was 2.4 mg/l, ash 1.11 mg/l,

organic solids 1.30 mg/l and BOD 0.23 g /ke while water use was 1.5 kg of fish handled.

Shells and appendages may drop off during unloading, contributing large amounts of settle able solids
U il winic luad. Sihue aud budy Ouids wmd sud woio aisvivuud U Us pul of s wasicwalss,
Average BOD of rinse tank waste waters was 251 mg/]. Scales seemed toconstitute the bulk of the

cnlide in tha affluant feam thaumobh tanbe oumiasrad CQantt ai AT 107 and Daracoan (1 Q01N wsanavtad
anlida 1n the aftluant Trom IROWONN NN OUMVEYED. OO 00 Do -5 V) =i i e s g e e
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effluents loading at all stages of processingraw materials with a very high final bulk of wastes and the

average value of waste loads.

Information provided by the Mississippi shrimp industry (Mississippi State University, 1998)
indicates that Mississippi shrimp processors processed about 17,255 tons of shrimp in different
months in 1998 with a corresponding production of 6277 tons of wet waste through all seasons of a
year. On average, the waste bulk constituted 35% of the raw materials.

An even higher volume of waste production was reported by Yorio and Caille (in press) in fish
processing industry in Argentina. They reported that the total waste generated in fish processing
plants at five coastal cities in Argentina during the last decade (from 1989 to 2001) ranged 37,186—
76,880 tons (average 49,786 tons) against total landings ranging 64,114-132,552 tons (average 85,838
tons); on average, waste bulk cohstituted 58% of the total landings.

Japan has an extensive background in processing fish into various food products. Japanese fish
factories have calculated water use at 18-60 l/kg for the various types of plants. If the highest waste
load and lowest volume are used for calculations of wastewater strength, the BOD could exceed 7000

mg/! for surimi processing.

However, average values calculated from Japanese fish factories indicated BOD’s of 750 mg/l for
tuna, 240 mg/] for frozen fish, and 205 mg/i for ‘kamaboko’ and 3625 mg/l for ‘surimi’. Surimi,
Kamaboko and fish meal plants would have BODs of 8204; 6776 and 18,400 mg 11 respectively,
Water use is about 3 1/kg fish or 273 1/kg surimi.

The stickwater comprises wastewater with the average BOD values ranging as high as 56,000-
112,000 mg/l, and average solids concentrations, mainly proteinaceous, up to 6%. In most instances,
stickwater is now evaporated to produce condensed fish solubles. Volumes have been estimated to be
about 550 l/ton of fish processed.

Park et al. (2001) reported that in the commercial fishing industries of the Rhode Island, processing of
squid and several types of finfish in fish processingfacilities creates high levels of BOD in the waste
water; typical BOD readings measured in the effluent of oneseafood processing facility ranged 1000~
5000 mg/l. Changes in processing mcthodologics coupled with increased landings of underutilized
species and the desire t0 expand production have led to dramatic increases in the volume and strength
of waste water discharoed by saveral fich procascing companiee The cleaning senarating and
packaging of underutilized species at these companies has resulted in the generation of a complex mix
of solid organic material and contaminated wastewater. For example, squid ink is released into the
waste stream during processing and is known to contain high concentrations of organic matters,

including highly soluble proteins, which contribute significantly to excessive BOD loading (Shirai er
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al., 1997). Waldon (1991) reported that the untreated effluents from shrimp processing plants cause
low dissolved oxygen (DO) concentrations in the Bayou Grand Caillou, Louisiana that violate the
water quality standards for DO criterion. The more important concern is that the untreated waste input
high amounts of nutrients, such as nitrogen and phosphorus, which contribute to the eutrophication of
coastal waters. This increase in primary productivity is one probable cause for the persistent hypoxic

zone affecting much of the Gulf of Mexico during the summer months (Rabalais et al., 1994, 1996).

Bagge-Ravn ef al. (2003) demonstrated that the processing equipment of food industries harbors a
microbial ecosystem both during production and after cleaning and disinfection. The micro flora is
partly a reflection of the raw material used (fish and shrimp) and partly a reflection of the preservation
parameters used in the products (e.g., NaCl and acid). Pseudomonas spp. and yeasts were identified
after oleaning and disinfection in all of the four production environments investigated. In some of the
products, these organisms may negatively influence quality. Yeasts have been identified as spoilage
organisms of semi-preserved herring and pseudomonads may spoil aerobically stored cold-smoked

satmon.

Therefore these organisms must be specificaily targeted when developing cleaning and disinfecting
procedures for these industries. Karunasagar and Karunasagar (2000) reported the occurrence of food-
borne human pathogens such as Listeria spp. in fresh fish as well as processed fishery products,

Rashid ef al. (2000) in an investigation to identify the ¢ritical control points (CCRs) and the quality of
exportable frozen shrimps from Bangladesh renorted that the raw material bacterial load increased
along the different steps of processing and it varied from 5.88% to 35.46%. They concluded that this
increase was due to contamination from ice (703—2500 CFUmI™), water (970-1800 CFUmI™"), contact
surface of utensils (4503570 CFUcm™) and worker’s hands (330-1985 CFUGem™). The proliferation
of shrimp microbial flora due to high temperature (>10°C) and considerable time elapse beiween two
successve steps ol processing diso added Lo the increase in bacieriai toad. 'The bacterial load of 41.6%

samples was below 106 CFUg" while it was far below 106 CF Ug” in all the control samples. Zuberi

—a T SANOANY e vike D e PRI SRR SRS TSI IR S PO IPL ) R SR L %N S Y
T3 Lih. QA SUS] .uPusLbu LY Wl idhoie \bi.v.hn.- xn.; AW LM U LR RAadRA CSGILL 4T RV el MRy AYAL LT jARASL

probable number] coliforms 94 g”'; and MPN fecal coliforms 41 g” in frozen shrimp. They also

rernridad pnﬂ'\ngpnin hartaria anich se Sslmanella in thair Enm?lpc Cann ot &l {1 QRI} T'Pr\(\ffﬂl" 78
parahaemolyticus in processed shrimp being as high as 0=dx 10" CFUg™" in Malaysian shrimp industry
and suggested that Malaysian shrimp industry should launch control measures to meet the quality for

processed shrimp.
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3. Materials and Methods
3.1 Study area

Three zones were selected for the current study. The site was chosen according to various distance of
discharging place from the industry facilities. The area was Zone 1, Zone 2 and Zone 3. Industries
from Zone 1 directly discharge water into Rupsha River. There were ten industries in this Zone. Zone
2 has sixteen industries that discharge their effluents into Gop canal not more than 2 km away from
the river. The Zone 3 has total eight industries that discharge water in Narankhali canal more than 2
km away from the river,

Five samples were taken out of ten from Zone 1. From Zone 2 total eight samples were taken out of
sixteen and from Zone 3 total four samples were taken out of eight. All the samples were taken

randomly.

Samples were taken from Rupsha River, Gop canal and from Narankhali canal both at the time of low
tide and high tide. These two canals are directly linked with Rupsha River. All the samples were
collected within June to August, 2015,

Table 1: Sampling design

Zones Range Total industries Sampling Sampling from
industries adjacent
o nature
1 Discharge wastes | 10 by Rupsha river
directly to Rupsha {Low tide &
river High tide)

2 Discharge wastes | 16 Gop canal(Low

to the adjacent tide & High
canal which s n)tide)
<2km but >1km
away from the
L river.

3 Discharge wastes | B 4 Narankhali
into adjacent canal canal(Low tide
which is >2km & High tide)
away from the
river.

Sampling process:

Samples
|

Directly from industries Adiacent canal and river

Low tide High tide
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3.2 Parameter Analysis:

Eleven parameters were investigated from the collected samples. Samples collected from the selected
area at seven days interval, Samples were taken at every high and low tide. Following parameters
were analysed for the current study.

Physical parameters:

Temperature

pH

Total solids

Total Dissolved Solids
Total Suspended Solids

Il

Chemical parameters:

Chloride

Chemical Oxygen Demand
Biological Oxygen Demand
Nitrate

Ealbadl ol

Biological parameters:

1. Bacterial load
2. Plankton load

3.2.1 Physical parameters:

1. Temperature: Temperature of the sample was measured instantly after collection by a glass
thermo meter.
2. pH: pH was measured after collection by pH meter.
3. Total Suspended Solids 4. Total Dissolved Solids and 5. Total solids
All these three parameters were measured according to AOAC. The details have been shown in
following flow chart.

3 " !
Fitrgte 20dat1037C 1y o otved Solids
Wastewater Filtestion (TDS)
Sample ' )
Noo-Fittrato 0. # 193 7€ uspended Solids
(TS5}

3.2.2 Chemical parameters:

1. Chloride: Chloride was measured by titration method according AOAC (1976)

Calibration was done before every test.




PaﬁgeAI 10

Reagent:

Acetic acid, Conc,
Potassium Iodide, KI
Sodium thiosulphate

Starch indicator

Distilled or Deionized water.

Procedure:

Measuring out 200 ml of the water sample

Add 5ml Aceitic acid

Add 1 gm of Potassium iodide and mix the solution

Titrate the contains quickly against Sodium thiosalphate until the colour turns straw yellow.
Add 2ml of starch to the conical flask. The colour turns blue

Continue the titration until the sample turns colourless.

Calculate the residual chlorine from titre value.

Procedure:

Direct waste water was taken into a 500 ml beaker.

For filtration fine filter paper of less than 2 micro meter pore size was used.

Filtrate and Non-filtrate was collected.

Filtrate and Non filtrate then dried at 103°C temperature in an oven.

Dried filtrate then collected and weighted in an electric weight balance which is Total
Dissolved Sclids {TDS)

Dried Non-filtrate then collected and weighted in an electrical weight balance which is Total
Suspended Solids (TSS)

The summation of TSS and TDS is known as Total Solids (TS).

