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ABSTRACT

An investigation was carried out 1o evaluate the status of some tracc metals in surface water
collected from the Bhairab river at the vicinity of Khulna Newsprint & Hardboard Mills Ltd,
Khulna. The samples were analyzed seasonally from December 1998 to November 1999 by
employing air acetylene flame in combination with hollow-cathode lamps as well as Atomic
Absorption Spectrophotometer (Perkin Elmer Model 3110).

Some physico-checmical parameters of surface water at the studied arca were determined
simultancously by standard methods. The maximum and minimum concentrations of Fe, Cu,
Cd, Mn, Pb, Cr, Co & Ni were noted in surface water samples as 2756 pg.L" & 6252 ug L
66.14 pgL' & 2.00 pp L' ;1552 pp L' & <2.08 pg L' ; 724 pgl' & 7.25 pgl.’'; 70.7
gL' & <547 pg L' 613 pg Ll & <147 pug L' 4218 pg L' & <2.11 pg "' and 64.74
pg L' & <2.46 pg L. respectively. The maximum and minimum values of physico-chemical
parameters of surface water in the studied arca i.e. Temperature, Hydrogen ion concentration,
Electric conductivity, Dissolved oxygen, Bio-chemical oxygen demand, Chemical oxygen
demand, Total suspended solids, Total dissolved solids, Total solids, Total alkalinity and
Chloride were as 32°C & 24°C; 7.4 & 6.3; 2400 p-mhos.cm™ & 1100 pw-mhos.cm’; 2.11
mglL"' & 0 mgL"; 5304 mg L' & 204 mg.L"'; 3829 mg L' & 5 mg."; 400 mg L™ & 200
mgL"; 3100 mg L' & 200 mg.L™"; 3300 mg L' & 400 mgL"'; 88 mglL' & 32mglL™’; 125
mg.L" & 80 mg.L" respectively. Trace metal concentrations in surface water were observed
higher in some stations. The values of physico-chemical parameters in the Bhairab River at
the vicinity of the Khulna Newsprint Mills were recorded cxceeding the different certified

limits with some few exceptions.
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CHAPTER ONE
GENERAL INTRODUCTION

Bangladesh is a tropical country which is situated in the southern part of Asia and has vast
areas to the south in the Bay of Bengal. Most of the country’s water is drained by the Ganges,
Brahamputra and Meghna river which constitute one of the largest system in the world.
Bangladesh face the most difficult task of balancing a scarce resources base,The fast
growing population, mass poverty, large-scale illiteracy and regular natural calamities have
made sustainable development very complicated. The country has been greatly affected by
environmental degradation and depletion of its resources. The principal cnvironmental
concerns include pollution of water, decline in soil fertility, fast depletion of forest, recession
of water table, increasing salinity, primary symptoms ol deforcstation in the northern areas,

degencration of wetland and coastal environment, destruction of inland capture fisheries etc.

/’l
(Chowdury, 1994).

A:(cording to Frank and Wagnall’s (1968) “Environment is the aggregation of all external
and internal conditions affecting the existence growth and welfare of organisms™. It basically
includes a few centimeters of soil which depend on the terrestrial life, a few kilometers of air

surrounding the carth without which no life can survive (Khan, }992;///

/E;vironmenta] parameters exert profound effects on the behaviour, movement and survival

s of aquatic organism. These factors are bound to vary and the adaptive properties of the
organisms fluctuate. It is always important to remember that ecological approaches must be

based upon physiologically correct thinking even il the results in a probabilistic manner. The

relation between aquatic organism and its environment can be complex indeed. The effects

of the environment on the aquatic organism depend on the condition of the aquatic species

itself, its state ol nourishment, maturation of gonads ctc. (Mehedi, | 994)/-




There are many definitions of pollution, but GESAMP (IMO/FAO/UNESCO/WMO/WHO
/TAEA/UN/UNEP: Joint Group of Experts on the Scientific Aspects of Marine Pollution)
formulation is widely accepted and constitutes part of the pretocol of several international
agreements and conventions. Its states: “Pollution means the introduction by man directly or
indirectly of substances or energy into the marine environment (including estuaries) resulting
in such deleterious effects as harm to living resources, hazard to human health, hindrance to
marine activities including fishing, impairment of quality for use of sea water and reduction
of amenities”(Pravdic, 1981). This definition [irst indicates that pollution arises from
substances added to the sca by man. Although these substances cover the whole chemical
speetrum, which includes nutrients, sewage, oil, metals, synthetic organic compounds, radio-

neuclides, plastics litter, particulates efc.

In natural aquatic ecosystems, metals occur in low concentrations, normally at the nanogram
to microgram per liter level. In recent times, however, the occurrence of metal contaminant
especially heavy metals in excess of natural loads has become a problem of increasing
concern which result environmental pollution. This situation has arisen as a result of the
rapid growth of population, increased urbanization, expansion of industrial activities and
exploitation of natural resources, extension of irrigation and other modern agricultural

practices as well as the lack of environmental regulations (Ahmmed, 1997).

The developed and third world countries are facing global environmental problems especially
related to water pollution, which have appeared in last three decades. The abnormal changes
in the environment as well as water qualities are due to the negligence by human beings. The
domestic sewage and industrial effluents arc the major source of aquatic pollution. Human
consciousness has yet not developed that need long time projects and lot of awarcness to get

rid of these water pollutions (Chowdury, 1994).

/ Bangladesh is a riverine country with approximately 3.176 millions acres of inland waters

bodies are used in multidisciplinary purposes. Among the different uscs of rivers fishery is
one of the most important scctors but with the industrial development. this fishery also

becomes threatened. Industrial waters, sewage and agricultural waste are ultimately dumped
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into rivers and their quality gradually increasing with the increase in population and their

demands (Bhouyain, 1993).()’/1 SUJ_C;\G‘\

o™
The WHO has also produced water quality criteria for drinking water for several chemicals
including most of the heavy metals (WHO, 1984) while FAO has made a compilation of
legal limils for hazardous substances to heavy metals (Nauen, 1983). Heavy metals may
accumulate to toxic levels. This problems associated with heavy meltal especially trace metal
contamination were first highlighted in the industrially advanced countries because of their
large industrial discharges and especially by incidents of mercury and cadmium pollution in
Sweden and Japan (Kuriland et. al,, 1960; Nitta, 1972; Goldberg, 1975). Generally heuvy
melals arc so reactive that they enter riverine or estuarine waters, many are quickly absorbed
into suspended matter and will be ultimately removed to coastal sediments (Santschi

et.al., 1990}

For effective water pollution control and management there is a need for a clear
understanding of the inputs (loads), distribution and fate of contaminants, including trace
metals [rom land-based sources into aquatic ecosystems. In particular, the quantities and
qualities need to be considered together with the distribution pathways and fate and the

effects on biota (Mehedi, 1994).

Heavy metal is the term that represents a group of elements whose lower limiting density i1s 6
gmem” (Wild, 1988). However to distinguish from alkali and alkaline earth melals
exceeding the atomic mass of calcium arc often referred to as heavy metals (Forstner and
Wittman , 1981) and most of heavy metals are nutrients too. Some heavy metals such as 7Zn,
Cu, Mn, and Fe arc essential for the growth and well being of living organisms including
man. However, they are likely to show toxic effects when organisms are exposed (o levels
higher than normally required. Other elements such as Pb, Hg and Cd are not essential for

metabolic activitics and exhibit toxic properties (Ahmed, 1998).

Group of Experts on Scientific Aspects of Marine Pollution (GESAMP, 1974) has compiled
joint brief reviews on a number of elements which have been considered as potential. A list
of 15 elcments are given such as mercury, cadmium, lead, copper, zinc, arsenic, antimony,

beryllium, chromium, cobalt, manganese, nickel, silver and vanadium. Metal contamination



of the aquatic environment may lead to deleterious effect from localized inputs, which may
be acutely or chronically toxic to aquatic life within the affected area. Most published data on
the effects of metals on aquatic organism however report adverse effects at concentrations

higher than usually found in the environment (GESAMP, 1985 & 1988).

Copper is an essential trace metal and is presumably homeoslatically controlled (Bowen,
1972: Frieden, 1972; Cross ef. al., 1973; Bryuan, 1976; Giesy and Wiener, 1977). Although
copper is essential but copper can be acutely toxic at higher concentrations (Skidmore, 1964;

Black er, al., 1976) and also toxic for human life (Blacow, 1972).

The cycling of iron within and through ecosystems has been extensively investigated because
of the synergistic effects on the other key elemental cycles. Thus the precipitation and
dissolution of iron in response (o change pH and Eh are believed to be an important buffer
mechanism regulating the levels of phosphorus and tracc metals in aquatic environment
(Mortiner, 1941, 1942 and Hutchinson, 1957). Further more several recent papers (Davies,
1970; Lewin and Chen, 1973; Murphy and Lean, 1979) have suggested that iron may on

occasion be the limiting element for phytoplankton growth in some estuarine environment,

Thurberg et. al., (1973) found that cadmium reduced oxygen consumption and metabolic rate

in organism which might be associated with the retardation of regencrative growth.

Manganese is relatively non-toxic for organisms but toxic in higher concentration as
manganese accumulated in “Manganese Psychosis™ 1s known as brain disease. River water
containing manganese more than 0.05ppm, which is toxic for both aquatic plant and animal,

(Setui and Seti, 1991).

The distribution of Pb in aquatic environment is of considerable interest not only form geo-
chemical stand point, but also in view of potential hazards which excessive accumulation
post to biological systems. This element is deposited in bones and soft tissues. Lead
poisoning in children can produce brain damage, it also cause mild anemia (>0.80ppm) brain
damage, vomiting, loss of appetite, kidney distunction and finally brain damage (>0.50-

0.80ppm) (Miller, 1985).




Cobalt is comparatively rare and is the thirty-second most abundant elements in the earth’s
crust. This element is essential for mammals, i.e. also for human beings. A tack of vitamin B

causes pernicious dnemia (Miller, 1985).

Nickel is extensively used for electroplating iron and other metals. It is also used in inks,

fertilizers paper mills, and petroleum refining industries and the rinse waters from these

operations (De, 1994).

Cr is an important component of stainless steels and high temperature alloys. Its industrial
uses include electroplating and the manufacture of chemicals, pigments and primer paint for

boasts (Miller, 1985).

During recent years there has been an increasing awareness of the danger of heavy metal
contamination of aquatic environment. The wide use of metals in different chemical forms by
the industrial, agriculture and domestic sectors has resulted in a great deal of toxic metals in
the environment. Increasing awareness of ecological hazards to human life, arising from the
discharge of toxic metals from urban and industrial sources have invoke considerable interest
in the study of levels and fate of trace metals to levels greatly in excess of those in their
environment. (Zin gde et. al., 1976). The occurrence of metal contaminants especially heavy
metals in excess of natural load has arisen as a result of rapid growth of natural sources
extension of irrigation and other modern agricultural practices as well as the lack of

environmental regulations (Mehedi, 1994).

In natural aquatic ecosystem, metals occur in low concentrations normally at the nano-gram
to microgram per liter level. Contamination of the aquatic environment by trace elements
such as mercury, lead, cadmium, arsenic, copper, zinc, and silver are difficult to assess in as
much as natural levels of these materials are not well known. Despite these limitations, melal
pollution has been clearly identified in many areas of the world’s oceans. In some cases,
usually high inputs of toxic heavy metals to the aquatic environment have resulted in
ecological changes and financial losses to commercial fisheries and in isolated cases, have

been hazardous to human health (Mehedi, 1994).
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Heavy metals are the most toxic and persistent pollutants in fresh water systems many
researches and monitoring efforts have been conducted to determine sources, transports, and
fate of these metals in the aquatic environment. However, recent studies have shown that
contamination artifacts have seriously compromised the reliability of mény past and current
analysis. These induced errors are necessary to detect trends and to identify processes that
control the transport and fate of toxic heavy metals. In addition, without accurate and reliable
data, it is impossible to accurately monitor the effect of costly regulations aimed at reducing
metal emissions. To avoid these problems, and to enhance the qual.ity of trace metal data,
laboratories are putting substantial effort into improving protocols for sample collection,

handling and analysis (Horowitz ez. al., 1994).

In relation to environmental pollution, heavy metals are toxic, relatively abundant and readily
available as a soluble species pose the greatest threat to biological systems (Forster and
Wittman, 1981). Lower concentrations of metalloids may also kill aquatic organisms and
may hinder or prevent the self-purification power of a water body. In Japan Minamata
disease was caused and thousands of people died from intake of fish which had accumulated
mercury at danger point. Acuteness of toxicity and devastating effects of cadmium on
animals were amply proved by the “Itéli—itai disease” in human beings (Kobayshi, 1971).
Several studies have revealed the extreme nature of cadmium to aquatic organisms (Eisler,
1971) and bio-accumulation in the food chain (Bryan and Easel, 1978; Eisler et. al.,1972;
Fowler & Benayoun, 1974). All aquatic organisms are composed of some trace metals. Both
deficiency and excess of essential trace metals may cause a number of diseases because they

perform vital fluctuations as key components of enzymes and proteins (Mehedi, 1994).

In recent times, the occurrence of metals especially the trace metals in excess or natural loads
have become a problem of increasing concern. The innumerable examples of heavy metal
pollution of lakes, rivers and streams in the literature are testimony to the gravity of the
situations. Metal contamination of the hydrosphere probably started with Roman mining
operations to have reached its peaks in surface water in Western Europe, Japan and North
America and other parts of the world during the 1970. The prolonged residence time, their

persistence and bio-accumulation nature in ocean media including its plants and animals are



the most significant aspects of metal contamination and endangers with a greater potential for
global distribution and effect (Mehedi, 1994).
ol
) ‘g"./[ he effect of effluent discharges from the industrics on the river system depends on the
= quality and quantity of the discharged water effluents is also on the dilulion capacity ol the
receiving water bodiﬂg On the other hand, the pollution of the both surface and ground water
is rising everywhere. The industries such as paper mills, rayon mills, urea fertilizer, tannernies,
oil refineries etc. are those demands so much clears water themselves, happened to the worst
polluters of rivers, usually these industries are established on the bank ol the river mostly.
These industries discharge a huge amount of their liquid and solid trade waler chemicals and
sometimes-crude sewage into the river. As a result the quality of the river water iy extremely
going to be deteriorated and hence the aquatic organism particularly fishes and mvertebrates
are gradually disappearing. Man is affected by the intake of these fishery items through lood

chain (Islam, 1993).

Many industrial units established on the banks of the rivers. Bhairab river at the vicinity of
Khulna Newsprint Mills (KNM) and Khulna Hardboard Mills (KHM) were selected for the
present study to evaluate the potential hazards with regard to toxic trace metals discharge

from the various processes as effluent to the river. Being a paper industry, there every change
of environmental pollution around KNM and KHM due to escape of fibers and chenicals
through the effluent and fuel gases. Pulp and paper mills effluents have been concerned in
water pollution abatement programs primarily because of high potential input of suspended

solids and oxygen consuming to nalural system.