2. Measurement of Biochemical Oxygen Demand (BOD)

BOD measurement was done according to ACAC (1976)

Reagent:

o Manganous Sulphate (MnSO4.4H20): Dissolve 480g Manganous Sulphate

tetra hydrate in distilled water and dilute to 1000ml.

¢ Alkaline-iodide (NaOH +KI): Dissolve 500g sodium hydroxide an150g potassium iodide
in distilled water and dilute to 1000 ml.

s Sulfuric Acid:H;SO, (conc.)

e Starch Indicator: Prepare a paste of 0.5 g starch powder in deionized water. Add this paste

into 100ml boiling water. Allow to boil for few minutes. Cool and then use.
s Standard Sodium Thiosulphate (Na,S;04, 0.025 N )

Procedure:



o Keep one bottle for determination of initial DO and incubate the samples at 20°C for five
days.

o For determination of DO initially in the bottle (BOD bottle of 300 ml capacity) have to give 2
ml MnSQO4+ 2 ml Alkali-iodide + wait few minutes + 2 m! H,SO, (conc.)

e 10 ml sample+ 2 drop Starch — deep blue colour +add Na,;S,0;— Water colour

e Afier five days determine the DO from the bottle which were kept in the incubator.

o Find out the difference between initial DO and after five days.

Calculation:

BOD= Initial DO-After five days DO
%200
DOL"—mg/l
3. Measurement of Chemical Oxygen Demand (COD)
Method: Closed reflux method (AOAC, 1976)
Reagent:

¢ K;Cry0+ 12.259in 1000 ml
e H,S04: 5.5g AgSO; in 543 ml
¢ Ferron Indicator: Dissolve 1.48g Phenonthroline monohydrate and 695 mg Ferrous
Sulphate (FeSO4.7H,0) and dilute to 100 ml with double distilled water.
o Standard Ferrous Ammonium Sulphate: 98z Fe(NH}(50:)».6H.0, 20 ml
H;804(conc.) dilute to 1000 ml
e Mercuric Sulphate (HgSO,):analytical grade
Procedure:
¢ 50 ml sample in flask, then 1g HgSO, and glass bleeds, add 5 ml H,SO4 reagent, then 25 ml
K,Cr,0; reagent and setting with condenser +70 ml H;SOQ; reagent burvelt head over, then
Heat 3-4 hours.
e After that 10 m! sample +10 mi distilled water + 2-3 drop Feron indicator +add FAS
from buratte, blue green to reddish brown

Calculation:

(A—B)XMx8000
ml sample mg/]

Here, M= molarity of FAS
A=ml FAS used for distille water

COD=

B=ml FAS used for sample water.

4, Measurement of Nitrate-Nitrogen (NO3-N) (DO mg/T)
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Method: Nesslerization method (AOAC 1976)

Reagent:

Zinc Sulphate: 10g in 100 ml

EDTA:5g EDTA +6 ml water +1g NaOH =total volume 10 ml

Nessler’s Reagent: 5g Hglp +3.5g KI +8g NaoH in 25 ml +water =total 50 ml
NH,CI (Standard ammonia solution): .7852g in 250mi(1000ppm)

Procedure:

*

Prepare standard ammonium solution, 1000ppm, 100ppm, 10ppm, 1ppm,.lppm, .3ppm,
0.03ppm,0.05ppm, 0.07ppm (8, V,=8,;V2)

50 ml standard sample in 0.5 ml ZnSO, and mixture, adjust the pH of the sample to 10.5
using 6N(.5ml) NaOH, wait few minutes, add 0.05ml EDTA ,add 2ml Nessler’s Reagent and
mix well and wait few minutes.

Measure absorbance at 420nm using 1cm cell with a reagent blank

50 ml sample in .5 ml ZnSO, and mixture, adjust the pH of the sample to 10.5 using
6N(.5Sml) NaOH, wait few minutes, add 0.05ml EDTA ,add 2ml Nessler’s Reagent and mix
well and wait few minutes.

Measure absorbance at 420nm using lcm cell with a reagent blank

Concentration of NH3-N of samples can directly be derived from the callibration graph.

3.2.3 Biological parameters:

1.

Microbial analysis

Total Plate Count

Microbiological analysis was done according to the Bacteriological Analytical Manual of United
States Food and Drug Administration (USFDA). Total Plate Count {TPC) or Standard Plate Count
{SPC) was included in that research.

Laboratory Requirements

Materials

Autoclave machine

Centrifuge machine, Electric balance
Petri dish

Solution mixer

Bacteria isolating loops

Refrigerator

Bio-safety cabinet

Micro-pipette, Tips and tips box
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Reagents

e Peptone water
e Nutrient agar
e Distilled water

Laboratory work
Sterilization of equipments

Test tubes, Petri dishes, conical flask, plastic tips and other glassware were sterilized by autoclaving
at a temperature of 121°C and a pressure of 15 pound per square inch for about 1 to 2 hours.

Media preparation

Media is being prepared by compounding require individual ingredients or, more conveniently, by
adding water to a dehydrated product which contained all the ingredients. Practically, all media were
available commercially in powdered form.

» Definite amounts of Plate Counting Agar (2.5 gm) were being accurately weighted

» These would take in separate volumetric flask (500ml) containing distilled water (half of the

required volume)
T » Then the final volume (500ml) being adjusted by pouring additional distilled water.
» Then the volumetric flasks keep in autoclave for sterilization. Autoclave has to be done at a

temperature of 121°C for about 1 to 2 hours.
» After autoclave, the agar media was kept in the bio-safety cabinet/waterbath for 20-30 minutes for

cooling and then transferred in required number of petridishes by 25ml volume for preparing
plates.

Sample Preparation & Dilution (Water Samples)
L m! of sample water was taken especially from the each sample and was transferred to cotton

plugged bottle containing 9 ml distilled water. The sample was mixed properly by shaking the bottle
carefully. Then the total amount became 10 ml. This made 1* decimal dilution (0.1). In this way five
dilution tubes with the dilution strength, 10™' through 10”° were made (fig: 1).

' i Diletlon 10!




Before filling the S-R cell with sample, the cover glasses were diagonally placed across the cell and
then sampies were transferred with a large bore pipette so that no air bubbles in the cell covers were
formed. The S-R cell was let stunned for at least 15 minutes to settle plankton. Then plankton on the
bottom of the S-R cell was enumerated by electronic microscope. By moving the mechanical stage,
the entire bottom of the slide area was examined carefully. To achieve a random sampling, each time
3 fields were examined for each sample and an average of the counts had been recorded. The
organisms thus counted, were expressed as cells per litter of the sample. From each sample 30 cells
counts in 3 slides have been made to achieve random counts and an average of the counts has been
recorded. Number of plankton in the S-R cell was derived from the following formula,

Cx1000 mm°
Nos/ml =
LxDxWxS

Where, C = number of organism counted (in 100 cell out of 1000 cell)

L = length of each strip (S-R cell length) in mm

D = depth of a strip (whipple grid image width) in mm

W = width in mm

8 = number of strips counted.
The number of cells per mm was multiplied by a correction factor to adjust the number of organisms
per litre (APHA, 1976).
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4. Results and discussions

4.1. Chemical parameters:

Biological oxygen demand (BOD)

117

It measures the amount of oxygen requires by microbes for breaking down to simpler substances of the

decomposable organic matter present in any water, wastewater or treated effluent. It is also taken as a

measure of the concentration of organic matter present in any water. The greater the decomposable matter

present, the greater the oxygen demand and the greater the BOD values (Ademoroti, 1996). The present
study effluent shows BOD value as 52 mg/l in Zone 1, 62.37 mg/l in Zone 2 and 59 mg/l in Zone 3.

Trivedi et al. (1986) observed the effluents of textile industry in the range from 320 mg/l to 720 mg/l.

Low value of BOD is due to lesser quantity of total solids, suspended solids in water as well as to the

quantitative number of microbial population (Avasan & Rao, 2001).
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Figure 2: Inter zone biological oxygen demand
during high tide.

(me/h)

{me/h)

e

During both in the high tide and low tide natural water
source compiles significantly less (P < 0.05) amount of
BOD than the waste water. Intra zone analysis showed
zone 2 and zone 3 have significant differences of BOD
amount. Zone 2 has the highest amount of BOD in
waste water (85 mg/1). Excessive presence of organic
matter in waste water is the presumed cause of high
BOD value.
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Figure 3: Inter zone biological oxygen demand
during low tide.
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Fish processing industries use salt for preservation of food products; hence the content of chloride

increased in discharged water. Beside, most of the industries use 200-700 ppm chlorine solutions to

disinfect the waste water. Sometimes this range does not maintained strictly. The maximum value of
chloride was recorded at Zone 1 (14360 mg/L) and minimum at Zone 2 (12125 mg/L). Kolhe and Pawar
(2011) observed chloride of untreated effluent in dairy industry as 630 mg/L. Effluent from sugar mill

showed 205 mg/L chloride content (Kolhe ef al., 2008). Excessive chlorinated water discharging is a -

major threat to aquatic environment.
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Recommended chloride content in water for aquaculture fish and aquatic life is 0.01 mg/l. Fish can
tolerate 0.37 mg/l. For surface irrigation 4-10 mg/l (Slight to moderate), >10 mg/l (Severe) is
recommended (EPA, 1976). Zone 2 has a significant (P < 0.05) variation of chloride amount among the

industries. Industries do not maintain the optimum use of chloride as disinfectants. This leads to a

hazardous state of pollution.
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Chemical Oxygen demand (COD)

It is the amount of oxygen required by organic matter for its oxidation by strong COD substance in water.
The COD is a test which is used to measure pollution of domestic and industrial waste. The waste is
measured in terms of equality of oxygen required for oxidation of organic matter to produce CO, and
water. In present study the average value of COD was 13.6 mg/l in Zone 1, 16.82 mg/l in Zone 2 and
16.12 mg/l in Zone 3. The amount of COD in three zones significantly varies (P < 0.05) than adjacent
natural water source. Kolhe ef a/. (2008) found value of COD 1230 mg/I in industrial effluent.
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4.2. Biological parameters:
Bacteria load:
4 Bacteria load is an essential indicator for determining the percentage of water pollution. Higher

the presence of bacteria in water higher the water is polluted. But in three experimented zone it
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was observed that load of bacteria is very low. It is because of chlorination. Zone 1 showed
4.9x10" cf/ml which was the lowest and 6.0x10'cfw/ml in Zone 3 was the highest reading.
Adjacent natural sources have higher count of bacteria. In general high levels of free CO, might
be the reason for low pH values obtained in the water samples, which may consequently affect
the bacterial counts.
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Figure 24: Intra zone bacteria load, zone | Figure 25: Intra zone bacteria load, zone 2



Bacteria count among industries in Zone 2 showed
significant variation (P < 0.05) while zone 1 and zone 2
have less variation.

The acceptable limit of standard plate count of clean

water is 10 cfu/ml. (ICMSF, 1988). None of the zones
including nature do not obtain acceptable limit.
Moreover, dumping water with low bacterial load may
hamper the food web of nature.

Plankton load:
Water disposed by fish processing plants has less load of plankton. In Zone 1 it was 64.2 nos/ml, Zone 2
was 58.25n0s/ml and Zone 3 showed 65 nos/ml. Plankton load was higher (P < 0.05) in nature during
both at low tide and high tide. This low load in waste water may be caused by the excessive use of
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Figure 26: Intra zone bacteria load, zone 3

chlorine for purification. Intra zone analysis showed that zone 2 and zone 3 have diverse range of load.
Plankton load is higher in zone 3 (65.00 nos/ml) among the three zones. P. Arunava ef ¢/ in their 2008
study found 304400 nos/ml in Gulshan Lake, Dhaka and 251200 nos/ml in Bawniabad Dighi

(Bangladesh). Comparing with their study present investigation sites showed less plankton load. Though

nutrition level is very high in the waste water but huge amount of chlorine and TS might be the cause of

o tide.
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Data analysis among industries within a single zone
showed that plankton load in zone 3 significantly varies
(P < 0.05). Zone 1 has less variation in plankton load.
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4.3. Physical parameters:

Temperature:
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Figure 31: Intra zone plankton load, zone 3

Temperature is basically important for its effect on chemical reactions, reaction rate, aquatic life and the

suitability of water for beneficial uses. In Zone 1 the average temperature was 31°C while temperature of
Rupsha River water 31°C and 30°C at low and high tide respectively that showed significantly (P < 0.05)
higher than that of nature. In Zone 2 the average temperature was 30.1°C while temperature of Gop canal

at low tide was 31°C and high tide was 29°C. In Zone 3 the average temperature was 30.5°C while

temperature of Narankhali canal water at low tide was 31°C and high tide was 30°C. The results indicate

that some reactions could be speeded up, due to higher temperature, by the discharge of this wastewater
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into stream. It will also reduce solubility of oxygen and amplify odor due to anaerobic reaction (Akan ez
al., 2008).

PG

Figure 32: Inter zone temperature during low tide.
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Figure 33: Inter zone temperature during high

tide.

Zone 2 showed slight variation (P<(.05) in temperature. Other zones have no variation. Inter zone
analysis also showed no significant differences (P>0.05) between the zones and the natural water bodies.
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Figure 34: Intra zone temperature amount, zone 2
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Figure 36: Intra zone temperature amount, zone 1
pH

pH is the measurement of intensity of acidity and/ alkalinity and measures the concentration of hydrogen
ion in water. The pH determination is important objective in treatment of waste. Variation in pH values of
effluent can affect the rate of biological reactions and survival of various organisms. Higher pH values
(7.2) were recorded at Zone 1. Gop canal during low tide indicates highest pH value. It might be due to
excessive use of pesticide to the adjacent cultivation land and homestead waste disposal. However, these
values are in permissible limit. Thorat & Wagh (1999) observed the pH of the effluent sample as 8.4 in
tannery industries. Raoer al. (1993) observed the pH of the textile industry effluent varied from 11.0 to
8.0. Kolhe ef al. (2008) recorded the pH of Sugar industry untreated effluent as 6.5. High or low pH
values in water have been reported to affect aquatic life and alter toxicity of other pollutant in one form or
the other (DWAF, 1992).
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Figure 37: Inter zone pH during low tide. Figure 38: Inter zone pH during high tide.



Zone 2 showed significant variation (P < 0.05) among the
industries in regard of pH value other than any other zones.
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Figure 39: Intra zone pH amount, zone 3
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Figure 41: Intra zone pH amount, zone 1



Total dissolved solids (TDS)

Page |29

The solid contained in the filtrate that passes through a filter with a normal pore size of 2 micrometer or

less are classified as dissolved solids. Waste water contains high amount of dissolved solids. The size of

colloidal particles in waste water is typically in the range from 0.01 to 1.0 micrometer. The average value
of TDS in Zone 1 was 7208 mg/l in Zone 2 was 6931.25 mg/l and in Zone 3 was 6342.5 mg/l which is
beyond the permissible values. This high value of TDS blocks sun rays and hamper the growth of

phytoplankton. It may also cause lack of oxygen in water. Hosetti ez al. (1994) reported that total
dissolved solids in range 488 ppm in the waste water. Rao, el al., (1993) studied textile industrial effluent
and recorded total dissolved solid value ranges from 8500 mg/L to 10,000 mg/L.
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Figure 42: Inter zone TDS during low tide.

Analysis showed that zone 2 has significant variation
among the industries in terms of TDS. Minimum
value was found 6.2000E3 mg/l while maximum

value was 7.8000E3 mg/l.
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Figure 43: Inter zone TDS during high tide.
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Figure 46: Intra zone TDS amount, zone 3

Total suspended solids play an important role in waste water treatment. TSS (est results are done routinely

to assess the performance of conventional treatment processes and need for effluent filtration in reuse

application. TSS is the samples under suspension and remains in water sample. In present study, the
average value was 744.6 mg/L in Zone 1, 755.37 mg/L in Zone 2 and 760 mg/L. in Zone 3. Avsan & Rao
(2001) observed the TSS in sugar mill effluents as 220 to 790 mg/L. Significant variation (P < 0.05) can
be seen between all the three zones and the adjacent natural water bodies. But during low tide the

difference is higher.
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Intra zone data analysis showed that zone 2 has a high variation of the amount of TSS ranging from
543.33 mg/l to 950 mg/l. Zone 1 and zone 3 has less amount of TSS in its waste water in contrast to zone
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Total solids (TS)
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Waste water contains variety of solid materials. After evaporation of unfiltered samples total solids were
determined. The value ranges from 7980 mg/l in Zone 1 to 7125 mg/l in Zone 3.TS is higher in nature
during low tide than the waste water but it is lower during high tide. Kolhe and Pawar (2011) found total
solid 1310 mg/1 in effluent in dairy industry. Higher TS in nature at low tide might be because of the other

industries’ disposal in the water.
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Figure 52: Inter zone TS during low tide.
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Processing wastes are primarily organic in nature and therefore subject to bacterial decay. As a result, the
oxXygen concentration in the water is reduced with an increase in BOD. This can starve aquatic life of the
oxygen it needs. Anaerobic decomposition of organic matters leads to the breakdown of proteins and
other nitrogenous compounds. These chemical reactions release hydrogen sulphide, ammonia and
methane which are potentially hazardous to the ecosystem and toxic to marine organisms in low
concentrations. Nutrients resulting from decaying organic matter enhance plant growth and excessive
plant growth together with oxygen depletion can lead to alterations in ecosystem structure and these are
both features of eutrophication. (I. Shaidul et f, 2004.)

While comparing each other Zone 1 was found more polluted than other zones. Wastewater discharge
from sewage and industries are major component of water pollution, contributing to oxygen demand and
nutrient loading of the water bodies, promoting toxic algal blooms and leading to a destabilized aquatic
ecosystem (Morrison ef al, 2001; DWAF and WRC, 1995). The waste discharged from fish processing
industries is degradable waste, though it is hazardous to microorganism in the nearby natural water
sources. The extent of pollution was high as expressed by physicochemical properties. Analysis of
industrial effluent discharge showed that the various paramecters are beyond the permissible limit. These
values are generally due to the decomposition of the proteinaceous matter and emission of ammonia
compounds. The chloride content of industry is very high. This high chlorine concentrated water greatly
affects surrounding water bodies. Debris and other solid organic objects should be removed since they
usually float and affect the oxygen transfer to the water and also objectionable from an aesthetic point of

View.
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CONCLUSION &
RECOMMENDATION



Conclusion

Waste water from fish processing industries does not have any visual impacts on environment. For
this reason environment degradation caused by the waste water from fish processing industries are far
from conscious attention. Waste management is the pre requisite to set up an industry though this part
is greatly neglected in our country. Present study reveals the unnoticed effects of the effluents from

fish processing industries to the surrounding environment which are:

1. The discharge from the fish processing industries has a great effect on physicochemical
parameters of the open water system such as
a. It increases chloride level much higher than the permitted level.
b. Nitrate level of the discharged area becomes higher, total solids, both suspended and
dissolved, increases at the same area.
¢. COD of the surrounding water body increases and BOD increase very high than permitted
level.
2. Effluents of fish processing industries have great effects on growth and survival of aquatic
microorganisms—plankton and bacteria.

Recommendation:

Further study need to be done in the minuets level of physicochemical parameter and its wide impact
on environment. Cost effective water treatment facility should be developed. Awareness among the
industrialists and local people should be created regarding to waste management and impact of

untreated waste disposal on environment.
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Appendix

Table 2: Inter zone data analysis during high tide.