According to Hyness and Pantelow (1978) effluents may be divided into six groups. each

with different degree of polluting properties. These are:

e Inert suspension of linely divided matter.

e Poisons in solution occurring in the water from many industrics.

e Inorganic rcducing agents such as sulfides and sulfides being the constituents of the
effluents of several types of industries.

e Oil is washed into the aquatic bodies sometimes becoming a threaten for the aquatic

organismes,
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Organic residues includes the effluents from a great variety of industries, most important
of all is domestic sewage. These organic residues may be due to different sources but
fundamentally they are common in that they contain unstable compounds which are
readily oxidized in the water.

Hot water is produced by many industries; heated effluents only hot but full of dead of

organic matter and possibly also poison.

Considerable amount of metals originated from polluting activities or physical processes

enter the marine environment through rivers and affect the estuarine systems. Trace metals

include elements that are of key interest in relation to biogeochemical cycling processes, due

to their specific properties, their reactivity and their significance as pollutants. Trace metals

undergo, during their transports, numerous changes as the result of dissolution, precipitation

and adsorption phenomena. The distribution patterns of trace metals among the various parts

of the estuaries have been found to be very complicated as a result of a great number of

simultaneous and independent physical, chemical and biological processes involved

(Salomons & Forstrer, 1984; GESAMP/UNESCO, 1987; Bliniski et. al., 1991).

The main principle objectives of the present research involve the following points:

To evaluate the environmental condition with regards to trace metals in Bhairab river at
the vicinity of the Khulna Newsprint & Hardboard Mills;

To assess the extent of hazards due to the effluent discharge by Khulna Newsprint &
Hardboard Mills ;

To make an appropriate policy to suggest the different governmental and non
governmental organizations for taking further initiatives in these lines ;

To overcome the existing malnutrition problems prevailing amongst the poor people
living in close proximity to the study area ;

To create public awareness regarding the existing pollution problem as well as make
valuable strategic approaches in context to the traditional resource management regime;
To motivate the scientific community to initiate further monitoring and surveillance
program with respect to different physico-chemical status of water so far in this

environmentally neglected area.



CHAPTER TWO
INVESTIGATED AREA AND SAMPLING STRATEGY

2.1. Description of the Investigated Area

The Bhairab river is situated in the south-west corner of Bangladesh between latitude 21" 27’
30” and 22° 30’ 00” N and longitude 89° 027 00” and 90° 00’ 00” E in Khulna administrative
division and includes the part of Khulna city. A total number of 165 industries are located in
the Khulna zones namely Khalispur, Shirimoni and Rupsha discharging wastes into the
Bhairab-Rupsha river finally fall into the Bay of Bengal through the Passur river estuary.
Some match factories, Khulna shipyard and Fish processing plants from the Rupsha
industrial area discharge their effluents directly into the Rupsha river. The Khulna Newsprint
and Hardboard Mills, Goalpara power station, Some jute mills and Steel mills from the
Khalispur industrial belt discharge untreated wastes directly into Bhairab river. Khulna
Newsprint Mills continuously discharge nearly 4500 m°/ha of wastewater, which are
containing high level of suspended solids (300-500mg.1""y and sulphate compounds. The
Bhairab river revels that chlorides, total dissolved solids and electric conductivity are

alarmingly high (DOE, 1993).

The Bhairab river is the respiratory of wastes from the Khulna Metropolitan area, involving a
population of over 2 million and major industrial sources. There are no sanitation and
collection facilities for municipal wastes of Khulna City. The raw and decomposed sewage
and human excreta from slum area on both sides of the river in Khulna and Mongla enter the
Passur river and hence to the Bay of Bengal. More than 700 metric tons household garbage
is discharged in this river from Khulna and Mongla area were estimated to be approximately

2.2 tins BOD/day (ESCAP, 1987) and has increased manifolds in recent years.

Khulna Newsprint Mills (KNM) established in 1959 for making a minimum quality of

52,000 tons of Newsprint paper with a view to utilizing the untapped Gewa wood



(Excoecaria agallocha) from Sundarbans Forest. Recently, another agro-fibrous raw
materials have been discovered for making pulp from green jute. The KNM started to
purchase green jute directly from the farmers and suppliers 48000 tons of Newsprint per
year. The unit uses as much as 5000 cubic meter per hour of water, 4500 cubic meter per
hour in turbine cooling, 700 cubic meter per hour in paper machines, 240 cubic meter per
hour for process needs and balance for boiler feed. Water is used excessively by any count
and should be brought down. None of the effluent—streams gets any treatment and the entire
effluents are mixed up as a single stream discharges to the river. This pollution makes the
river unsightly for a considerable distance around the fall, makes the water unfit for any use

and seriously affect fish and other aquatic environment (Nahar, 1996).

The raw materials of KNM are classified into two raw materials, namely fibrous raw
materials and non-fibrous materials. The fibrous raw materials are again classified into two
types. These are woody materials and non-woody materials. Woody materials are softwood,
conifers & hard wood or board leafed species are pulped and non-woody materials are
various species of bamboo, ekra, nal, khagra reeds sabai, cotton and other grasses, blast fiber

of jute, hem, linen, sugarcane (bagasse), ramie etc. (Salehuddin, 1992).

The non-fibrous raw materials are used in chemical additives of KINM. These raw materials

are added to the pulp, which improve specific properties of paper and other paper products.

Aec B~ 1999,

The following properties such as size, alum, filters, starch and natural gums, dyes, wet-
strength resins etc. play a vital role for the purpose of paper industry (Salehuddin, 1992). The

residues of these raw materials finally find their way into the sea via Bhairab river.

The Khulna Hardboard Mills (KHM) has established in 1962-63. It is situated besides the
KNM. The KHM has set up on the basis of Sundri tree (Heritiera fomes). But the Sundri tree
is decreasing day by day. As a result, other trees like Korai, Babla, Katal, Payara, Bod tree

etc. are used in the production of Hardboard.

Generally wax emulsion are used. The amount of wax emulsion is 0.1kg/100-sq. meter. The

yearly production of Hardboard is 160-162 square feet & monthly production is

10



15 lakh sq. ft. The volume of the discharge water is 700 cubic meter per day. The KHM is
necessary for 30-35 ton wood per working day. The outlet drain of the discharge water is
divided into three ‘points from one drain. The KHM used river water that comes from the
Khulna Newsprint Mills Ltd. In the dry season sallow water is used because the hardness of
the river water is high. The production rate of the Hardboard is 150.87 lakh sq. ft. in 1998-99
(According to Director, KHM, 1999).

2.2. SAMPLING STRATEGY

In the present investigation surface water samples were used to analysis the level of pollution
regarding some trace metals in the effluents discharged from Khulna Newsprint Mills (KNM)
and Khulna Hardboard Mills (KHM) as well as the water of the Bhairab river.
Total investigated area along the Hardboard mills to Navy port, namely grinding drain
effluent, chemical drain effluent, discharge water from KNM, another discharge water from
KINM, discharge machine water from KNM, middle of the Bhairab river, iOO meters down of
the Bhairab river from KNM, 200 meters down of the Bhairab river from KNM, 300 meters
down of the Bhairab river from KNM near Navy port and another station 35 miles up of the
Bhairab river near Basundia, Jessore were treated as station-1, staton-2, station-3, staion-4,
station-3, station-6, station-7, station-8, station-9, station-10, station-11, station-12, station-13

respectively. Samples were collected during the low tide.

The industrial effluents of the KNM were analyzed the physico-chemical status of the
Bhairab river. The experiment was carried out at the area of the KNM adjacent to the
Bhairab river from five sampling stations. The sampling stations were grinding sieving arain,
grinding complete reject drain, mixing point with the river, side of the Bhairab river, middle
of the Bhairab river were represented as station-1, station-2, station-3, station-4, station-5

respectively.

11
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CHAPTER THREE
REVIEW OF LITERATURE

Khan and Hossain (1996) studicd on seasonal variation of trace metal (Cu, Pb, Zn, Cd, Mn.
Fe & Cr) concentrations in water, sediment, fishes and crustacean shellfishes of the
northeastern part of Bay of Bengal. They reported that the concentration of trace metals in
water were low. Cadmium exhibited the highest enrichment throughout the study urca with
peak values in some stations of the Karnafully estuary while Pb showed higher values in

some stations of the Karnatully & Meghna estuary.

Khan and Rahaman (1994) studied on the accumulation of trace metals (Fe, Cu. Zn, Cd. Hg,
and Pb) in water and fishes of the Karnafully river and that concentration of trace metals
were always higher in fishes in comparison with the waler samples. The metal concentrations
of water samples were always varics within the certified values of EQS for Bangladesh

except mercury.

George (1986) studied distribution of various forms of Cd, Pb and Cu in the water samples
collected from the wedge bank region (Arabian Sea). The results showed that higher
concentration of all the metals in wedge Bank region compared red to those reported for

coastal walers ot the Gulf and western Arabian Sea.

Khan and Talukder (1995) reported that the concentration of some trace metals were high
around the mouth of the Karnafully river than the Kutubdia channel Bay of Bengal
(Bangladesh coast) which might be due to influence of untreated eftluents discharged by

various small and large industries located in the bank of the Karnafully river.

Subramanian ez. al., (1988) studied heavy metals (Al, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn and
Pb) in the Ganges estuary and found that the particulale were relatively enriched in all the

metals, because of their [ine size relative to the bed load and higher organic matter.



Milsuali (1996) studied water quality and waler pollution sources in Polyang Lake in China.
The status of water quality of Polyang Lake, China in dry and wet scason was described.
Pollution loads generated from within the lake were insignificant, but the pollution loads
contributed from the inflow river rather great, this was due to the discharges of industrial and

household effluents.

Xue and Schnoor (1994) studied acid deposition and Lake Chemistry in Southwest. A water
quality survey had been performed on selected lakes and streams in southwest China. The
purpose of the study was to measure the concentration of acidic deposition and surface water

chemistry in a region of service air pollution, forest decline and relatively sensitive geology

to acid deposition.

Ahmed (1998) studied the concentrations of Fe, Cu, 7Zn and Cd in surface water. Five stations
were selected in the Sundarban Reserved Forest (SRF) for collection of samples. The stations
were Dhangmari, Chandpai, Harbarie canal, Kukilmari and Dubla Island. Concentrations of
Fe, Cu, Zn and Cd water samples exceed the different certified values. So the stations of the

SRF were polluted areas.

Rahman (1994) studied on the status of some trace metals observed in surface water and
commercially important fishes. The concentrations of metal of surface waler were not so
detrimental that the presence of quality water above metals was in low concentrations on the
country to different certified values. With the view of above facts, it was opined in zone of
Karnatully river, near the KPRC (Karnafully paper and Rayon complex) was contaminated
especially due to the cffluents discharged from the KPM (Karnafully Paper Mills) und KRC
{Karnafully Rayon and Chemicals), Chittagong.

Chowdury (1993) studied on the effect of effluents discharged from the Karnafully paper and
Rayon complex (KPRC) on the water quality of the Karnafully river ncar KPRC. The
concentration of some trace metals i.e. Cr, Mn, I'e, Cu, Zn, Cd and Pb were also analyzed
from effluents water sample seasonally. The investigated area of the substantially polluted

becausc of the polluted indicator species oligochaete was enormously raised.



Rahman (1994) studied on the water samples were collected from different stations of ship
breaking area, Chittagong (Faujdarhat to Kumira) to determine the total concentrations of Fe,
Cu, Pb, Cd and Hg. Finally the concentration factor of each metal were calculated to
establish the relationship between concentration of metals processed in the organism and of

the surrounding water body of ship breaking area of Chittagong.

Ahmmed (1997) worked on the study of trace metals in water collected from different
stations of the Passur river estuary. To determine the total concentrations of Ph, Cd, Ni, Cu,

Zn, Mn, Fe & Cr were analyzed seasonally. Finally, Pb exceeded the certified value.

Mehedi (1994) worked on the study of a comparative pen-picture of pollution status of the
coastal belt of Bangladesh with special reference to Halisahar and ship breaking area
Chittagong and found that trace metal concentrations in water, soil and the values of some
physico-chemical parameters were much higher, recorded in the ship breaking area in
comparison with the controlled zone (Halisahar Sea Coast) and the concentration of

sometimes exceeded the different certified values.



CHAPTER FOUR
PHYSICO - CHEMICAL PARAMETERS OF WATER

4.1. INTRODUCTION

Over the past decades, the natural quality of water has been altered due to various activities
of humans. Pollution has evolved gradually over time until it eventually became apparent and
measurable. Recognition of a pollution problem has, therefore, usually taken considerable

time and necessary contro] measures may take prolonged time (Chowdury, 1994).

/;ince the quality of water affects our lives in many ways, weiter should be of good quality if
its aesthetic value in the scenic environment is to be appreciated. Polluted water can be the
horizon for the closing of both commercial and sport fishing areas and restricting the
recreational use of water bodies. Water quality can have a great influence on the ability of
aquatic plants and animals to exist and grow in stream, lake, pond or bay. Use of water to
manufacture many industrial products should be of good quality to prevent reduction in the
quality and value of the manufactured product. Water of poor quality can affect human health
since it can carry disease bearing agents, toxic chemicals etc. and it may have an unpalatable
taste of a disagreeable odor. The temperature clarity and color of the water can affect the

quality of the water (Palmer, 1977).

A slight increase in water temperature by the discharge of effluents from sewage treatment
plant could result in the reduction of dissolved oxygen concentration. This reduction may

range from acceptable to unacceptable one because of an increased oxidation rate in a given

volume of the dilute effluent (Chowdury, 1994). .
Y /;fM"'P\ >

When pesticides, industrial wastes or municipal effluents enter a river system, a pandor’s box
full of problems can be frequently opened. Now-a-days, modern civilization is marked with
the establishment of heavy industry that produces materials for better, comfortable and faster
life. There is no doubt that it is science and technology that has brought man to this stage of

prosperity. But this prosperity in return, causing severe environmental pollution by
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discharging various types of industrial effluent in the water bodies adjacent to those
industries. Therefore, specific knowledge is required on the effluent characteristics and
potential chemical and physical changes of receiving water body to estimate the effects of

effluents on the aquatic environment (Chowdury, 1994).

/Pollution of surface water has become one of the most important problems about which to be
concerned. It requires condition and action by individuals, civic groups, city, state and
national sanitary and health departments and by industry (Palmer, 1977). Because, without
water life can not survive. With a marked rise in population, a rapid growth of towns and
industries and a great increase in irrigation, the demand for pure water is gradually
increasing. On the other hand, the pollution of both surfaces and ground water is rising every
where. Maximums of the industries are established on the bank of the river, where water is
casily available for power and manufacturing processes. But, in return, these industries
discharge huge amounts of the untreated liquid and solid trade wastes into the same water
body. As a result, in way of the rivers, fishes and other aquatic organisms which were
formally known to be abundant have now disappeared and even water supply are in danger

(Chowdury, 1994).

Thus, new problems have emerged are being intensely researched and for which the
appropriate global strategies have yet to be determined. Therefore, the physico-chemical
parameters of surface water of the studied area were analyzed seasonally to evaluate the

quality of water, tolerable for inhabiting biota.

A study was conducted to evaluate the physico-chemical status of water at the vicinity of

Khulna Newsprint Mills, which were highlighted so far, in this chapter% Q
L]
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4.2. MATERIALS AND METHODS

4.2.1. Collection of Samples

Water samples were collected seasonally from five stations adjacent to the KNM of the

Bhairab river in between December, 1998 and November, 1999. Puring low tide all the

sampling were performed by using an engine boat from the selected ’j}pts.
&

¢ L
4 and, water

For the determination of Dissolved Oxygen and Bio-Chemical Oxy
samples were collected in different BOD bottles, cach of which was 300 ml capacity. In case
of other parameters one litre capacity clean plastic bottle was used for the analysis (Uddin,
1993).

To avoid direct sun light. all the collected samples were placed into a wooden hox and

transported to the laboratory immediately for further analysis.

4.2.2. Preservation of Samples

The preservation procedure varies depending of the test to be performed. The samples for
DO and BOD, after collection should not be allowed to remain in contact with the air or be
agitated becausc cither condition causes a change in its gaseous content. The DO sample
should be “Fixed™” on the spot by some prescribed reagents (such as. Manganese Sulphate
MnSQO44H,0 and concentrated H-SO, and Alkali lodide Azide) as soon as the samples has
been collected (DOE, 1983).

Immediately after the preservation, the data time and exact location should be endorsed in the
level and at the same time intensive care should be taken to obtain the sample that is truely

representative (DOE, 1983).

4.2.3. Method of Analysis

4.2.3.1. Water Temperature

For recording water temperature a Celsius thermometer, was dipped in the surface water for

about three minules.



4.2.3.2. Hydrogen Ion Concentration

The value of hydrogen ion concentration or pf was determined in the laboratory by suing

glass electrode digital meter (Model pw 9409, PHILIPS).
4.2.3.3. Electric Conductivity

Electric conduclivity was recorded by Blackman conductivity meter of range 0-10000 -

mhos.cm™ (model RB 3R 104, SER, 58833).

4.2.3.4. Dissolved Oxygen

Dissolved Oxygen in water samples in each sampling stations was determined at once
following ozide modification of Winkler method American Public Health Association,

(APHA, 1976).

4.2.3.5. Bio-Chemical Oxygen Demand

The BOD botlles were filled with sample water and incubated at 20° C for five days o
determine the bio-chemical oxygen demand. It was measured by the azide modification

method (APHA, 1976).

The value of BOD was obtained by subtracting Final Dissolved Oxygen (FDO) from Initial
Dissolved Oxygen (IDO). The determination of BOD of effluents was performed alter

several dilutions before incubation at 20°C.

4.2.3.6. Chemical Oxygen Demand

Water Sample of 50 ml was placed in a reflexing flask and 1gm of Mercuric Sulphate
(HgzS0y) crystals and 5 ml of H,SO,; were added with scveral boiling chips. After some
times 25 ml 0.25N Potassium-di-Chromate (K,Cra();) solution was mixed again. Then the
reflexing (lask was attached with condenser throughout which (condenser) 70 ml H.SO. was
added. After well mixing of all the reagents, the flask was heated for halt an hour. The
sample was cooled in room temperature and titrated (the sample) against Ferus Ammonium

Sulphate with ferrowing indicator. The result was expressed in mg.L™" (Hossain, 1992).
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4.2.3.7. Total Suspended Solids

At first a filter paper was weighted, then a thoroughly mixed 100ml sample was filtered
through the weighted filter paper. The filter paper was allowed to dry completely and re-
weighted. The change in weight is multiplied by 10. Thus, total suspended solids in one liter

of water samples was obtained (Andrews, 1972).

4.2.3.8. Total Dissolved Solids

A porcelain crucible was weighted and was placed on steam bath, then 100 ml of filtered
sample from the TSS experiment was placed in this crucible. Evaporation took place slowly
up to dryness. After cooling the crucible was placed in a dessicator and was weighted. The
change in weight was multiplied by 10 to obtain the total dissolved solid (TDS ) in 1 liter of

water sample (Andrews, 1972).
4.2.3.9. Total Solids

To obtain the total solids the measured value of total suspended solids and total dissolved

solids were added (Islam, 1993).
4.,2.3.10. Total Alkalinity

Total Alkalinity was measured by APHA, 1976 method.

4.2.3.11. Chloride

The value of chloride was measured by Argentometric method (APHA, 1976).

19



4.3. RESULTS

4.3.1. Water Temperature [Fig.-1, Tab..1]

Station -1

The water temperature at station-1 varied between 28°C and 32°C seasonally December 1998
to November 1999, the temperature was found to reach its maximum value 32°C in pre-
monsoon and from the maximum value gradually reach the minimum value 28°C in the
monsoon period.

Station -2

The water temperature at station-2 ranged between 28°C and 31°C. The temperature attained
to its maximum value 31°C in the periods of pre-monsoon and post-monsoon and the
minimum value 28°C was in the period of monsoon.

Station-3

The water temperature at station-3 ranged from 25°C to 28°C. The temperature attained 1o its
maximum value 28°C in the period of post -monsoon and the minimum value 25° C was in
the monsoon period. A little seasonal variation occurred in this station.

Station -4

The water temperature at station-4 ranged between 24°C and 26°C. The temperature attained
to its maximum value 26°C in the period of post -monsoon and the minimum value 24°C was
in the monsoon period.

Station -5

The water temperature at station-2 ranged between 24°C and 25°C. The temperature attained
to its maximum value 25°C in the period of post -monsoon and the minimum value 24°C was

in the pre and post-monsoon periods.

4.3.2. Hydrogen Ion Concentration [Fig.-2, Tab.-1]
Station-1
The pH at station-1 ranged between 6.3 and 6.5. The maximum value 6.5 attained in the post

monsoon period and the minimum value 6.3 was in the monsoon period.
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Station-2

The pH at station-2 ranged from 6.5 to 6.9. The maximum value 6.9 attained in the post
monsoon period and the minimum value 6.5 was in the monsoon period.

Station-3

The pH at station-3 ranged between 6.8 and 7.0. The maximum value attained 7.0 in the
period of pre-monsoon and the minimum value 6.8 attained in the post-monsoon period.
Station-4 .

The pH at station-4 ranged between 7.10 and 7.25. The maximum value attained 7.25 i.n the
period of pre-monscon and the minimum value 7.10 was in the monsoon period.

Station-5

The pH at station-5 ranged between 7.2 and 7.4. The maximum value attained 7.4 in the

period of post-monsoon and the minimum value 7.2 was in the monsoon period.

4.3.3. Electric Conductivity [Fig.-3, Tab.-1]

Station 1

The E.C at station-1 ranged from 2300p-mhos.cm™ to 2400p-mhos.cm™. The maximum
value 2£1f00u—mhos.cm'1 observed in the pre-monsoon period and the minimum value 2300u-
mhos.cm™ observed in the periods of monsoon and post-monsoon.

Station 2

The E.C at station-2 ranged from 2000}L-mhos.cm'l to 2250p-mhos.cm™. The maximum
value 2250p-mhos.cm™ observed in the post-monsoon period and the minimum value 2000u-
mhos.cm™ observed in the period of monsoon.

Station 3

The E.C at station-3 ranged from 1900,.1L—mhos.cm'l to 2050p-mhos.cm™. The maximum
value 2050p-mhos.crm’ observed in the pre-monsoon period and the minimum value 1900p-
mhos.cm™ observed in the period of post-monsoon.

Station 4

The E.C at station-4 ranged from 1100p-mhos.cm™ to 1200u-mhos.cm™. The maximum
value 1200},L-mhos.cm'] observed in the pre-monsoon period and the minimum value 1100~

mhos.cm™ observed in the period of monsoon.
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Station 5
The E.C at station-5 ranged from 1100p-mhos.cm™ to 1200p-mhos.cm™”. The maximum
value 1200p-mhos.cm™ observed in the pre-monsoon and post-monsoon periods and the

minimum value 1100p-mhos.cm™ observed in the period of monsoon.

4.3.4. Dissolved Oxygen [Fig.-4, Tab.-1]

Station 1

The dissolved oxygen at station-1 was not detected in the all periods due to low
concentration.

Station 2

The dissolved oxygen at station-2 was not detected in the all periods due to low
concentration

Station 3

The dissolved oxygen at station-3 ranged from 0.55mg.L" to 0.60mg.L™". The maximum
concentration of dissolved oxygen observed O.l.':')Omg.L'1 during the period of monsoon and
the minimum concentration recorded as 0.55mg.L™" during the period of pre-monsoon.
Station 4

The dissolved oxygen at station-4 ranged from 1.38mgL" to 1.55mg.L". The maximum
concentration of dissolved oxygen observed 1.55mg.L" during the period of monsoon and
the minimum concentration recorded as 1.3 8mg.L" during the period of post-monsoon.
Station 5

The dissolved oxygen at station-5 ranged-between 1.56mg.L" and 2.11mg.L". The maximum
concentration of dissolved oxygen observed 2.11mg.L" during the period monsoon and the

minimum concentration recorded as 1.56mg.L'1 during the period of pre-monsoon.

4.3.5. Biological Oxygen Demand [Fig.-5, Tab.-1]

Station 1

The BOD at station 1 ranged from 520 mg.L'] to 530.4 mg.L"'. The maximum value 530.4
mg.L observed in the pre-monsoon period and the minimum value 520 mg.L"' observed in

the period of post-monsoon.
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Station 2

The BOD at station-2 ranged from 204 mgL"' to 215 mgL"'. The maximum value
215 mg.L"! observed in the period of post-monsoon and the minimum value 204 mg.L"
observed in the period of pre-monsooen.

Station 3

The BOD at station-3 ranged from 490 mg.L’' to 530.4 mg.L". The maximum value 530.4
mg.L"' observed in the period of post-monsoon and the minimum value 490 mg. 1" observed
in the period of pre-monsoon.

Station 4

The BOD at station 4 ranged from 310.4 mg.L” to 335 mg.L'. The maximum value 335
mg.L" observed in the period of post-monsoon and the minimum value 3104 mgl*
observed in the period of monscon.

Station 5

The BOD at station-5 ranged from 220 mg.L™' to 285.6 mg.L"'. The maximum value 285.6
mg.L"' observed in the period of pre-monsoon and the minimum value 220 mg.L™" observed

in the period of monsoon.

4.3.6. Chemical Oxygen Demand [Fig.-6, Tab.-1]

Station 1

The COD at station-1 ranged between 3400 mg.L™' and 3829 mg.L". The maximum value
3829 mg.L"! observed in the period of pre-monsoon and the minimum value 3400 mg. L™
observed in the period of monsoon.

Station 2

The COD at station-2 ranged between 1800 mg.L’1 and 2100 mg.L". The maximum value
2100 mgl”' observed in the period of pre-monsoon and the minimum value
1800 mg.L"' observed in the period of post-monsoon.

Station 3

The COD at station-3 ranged from 700 mgL™ to 800 mglL™'. The maximum value
800 mg. L' observed in the périod of pre-monsoon and the minimum value 700 mg.L"

observed in the period of post-monsoon.
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Station 4

The COD at station-4 ranged from 10 mgL’' to 155 mgL’'. The maximum value
15.5 mg.L”! observed in the period of post-monsoon and the minimum value 10 mgL™*
observed in the period of monsoon.

Station 5

The COD at station-5 ranged between 5 mg.L"' and 6.02 mg.L‘l. The maximum value
6.02 mg.L" observed in the period of pre-monsoon and the minimum value 5 mg.L™

observed in the period of monsoon.

4.3.7. Total Suspended Solids [Fig.-7, Tab.-1]

Station 1

The Total Suspended Solids at station-1 ranged from 350 mg.! to 400 mgL'. The
maximum value 400 mgL"' observed during the period of pre-monsoon and post-monsoon.
The minimum value 350 mg.L"' of TSS showed in the monsoon period.

Station 2

The Total Suspended Solids at station-2 was ranged from 200 mgL"' to 250 mg.L.". The
maximum value 250 mg.L"" observed during the period of post-monsoon. The minimum
values 200 mg.L"' of TSS showed in the monsoon and post-monsoon periods.

Station 3

The Total Suspended Solids at station -3 was ranged between 200 mg.L"! and 250 mg L.
The maximum value 250 mg.L™ observed during the period of pre-monsoon and the
minimum value 200 mg.L"" of TSS showed in the monsoon period.

Station 4

The Total Suspended Solids at station-4 was ranged from 200 mg.l.! to 250 mg.L"'. The
maximum value 250 mg.L'I observed during the period of monsoon. The minimum value
200 mg.L"! of TSS showed in the pre and post-monsoon period.

Station 5

The Total Suspended Solids at station-5 was 200 mg.L"'. The same values were observed in

the all periods.
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4.3.8. Total Dissolved Solids [Fig.-8, Tab.-1]

Station 1

The Total Dissolved Solids varied between 2300 mg.L‘I and 2400 mg L' . The value of TDS
was observed 2400 mg L' during the pre and post monsoon periods and the minimum value
2300 mg..”" was found in the period of monsoon.

Station 2

The Total Dissolved Solids at station-2 varied between 2900 mg.L™" and 3100 mg.L"'. The
maximum value of TDS was observed 3100 mg.L"' during the pre-monsoon period and the
minimum value 2900 mg.L"! was found in the period of post-monsoon.

Station 3

The Total Dissolved Solids at station-3 varied between 400 mg.L"' and 500 mg.L™. The
maximum value of TDS was observed 500 mg.L during the pre & post-monsoon periods
and the minimum value 400 mg.L"" was found in the period of monsoon.

Station 4

The Total Dissolved Solids at station-4 varied between 200 mgL"' and 300 mg.L™'. The
maximum value of TDS was observed 300 mg. L™ during the periéd of post-monsoon and
the minimum 200 mg.L™! was found in the period of monsoon and pre-monsoon.

Station 5

The Total Dissolved Solids at station-5 varied between 350 mg.L"' to 400 mgL"'. The
maximum values of TDS was observed to 400 mg.L"! pre & post-monsoon and the minimum

value 350 mg.L”! was found in the period of monsoon.

4.3.9. Total Solids [Fig.-9, Tab.-1]

Station 1

The Total Solids at station-1 ranged between 2700 mg.L™" and 2800 mg.L"'. The maximum
solids 2800 mg.L"! observed in the pre-monsoon period. The minimum value 2700 mg.L™
was observed during the monsoon and post-monsoon periods.