Treatment Zone 1 Zone 2 Zone 3 Nature
Temperature | 31£0.25° 30.12+£0.24° | 30.5£0.19™ 29.66+0.28°
pH 7.2+0,09° 7.03£0,06° 7.1£0.14° 6.960.06°
Chloride 14360£527.23° | 12125+£682.92° | 12625+528.59° | 47000+83.33°
TS 7980+197.16° | 7712£152.52° | 7125+220.92° | 7400+597.21°
TDS 7208£182.77° | 6931£120.30% | 6342+220.79° | 6700+385.14™
TSS 744.6+32.15, | 755.42+24.07° | 760.42+23.22° | 696.67+50.16¢
COD 1360+81.56° | 1682.5£51.92° | 1612.5:61.16® | 9.34+46.63°
BOD 520+18.64° 623.75+29.60° | 590+27.92° 2.67+6.45°
Nitrate 136.4+3.92° 14521£2.79° | 149.92+3.86° | 76.33+4.81°
Bacteria 48.8+2 83° 59.75+2.75° 60.08+6.37° 190.67+7.36"
Plankton 64.2+2.70° 58.25+2.46° 65+4.73° 659.33+24.15°
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Appendix

Table 2: Inter zone data analysis during high tide.

Treatment Zone 1 Zone 2 Zone 3 Nature
Temperature | 31+0.25" 30.12+0.24% | 30.5£0.19% 29.66+0,28°
pH 7.2+0,09° 7.03+0.06° 7.1+0.14° 6.9610.06°
Chloride 14360+527.23% | 12125+682.92° | 12625+£528.59° | 4700083.33°
TS 79804£197.16° | 7712+£152.52° | 7125+220.92° | 7400£597.21°
TDS 7208+182.77° | 6931212030 | 6342+220.79° | 6700+385.14%
TSS 744.6+32,15, | 755.42£24.07° | 760.42+23.22° | 696.67+50.16¢
COD 1360+81.56" | 1682.5+51.92" [ 1612.5+61.16® | 626.67+46.63°
BOD 520+18.64° 623.75+£29.60° | 590+27.92° | 233.336.45°
Nitrate 136.4+3.92° 145.21£2.79° | 149.92+3.86° | 76.33+4.81°
Bacteria 48.8+2.83° 59.7542.75° 60.08+6.37° 190.67£7.36"
Plankton 64.2+£2.70° 58.25+2.46° 65+4.73° 659.33+24,15°
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Descriptives
95% Confidenca interval for
Mesn
Mean Std. Devistion | Std. Ermor | Lower Bound | UpperBound | Minimum | Maximum
Temp zone 1 15 { 31.0000 1.00000 .25820 30.4462 31.5538 29.00 32.00
zone 2 24 { 301250 119100 24311 29,6221 30,6279 27.00 32.00
zone 3 12 | 30.5000 67420 19462 30.0M6 30.9224 29.00 31.00
Natura in low tide 9 | 296667 88603 .28968 29.0010 30.3324 28.00 31.00
Total 60 | 30.3500 1,08651 14027 30.0692 30.6307 27.00 32,00
pH zone 1 15 7.2000 38024 09818 6.9804 7.4108 6.75 7.90
zone 2 24 7.0260 28047 05725 6.9066 71434 6.70 7.50
zone 3 12 7.1000 14824 04308 7.0052 7.1048 6.80 7.30
Naturs In iow tide 9 5.9667 19526 06508 6.5166 7.1188 8.75 7.30
Total 60 7.0750 ,28496 03679 7.0014 7.1486 6.70 7.90
Chiorice  zone 1 15 11.4360E4 204188733 | 5.2723E2 13222.1848 15490.8152 | 1040000 | 17500.00
zone 2 24 [1.2125E4 334563310 | 6.8292E2 10712.2630 13537.7370 | ©000.00 | 18000,00
zone 3 12 [1.2625E4 1931.10746 | 5.2859E2 11461.5688 13788.4302 | 10000.00 | 17000.00
Nature in low tide 4 |4.7000E3 25000000 | 83.33333 4507.8330 48921670 | 436000 | 5100.00
Total 60 |1.1670E4 3937.83473 | 5.0837E2 10652.7494 12687.2506 | 4300.00 | 18000.00
TS zone 1 15 |7.9800€E3 763.62856 | 1.9716E2 7557.1166 94029834 | 6800.00 | $300.00
zong 2 24 |7.7125E3 74716912 | 1.5252E2 7306.9855 8028.0145 | 6000.00 | £300.00
zone 3 12 |7.1250E3 765.29852 | 2.2092E2 6638.7525 7611.2475 | 6100.00 | 8600.00
Nature in low tide 3 |7.4000E3 179164729 | 5.9721E2 5022.8180 8777.1820 | 6000.00 | 11000.00
Total 60 |7.6150E3 997.03884 | 1.2871E2 7357.4375 78725624 | 6000.00 | 11000.00
TDS zone 1 15 |7.2080E3 707.86601 | 1.8277E2 6815.9969 7600.0031 | 6000.00 | 8140.00
zone 2 24 |6.9312E3 509.36453 | 1.2030E2 5682.3832 71801168 | 610000 | 7900.00
zone 3 12 [6.3425E3 764.84253 | 2.2079E2 5856.5422 B328.4578 | 5000.00 | 7540.00
Nature in low tide 8 |8.7000E3 1155.42200 | 3.8614E2 5811.8640 7588.1360 | 5400.00 | 8400.00
Total 60 |6.8480E3 797.16404 | 1.0291E2 6642.0707 70539293 | 5000.00 | 8400.00
TS5 zone 1 15 |7.4460E2 124.55165 | 32.15910 675.6256 813.5744 480.00 900.00
zons 2 24 |7.5542E2 11795280 | 24.07701 705.6096 805.2238 530.00 980.00
zone 3 12 |7.6042E2 80.46621 | 23.22859 709.2609 811.5425 $30.00 870.00
Nature in low tide 8 |6.8667E2 150.49917 | 50.16639 580.9828 812.3506 £00.00 $00.00
Total 60 _|7.4490E2 117.60934 | 15.18330 7145183 775.2817 480.00 880.00
coD zona 1 15 | 1360.00 5911 §1.568 1185.05 1534.95 800 1970
zone 2 24 | 169250 254,375 51.924 1575.00 1789.91 1100 1080
zone 3 12 | 161250 211,880 61.165 1477.88 174712 1380 1810
Nature in lowftide 9 62667 139,911 46.837 519.12 7341 450 790
Total 60 | 142050 438.551 56.617 1316.21 1542,79 450 1980
BOD zone 1 15 152000E2 72.21001 | 18.64454 4300114 550.9836 420.00 700.00
zone 2 24 |6.2375E2 145.02061 | 29.60221 562.5132 524,9868 420.00 $80.00
zone 3 12 |5.9000E2 86.74238 | 27.92712 528.5328 651.4672 410.00 700.00
Nature in low tide g [2.3333€2 1936492 | B.45497 218.4481 2482185 210.00 270,00
Total 60 [5.3250E2 170,24534 | 21.97858 488.5210 576.4720 210.00 880.00
Nitrate zone 1 15 [1.2640E2 1518364 | 3.92040 127.8918 144.8034 105.00 180,00
zone 2 24 [1.4521E2 1367314 | 279102 139.4347 150.9820 125.00 170.00
zone 3 12 [1.4992E2 1339239 | 3.86605 141.4075 159.4258 125.00 170.00
Mature in low tide 8 | 763333 14.43087 | 4.81028 65.2408 87.4258 50.00 90,00
Total 60 ]1.3362E2 28.29271 | 3.65257 126.3079 1409254 50.00 170.00
Microbs  zone 1 15 | 48.8000 10.9881 2.83717 42.7149 54.89851 32.00 £§7.00
zone 2 24 | 59.7500 1348187 | 275198 54 0571 65.4429 35.00 84.00
zone 3 12 | 60.0833 22.07202 | 6.37164 46.0594 741072 25.00 82.00
Nature in low tide g [1.9067€2 2208506 | 7.36169 173.6906 207.6427 150.00 218.00
Total 60 | 76.7167 51.07525 | 6.5937% 63.5225 89.9108 25.00 18.00
Planklon zone1 15 | 64,2000 1048945 | 2.70836 583911 70.0089 44.00 80.00
zone 2 24 | 58.2500 1205873 | 2.46148 53.1580 £3.3420 40.00 76.00
zone 3 12 | 65.0000 16.30845 | 4.73382 54,5809 75.4191 45.00 86.00
Nature in low tide g |6.5933E2 7247586 | 24.15862 603.6235 715.0432 580.00 752.00
Total 60_[1.5125E2 2117.21321 | 28.04211 351379 207.3621 40.00 752.00
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Table 3: Inter zone data analysis during low tide.