Station 2

The Total Solids at station-2 ranged between 3000 mg.L.”' and 3300 mg.L."". The maximum
solids 3300 mgL"' observed in the pre-monsoon period and the minimum value

3000 mg L' observed in the post-monsoon period.
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Station 3

The Total Solids at station-3 ranged between 550 mg.L'I and 700 mg.L" The maximum
solids 700 mg.L"! observed in the pre-monsoon period and the minimum 550 mg.L"*
observed in the post-monsoon period.

Station 4

The Total Solids at station 4 ranged between 350 mg.L”"' and 400 mg.L"'. The maximum
solids 400 mg.L™' observed in the pre-monsoon and post-monsoon periods. The minimum
350 mg.L"! observed in the monsoon period.

Station 5

The Total Solids at station-5 ranged from 500 mg.L" to 650 mg.L". The maximum solids
650 mg.L"' was observed in the post-monsoon period and the minimum value 500 mg.L"

observed in the monsoon period.

4.3.10. Total Alkalinity [Fig.-10, Tab.-1]

Station 1

The Total Alkalinity at station-1 ranged from 80 mg.L"' to 88 mg.L'. The maximurﬁ
concentration observed 88 mg.L™" in the period of post-monsoon and the minimum value 80
mg.L" observed in the period of monsoon.

Station 2

The Total Alkalinity at station-2 ranged between 75 mg.L"' and 80 mg.L™. Thc;, maximum
concentration observed 80 mg.L'1 in the period of pre-monsoon and the minimum value 75
mg. L™ was observed in the period of monsoon.

Station 3

The Total Alkalinity at station-3 ranged between 53 mg.L‘1 and 57 mg.L"'. The maximum
concentration was 57 mgl’' in the period of pre-monsoon and the minimum value
53 mg.L'I observed in the period of post-monsoon .

Station 4

The Total Alkalinity at station-4 ranged between 38 mg.L"' and 40 mg.L"'. The maximum
concentration 40 mg.L'I observed in the period of pre-monsoeon and the minimum value

38 mg.L"' observed in the period of monsoon.
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Station 3
The Total Alkalinity at station-5 ranged from 32 mgL' to 34 mg.L''. The maximum
concentration 34 mg.L'[ observed in the period of pre-monsoon and the minimum value

32 mg.L"' observed in the period of monsoon.

4.3.11. Chloride [Fig.-11, Tab.-1]

Station-1

The chloride at station-1 ranged from 100 mgL” to 125 mgL'. The highest value
125 mg.L™! observed in pre-monsoon and the minimum value 100 mg.L" observed in the
post-monsoon period.

Station-2

The chloride at station-2 ranged from 100 mgL’ to 110 mgL™". The highest value
110 mg.L." observed in pre-monsoon and post-monsoon periods and the minimum value
100 mg.L"' observed in the post-monsoon period.

Station-3

The chloride at station-3 ranged from 95 mg.L™”' to 100 mg.L"". The highest value 100 mg.L"

observed in pre and post-monsoon periods and the minimum value 95 mg.L‘l observed in the
post-monsoon period.

Station-4

The chloride at station-4 ranged from 100 mgL’' to 105 mgL™'. The highest value
105 mg.L"' observed in the post-monscon period and the minimum value 100 mg.L™" in the
pre-monscon and monsoon periods.

Station-5

The chloride at station-5 ranged from 80 mg.L' to 85 mg.L"'. The highest value 85 mg.L"'
observed in the pre-monsoon period and the minimum value 80 mg. L' observed in the

monsoon and post-monsoon periods.
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4.4. DISCUSSION

4.4.1. Water Temperature [Fig.-1, Tab.-1]

During the period of investigation the maximum temperature of the effluent at station-1
{grinding sieving drain) was recorded as 32°C in the period of pre-monscon and the
minimum temperature as 24° C at station-5 (middle of the Bhairab river) in the periods of

monsoon & pre-monsoon.

The standard values for the industrial effluents of Environmental Quality Standards (EQS)
for Bangladesh (1991) were 40°C and 45°C in the winter and summer months respectively.

The highest 32°C values of temperature at station-1 did not exceed the EQS values,

The fluctuations of water temperatures at statioﬁs-3, 4, 5 were lreated as mixing point of the
river, side of the river and middle of the Bhairab river respectively. were more or less same al
all seasonal except station-1 and 2. Tt seemed that changes in the water temperature were
mainly induced by variations in the atmospheric temperature. Chandran e/ al., (1984), Qusim
& Gopinathan (1969) and Dehadrai (1970) had also reported similar finding in Vellar estuary
Cochin backwaters and Mormugao Bay respectively. Remain er. al., (1983) also observed
seasonal fluctuation in temperature in Cochin backwaters. The findings of Islam (1993)
substantiate the present work. Bhouyain (1979) worked on the effect of industrial pollution of
the biology ol the Karnafully river and reported that the respective industries (KPM and
KRC) were responsible [or the change of water temperature of the river. The present work
correlates with the result of Bhouyain (1979). Islam (1993) worked on the influcnce of the
cftluents discharged by the KPM and KRC on the physicochemical parameters of the

Karnafully river and also found the same result of the present investigation.

Islam (1993), Hossain (1992), UNEP and WHO (1990), Klein (1962) and Moore er ul.,
(1960) stated that many industries were the cause of increasing the temperature of receiving
water body in which their effluents were discharged. The present work similitude’s with the

above authors.
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4.4.2. Hydrogen lon Concentration [Fig.-2, Tab.-1]

The maximum values of pll observed as 7.4 at station

minimum was 6.3 at station-1 during the monsoon. The p

grinding reject drain effluent were lower than the ef

river, side of the river and the middle of the Bhe' B
observed that the effluents of the KPRC wer |
Karnafully. Moore er. al., (1960), APH/
Campbell (1978). Paul (1981) and T |

coincide with the present study. - 2 * 5 5
ay

Devi et. al., (1983) and Qasim (1969) h

backwaters. They found that the pH ofssambicus stored stored in ice: (a) Bar chart (b)

coincide with the three stations (3. 4 &2ssion line

Oreochromiis mossambicus at ambient temperature
The standard value of pH for industric

for Bangladesh (1991) ranged betweer#4re
Water Standard (USPH) was 6.0-8.5t€r17¢d by a grayish color, aqueous and transparent
stations varied (6.3-7.4) in the prc-scmand characteristic smell. Scales adhered firmly to

of EQS for Bangladesh.

4.4.3. Electric Conductivity [Fig.-3,its luster progressively until it became dull, The

xity flattened extremely until sunken. The gills lost
The maximum value of Electric Cont

station-1 during the pre-monsoon anc24

station-3 during monsoon period. The

station-1, 2, 3 than those of the other s.

Bhouyain (1983) and Islam (1993) sta

fresh water lake, river, stream elc. The above statements well agree with the present

investigation.

The maximum (2400 micro-mhos.cm™ ) and the minimum (1100 micro-mhos.cm 'y values of

EC were recorded at station-1 during the period of pre-monsoon and station 4 and 5 during
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the same period of monsoon, whereés the standard value for iﬁdustrial effluents of EQS for
Bangladesh (1991) was 1200 micro-mhos.cm™. The EC of the effluent of the KNM exceeded

several times occasjonally than the EQS value.

4.4.4. Dissolved Oxygen [Fig.-4, Tab.-1]

The maximum values of Dissolved Oxyéen (IDO) was recorded as 2.11 mg.L"1 at station-5
during the period of monsoon and the minimum value 0 mg.L"! at station-1 and 2 during the
all periods. In the present investigation the values of DO were always lower at station | and 2
and gradually increased 3, 4 and 5. These might be due to the influence of effluents
discharged from the KNM. Fox (1977) stated that the effluents of pulp and paper mills had
been implicated in oxygen depletion, toxicity and production of .taste and odor in the
receiving water and its aquatic communities. The present investigation correlates with the

above author.

The values of DO varied seasonally and were higher during the period of monsoon at
station-3, 4 and 5. Similar observations also noticed by Islam (1993) in the Karnafully river

and Dehadrai (1970} in the Mandovi and Zuari estuaries and Rajendran (1974) in Vellar
L____,_,__.——"—"_— — -

—————

—_—

estuary and stated that in general the DO values were higher during the monsoon and pre-
e — —_ e —— .  ——

monsoon seasons. The present work coincides with the above authors.

—_—

———

The DO values recorded at station-1and 2 might be due to the high‘ content of suspended and
dissolved solids with the effluent discharged from the KNM. Unithan et. al., (1975) and Nair
et. al., (1984) stated that DO was considerably influenced by sewage discharged and Hossain
(1992) and Islam (1993) stated that the TSS and TDS were responsible for water DO values,

Similar results were found in the present investigation and coincide with the above author.

Nair et. al., (1983) stated that the pulp mills effluents might be cited as the reason for the
significant level of oxygen depletion of Kallada river. Islam (1993} also stated that the
depletion of DO in the effluent and the effluent discharged area was due to the effluents
discharged from the KNM. The present work similitude’s with the works of Nair et al,
(1983) and Islam (1993).

37



The standard value of DO for industrial effluent of EQS
4.5 to 8 mg.L' but in the present study, the DO values o)

were always lower than the EQS value.
4.4.5. Bio-Chemical Oxygen Demand [Fig.-5, Tab.-1]

The maximum Bio-Chemical Oxygen Demand (BOD) values n

station-1 and 3 during the same period of pre-monsoon and the n oy, L
station-2 during the period of pre-monsoon. The BOD of the stati 3 (effluent) was
higher than the other stations (2, 4 and 5) during the period of investigation. Islam (1993) and
Bhouyain (1979) made similar obscrvations during their study on the elfluent of the
Karnafully paper and Rayon complex (KPRC). Mahmood et af., (1988), Hossain e al.,
(1988), Unnithan et. al., (1975), Vijayan ef. «f,, (1975) and Remani (1979) also [ound the
same result and stated that the higher values of BOD might be due o the wastes discharged

from municipal and urban sewerage, which is well agreement with the present investigation.

Islam (1993) and Uddin (1993) during their investigations found that the BOD values were
always higher in the discharged area. In the present study the similar valucs were observed.
The values of BOD were inversely proportional to the values of DO during the present
investigation i.¢. when the BOD values increased the consumption if oxygen by the microbes
for their oxidation process. Hossain ef. al, (1983) and Hossain (1992) stated the higher
values of BOD in the disposal zone were due to the consumption of oxygen for the oxidation
of large amount of wastes, discharged from the municipal sewerage and surface run off due
to the rainfall. Islam (1993) also observed the same results during his study on the physico-
chemical parameters of the Karnafully river. The observations of the authors well agree with

the present findings.

The standard value of BOD for industrial effluents of Environmental Quality standards
(EQS) for Bangladesh (1991) was 75mg.L'I whereas the minimum recorded value
204mg.L" at station-2 during the period of pre-monsoon exceeded the EQS value. Islam

{1993) also found the same result which similitude’s with the present findings.
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4.4.6. Chemical Oxygen Demand [Fig.- 6, Tab.-1]

The maximum Chemical Oxygen Demand (COD) value recorded as 3829 mg.L™ at station-|
during the period of pre-monsoon and the minimum 5.00 mg.L"' at station-5 during the
period of monsoon. During the period of investigation the values of COD at (station-1 and 2)
were always higher in comparison with the other stations (3, 4 and 5). These higher values
might be due to the high concentration of organic and inorganic substances with the effluent
discharged from the KINM. Islam (1993) and Hossain (1992) observed higher values of COD

in the industrial effluents due to same reason.

The values of COD at station-1, 2 and 3 (effluent) were always slightly higher than the
station- 4 and 5. Uddin (1993) and Islam (1993) also found higher values of COD in the

effluent discharged areas than the other areas, which well agree with the present findings.

Ganapathi and Raman (1973) found higher values of COD in the Visakhapatnam harbour
waters than in the base-line open seawater. Islam (1993) and Uddin (1993) found similar
trend in COD values which also similitude with the present investigation, high amount of
COD values were also recorded. The findings of above authors coincide with the present
work.. The standard value of COD for industrial effluents of EQS for Bangladesh (1991) was
determined as 200 mg.l"', whereas at station-1, grinding sieving drain was 3,829 mg.L"
recorded during the period of pre-monsoon, the highest value in the effluents of KNM

at station 1, 2 and 3 were always higher than the EQS standard value.

4.4.7. Total Suspended Solids [Fig.-7, Tab.-1]

The maximum value of Total Suspended Solids (TSS) was as 400 mg.L™' at station-1 during
the period of pre-monsoon and post-monsoon and the minimum value was 200mg.L"!
recorded at the station-5 during all the periods and station-2 during the periods of pre-
monsoon and monsoon and station-4 during the periods of pre and post-monsoon . The value
of TSS at station-1 was comparatively always higher than the other stations (2, 3, 4 and 5)
during the period of investigation. Similar patterns were observed by Islam (1993) when he
worked on the influence of the effluents from the KPRC, which coincides with the presents

work. The higher values of TSS at station-1 might be due to the effluents, which contained
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several types of organic and inorganic materials within it. The low values of TSS in the
effluent discharged area were might be due to the dilution of the effluents with river water.
Islam (1993) also found similar trends and the present investigation correlate with the

findings of Islam.

The standard value for industrial effluents of EQS for Bangladesh (1991) was 150 mg.L".
But in the present investigation, the effluents of KNM did not maintain the standard limit.
The highest value 400mg.L‘1 to TSS at station-1 was higher than the EQS standard for
Bangladesh.

4.4.8. Total Dissolved Solids [Fig.-8, Tab.-1]

The maximum value was as 3100 mg L' at station-2 during the periods of pre-monsoon and
the minimum value 200 mg.L" at station-4 during the pre-monsoon and monsoon periods.
The values of Total Dissolved Solids (TDS) at station-1 and 2 were much higher than the
other three stations (3, 4 and 5) in the present investigation. Islam (1993) observed higher
values of TDS in the effluents than the effluent discharged area, side of the river at the
vicinity of KNM and the middle of the Bhairab river. The present findings correlate with the
findings of Islam. The standard value of TDS of Environmental Quality Standard (EQS) for
Bangladesh (1991) was 2100 mg L' In the present investigation the highest value
(3100 mg.L'") of TDS at station-2 during the period of pre-monsoon was much higher than
the EQS value which might be due to the presence of huge amount of organic and inorganic

substances discharged from the KINM.

Islam (1993) in his study on the influence of effluent discharged by the KPM and KRC on
the physico-chemical parameters found lower values of TDS than the EQS value. Thus, the

present investigation did not agree with the findings of Islam (1993).

4.4.9. Total Solids [Fig.-9, Tab.-1]

The maximum value of Total Solids (TS) was as 3300 mg.L"' at station-2 during the period
of pre-monsoon and the minimum value was 350 mg. ! at station-4 during the period of
monsoon. In the present investigation the values of TS at stations-1 and 2 (effluent) were

always higher in comparison with other stations (3, 4 and 5). Islam (1993) also found higher
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values in the effluents of KPRC than the effluents discharged area and the controlled arca.