Treatment Zone 1 Zone 2 Zone 3 Nature
Temperature | 3140.25° 30.12+0.24° 30.5+0.19° 31+0.16°

pH 7.240.09° 7.02+0.05° 7.140.04° 7.2040.08°
Chloride 14360+527.23" | 12125+682.92° | 12625+528.59° | 6000+£200.00°
TS 7980+197.16° | 7712.5£152.52° | 7125+220.92° | 10000+816.49"
TDS 7208+182.77° | 6931.2£120.30° | 6342.5£220.79° | 9633.3+£592.54
TSS 744.6+32.15° | 755.42424.07° | 760.42+23.22° | 313.33+10.76°
COD 1360+81.57° | 1682.5+51.92* | 1612.5+61.16% | 11.66+30.35°
BOD 520+18.64° 623.75+29.60° | 590+27.92° 3.67+18.40°
Nitrate 136.4+3.92° 145.21+2.79° | 149.92+3.86° | 108+4.83°
Bacteria 48+2 83° 59.75+2.75° 60.084+6.37° 251.67+12.80°
Plankton 64.242.71° 58.25+2.46° 65+4.73° 933.67+19.80°
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Descriptives
85% Confidence Interval for
Mean

Mean | Otd. Deviation | Std Eror | tower Bound er Bound | Minimum | Maxdmum

Temp 2one { 15 | 31.0000 1.00000 25820 30.4452 31,5538 29.00 32.00
zone 2 24 | 309250 118100 24311 29,6221 30.6279 27.00 32.00

zons 3 12 | 305000 57420 19462 30.0716 30,9284 29.00 31.00

Nature in low tide g | 31.0000 50000 16667 30,6157 31.3943 30.00 32.00

Total 60 | 30.5500 1.03211 13325 30.2834 30.8166 27.00 32.00

pH zone 1 15 | 7.2000 ,38024 09818 6.26894 7.4108 6.75 7.90
zone 2 24 | 7.0250 28047 05725 £6.8066 7.1434 5.70 7.60

zone 3 12 | 7.1000 14924 .04308 7.0052 71948 8.80 7.30

Nature in low lide 9 7.2000 .24495 02185 7.0117 7.3082 6.90 7.60

Total 60 7.1100 .28899 .03731 7.0353 7.1847 6.70 7.90

Chloride  zone 1 15 [1.4360E4 2041.98783 | 5.2723E2 13229.1848 15460.8152 | 10400.00 | 17500.00
zone 2 24 |1.2125E4 334563310 | 6.8292E2 10712.2630 13537.7370 | 6000.00 | 19000.00

zone 3 12 [1.2625E4 183110748 | 5.2859E2 11461.5608 13788.4302 | 10000.00 | 17080.00

Nature in low tide g |6.0000E3 600.00000 | 2.0000E2 5638.7992 £461,2008 | 500000 | &800.00

Total 60 |1.1865E4 3605.77808 | 4.6550E2 10833.5287 12786.4713 | 5000.00 | 18000.00

TS 2one 1 15 |7.9800E3 76362856 | 1.8716E2 7557.1166 84028934 | 6800.00 | 9300.60
zone 2 24 |7.7125€3 747.19912 [ 1.5252E2 7396.9855 8028.0145 | 6000.00 | 880G.00

20ne 3 12 |7.1250E3 765.29852 | 2.2092€2 6638.7525 7611.2475 | 6100.00 | 8600.00

Nature in low lide 9 [1.0000E4 2449.48974 | 8.1649E2 81171555 11882.8445 | 5000.00 | 14000.00

Total 60 [8.0050E3 1441.65101 | 1.8611E2 7632.5621 8377.417% | 5000.00 | 14000.00

TDS zone 1 15 |7.2080E3 707.86601 | 1.8277E2 6815.8969 7600.0031 | 6000.00 | $140.00
zone 2 24 [B.9312E3 580.35453 | 1.2030E2 6682.3832 71801168 | 6100.00 | 7800.00

zone 3 12 {6.3425E3 76484253 | 2.2079E2 5856.5422 6828.4578 | 5000.00 | 7540.00

Nalure in low tide 9 |9.6333E3 1777.63888 | 5.9254E2 §266.9191 10099.7475 | 750000 | 12200.00

Total 60 |7.2880E3 1366.06797 | 1.7635E2 §935.1072 7640.8928 | 5000.00 | 12200.00

T88 zong 1 15 |7.4480E2 124.56165 | 3215910 675.6256 8135744 480,00 900.00
zone 2 24 |7.554282 117.95280 | 24.07701 705.6096 £05.2238 530.00 830.00

zone 3 12 |7.6042E2 80.46621 | 23.22859 709.2909 811.5425 630.00 870.00

Nature iy low tide 9 (3.133382 32.30712 | 10.76904 288.4939 338.1668 270.00 370.00

Total 60 _|6.8740E2 188.66931 | 24.35710 638.6615 736.1385 270.00 980,00

cOoD zone 1 15 | 1360.00 316.911 91.558 1185.05 153495 800 1970
zone 2 24 | 1882.50 254375 51.924 1575.09 1788.91 1100 1680

zone 3 12 | 1812.50 211.880 61,165 1477.88 174712 1380 1910

Nature in low tide 9 | 88200 91.055 30.352 812.01 951.89 740 290

Total 60 | 1487.80 368.744 47.734 1372.28 1563.32 740 1930

BOD zons 1 15 |5.200082 7221001 | 1864454 480.0114 559.9306 420.00 700.00
zone 2 24 [8.2375E2 14502081 | 29.60221 562.5132 684.9868 420.00 £20.00

zone 3 12 |5.900082 8674239 | 27.92712 £28.5328 651.4672 410,00 700.00

Nature in low tide g |3.3667€2 56.22681 | 18.40894 294.2156 TNz 250.00 42000

Total 60 [5.4800E2 145.94287 | 18.84114 510.2820 595.7010 250.00 £80.00

Nitrate Zone 1 15 |1.3640E2 15.18364 | 3.92040 127.9916 144.8084 105.00 160.00
2one 2 24 [1.4521E2 13,67314 | 279102 1394347 150.8820 125.00 170.00

zone 3 17 (1.4992E2 13.39239 | 3.98605 141.4075 158.4258 125.00 170.00

Nature In low tide 9 |[1.0800E2 1450000 | 4.83333 96.8543 112.1457 a0.00 125.00

Total 60 [1.3837E2 18.42562 | 2.50784 133.3485 143.3848 90.00 170.00

Microbs  zone 1 15 | 48.2000 1096831 | 2.83717 42.7149 54,9851 32.00 67.00
zone 2 24 | 59.7500 1348187 | 2.75188 54,0571 65.4429 35.00 84.00

20n8 3 12 | 60.0833 2207202 | B.27164 46.0594 74,1072 25.00 88.00

Nature In low tide 8 |2.5167E2 3840573 | 1280181 2221454 281.1879 180.00 296.00

Total 60 | 958667 7311390 | 2.4389% 66.9753 104.7540 25.00 286.00

Plankton  zone 1 15 | 64.2000 1048945 | 270836 58.3911 70,0089 44.00 80.00
Zone 2 24 | 58.2500 12.05873 | 246148 53.1580 62.2420 40.00 76.00

zone 3 12 | 65.0000 16.39845 | 4.73382 54,5809 75.4191 45.00 86.00

Mature in low lide 9 [9.3387€2 £9.42011 | 19.80670 867.9923 879.3410 855.00 880.00