The present investigation is well agreement with the findings of Islam (1993).

The standard value of TS was 2250mg.L" for the industrial effluents of EQS (1991) for
Bangladesh. In the present investigation, the highest value of TS at station-2 (grinding
complete reject drain) was recorded as 3300 mg.L" in the period of pre-monsoon. These
values did not follow the EQS valuc and might be harmful for the water as well as the biota

of the Bhairab river.

4.4.10. Total Alkalinity [Fig.-10, Tab.-1]

The maximum value of total alkalinity was as 88 mg.L'] at station-1 during the post-monsoon
period and the minimum value was 32 mg.LL' at station-5 during the period of monsoon.
The total alkalinity of the effluents at station 1 and 2 were always higher than the effluent of
the discharged area mixing point of the river, side of river and the middle of the Bhairab river
in the present investigation. Even the total alkalinity of effluent discharged area was slightly
higher than the middle of the river in the present investigation. ITossain (1992) and Islam
(1993) also found similar trends during their investigation period. The present findings are

well agreement with above authors,

In the present investigation, the values of total alkalinity were higher in the effluent
discharged area than the middle of Bhairab river. These hlghu values might be due to the
effluent discharged from the KNM. Mahmood ef. al., (l%b) stated that hlghw dlkd.lllll[y wis

found in the municipal wasle dlprbdl area of the Kdl’l’ldﬁll]y river. Seth and Bhaskarn (1950)

I L

found h]ghbr values of total alkallnlty in thc mdustnal WElStb dlsposal arca of the Hoogly

o

4.4.11. Chloride [Fig.-11, Tab.-1]

pre-monsoon and the minimum value was 80 mg.L"' at station-5 durmg the periods of _

monsoon and post-monsoon. The values of chloride were always higher at station-1 than thL

other stations (2, 3 3 4 and 5) in the present 1nvest1gat10n Islam (1993) also recorded mmldr
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observation during his study on the influence of effluents on the physico-chemical
parameters of the Karnafully river discharged from the KPRC. The present investigation

coincides with the work of Islam (1993).

Bhouyain (1979), Andrews et. al., (1972) and APHA (1976) stated that industrial effluent
contained high concentration of chloride that could be increascd the water body where the
effluent was being discharged. Islam (1993) recorded the similar results, which are well

agreement with the present investigation.

The standard value of chloride for industrial effluents of EQS for Bangladesh (1991) was 600
mg.L™". In the present investigation the values of chloride at all stations were within the EQS

Limit. So the values of chloride of the effluents from the KINM were not harmful for the

water as well as for the biota of Khulna Bhairab river. T

— ————
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4.5. CONCLUSION

The investigation was carried out fo evaluate the physico-chemical status of the Bhairab river
water and the industrial effluents of the Khulna Newsprint Mills. W,‘gmg_awwmzaml'ati(msm
selected on the basis of dlfff_:rent sources of pollutiof. /Paper mill~wastes contained Ligin;

caustic soda, sodium sulfate, alum, dyes and significant quantity of wood fibers. They posses

some problems such as depletion of dissolved oxygen, deposition of large amount of wood
pulp on the bank of the river; destruction of aquatic life, water impaired with undesirable
color and odor due to purification of organic matter.

Jt was observed that temperature of the river water varied between 24 to 32°C. The

discharged of color effluents (as black liquor) to the river water was found _to hamper the
normal penetratlon of the sunlight affecting adversely the dlstrlbuuon of aquatlc plants and

phytoplanktomc organisms.
=

BOD values were high at the station-1 (grinding sieving drain water), 2 (grinding reject drain
water), 3 (mixing of the river water)m;ree CO, present, which consumed all the oxygen
and caused CO, formatlon due to respiratory act1v1ty igher chlorlde concentratlon also

- A—*ﬁh_‘ﬂ

showed due o resp;raWd caustic lime that was used in bleachmg process in the

Newsprin i T € of chlorides mdlcated the high pollution level

which has adverse effect on the aquatic system and a rapid depletion of dissolved oxygen has

VNI
_ ra

been observed on the adfacent water body with a high value of BOD.

Among the five stations, the station-1 and 2 was much higher than the EQS value all the
periods. The effluents of the Khulna Newsprint Mills were not maintained than the EQS
value. The values of the E.C, TSS, TDS and total alkalinity were exceeded the EQS values
and USPH standard values of the drinking water.

From the result, it has found that the pollution level of the river water was not much in the
monsoon, as the dilution was high due to floods level and addition of water of different
sources. The values of pH, DO, BOD, chloride, SS and other parameters were comparatively

normal during the ramy season&‘l’he major factor responsible for self-purification in_ monsoon

season 1S enough supply of oxygen because of higher rate of re- deratlo%ﬁ to hcavy

mixing of effluents and domestic sewage, it was noticed that the physico-chemical and

biological balances of the river Bhairab were disturbed at the adjacent area.
‘_fd‘_%h————_.V P
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CHAPTER FIVE
TRACE METALS IN WATER

5.1. INTRODUCTION

Water pollution with industrial effluents provides one of the classic examples of
diseconomies of scale accompanying with the increase of industries in respect of
environmental alteration. If few industries establish along a large river and discharge their
effluents directly or indirectly into the river, natural purification may occur. But if the
number increases, the effluent-degrading ability of the river becomes overstrained. As
industries grow, so does the need for increased effluent discharge, which results in a heavier

water-borne load of industrial wastes and effluents (Rahman, 1994).

The extent of industrial development in Bangladesh is still not very sizable and its rate is
quite slow. In Bangladesh whatever the industries in existence are hardly equipped with any
treatment plant to neutralize the effluents and solid wastes before discharge. As a result,
waste disposal already seriously threatens the environment particularly the riverine
environment. If the untreated effluent of any industry (especially Pulp and Paper Mills) alters
the quality of water of the receiving water body, its effect is far reaching in the ecosystem as

a whole (Chowdury, 1994).

However, fishes, shellfishes and other aquatic organisms inhabiting in the rivers, canals, etc.
are not free from contaminants coming from industries and other sources. Although no study
on the industrial waste management of the country is available till date, but it is true that
every year huge -arnount of untreated toxic chemical waste products etc. from several
chemicals and other industries of the country are released into the rivers, canals, and drains.
Many heavy metals are normally present in the water body as trace elements. The natural
concentration of Mercury, Lead, Zinc, Cadmium, Copper and Iron lie in an order of

magnitude between about 107 and 10® mg.L"'. These trace elements in low concentrations
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play a significant role in construction of animal and plant cells. On the other hand, the
concentrations in high doses play physiological process of both the plant and animal. Heavy
metals can be highly concentrated in organisms belonging to the food chain, thereby having a

highly toxic influence on the ecosystem (Rahman, 1994).

Continuous discharge ol untreated industrial wastes into the aquatic environment endangers
the satety of aquatic life and can reach the human body through the food chain. The effects of
trace metal on aquatic system have been studied extensively as a result of wide spread
contamination by organic and inorganic metallic species [rom industrial processes.
Unambiguous findings of the effects of trace metal potential on the biota of aquatic system
are rare, however, as confounding factors are often present, In attempting to quantity metal
pollution, studies on the effects of metal pollutants are often hampered by the presence of
more than metallic element and the variable toxicity of wastewater caused by changes of

molecular form (Rahman, 1994).

However, the total concentrations of Fe, Cu, Cd, Mn, Pb, Cr, Co & Ni from surface water
were analyzed seasonally to evaluate the total concentrations of those metals as mentioned

from the Bhairab river at the vicinity of Khulna Newsprint Mills and Hardboard Mills.

45



HI

5.2. MATERIALS AND METHODS

5.2.1. Collection of water samples

Water samples were collected from different stations as mentioned in chapter two. The
samples were collected with the help of one litre polythene bottles that were previously
soaked with a mixture of de-ionized water (975ml), 2% concentrated HNO; (20ml) and 0.5%
H,0, (5ml) for 24hours. On the next day, these bottles were scrupulously washed several
times with de-ionized water, rinsed with double de-ionized water and then kept in an oven

(65°C). The bottles were then ready for sample collection.

The entire beaker, container, volumetric flask etc. sampling water bottles were preserved
soaking overnight with 20% HNOj; and washed thoroughly and rinsed thrice with de-ionized
water.

5.2.2. Preservation of the samples

To avoid bacterial degradation, the collected samples were mixed with conc. HNO; (3.5
4ml), slackened homogencously and then carefully preserved in a refrigerator at 4°C

thermostatic before laboratory analysis.

5.2.3 Laboratory Analysis
Laboratory analyses were carried out at Chemistry Division, Atomic Energy Center, Dhaka.
5.2.4. Estimation of Fe, Cu, Cd, Mn, Pb, Co, Ni and Cr

5.2.4.1. Preparation of Samples

200ml of water samples were kept in a Pyrex (250ml) beaker and evaporated the samples on

water bath (temp. above 100°C) to about a dryness.
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3.2.4.2. Digestion of Samples

1 ml Analar grade conc. HNO3; were added in each beaker and digested on water bath

(temperature above 100 °C) placing watch glass on each beaker.

Blank digestions were also performed to quantity possible contamination.

After completed the digestion about 5 ml de-ionized water added in each beaker and
warmed on a water bath (100 °C) for few minutes. The beakers were then set aside to
cool the solution. Then the digested samples along with the blank filtered by using filter
paper (Quantitative Whatman No-41) and made the filtrate to 10 ml with de-ionized

water in a 10 ml volumetric flask. Before volume up to the mark few drops of conc.

HNO; were added in each flask.

Prior to analysis of different trace metals several dilutions were made.

Collection of
water sample

> Filtration and
preserved with

HNO; at 4°C

Atomic Absorption
Measurement

I

Add de-ionized water up to
mark.

S 200 ml] sample

transfer in Pyrex
beaker.

:

Add | ml of Conc. HNO;

I

Evaporation on water
bath to about dryness
(temp. ~ 100 °C)

'

Digestion of the sample.

v

Filtering in 10 ml
Volumetric flask using

Whatman No-41 filter paper

Fip.12 Flow chart for the detection of trace metal concentration in water sample by AAS (Atomic

Absarption Spectrophotometer)
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5.2.4.3. Atomic Absorption Spectrometric Measurements

The digested samples were then analyzed using air acetylene flame with combination as well
as single element hollow cathode lamps and a Perkin Elmer 3110 Atomic Absorption

Spectrometer at Atomic Energy Center, Dhaka.

5.2.4.4, Preparation of Standard Solutions

The standard solution of the elements Fe, Cu, Pb, Cd, Cr, Mn, Ni, and Co was prepared by
pipetting the required amount of the solution from the stock solution which was from “Fisher
Scientific Company, Chemical manufacturing, Fair Lawn, New Jersey, 07410, USA”.The
standard solution was prepared before every determination of the analytes of the present

work..

5.2.4.5. Preparation of Calibration Curve

Before dealing with experimental details of atomic absorption spectrophotometric
determinations, it is necessary to consider the mode of treatment of the experimental data
obtained. To convert the measured absorption values into the concentration of the substance

being determined, it is necessary to make use of a calibration curve.

A calibration curve for using in atomic absorption measurement was plotted by aspirating
into the flame samples of solutions containing known concentration of the element to be
determined and by measuring the absorption of each solution a graph was constructed. For
the calibration curve the standard solution was prepared with the concentration. So that they
covers the optimum absorbance range, in common with all absorbance measurements the
reading was taken after the instrumental ZERO has been adjusted. At last three or more
separate absorption reading was made with each solution and an average value was taken.
For necessary condition the test solution was suitably diluted using a pipette and a volumetric
flask. So that it gave absorbance reading in the desired range. Using the calibration curve it is
simple matter to interpolate from the measured absorbance of the test solution, the
concentration of the relevant element in the solution. The working graph was checked
occasionally by making measurements with the standard solution if necessary a new

calibration curve was drawn.
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Analytical Procedures for Fe, Cu, Pb, Cd, Cr, Mn, Ni and Co
(Atomic Absorption Spectrophotometric Measurements)

Name of

Name of

Wave

LY u‘ql I

Atorglc the the iﬁg?riillg:t length scstzilxtl ch;lugrl:;te (MDHI:) Flame type
number | o lements | instruments {nm) g PP
Perkin Hollow Air—ace[?flf:r}e
26 Fe Blmer 3110 248.3 0.2 cathode 0.000280 | flame, oxidizing
lamp (lean, blue)
Perkin Hollow Air-acet_ylf:qe
29 Cu Elmer 3110 324.8 0.7 cathode | 0.000180 | flame, oxidizing
lamp (lean, blue)
Perkin Hollow Air—acet.ylfer?e
48 Cd Elmer 3110 228.8 0.7 cathode [ 0.001120 | flame, oxidizing
lamp (lean, blue)
Perkin Hollow Air-acetlylfzr?c
25 Mn Elmer 3110 279.5 0.2 cathode | 0.000256 | flame, oxidizing
lamp (lean, blue)
. Hollow Air-acetylene
82 Pb g‘ﬁ;’: 310 | 2833 | 07 | cahode | 0.000028 | flame, oxidizing
lamp (lean, blue)
Perkin Hollow Air—acct.yl.er}e
24 Cr Elmer 3110 357.9 0.7 cathode | 0.000104 | flame, oxidizing
lamp (lean, blue)
: Hollow Air-acerylene
27 Co ET:::: 3110 | 2407 | - | cathode - | fame, oxidizing
lamp (lean, blue)
. Hollow Air-acetylene
28 Ni porin 3110 232 | 02 | cathode ; flame, oxidizing
lamp (lean, blue)
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5.3. RESULTS

5.3.1. Concentration of trace metals in water at station-1 (Fig.-13 Tab. 2, 3]
Iron (Fe)

The concentrations of Fe at station-1 ranged from 93.2pug L' to 312pg L. The maximum

concentration as observed (312ug L") during the period of pre-monsoon and the minimum
concentration was observed (93.2ug.L™") during the period of monsoon.

After pre-monsoon the value of Fe suddenly dropped to 93.2pug L7 at station-1.

Copper (Cu)

The connection of Cu at station-1 ranged from 520ug L™ to 7.50ug.L". The maximum
(7.50pug.L") concentration was observed during the period of post-monsoon and the minimum
(5.50ug..”") concentration was observed during the period of monsoon. The concentration of

Cu were more or less similar at station-1.
Cadmium (Cd)

The concentration of Cd at station-1 ranged <2.08ug.L™'. All the season the concentration
level was below the <2.08ug L. The concentration of Cd were more or less similar at
station-1.

Manganese (Mn)

The connection of Mn at station-i ranged from 33.75ug.L™' to 62ug.L"'. The maximum
(62pg L") concentration was observed during the period of pre-monsoon and the minimum
(33.75ng.L") concentration was observed during the period of monscon. Abrupt changes in
fluctuation were occurred among the three seasons.

Lead (Pb)

The concentration of Pb at station-1 ranged between 6.66pg L™ and 8.21pug.L™'. The maximum
(8.21pg L") concentration was observed during the period of pre-monscon and the minimum
(6.66pg L") concentration was observed during the period of monsoon. The concentration of

Pb were more or less simtlar at station-1.
Chromium (Cr)

The concentrations of Cr at station-1 ranged <14.7ug.L"'. All the seasons the concentration

level below the <14.7ug.L"". Among the three seasons the concentration of Cr were more or

less similar at station-1.
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Cobalt (Co) .

The concentrations of Co at station-1 ranged from 2.11 ug.L" to <2.11pg.L". The maximum
(2.11p.g.L") observed during the period of pre-monsoon and the minimum (<2.11 ugl™h
concentrations of Co was observed during the period of post-monscon & Monsoon.

Nickel (Ni)

The concentration of Ni at station-1 ranged from 4.73ug.L” to 11.06pg.L™". The highest
value (11.06pg L") was observed during the period of pre-monsoon at the lowest value
(4.7311g.L") was observed during the period of monsoon. After the period of
pre-monsoon, the Ni concentration of suddenly dropped. The value of (Ni) suddenly

dropped to 4.73ug. L™ at station-1.

5.3.2 Concentration of trace metals in water at station-2 |Fig.- 14 Tab.- 2, 4]

Iron (Fe)

The concentration of Fe at station-2 ranged from 62.52pg L™ to 2341pg L. The maximum
(2341ug.L'") concentration was observed during the period of pre-monsoon and the
minimum (62.52ug.L."') concentration was observed during the period of monsoon. After
pre-monsoon the value of Fe was suddenly dropped to 62.52pug.L" at station-2.

Copper (Cu)

The concentration of Cu at station-2 ranged from 2.00pg.L" to 11.2ug.L". The maximum
(11.2pug L") concentration was observed during the period of monsoon and the minimum
(2.00pg.L™") concentration was observed during the period of post-monsoon. After pre-
monsoon the concentration of Cu was suddenly fluctuated at station-2.

Cadmium (Cd)

The concentration of Cd at station-2 ranged <2.08pg.L" to 15.52pgL”" . The maximum
(152pg L'y Concentration was observed during the period of monsoon and the minimum
(<2.08pug.L’") concentration was observed during the period of pre-monsoon and post-

monsoon respectively.
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Manganese (Mn)

The concentration of Mn at station-2 fluctuated from 34.25ug L' to 144pg L. The highest
value (144pug.L') was observed during the period of pre-monsoon and the lowest value
(34.25ug.L"") was during the period of monsoon. The variations of manganese concentration
in water were not regular pattern.

Lead (Pb)

The concentrations of Pb at station-2 ranged between 821pgL' and 70.7pgLl’. The
maximum (70.7pg.L") concentration was observed during the period of monsoon and the
minimum (S.ZIp.g.L'f) concentration was observed during the period of pre-monsoon. The
value of the pre-monsoon and post-monsoon were more or less similar. During the monsoon
period, the value of Pb concentration was increased at station-2.

Chromium (Cr)

The concentration of Cr at station-2 ranged between <14.7ugL' and 613ugL’. The
maximum (61.3pg.L") concentration was observed during the period of monsoon and the
minimum (<14.7pg L") concentration was observed during the period of post-monsoon. The
value of Cr concentration was increased in the monsoon period.

Cobalt (Co)

The concentrations of Co at station-2 ranged from 4.22ug.L" to 42.18ug. "', The maximum
(42.18ug.L") concentration was observed during the period of monsoon and the minimum
(4.22ng. L") concentration was observed during the period of pre-monsoon. During the period
of pre-monsoon and post-monsoon were similar. After the pre-monsoon period, the value of
Co conceniration was increased.

Nickel (Ni)

The concentration of Ni at station-2 ranged from 5.32pug L™ to 64.74ug.L". The highest value
(64.74pg.L"' was observed during the period of monsoon and the lowest value (5.32ng.L")
was observed duning the period of post-monsoon. After the pre-monsoon period, the value of

(Ni1) was suddenly mncreased.
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5.3.3 Concentration of trace metals in water at station-3 |Fig.- 15 Tab.-2, §]

Iron (Fe)

The concentrations of Fe at station-3 ranged from 132ug.L” to 2175pg.L”". The maximum
concentration as observed (2175ug. L) during the period of pre-monsoon and the minimum
concentration was observed (133pg.L") during the period of monsoon.

The value of Fe was fluctuated at the station-3

Copper (Cu)

The connection of Cu at station-3 ranged from 3.50ug.L* to 5.46pg.L'. The maximum
(5.46pg.L"") concentration was observed during the period of monsoon and the minimum
(3.50ug L") concentration was observed during the period of pre-monsoon. Among the three
seasons, the values of Cu concentrations were more or less similar.

Cadmium (Cd)

The concentration of Cd at station-3 ranged <2.08ng. L', All the season the concentration
levcl' was below the <2.08ug.L"'. The concentration of Cd were more or less similar at
station-3.

Manganese (Mn)

The connection of Mn at station-3 ranged from 34.37ug.L." to 93.0pug L. The maximum
(93.0ug L") concentration was observed during the period of pre-monsoon and the minimum
(34.37pg L") concentration was observed during the period of monsoon. The values of
manganese were not regular pattern.

Lead (Pb)

The concentration of Pb at station-3 ranged between <5.47ug.L” to 6.84ug.L". The maximum
(6.84pg L") concentration were observed during the period of post-monsoon and the
minimum  (<5.47pg L") concentration was observed during the pre-inonsoon. The
concentration of Pb were more or less similar at station-3.

Chromium (Cr)

The concentrations of Cr at station-3 ranged <I4.7pg.L™". All the seasons the concentration

level below the <14.7pg L', Among the three seasons the concentration of Cr were more or

less similar at station-3.
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Cobalt (Co)

The concentrations of Co at station-3 ranged from 4.22pg.L" to 5.22ug L™, The maximum
(5.28ug.L") observed during the period of pre-monsoon and the minimum (4.22ugLh
concentrations of Co was observed during the period of post-monsoon. During the pernod
of pre-monsoon, the value of Ni concentration was not detected.

Nickel (Ni)

The concentration of Ni at station-3 ranged <2.46ug.L*". All the season the concentration level

was below the <2.46pg.L"'. The concentration of Ni were more or less similar at station-3.

5.3.4 Concentration of trace metals in water at station-4 [Fig.- 16 Tab.- 2, 6]

Iron (Fe)

The concentration of Fe at station4 ranged from 342ug.L" to 2756pg.L™. The maximum
(2756ug.L") concentration was observed during the period of pre-monsoon and the
minimum (342pg.1.”") concentration was observed during the period of monsoon.

The value of Fe was suddenly variable at station-4.

Copper (Cu)

The concentration of Cu at station4 ranged from 5.5ug L™ to 7.03ug.L"'. The maximum
(7.03ug.L™") concentration was observed during the period of monsoon and the minimum
(5.5ug L") concentration was observed during the period of pre-monsoon. Among the
three seasons, the values of Cu concentration were more or less similar.

Cadmium (Cd)

The concentration of Cd at station4 ranged <2.08ug.L"'. All the season the concentration
level was below the <2.08ug L' The concentration of Cd were more or less similar at
station-4.

Manganese (Mn)

The concentration of Mn at station-4 ranged from 42.37ug.L" to 168pg.L"'. The highest value
16811, L observed during the period of pre-monsoon and the lowest value 42.37pg. L during

the pertod of monsoon. Abrupt changes in fluctuation were occurred among the three seasons.
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Lead (Pb)

The concentrations of Pb at station-4 ranged between 6.84pg.L"' to 8.21ug.L". The maximum
(8.21ug L") concentration was observed during the period of post-monsoon and the minimum
(6.84ug L") concentration was observed during the period of pre-monsoon. Among the three
seasons the value of Pb were more or similar at station-4.

Chromium (Cr)

The concentration of Cr at station-4 ranged between <14.7pg L to 14.7ug.L”". The maximum
(14.7pg L") concentration was observed during the period of pe-monsoon and the minimum
(<14.7pg L") concentration was observed during the period of post-monsoon. During the
period of monsoon, the concentrations of Cr were more or less similar.

Cobalt (Co)

The concentrations of Co at station4 ranged from <2.1lpugL”. All the season the
concentration level was below the <2.11pg.L”. The concentration of Co were more or less
similar at station-4.

Nickel (Ni)

The concentration of Ni at station-4 ranged from <2.46pg. L™ to 5.73ug.L"'. The highest value
(5.73pg L' was observed during the period of pre-monsoon and the lowest value (4.91 pgL™h

was observed during the period of post-monsoon. The value of (Ni) were more or less similar

at station—4.

5.3.5 Concentration of trace metals in water at station-S [Fig.- 17 Tab.-2, 7]

Iron (Fe)

The concentrations of Fe at station-5 ranged from 187ug.L”' to 1693ug.L"'. The maximum
concentration as observed (1693ng.L™") during the period of pre-monsoon and the minimum
concentration was observed (187ug.L') during the period of monsoon.

The value of Fe was suddenly dropped at the station-5.

Copper (Cu)

The connection of Cu at station-5 ranged from 6.5I1pg.L” to 16.0ug.L". The maximum
(16.0pg. L") concentration was observed during the period of pre-monsoon and the minimum
(6.51pg.L"") concentration was observed during the period of monsoon. The concentration of

Cu was dropped during the period of monsoon at station-5.
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Cadmium (Cd)

The concentration of Cd at station-5 ranged <2.08ug.L"'. All the season the concentration
level was below the <2.08ug L' The concentration of Cd were more or less similar at
station-5.

Manganese (Mn)

The connection of Mn at station-5 ranged from 48pg.L" to 89.5ug.L". The highest value
(89.5ug.L"") concentration was observed during the period of pre-monsoon and the lowest
value (48pg.L") concentration was observed during the period of monsoon. The values of
manganese concentration were not regular pattem.

Lead (Pb)

The concentration of Pb at station-5 ranged between <5.47ug.L" to 5.47ug.L"'. The maximum
(5.47pg.L") concentration was observed during the period of post-monsoon and the minimum
(<5.47pg L") concentration was observed during the period of pre-monsoon & monsoon. The
concentration of Pb were more or less similar at station-5.

Chromium (Cr)

The concentrations of Cr at station-S ranged <14.7ug.L.". All the seasons the concentration
level below the <14.7pg L' Among the three seasons the concentration of Cr were more or
less similar at station-5,

Cobalt (Co)

The concentrations of Co at station-5 ranged from <2.11ug.L" to 3.52ug. L. The maximum
(3.52ug L") observed during the period of pre-monsoon and the minimum (<2.11pg.L™")
concentrations of Co was observed during the period of Monsoon.

Nickel (Ni)

The concentration of Ni at station-5 ranged Irom 4. 73pg L to 6.14pp.L ' The highest
value (6.14pug L") was observed during the period of post-monsoon at the lowest value

(4.73ug L") was observed during the period of monsoon. The concentrations of Ni were

maore or less similar at station-3.
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5.3.6. Concentration of trace metals in water at station-6 [Fig.-18 Tab. 2, §|

Iron (Fe)

The concentrations of Fe at station-6 ranged from 359ug.L" to 770pug.L". The maximum
concentration as observed (770ug. L") during the period of post-monsoon and the minimum
concentration was observed (359ug.L™) during the period of monsoon. The value of Fe was
suddenly dropped at stations-6.

Copper (Cu)

The connection of Cu at station-6 ranged from 4.94pgL”' to 6.0ugl'. The maximum
(6.0pg. L") concentration was observed during the period of post-monsoon and the minimum
(4.94pg.L") concentration was observed during the period of monsoon. The concentration of
Cu were more or less similar at station-6.

Cadmium (Cd)

The concentration of Cd at station-6 ranged <2.08ug.L". All the season the concentration
level was below the <2.08ug.L”. The concentration of Cd were more or less similar at
station-6.

Manganese (Mn)

The connection of Mn at station-6 ranged from 7.25ug.L” to 36.12pug.L". The maximum
(36.12pg L") concentration was observed during the period of monsoon and the minimum
(7.25ug.L") concentration was observed during the period of pre-monsoon. The values of
manganese were more or less similar during the period of pre-monsoon and post-monsoon.
Lead (Pb)

The concentration of Pb at station-6 ranged from <5.47pg.L" to 5.47ug.L". The maximum
(5.47ug L") concentration was observed during the period of monsoon and post-monsoon and
the minimum (<5.47ug.L") concentration was observed during the period of pre-monsoon.
The concentration of Pb were more or less similar at station-6.

Chromium (Cr)

The concentrations of Cr at station-6 ranged <14.7ug. L. All the seasons the concentration
level below the <14.7pg. L. Among the three seasons the concentration of Cr were more or

less similar at station-6.
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Cobalt (Co)

The concentrations of Co at station-6 ranged from <2.11pug L™ to 2.5pg.L”'. The maximum
(2.5pg.L") observed during the period of monsoon and the minimum (<2.Hug.L")
concentrations of Co was observed during the period of pre-monsoon.

Nickel (Ni)

The concentration of Ni at station-6 ranged from <2.46pg L" to 6.31ug ", The highest
value (6.31pg.L"") was observed during the period of monsoon at the lowest value
(<2.11pg L") was observed during the period of pre-monsoon. The value of monsoon and

post-monsoon were more or less similar.

5.3.7 Concentration of trace metals in water at station-7 {Fig-- 19 Tab.- 2, 9)
Iron (Fe)

The concentration of Fe at station-7 ranged from 664pug.L” to 936ug.L"'. The maximum
(936pg L'y concentration was observed during the period of post-monsoon and the
minimum (664pg.[.") concentration was observed during the period of monsoon. The
value of Fe were more or less similar.

Copper (Cu)

The concentration of Cu at station-7 ranged from 6.51ug. L' to 8.25ug.L". The maximum
(8.25pg. L") concentration was observed during the period of post-monsoon and the
minimum (6.51ug L) concentration was observed during the period of monsoon. The
concentrations of Cu were more or less similar at station-7.

Cadmium (Cd)

The concentration of Cd at station-7 ranged <2.08ug.L"'. All the season the concentration
level was below the <2.08ug.l”'. The concentration of Cd were more or less similar at
station-7.

Manganese (Mn)

The concentration of Mn at station-7 ranged from 10.5pg.L” to 35.5ug L. The highest value
(35.5ug.L") was observed during the period of monsoon and the lowest value (10.5ug.L™")

was duning the period of pre-monsoon. The values of manganese were suddenly increased at
station-7.
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Lead (Pb)

The concentrations of Pb at station-7 ranged from <5.47pg.L" to 6.66pg.L"'. The maximum
(6.66pg.L") concentration was observed during the period of monsoon and the minimum
(<5.47ug.1.") concentration was observed during the period of pre-monsoon. After the pre-
monsoon the concentrations of Pb increased at station-7.