Total 60 |1.924062 31500827 | 40.6673¢ 111.0247 273.7753 40.00 980.00




r~

Table 4: Intra-zone data analysis, zone 1
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Treatment Achia sea food | Bright sea food | Oriental fish Atlas sea food International shrimp
Itd. Itd. processing Itd. | Itd. export (pvt) Itd.
Temperature | 31.00+£0.57° 30.00+0.57° 31.00+0.57¢ 32.00:£0.00° 31.00+0.57°
pH 7.20+£0.21° 7.80+0.05° 6.80+0,02° 7.10£0.11° 7.10+£0.05°
Chloride 13000+1026.30° | 13200+1743.50° | 14800+:450.92° | 13800£115.47° | 17000+288.67°
TS 8400+230.94 | 8700+503.32° | 7300£251.66° | 8300+208.16™ 7200+115.32°
TDS 7800+57.73° 7800+57.73° 6600+£57.73° 7540+364.96° 6300+152.75°
TSS 588+88.75° 830+5.77%° 670£11.54" | 75542.88% | 3801527
COD 1850+87.36° 1000+1.15° 1280+5.77™ 1470+40.41° 1200+57.73>
BOD 480+36.05° 500::46.18° 600+57.73° 480£10.00° 540+10.00°
Nitrate 130+2.51™ 133+4.04™ 156+3.05° 120+8.66° 143+7.50b°
Bacteria 45£6.02" 35+1.52° 51£1.73% 65+1.15% 481,527
Plankton 68+5.85° 76+230° 63+1.15°" 4842 08° 66+1.00°
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Descripthes
95% Confidence Interval for
Muan
4] Mean L Eid Deviation | Std Evor | Lower Gound | Ypper Bound | Miniqum | Maxmum |
temp Achia sea food Hd 3 | 310000 1 00000 57735 38.5159 33 4841 30.00 32.00
Bright sea food e 3 30.0000 1 00000 57735 27.5159 324841 29.00 31.00
Ehienipinan processing 3 | 31.0000 1.00000 5TT38 28.5150 33 4841 3000 3z 00
# Alas sea food Itd, 3 | 220000 00000 00000 32.0000 32.0000 32.00 3200
international shrimp
BxROe G Tl 3 | 31.0000 1.00000 57735 285159 234841 30,00 22.00
Tatal 15 | 310000 1.00000 .25820 30.4462 31.5538 2400 32.00
oH Achia sea food 1 3 7.2000 37363 21572 62718 81282 6.80 7.54
Biighl sea food id. 3 F.8000 10000 05774 75516 8.0484 7.70 7.90
Sinte fish prote eain a | sso00 05000 02887 66758 69242 675 685
Atlas sea food id k] 71000 20000 11547 €.6032 7.5968 €90 730
Intemational =hrimp
expon (ovh It 3 7.1000 10000 05774 6 BS16 73484 7.00 7.20
Todal 15 72000 38024 09818 6. 9894 74106 B 75 7 a0
Chloride  Achia sea food Itd. 3 |1.3000E4 17Fr 63988 | 1.0263E3 |534 1002 174158998 | 11600 U0 | 15000 00
Bright sea fond itd 3 |1.3200E4 3019 83377 | 1743563 S698 06885 207019314 | 1040000 | 16400 00
entala=hEroc aing 3 |1.4800E4 78102497 | 4509262 | 128668264 | 167401736 | 1430000 | 15700 00
Attas sea food ftd. 3 |1.3800E8 200 00000 | 1 1547E2 133031735 1420868275 | 1360000 | 14000 00
mﬁa{pﬂgﬂ;mmp 3 |1.700084 500.00000 | 2 8367E2 15757.9311 18247.0688 | 16500.00 | 1750000
Tatal 15 |1 436064 2041.98783 | 5 2733E2 13239.1848 15490.8152 | 10400.00 | 17500.00
TS Achia sea food ftd. 3 |s.4000E3 40D0.00000 | 2 3094E3 7408.3449 9393 6551 8000.00 8800.00
Bright sea foad Itg 3 |s.7000E2 871.77979 | 5033262 6534.3780 10866 6210 | T700.00 830000
i R 3 |7.3000E3 435 BRGES | 2 S166EZ 6217 1895 63828105 | 6800.00 7600.00
Allas sea food Iid. 2 |e3000E3 360.55513 | 2.0818E2 T404.3314 9165 6686 | 7a0000 BEO0.00
g 2 |7.2000e3 199 74984 | 1.1532E7 6703.7939 76986 2081 8970.00 733000
Tuotal 15_|7.8300E3 7E3.82898 | 1 9716E2 7557 1166 62028834 | B5200.00 2300.00
TDS Achia sea food Iid. 3 |7 800DE2 100.00080 | 87 73503 7551 5852 8040,.4138 7700.00 7200.00
Bright saa food itd 3 |7 8000E3 100 CRORD | 57 73503 7551 5862 8048.4138 7700.00 7600.00
enALRRt prosesing 3 |6 so00E3 100.00000 | 67.73503 8351 5862 68484138 | 650000 | 570000
Afias sea food Hd. 3 |7 ssp0E3 63213923 | 3.6496E3 5969.6731 9110.3209 | 6880.00 214000
Intermational shomp
export (pvD itd. 3 |6 3000E3 26457613 | 1.82T5E2 8642 7539 G957 7411 5000 00 GS00.00
Total 15 |7 zoe0e3 70786601 | 1.8277€2 58159959 TE00.0031 8000 00 140,00
TS8 Achia sea food iid. 31 |5 eso0EZ 153.72703 | 89.75434 206.1209 963 67M 480.00 764.00
Bright $ea food Itd. 3 |8.3000E2 10.00000 | 577380 805 1586 854 6414 920.00 840.00
b tlwrilakfish proce b ing 3 |& 7o00E2 20.00000 | 11.54701 6203172 7196828 650 00 69000
Aflas sea food ta 3 |75%00E2 snogon | 288675 742 5793 7E7.4207 750.00 760.00
International shomp
o= axport (pvD) itd. 3 |8.8000E2 28 45751 | 1527835 814 2754 9457241 850 00 800 00
Total 15 |7.446DE2 124 56165 | 32.15910 675 6756 8135744 480 00 ang oo
coD Achia geafood itd, 3 |1.B500E3 151 32746 | B7 368495 14740818 22259182 1680.00 1970.00
Eright sea food Hd. 3 |1 DDOOED 200 00000 | 1 1547E2 5031725 1496.8275 800.00 1100.00
e L el 3 |1.280083 10.00000 | srraso 1255.1566 13048414 | 127000 | 129000
Allazs zea food Hd. 3 |1 4TODEDR 7000000 | 2041452 1296.1104 1643 8386 1400.00 154000
Internatonal shrmp
export (pv) It 2 |1.2000E3 100.00000 | 57 73503 9515862 1448 4138 | 110000 1300.00
Total 15 |1.3600E3 31591138 | 61 56797 1185 0541 1534 9459 200.00 1970.00
BOD Achia sea food Rd. 3 |4 8000e2 62.44998 | 36.05551 324.8656 5351344 430.00 550.00
Bright sea food itd, 2 |s.0000E2 80.00000 | 4618802 301.2690 598.7310 420.00 580.00
Sental nah ginedesing 3 |e.0000E2 100.00000 | 57 73503 351 5862 248 4138 500.00 700.00
Allas sea food I, 3 |4.B000EZ 17.32051 10.00000 4369735 S231.0265 47000 S00 .00
fs st St 3 |s soooe2 1732061 | 10.00000 496.9735 5830285 | 530.00 £80.00
Total 15 15 2000E2 7221001 | 1864454 4800114 559 9896 420,00 700.00
Mitrate Achia sea food Itd 3 |1 3000E2 4.35980 251661 11917149 1408281 127.00 13500
Bright zea Taod itd 3 |1.3300E2 7.00000 404145 1156110 150.3890 126.00 140.00
Cterteltien processing 3 |1.5600E2 520150 | 3.05505 142.8652 189.1448 150.00 160.00
Aflas 2ea food fd. 3 |1 2000E2 15 0000 HEB025% 827379 157.2621 10500 135.00
Srunsomml pheimy 3 |1.4300E2 1300000 | 750565 1107062 1752938 130.00 156.00
Total 15 |1 3B40EZ 15 18364 392040 127.99186 1448084 105.00 160.00 |
Microbs Achia sea food itd, 3 45 0000 10 43031 G.D2Z771 19.0648 T0.9352 38 00 57 00
Bright sea food fd, 3 | 3s ooon 264575 | 152753 28.4276 41.5724 32.00 37 00
Dyiental fish bracessing 3 | 51.0000 3.00000 | 173205 435476 584524 4800 54.00
Atias sea food ftd, 31 | &5 o000 200000 | 115470 800317 69 9683 63 00 57 00
e shama 2 | sano00 264575 | 152753 41 4276 545724 45 00 50 00
Total 15 48 BOOD 1098831 283217 42,7149 54,8951 3200 67.00
Ptanklon  Achia sea food itd. 3 | &8 0000 1014889 585947 42,7888 92,2112 §7.00 77.00
Bright sea food I, 3 | 760000 400000 | 2 30840 66,0634 859366 72.00 2000
E{italfish Srocessing 2 | &3o000 2noo00 | 115470 spo T 57 9683 §1.00 65.00
Allas se3 food iid. 3 | aeonoo 360555 | 208167 30,0433 56 8567 44.00 51.00
temslional gheme 3 | es.o0o00 173205 | 100000 615973 70.3027 54.00 67.00
Total 15 | ©4.2000 1048045 | 270836 58 3611 70 0089 44.00 go00 |
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Table 5: Intra-zone data analysis, zone 2
Treatm | Cosmos | Fresh Jahanabad | Jalabad Khulna | Modern | National | Organic
ent sea food | foods litd | sea foods | frozen frozen sea food | sea food | shrimps
Itd Itd. foods Itd. | food Itd. Itd. export
export Itd.
Itd.
Tempe | 30+0.57° | 3120.00° | 30+0.57° | 30£0.57% | 28£0.57° | 30+£0.57 | 31=0.00° | 31%0.57
rature | © be b
pH 6.8+0.05 | 6.8+0.05° | 7.2+0.05% | 6.9+0,05° | 7+0.10° 7£i0.2 6.8+0.02° z.sa:o.os
¢ 1
Chlorid | 180005 | 14000+15 | 13000+10 | 13000+10 | 10000+5 | 11000 | 1000020 | 800028
e 77.35* | 27.50® 26.30°% 00.00%* 77.35% | 0.00™ | 81.60™ 8.67°
TS 7500+15 | 8500152 | 7500+173. | 8000x115. | 7000£57 | 8500+7 | 7500+763 | 7200=11
2.75° .75° 20° 47° 7.35° 6.37° 76" 5.32¢
TDS 6950+30 | 7800£57. | 6700+115. | 7100+57.7 | 620057, | 77001 | 6500£152 | 6500+11
1.38° 73 47% 3% 73° 15470 | 75" 547>
TSS 54333+ | 670+15.2 [ 780+5.00° | 850+5.77° | 750+11.5 | 800+5.7 | 950=17.3 | 700+10.
8.81¢ 7° 4 7t 28 40%
COD | 1680+5. | 1850+87. | 1800261.1 | 1950x15.2 | 1400+11. [ 1700=1 | 1880+5.7 | 120057
7P 362 o® 7 54° 527 7" 73°
BOD | 440+12. | 650+28.8 | 850+30.00 | 450+17.32 [ 670+£5.77 | 680+£5.7 | 500£46.1 | 750+5.7
58¢ 6b & P b 7b 8¢ 7ab
Nitrate | 152423 | 135+5.77° | 145+2.88a | 13042.51° | 166x2.3( | P13 | BrE35Ta 145+8.1
Oab c be a be 4abc
Bacter §4¢3.46° 78+3.05° | 47+5.50% | 38+1.52° S743.46b 65£1.15 cGSﬂ:Z.OSa" 7143.05
1a
Plankto | 73£1.73% { 57£9.81% | 64+0.57% | 53£1.15% | 74+1.15* 3?*0‘00 48+1.00™ | 42+0.57
n ) N c
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4 5