Chromium (Cr)

The concentrations of Cr at station-7 ranged <14.7ug.L". All the seasons the concentration
level below the <14.7ug L. Among the three scasons the concentration of Cr were more or
less similar at station-7.

Cobalt (Co)

The concentrations of Co at station-7 ranged from <2.11pg.L" to 4.57ug.L". The maximum
(4.57pg. L") concentration was observed during the period of post-monsoon and the minimum
(<2.11pg.L") concentration was observed during the period of monsoon. After the pre-
monsoon the concentration of Co were decreased at station-7.

Nickel (Ni)

The concentration of Ni at station-7 ranged from 4.73ug.L" to 7.37pg.L"'. The highest value
(7.37ug.L") was observed during the period of post-monscon and the lowest value

(4.37ug.L") was observed during the period of monsoon. The values of nickel (Ni) were

suddenly dropped at station-7.

5.3.8 Concentration of trace metals in water at station-8 [Fig.- 20 Tab.-2, 10|

Iron (Fe)

The concentrations of Fe at station-8 ranged from 773pg.L” to 1428ug. L. The maximum
concentration as observed (1428pg.L") during the period of pre-monsoon and the minimum
concentration was observed (773ug.L™") during the period of monsoon,

The value of Fe suddenly dropped at the station-8.

Copper (Cu)

The concentration of Cu at station-8 ranged from 5.98ug. L' to 17.Spg.L'1. The maximum
(17.5pg.1."") concentration was observed during the period of pre-monsoon and the
minimum (5.98ug L") concentration was observed during the period of monsoon. The

concentrations of Cu were more or less similar at station-8.
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Cadmium (Cd)

The concentration of Cd at station-8 ranged <2.08pg.L"'. All the season the concentration
level was below the <2.08ug.L”'. The concentration of Cd were more or less similar at
station-8.

Manganese (Mn)

The concentration of Mn at station-8 ranged from 41.62ug.L" to 280ug L. The highest value
(280pg L") was observed during the period of pre-monsoon and the lowest value
(41.62ug.L") was during the period of monsoon. The values of manganese were suddenly
dropped to 41.62pg L at station -8.

Lead (Pb)

The concentrations of Pb at station-8 ranged from 5.47ug.L"' to 10.95ug.L"!. The maximum
(10.95ug.L"") concentration was observed during the period of pre-monsoon and the minimum
(5.47ug.L") concentration was observed during the period of monsoon. After the pre-monsoon
the concentrations of Pb was dropped.

Chromium (Cr)

The concentrations of Cr at station-8 ranged <14.7ug.L"'. All the seasons the concentration
level below the <14.7pg. L. Among the three seasons the concentration of Cr were more or
less similar at station-8.

Cobalt (Co)

The concentrations of Co at station-8 ranged from <2.11pg.L" to 2.8Ipg.L". The maximum
(2.81pg.L") concentration was observed during the period of pre-monsoon and the minimum
(<2.11pg.L") concentration was observed during the period of monsoon. The concentrations
of Co were more or less similar at station-8.

Nickel (Ni)

The concentration of Ni at station-8 ranged from 2.46pug.L" to 6.31ng. "', The highest value
(6.31pg. L") was observed during the period of monsoon and the lowest value (2.46pglh)

was observed during the peniod of pre-monsoon.
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5.3.9 Concentration of trace metals in water at station-9 {Fig.- 21 Tab.-2, 11}

Iron (Fe)

The concentrations of Fe at station-9 ranged from 964pg. " and 1859ug.L”'. The maximum
concentration as observed (1859ug. L") during the period of pre-monsoon and the minimum
concentration was observed (964ug.L") during the period of monsoon.

The value of Fe suddenly dropped at the station-9.

Copper (Cu)

The concentration of Cu at station-9 ranged from 7.29ug L™ to 14.0ug.L"!. The maximum
(14.5ug.L’") concentration was observed during the period of pre-monsoon and the
minimum (7.29ug.L”') concentration was observed during the period of monscon. The
concentrations of Cu were suddenly dropped monsoon period.

Cadmium (Cd)

The concentration of Cd at station-9 ranged <2.08pg.L"'. All the season the concentration
level was below the <2.08ug.L”!. The concentration of Cd were more or less similar at
station-9.

Manganese (Mn)

The concentration of Mn at station-9 ranged from 55.25ug.L”' to 237pg.L"'. The highest value
(237pg.L') was observed during the period of pre-monsoon and the lowest value
(55.25ug.L") was during the period of monsoon. The values of manganese were suddenly
dropped to 55.25ng.L7" at station -9.

Lead (Pb)

The concentrations of Pb at station-9 ranged from 6.66ug.L" to 10.95pg L. The maximum
(10.95ug.L"") concentration was observed during the period of pre-monsoon and the minimum
(6.66pg.L™") concentration was observed during the period of monsoon. Among the three
seasons the concentrations of Pb were more or less similar.

Chromium (Cr)

The concentrations of Cr at station-9 ranged <14.7ug L. All the seasons the concentration
level below the <14.7ug.L"'. Among the three seasons the concentration of Cr were more or

less similar at station-9.

61



Ill\jJLIL__.,__,JIIJ n-_J \".r"

___IL-LV(I W | 1] R W

Cobalt (Co)

The concentrations of Co at station-9 ranged from <2.11pg.L” to 2.81ug.L"'. The maximum
(2.81pg.L™") concentration was observed during the period of post-monsoon and the minimum
(<2.11pg.L") concentration was observed during the period of monsoon. The concentration of
Co were more or less similar at station-9.

Nickel (Ni)

The concentration of Ni at station-9 ranged from <2.46pg.L"' and 7.37ug.L”. The highest
value (7.37ng L") was observed during the period of post-monsoon and the lowest value
(<2.46ng.L") was observed during the period of pre-monsoon. The value of nickel gradually

increased at station-9.

5.3.10 Concentration of trace metals in water at station-10 [Fig.- 22 Tab.-2, 12}

iron (Fe)

The concentrations of Fe at station-10 ranged from 1186pg.L™ to 1727pg.L”'. The maximum
concentration as observed (1727ug.L") during the period of pre-monsoon and the minimum
concentration was observed (1186ug.L™') during the period of monsoon.

The value of Fe suddenly dropped to 1186ug.L" monsoon at the station-10.

Copper (Cu)

The concentration of Cu at station-10 ranged from 8.0ug. L™ to 66. i4pg.L". The maximum
(66.14pg L") concentration was observed during the period of monsoon and the minimum
(8.0pg.L™"y concentration was observed during the period of pre-monsoon. After the
concentrations of Cu suddenly increased during the period of monsoon.

Cadmium (Cd)

The concentration of Cd at station-10 ranged <2.08ug.L"'. All the season the concentration
level was below the <2.08ug.L"'. The concentration of Cd were more or less similar at
station-10.

Manganese (Mn)

The concentration of Mn at station-10 ranged from 385ug. L' to 724pg L. The highest value
(724pg.L") was observed during the period of pre-monsoon and the lowest value (385pg.L ™)

was during the period of monsoon, The values of ianganese suddenly dropped to during the

period of post-monsoon.
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Lead (Pb)

The concentrations of Pb at station-10 ranged from 13.33pg.L" to 20.53ug.L”". The maximum
(20.53ug.L"") concentration was observed during the period of post-monsoon and the
minimum (13.33pg.L7) concentration was observed during the period of monsoon. The
concentrations of Pb were more or less similar at station-10.

Chromium (Cr)

The concentrations of Cr at station-10 ranged <14.7ug L. All the seasons the concentration
level below the <14.7pug L. Among the three seasons the concentration of Cr were more or
less similar at station-10.

Cobalt (Co)

The concentrations of Co at station-10 ranged from 2.11pg.L" to 2.5ug L. The maximum
(2.5ug.L") concentration was observed during the period of monsoon and the minimum
(2.11pugL") concentration was observed during the period of pre-monsoon. The
concentrations of Co were more or less similar at station-10.

Nickel (Ni)

The concentration of Ni at station-10 ranged from 9.01ugL" to 12.63ug.L"'. The highest
value (12.63pg. L") was observed during the period of monsoon and the lowest value

{(9.01pg.L") was observed during the period of post-monsoon.

5.3.11 Concentration of trace metals in water at station-11 [Fig.- 23 Tab.-2, 13]

Iron (Fe)

The concentrations of Fe at station-11 ranged from 1215pg.L" and 1351ug L. The maximum
concentration as observed (1351pg L") during the period of monsoon and the minimum
concentration was observed (1215pug.L™") during the period of post-monsoor.

The concentration of Fe were more or less similar at station-11.

Copper (Cu)

The concentration of Cu at station-11 ranged from 12.0p.g.L'I to 22.3%ug. L. The maximum
(22.39ng.L"") concentration was observed during the period of monsoon and the minimum
(12.0ug.L™") concentration was observed during the period of pre-monsoon. The

concentration of Cu was suddenly increased during the period of monsoon at station-11.
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Cadmium (Cd)

The concentration of Cd at station-11 ranged <2.08ug L™". All the season the concentration
level was below the <2.08pg.L". The concentration of Cd were more or less similar at
station-11.

Manganese (Mn)

The concentration of Mn at station-1 | ranged from 119ug.L" to 189ug.L”'. The highest value
(189ug.L"') was observed during the period of monsoon and the lowest value (119ug. L") was
during the period of post-monsoon. The values of manganese suddenly increased duning the
period of monsoon at station-11,

Lead (Ph)

The concentrations of Pb at station-11 ranged from 8 21pg L' to 13.33ug L. The maximum
(13.33pg.L") concentration was observed during the period of monscon and the minimum
(8.21ug. L") concentration was observed during the period of pre-monsoon. Among the three
seasons the concentrations of Ph were more or less similar at station-11.

Chromium (Cr)

The concentrations of Cr at station-11 ranged <14.7ug.L"'. All the seasons the concentration
level below the <14.7ug L. Among the three seasons the concentration of Cr were more or
less similar at station-11.

Cobalt (Co)

The concentrations of Co at station-11 ranged from 2.5ug.L” to 3.52ug L. The maximum
(3.52pg L") concentration was observed during the period of post-monsoon and the minimum
(2.5pg.L") concentration was observed during the period of monsoon. The concentrations of
Co were more or less similar at station-11.

Nickel (Ni)

The concentration of Ni at station-11 ranged from 2.46ug L to 15ug.L"'. The highest value
(15ug.L™") was observed during the period of monsoon and the lowest value (2.46pg. L") was
observed during the peniod of pre-monsoon. The value of nickel suddenly increased during

the penod of monsoon at station-11.
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5.3.12 Concentration of trace metals in water at station-12 [Fig.- 24 Tab.-2, 14}

Iren (Fe)

The concentrations of Fe at station-12 ranged from 873ug.L" and 996pg.L”". The maximum
concentration as observed (996pg L") during the period of pre-monsoon and the minimum
concentration was observed (873pg.L™") during the period of monsoon.

The value of Fe were more or less similar at station-12.

Copper (Cu)

The concentration of Cu at station-12 ranged from IO.Opg.L'l to 17.75ug.L™". The maximum
(17.75ug.L’") concentration was observed during the period of post-monsoon and the
minimum (10.0pg L") concentration was observed during the period of pre-monsoon. The
concentrations of Cu were more or less similar at station-12.

Cadmium (Cd)

The concentration of Cd at station-12 ranged <2.08pg.L"'. All the season the concentration
fevel was below the <2.08ug L. The concentration of Cd were more or less similar at
station-12. '

Manganese (Mn)

The concentration of M at station-12 ranged from 62.5ug.L" to 75.0ug.L"'. The highest value
(75.0pg.L"’") was observed during the period of post-monsoon and the lowest value
(62.5ug. L) was during the period of pre-monsoon. The values of manganese regular pattern
at station-12.

Lead (Pb)

The concentrations of Pb at station-12 ranged from 5.47ug.L” to 10.95ug.L". The maximum
(10.95pp L") concentration was observed during the period of post-monsoon and the
minimum (5.47pg L") concentration was observed during the period of pre-monsoon. The
concentrations of Pb gradually increased at station-12.

Chromium (Cr)

The concentrations of Cr at station-12 ranged <14.7ug L. All the seasons the concentration
level below the <14.7ug.l.’. Among the three seasons the concentration of Cr were more or

less similar at station-12.
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Cobalt (Co)

The concentrations of Co at station-12 ranged from <2.11 ug.L". All the season the
concentration level was below the <2 11ug.L"'. The concentration of Co were more or less
similar at station-12.

Nickel (Ni)

The concentration of Ni at station-12 ranged from <2.46ug.L” to 4.09ug L' The highest
value (4.09ug.L") was observed during the period of post-monsoon and the lowest value
(<2.46pg L") was observed during the period of pre-monsoon. The value of Ni was increased

during the period of post-monsoon at station-12.

5.3.13 Concentration of trace metals in water at station-13 |Fig.- 25 Tab.-2, 15]

Iron (Fe)

The concentrations of Fe at station-13 ranged from 67 8ug L™ and 372ug.L". The maximum
concentration of iron (372pg.L") observed during the period of post-monsoon and the
minimum concentration was observed (67.8pg.L") during the period of monsoon. After the
pre-monsoon the value dropped during the period of monsoon.

Copper (Cu)

The concentration of Cu at station-13 ranged from 3.64ug.L™" to 5.50ug, L. The maximum
(5.50ug L") concentration was observed during the period of post-monsoon and the
minimum (3.64ug L") concentration was observed during the period of monsoon. The
concentrations of Cu were more or less similar at station-13.

Cadmium (Cd)

The concentration of Cd at station-13 ranged <2.08pg.L". All the season the concentration
level was below the <2.08ng L' The concentration of Cd were more or less similar at
station-13.

Manganese (Mn)

The concentration of Mn at station-13 ranged from 9.5pg L7 to 11.0pug.L™". The highest value
(11.0pg L'y was observed during the period of post-monsoon and the lowest value
(9.5ug.L") was during the period of monsoon. The concentrations of Mn were more or less

similar at station-13.
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Lead (Pb)

The concentrations of Pb at station-13 ranged from <5.47pg.L7 to 5.47ug.L". The maximum
(5.47pg L") concentration was observed during the period of post-monsoon and the minimum
(<5.47ug.L") concentration was observed during the period of pre-monsoon and monsoon.
The concentrations of Pb were more or less similar at station-13.

Chromium (Cr)

The concentrations of Cr at station-13 ranged <14.7ug.L"'. All the seasons the concentration
level below the <14.7ug. L. Among the three seasons the concentration of Cr were more or
less similar at station-13,

Cobalt (Co)

The concentrations of Co at station-13 ranged from <2.11pug.L". All the season the
concentration level was below the <2.11pg.L"'. The concentration of Co were more or less
similar at station-13.