Oeucriptives
25% Confidence Intarval fos
Mean
—_—r | Laond, Error | Lower Upper Bound | | Mavirnurm |
tamp Cosmos sea food Hd 3 300000 1.00000 STTES 276159 32,4849 28.00 31 .00
Frash fooas ity 2 | 21.0000 .ouonoe oooco 31.0000 31.0000 a1 oo 31.00
Jahanabad sea foods ite 3 | so.ocoo 1.00000 57735 27.5459 32.4841 29,00 31 00
Jalabaa frozen fooos id a 30.0000 1.00000 SBTTa5 2r.%159 IA2.4643 29.00 21.00
Khuine frazen food sxport 3 | 280000 100000 sT73s 25.5159 30.4841 27.00 29.00
Modern ses food it 3 30.0000 1.00000 s7ras 27 3159 32.4941 29,00 a1.00
National sea food na 3 a1 oooo Jooo000 .00000 31.0000 21.0000 a1.00 .00
Qroanic shrimps expon 3 21.0000 1.06000 arras 28.8150 33 4841 30.00 az.00
TOtal £ ] 20.12%50 1,19100 24311 20,8221 30.52T9 2T.00 32.00
BH CTosmos sea food Hd E] 8.8000 10000 05774 655618 7 0484 6.70 8.90
Fraoh focdw itd L 6.8000 0000 05774 B.5516 7 04084 8.70 .90
Jahanhabad e foods ltad =l 7.2000 10004 DOSTrTa S.9518 T.dd04 10 .30
Jalabad frozen foods fta 3 8.9000 10000 05774 B8.6516 7. 1454 880 r.oo
{puine frozen food expon 2 7.co000 ATEn .10000 6.6887 T.4303 6.80 7.0
Modern cea food Ind a3 7.2000 APEe3 21572 8.2718 B.1282 B8.80 T7.54
MNational sea food itd a 8.8000 05000 ozee7 e.6T58 B8.9242 6,75 .85
Duanic shrimps sxport a 7.5000 10000 05774 ¥ 2818 7.7a04 7.40 7.80
Tolal 24 rozéa -2004T OS725 6. 9068 T. 1434 -] 7,860
Chiofide  Cosmon sea food itd 3 1. A 1060, =.7735EZ 16516.8623 70484.1377 | 17000.00 | 18000.00
Fresh roods Itd 3 |1.4000E4 264575131 | 1,627569 742T7.5804 208724108 | 4200000 | 17000.00
Jahanabad se® foods itd 3 |1.3000E4 177763880 | 1.0268383 9584.1002 17416.8888 | 1160000 | 15000.00
Salabad frozan foods td 3 |1.3000E4 1732.05081 | 1.0000E3 697 3473 173028527 | 12000.00 | 15000.00
jDutna frozen food export 2 |1 coooEs 1000.00000 | s.r7asE2 7S15,0022 12484 1377 gaoo.co | 1100000
Modarn $oa food itd 2 |1.1000E4 00000 .0Q0o0 11000.0000 11000.0000 | 17000.00 | 11000.00
Natlonal €oa food lid 3 [1.0000£4 2B0S5.55120 | 2081663 10433141 10058.6050 S000.00 13000.00
frmanic ahrimps expon 3 [s.onones 600.00600 | 2.0087E2 B7SF.9311 92432.0889 7500.00 e500.00
Totar 24 |1.2125E4 234563310 | 6820262 1674 2, 7530 18637.7370 0o00.00 | 1anoo.on |
T8 CoFEmMot $4a food i1d 3 [7.5000E3 264.57413 | 1.6275€2 GBa2 7382 Q1877411 7200.00 T700.00
Fresh foods ia 3 |e.s000E= 284.57513 | 1.527se2 Teaz.T589 FIS7. 2411 2300.00 £600.00
Jdshansbad see foods ia 3 |r.soco0E3 300.00000 | 1 73z0E2 67647867 8245.2413 7200.00 7800.00
Jslabed rozen foods itd a3 |s.00c0E3 200.00000 | ¥.1G47E2 7503 1725 0496.8275 7800.00 8200.00
{uina frozen food axpon 3 |7.0000e3 100000000 | 8.7735EZ 4515.0623 0484.41377 6000.00 a000.00
Modern saa food Rd 3 |e.soovea 132.28757 | 76.37626 e171.2788 80Z8.6206 83%0.00 860000
Natfonal sea food o 3 | 7.5000E3 1322 @7586 | 7537662 <212 7947 10786.2053 LT LR e500.00
genic shrimes exzan 3 |7.z000E3 199.74994 | 1.1532E2 6703 ¥o9ag 7808.2081 6976,00 7330.00
Total 24 7. 712583 ZAF 19912 1LSI82ET 7306 0BS5S 2020.0145 BOD0.00
TO8 Cosmoe Sea food Hd 2 |e9s00E3 $2201533 | 3.0138E= S653,2420 D246 7980 &500 00
Fresh foods Itd a |7 soooea 100.00000 | 67,73503 r$51.5867 50484138 7700.00
Jahanabad sea foods Itd 2 |6 70003 200.00000 1 154TE2 a203.1725 71958275 4500.00
Jalapad frozen foods itd 3 7.1000E3 100,00000 SF. 73803 B5851.5282 7348.4139 7000.00
fduine rozen food export 3 |e.zo000e3 100.00000 | s7.7aspa 4951.6062 s4da.4138 a108.00 6300.00
Modermn sea food Hd 3 |r.7o00EZ 200.00000 | $.1547E2 72031725 e196.8275 750000 reoo.oo
Mations! sea foad B 3 |s.s00023 264.87513 | 1 527562 5042.7589 7167 2311 B300.00 6800.00
Qro=nic ehnmps sxport 3 |e.5000E3 200.00000 | 1.1847EZ 60031725 5996.6276 8300.00 sroo.o0
Toal z4_|e9312E3 s00.38453 | 1 20902 BABZ.3237 rie0.1188 8102.00 7900.00
TEa CToemos ses food Hd 3 |s.ansaez 15.27525 ea1917 506 3676 se1.2782 £30.00 560,00
Froah foods itd 3 |e.70o0e2 2645761 | 1527828 6042759 736 TZA1 s40.00 890,00
Jananabad sea foods Hd 3 |T.eco0E2 8.68028 £.00000 TSB.4867T 801 5133 TT0.00 785.00
Jalabad frozen foods itd = la.socoEz 10.00600 5.77350 226.1 696 074 B41 4 840.00 a86.00
hgulna frozen foad sxport 3 [7.500082 20.00000 | 11.54704 700.3172 799 sazo 730.00 r70.00
Modern asa food Id 3 B8.0000E2 10.00000 S.T7IS0 7751588 B24 0444 7e0.00 Be10.00
Mational ses food Ik 3 |ag0o0E2 30.00000 17 22051 B785.4TS0 10245241 220,00 es0.00
gaanie shrimps export 3 |7r.000082 1802776 | 31040833 Bs55 2168 T44.70934 680,00 715.00
Total 24 7. 5542E2 T 7,85280 24 OYY01 FOos 6008 B805.2338 S30.00 880.00
[=X=T) Caomot asa o0 I 2" |1.8ecoE2 1000800 5.77360 1658.1586 17048414 167000 189000
Ergan fcogs itg 3 1.88500E3 151.32746 B7.36005 14Ta.0818 222350182 1680.00 19r0.00
Jahenabad sea feods Hd 3 |1.e000E3 105832005 | 8110101 1837 1036 2062.0084 188000 186000
Jalabad rozen roods Itd 3 [1.es00E3 28 ASTS1 1527625 18964.2759 20185 7241 1930.00 1880.00
g vina frozan rocd expon a |1.4c00E3 20.00000 | 11.54701 1350.3172 14408020 1390.00 1420.00
Moaam sea food Rd 2 |1.7000E2 I6.45751 1827525 18342750 1TBE. TR41 +670.00 1770.00
Natlonal sea food na 3 [1.8800E3 10.00000 S FTIS0 1856515886 1904.8414 1870.00 $890.00
fgoanic shimes axpon 3 [1.2000€3 100.80008 | S7.73503 a951.5862 1446.4138 110000 1300.00
Totat 24 |1.8828E3 284,37477 | 5192403 1575.0870 17€9.91 30 1100.00 188000
BOD Cotmos wea food Rd 3 | 4.4000ER 27.79440 | 12.58308 3856505 494.140% 428 00 48800
Fresh foods itd a2 |e.soooEz $0.00000 | ze.867381 5287931 774.2069 800.00 700,00
~anananac soa foods Ha 3 |8.5000EZ2 51.90182 20.00000 T20.9204 a79.0798 ren.oo |a2.00
Salpnad frezen roods nd 3 |asecoE2 30.00000 | 17.32061 37547509 5245241 420.00 480.00
Hguine frozen food axport 3 |e.roo0E2 +0.00000 5772850 6451508 04,9414 660.00 ©680.00
Modem sea food Rd 3 |s.8000EZ +0.00000 877350 655.1596 704 0414 B70.00 650.00
National aea fooo o 3 |8.0000E2 80.00000 45 18802 201.2800 98 7310 420.00 480.00
fgoanic shrimpe export a |7.s000e2 10.00000 | s.77aso 7261500 T74.0414 740 00 760,00
Towsl 24 |e.2378E2 14502061 | 2060221 S62 8137 654,9068 420.00 as0.00 |
Nhrste Coxmos sea rooa 14 3 |1.sz00E2 4 00000 7.30040 142 0634 161 9386 148.00 156.00
Freanh foods Hd 3 1.3500E2 10.00000 8 77350 110.1 %86 1500414 128.00 14500
Janananad a3 foods It 3 [1 450062 5.00000 288875 1315703 157.4207 140.00 150.00
Julabac rOZen roods Hd 3 |1 30002 4,35890 2.51661 111719 140 8289 127 oo 138.00
13ruina frozen food oxport 3 |1.e800B2 4.00000 Z.20940 1560538 175.9368 163,00 170.00
Modern sea food Hid 3 |rarerez £.77350 3.23333 117.3248 1460008 125.00 138,00
MNations sas food Ha 3 1.5STOOCER 808275 a.51188 141 8898 1T2N104 150,00 181 00
Sroanic shrimps expon 2 [1.48500e&2 14 10674 B.14453 100.9589 180.0431 132.00 180,00
Total Z4 1 a82VME2 13267314 2.78102 1398347 150. 9820 3 25.00 17000
Microbs CoSMos 388 road Hd 3 54.0000 6.00000 3.484%0 30.0052 89.9048 48.00 60.00
Freen foogs g E 78.0000 5 20160 305508 64.8582 91,3448 r4.00 94.00
Johanabad saa fooas R = 47.0000 a.53939 s.80787 23.30240 70.6972 38 00 57.00
Jalanad rozen focds itd -] 38.0000 284575 1.52753 31 4276 44.572a 3&.00 40.00
figuina frozen fooa export 3 | s7.0000 8.00000 | 346410 42.0952 71.8048 %1 00 e3 oo
Mooern sea faod A z | sscooo 2.00000 115470 B0.0317 69.9883 63,00 a7.00
rational sea food Itd -] 69,0000 2.60555 208167 £9.0433 75.9567 64.00 71.00
Bgeanie shrimps export 3 71.0000 8.29150 2.05505 57,8482 B4.1 448 B87.00 77.00
Total Z24 59.7500 13248187 275108 54.0571 B85 3428 3s5.00 B84.00
Piankon  Coemos sea food fa 3 730000 3.00000 173208 85 5476 BO.4524 To.00 78.00
Fresn rooos itd 2 | s7.0000 17.00000 a.81495 14.786087 88,2303 4000 74.00
Japanabac ses roods Hd b ] B4.0000 1.00Q00 S7Tr3s 81 5159 &8 4841 a3,00 &8.00
Jalabad rozen foods Itd 2 53,0000 2.00000 118479 480217 57.9683 31.00 5500
liguine frozen food export 3 | 7a.u000 z.00000 | 1.1547a 69.0317 7a.98a3 72.00 r6.00
Maderrm *ea food iitd 3 85.0000 il Tulalad 0000 S55.0000 55 0000 545 00 Bs.00
Natonal sea rood itd 3 4€.0000 T 73205 1.0Q000 42.6973 52.3027 47 .00 S0.00
gaanic shimps axport E] 42.0000 1.00000 ST7T3S 05150 444841 41.00 43 00
Totm 24_|_se,2500 12.05873 | Zasi4p £3,1590 83,3420 40,00 76.00 |
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Table 6: Intra-zone data analysis, zone 3.
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\Y Treatment | Bagerhat sea foods | Harbor sea foods | Lockpur fish Rupsha fish and Allied
ind. Ltd. Itd. processing co. Lid. ind. Ltd.

Temperature | 31+0.00° 30+0.57° 31:£0.00° 30:0.00°
pH 7.2+0.05° 7.1£0.02% 6.9:+0.05° 7.2+0,05°
Chloride 14000+1527.50° 13000£1026.30° | 12500+288.67° 11000+577.35°
TS 8200+351.18° 7000£115.47° 6500+200.00° 6800:251,66°
TDS 7420+100.66° 6350+28.86° 5600+378.59° 6000+57.73°
TSS 781.67+3.33" 65011.54° 860+5.77° 750+18.92°
COD 1450+30.00° 1400+11.54° 1700+17.32° 1900+5.77
BOD 680+5.77° 450+23.09° 580+7.63" 650+:28.86"
Nitrate 150.33+2.60™ 135+5.77° 147.67+5.36" 166.67+2.40°
Bacteria 43.33+3.33° 74+2.00° 86+1.15° 37£6.11°
Plankton 85+1.00° 75+0.57° 46+0.57° 540,57

-
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Descriptives
- 95% Confidence intarval for”
Mean
N Mean L StJ, Dewation | Std. Esror | LowerBound | UaperSound | Minimum | waximum |

temp Pperhal seafoods ind. 3 | 31.0000 " .00000 00000 31 0000 21.0000 31.00 31.00
Harbdr sea foods Ha, 3 30.0000 1.00000 STY3S 27 5158 32.4841 2% 00 31.00

coskpyr feh procassing 3 | 31.0000 00000 00000 31.0000 31 0000 .00 31.00

fZapsna fish and Allfed 3 | z0.0000 0o0g0 00000 30.0000 30.0000 30.00 30.00

Toral 12 20 5000 87420 19462 300716 . 30.9284 28.00 .00

eH Sgperhet saafoods ina. 3| 7.2000 10000 05774 69518 7.4484 7.1b 7.30
Harbor sea foods itd. 3 7.1000 L5000 02287 6.8758 7.2242 7.05 715

l:'gc'lf%_" fish pracessing 3 6.8000 10080 05774 6.6518 7.1484 8.580 7.00

5\3{,3{&? fish and Allied 3 7 2000 10000 05774 5.9516 T 4484 710 730

Total 12 7 1000 14824 04308 7.0082 7.1943 6.80 7.30

chlonde  Bagenat sea roods ind. .3 |1.40004 264575131 | 1.6275E3 7427 5894 20572.4106 | 1200000 | 17000.00
Harber 382 foods . 2 |1.300064 1777.62888 | 1.026383 8584 1002 174150098 |.11500.00 | 15000.00

Lackpur fish processing a |1.2500€4 50000000 | 2.886762 112579311 13732,0099) | 12000.00 | 13000 09

Rupsha fish and Allied 3 [1 100084 | 100000000 | 5.773sE2 9516.2623 | 1 349‘3’:’&??4 10000.00 | 72000.d0

Total 12 [1.267584 1831 10746 | 8.2e5982 11461.5698 12780.4302 | 10000.00 | 17G00.00

TS Bagernat sea foeds ind. 3 [s.2000E3 608.27825 | 3.511882 6688.2580 9711 0426 | rsoo.0o | ssoo.00
Harbor sea foods itd. 3 |7.000083 20000000 | 1.1647E2 65031725 74068275 | &800.00 7200.00

Lgckpur fish processing 3 |5.5000E3 346.41016 | 2.0000E2 5639.4695 7360.5305 | 6100.00 6700.00
Rupshafish and Altied 2 |s.e000E3 43598089 | 2516582 s717.1805 7892.0108] | 630000 | 710000

Tota) 12_|7.1250E2 765.20862 | 2.200282 B630.7528 7611.2475] | % s100.00 BEOC,0D

TOS Bagernat sea foods ind, 3 {r.a200E3 174.35596 | 1.0066E2 5996.8758 78631 :z,ui‘ r' 7220.00 7540.00
Harbor sea faoas lid, 3 |6.2800E3 50.00000 | 28.86751 6225.7031 6474.2059 | 8300.00 6400.00

Locknur nsh processing 3 [5.6000E3 655.74385 | 3.7859E2 3971.0420 7238.9580 50040.00 £300.00

fgpana fish and Allied 3 |8.000063 100.00080 | 57.73502 5751 5362 52484138 | 5900.00 | e100.00

Total 12 |6.2426E3 7564.84253 | 2 3070s2 58565422 6825 45768 | $000.90 754000

Tés Bagerhat seé facds ind. 2 |7 e187E2 '8:77350 | 3.333233 787.3245 798.0008 775.00 785.00
Harbor sea foods itg, 2 |s.s00082 20.00000 | 11.54704 00,3172 699.6829 830.00 870.00

LoFkRyr fish processing 3 [s.6000e2 10.00000 | &.77350 935.1586 584.8414 250.00 #70.00

AP Ehn feh and Atlled a |7.s00082 3278719 | 18.82800 668 5521 831.4479 715.00 780.00

Totsk 1z |r.8042E7 po.46821 | 2322859 708.2909 811.5425 630.04 870.00

cob Baperhat sea foods ihd 3 |1.4500E3 51.96152 | 3000060 1320 9204 1579.0796 | 139000 | 1480.00
Harbor sea foods Ita. 3 |1.4000E3 2000000 | 11 54701 1350,3172 1449 6228 1280.00 1420.00

Lackpor fish processing 3 [1.7000E3 30.00000 | 17 32061 18254759 1774.5241 1570.00 1730.00

: Rupshanish and Allied 3 |1.g000E3 10.00000 $.77350 18751588 | - 1924.8414 1890.00 1910.00

Total 12_|1.612883 211,88011 | 61 18452 14778778 ¥1747.1222 | 138000 1910.00

800 Papernat =ea fogds ind, 3 |s.g000E2 10.00000 6.77350 B56.1686 | . ‘748414 870.00 690.00,
Harbor $ea foods Hd. . 3 |4's000EZ 40.00000 23.09401 350 6345 549‘.3555_ . 410.00 490.00

t.g'c.l_(&l.zr fish processing 3 |5.8000E2 13.22876 7.63763 547 1379 ¢ &1 28821 , 's70.00 595.00

.Té?’ﬁ&? Psh and Alhed 3 |B.5000E2 5000000 | 28 86781 525 7931 S F Z.DﬁrQ' * &00.00 700.00

Total . 12 |s.9000E2 96.74239 | 27.92712 §28.8328 : 651.4672%] 410,00 700.00

Nitrate Bagerhat sea foods ind. 3 |1.5033e2 450025 | 2.80342 13007 1515340 | 148.00 155.00
Harbor sea foous Itd. 3 |1.3s500E2 1000000 | 677350 110.1538 150.8414 125.00. 145,00

Ié'gftm:" flsh processing 3 |1.4767E2 2.2 s7T S5.20440 124 5851 170.7482 140 00 158.00

Rupsha fish and Allled 3 |1.8887E2 418233 | 2.40370 158,3244 177.0080 162.00 170.00

Total 12 {1 400282 13.39738 | 338608 _341,40675 159.4259 125.00 170.00

Mierobs  Bagerhal cea cods ind. 3 { az2333 5773580 | 233333 zo.9212 57.6745 40.00 50,00
Harbor sga foods Hd, 3 | 7a.onoe 3.46410 | 2o0000p 66.3947 82,6063 70.00 78.00

Coctpyr heh processing 3 | ee.0000 200000 | 115470 21,0317 20,0683 e+00 ' 88.00

' Rupshafish and Alliea 7 | 37.0000 1058300 | &11010 10 7104 63.2008 26.00 45.00

Total 12 | 500833 2207202 | 6371654 46,0594 74,1072 2s.00 88,00

Ftankton  Bagerhat sea foods ind, 2 | as.0000 173205 | 1.00000 80.6973 g8.3027 #3.00 26.00
Harbor sea foods ld, , 3 75.0000 1.00000 57735 725159 T7.4841 _ 74.00 76.00

Eochyr M=h processing 2 | 4s.0000 1.00000 57735 43.5159 48 4841 45.00 47.00

RupEnR fish and Alled 3 | sa.ccop 1.00000 57735 51.5159 58,4841 53.00 55,00

Total 12 85.0000 15.39845 A, 73382 54 5809 75.4191 45.00 86,00 ]
r
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