Nickel (Ni)

The concentration of Ni at station-13 ranged from 3.94ug.L™" to 6.55ug.L". The highest value
(6.55pg ') was observed during the period of post-monsoon and the lowest value
(3.94pg. L") was observed during the period of monsoon. The concentrations of Ni were more

or less similar at station-13.
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Table No.2 Seasonal Variation of Trace Metal Concentrations (ug.L') in Water Samples

of the Bhairab River in Different Stations.

No. of Seasons Metal Concentrations (ug.l.-1)
stations Fe Cu Cd Mn Pb Cr Co Ni
Pre-monsoon 312 5.50 <2.08 62.0 8.21 <14.7 2.11 11.06
Station 1 Monsoon 93.2 5.20 <2.08 33.75 6.66 <14.7 <2.11 4,73
Post-monsoon 134 7.50 <2.08 49.25 6.84 <14.7 <211 7.37
Pre-monsoon 2341 2.50 <2.08 144 8.21 14.7 422 6.14
Siation 2 Monsoon 62.52 11.2 15.52 34.25 70.7 61.3 42.18 64.74
Post-monsoon 1976 2.0 <2.08 93.75 9.58 <147 4.57 5.32
Pre-monsoon 2175 3.50 <2.08 23.0 <547 | <147 5.28 <2.46
Station 3 Monsoon 133 5.46 <2.08 34.37 5.47 <14.7 - <2.46
Post-monsoon 392 4.50 <2.08 52.25 6.84 <14.7 4.22 <2.46
Pre-monsoon 2756 5.50 <2.08 168 6.84 14.7 <2.11 5.73
Station 4 Monsoon 342 7.03 <2.08 42.37 8.21 <14.7 <2.11 <2.46
Post-monsoon 2497 6.50 <2.08 119 8.21 <14.7 <2.11 491
Pre-monsoon 1693 16.0 <2.08 89.5 <547 | <l14.7 3.52 5.73
Station 5 Monsoon 187 6.51 <2.08 48.0 <547 | <14.7 <2.11 473
Post-monsoon 206 12.5 <2.08 63.75 547 <14.7 2.11 6.14
Pre-monsoon 638 5.50 <2.08 7.25 <547 | <14.7 <2.11 <2.46
Station 6 Monsoon 359 494 <2.08 36.12 5.47 <14.7 2.5 6.31
Post-monsoon 770 6.0 <2.08 9.75 547 <14.7 2.11 49]
Pre-monsoon 823 8.0 <2.08 10.5 <547 | <l14.7 4,22 6.55
Station 7 Monsoon 664 6.51 <2.08 35.5 6.66 <147 <2.11 4.73
Post-monsoon 936 8.25 <2.08 23.0 547 <147 4.57 7.37
Pre-monsoon 1428 17.5 <2.08 280 1095 | <147 2.81 <2.46
Station 8 Monsoon 773 5.98 <2.08 41.62 547 <147 <2.11 6.31
Post-monsoon 1235 12.5 <2.08 i88 8.21 <14.7 2.11 491
Pre-monsoon 1859 14.0 <2.08 237 1095 | <147 | 2.11 2.46
Station 9 Monsoon 964 7.29 <2.08 55.25 6.66 <147 <2.11 6.31
Post-monsoon 1368 11.0 <2.08 194 8.21 <14.7 2.81 1.37
Pre-monsoon 1727 8.0 <2.08 724 19.16 - 2.11 -
Station 10 Monsoon 1186 | 66.14 | <2.08 385 13.33 | <14.7 2.5 12.63
Post-monsoon 1501 9.0 <2.08 525 20.53 | <l14.7 2.46 9.01
Pre-monsoon 1295 12.0 <2.08 135 8.21 <14.7 2.81 2.46
Station 11 Monsoon 1351 22.39 | <2.08 189 13.33 | <14.7 2.5 15
Post-monsoon 1215 15.0 <2.08 119 120 <14.7 3.52 3.27
Pre-monsoon 996 10.0 <2.08 62.5 5.47 <14.7 <2.11 <2.46
Station 12 Monsoon 873 14.84 | <2.08 65.5 8.20 <14.7 <2.11 3.15
Post-monscon 936 1775 | <2.08 75.0 1095 | <l14.7 <2.11 4.09
Pre-monsoon 325 5.00 <2.08 10.5 <547 | <147 <2.11 5.73
Station 13 Monsoon 67.8 3.64 <2.08 9.50 <547 | <147 <2.11 3.94
Post-monsoon 372 5.50 <2.08 11.0 547 <147 <2.11 6.55
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5.4. DISCUSSION

Considering the adverse pollution aspect of Bhairab River at the vicinity of Khulna
Newsprint Mills (KINM) and Khulna Hardboard Mills (KHM) thirteen station were
selected in the present study for the detection of trace metals in the water body of the
Bhairab River. Water samples were collected seasonally from December 1998 to
November 1999. The discharged effluents from KNM and KHM were responsible of
carrying large amounts of waste containing high level of trace metals into the Bhairab

River.

The maximum concentration of Fe was recorded as 2756g.L."" at station—4 (Discharged
water of Khulna Newsprint Mills) during the period of pre-monsoon. The minimum
concentration of Fe was 62.52ug L at station-2 (Chemical drain water of the KNM)
during the period of monsoon. Zingde and Singbal (1983) worked on the characteristic of
near shore water in the Binge Bay and had found at the level of 0.004 - 0.010 ppm
(4-10]J.g.L‘l) of Fe. In the present investigation, even the lowest concentration
(62.52p.g.L‘1) of Fe was even highers then his highest concentration 10ug.L" studied by
Zingde and Singbal. Qasim & Sen Gupta (1980) found the level of Fe in the range 6-

66ug.L" in the Arabian Sea which was also lower in comparison with the present

findings.

The concentration level of Fe was found to be higher at station 2, 3,4, 5, 8,9, 10 and 11
than the other stations 1, 6, 7, 12 and 13. These higher values of Fe might be due to the
industrial effluents discharged from the KNM, KHM, and domestic sewage and shipping

activities.

The maximum permissible value of Fe for industrial effluents of Environmental Quality
Standard (EQS) for Bangladesh (1991) when discharge into surface water was 2ppm
(2000pg. LY. In the present investigation, the highest concentration of Fe was 27S6ug.L']
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and 2497ug.L" at stastion-4 (Discharge area of KNM) during the periods of pre-monsoon
and post-monsoon were exceeded the (EQS, 1991) value and also exceeded the station-2
and 3 during the periods of pre-monsoon and post-monsoon. During the post-monsoon at
station-2, pre-monsoon at station-5, pre and post-monsoon at station-10 were similar to
the EQS values. These higher values of Fe were might be due to the industrial effluents
discharged from KNM and KHM. The concentration of Fe was at station-8 during the
period of pre-monsoon (200 meter down of the KNM) and station-9 during the period of
pre-monsoon (300 meter down of the KNM near Navy port) closed to the EQS values.
These higher values of Fe were might be extensive use of toxic agro-chemicals for the
intensification of crops or shipping activities. So it was apprehended that the effluent of

these industries require a pretreatment before discharge in the water body.

Ahmmed (1997) found the maximum concentration of Fe was recorded as 3.460pg.m!”
(3460pg.L™"y and the minimum concentration of Fe was 0.121pg.ml'(121pg. L"), But the
present findings of Fe concentration were lower than Ahmmed (1997). Chowdhury
(1994) studied on the Karnafully river and found maximum concentration of Fe was
observed (effluent) 1.41ppm(l410ug.L'l) and minimum 0.021ppm (21 pg.L™") during the
monsoon period. Khan and Hossain (1996) found the highest concentration of Fe was as
22.23Ll.g.ml'l (22230;,Lg.L") in the Kamafully estuary and the minimum concentration of
Fe was as 1.10pg.ml” (1100pug.L"y in the Sandpit navigational rote. The present work
well agrees with the findings of Chowdhury (1994) and Ahmmed (1997).

In present investigation the maximum concentration of Cu was recorded as 66.1-f541_g.L'l at
station-10 (Production water of KHM) during the period of monsoon and the lowest
concentration was 2.001»Lg.L'l at station-2 during the period of post-monsoon. The
concentration of Cu in surface water was much high at station-10 in monsoon period than
the other stations. This high value of Cu in station-10 might be due to the incidental
presence of suspended particulate matter with the effluents of the Khulna Hardboard

Mills. In the present investigation seasonal variation of Cu concentration were minimum
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in most stations which well agree with the findings of Khan and Hossain (1996); Khan

and Rahman (1994); Khan and Mehadi (1994); Khan and Nath (1996). ‘

George and Sawkar (1981) studied on organically associated Cu in Mandovi and Zuari
estuaries and observed variations that were extractable. They stated that those variations
were might be due to the super imposed effects of various factors such as adsorption or
disruption by suspended particulate matter input by domestic wastes disposal in the river
water. The present study well agrees with George and Sawkar. Kharkar et.al., (1968) and
Fukai et.al., (1975) observed variations in Cu concentration during their studies due to

the same causes. The present investigation correlates with the above authors.

ASTM (American Society for Testing and Materials, 1985) reported that Cu enters in
water body through industrial effluents containing CuSO,4 used in metal plating and
finishing operations. Abdullah and Royle (1974), Satynarayan et.al, (1985), George
(1986) and many others reported that the lower concentrations of Cu were in dissolved
condition. Except station-10, the other stations highlighted lower concentration of Cu,

which was agreed with the findings of aforesaid authors.

The recommended maximum concentration of copper for drinking water supply with
respect to USPH (E.C., 1980) and WHO (1992) standard were 1000 pgL’' and
2000pg.L" respectively. The observed values were below the permissible level and the
standard value of Cu industrial effluents of EQS for Bangladesh (1991) was 3ppm
(3000pg.L'"). In the present findings the concentration level of Cu was much lower than
the EQS value. So, the Cu concentrations found in the present investigation among all

stations were not deleterious for the water body.

The concentration of Cu in five lakes of the Dhaka City ranged <1.5ug.L"! t0 9.52 pg L
(Department of Chemistry, Jaganath University College,1999). Rahman (1994) studied
on the quantitative estimation of some trace metals (Foujdarhat-Kumira) in water were

ranged as 0.092ppm and 0.033ppm (92ug.L"' and 33 pg L"), The average value of Cu
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was as 0.057 + 0.019ppm (57 * 19 pg.L"' ). The present investigation coincides with

above authors.

The maximum concentration of Cd was recorded as 15.52ug.L™" at station-2 during the

period of monsoon and the minimum was as <2.08ug.L" in rest of the stations.

The standard value of Cd for industrial effluents of (EQS, 1991) Bangladesh was
0.05ppm (50pg.L'"). Recommended value of Cd from National Research Council,
Canada (1995) for near shore seawater (Code No. CASS-3) was 0.030 O.OOSug.mI'1

(30 + 5ug.L’") and for estuarine water (Code No. SLEW-2) was 0.019 + 0.002pg.ml™
(19 = 2ug.L'™" ). The concentrations found in the present investigation were lower than the

EQS of Bangladesh and recommended value of National Research Council, Canada.

In the present investigation as most of the concentration were below the detection limit,
the variation of Cd was minimum. Observation made by Khan and Rahman (1994) on the
pollution of trace metals in the Karnafully River found minimum seasonal variation of Cd
in the Sandip and Meghna estuary. Further Quseph (1992) observed little seasonal
variation in Cd concentration during his study on the dissolved and particulate trace
metals in the Cochin estuary. So, the present findings are almost similar with Khan and

Hossain (1996); Khan and Rahman (1994) and Quseph (1992).

The concentration of cadmium showed in < 2.00 ug.L™ in all the five lakes of Dhaka City
(Department of Chemistry, Jagannath University College, 1999). Heavy metals studied in
Lake water Marjut, Egypt showed the regional average of Cd varied slightly from
0.49pg. L t0 0.8 p,g.L'I (Massound et. al., 1982). The concentration of cadmium in the
Tropical lake Karaiba, Zimbabwe was 19 p.g.L" ( Hakan Barg et. al., 1995). The present
studies were quite lower than the permissible limit. In the present investigation, the

concentration of cadmium was more or less similar with the findings of above authors.
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The maximum concentration of Mn was recorded as 724pg.L™" at station-10 (Production
water of the Khulna Hardboard Mills) during the period of pre-monsoon and the lowest
concentration was 7.25ug.L’' at station-6 (Middle of the Bhairab River) during the same
period. The recommended value of Mn from National Research Council, Canada (1995)
for near seawater (CASS-3) was 2,51 + 0.36pug.ml™ (2510 £ 360pg.L™") and for estuarine
water (Code No. SLEW-2) was 17.1 % l.lp.g.ml'I (17100 =+ 1100;,Lg.L'1). The
concentration of Mn found in the present investigation was much lower than the
recommended value mentioned above and also than the EQS value of Bangladesh
5000ug.L" . So the water quality was quite acceptable for living biota in respect of Mn

concentration.

The maximum permissible USPH (E.C., 1980) and WHO (1992) standard of Manganese
for drinking water purposes were 50ug.L"! and 500ug.L"' respectively. In the present
investigation, the concentration level exceeded the recommended level. So pre-treatment

may be recommended for drinking and irrigation purposes.

The maximum concentration of Pb was recorded as 70.7pg.L"' at station-2 (Chemical
drain water) during the period of monsoon which may occur due to incidental presence of
suspended particles and the lowest concentration was <5.47ug.L" at station-3 during the
period of pre-monsoon. At most of this station the level of Pb were found to be less than
the detection limit (<5.47pug.L"). The average concentration of Pb was always higher at
station-10 than the other stations. These higher values were might be due to the presence

of Pb content with the effluents discharged by the Khulna Hardboard Mills.

Dissolved Pb was studied by Abdullah (1974), Zigde et. al,(1985), Satyanarayan
et.al.,(1985) and Shen et. al.,(1989). They reported that the main cause of its input into
the river water might be due to industrial, municipal or surface discharges, which is well
agreement with the present investigation. The recommended value of Pb from National
Research Council, Canada (1995) for estuarine water (Code No. SLEW-2) was 0.027 &
0.005 pg.ml”" (27 + Sug.L"). The level of Pb found in the present investigation was
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lower than the recommended values of National Research Council, Canada except
station-2 during the period of monsoon which may be due to incidental presence of

particulars source.

The recommended value of drinking water WHO (1992) was 10pug.L”. The present
investigation (station-§, 9, 10, 11 and 12) exceeded the recommended value. This might
be due to agriculture activities, shipping activities or industrial effluents. Water in these

investigated areas were harmful for drinking purpose.

The standard value of Pb for industrial effluents of EQS for Bangladesh (1991) was
0.1ppm (100pg.L'"). In the present study, except the highest value was as 70.7ug. L at
station-2 during period of monsoon the level of Pb through out the year was lower at all
stations. So It may bee concluded that the concentrations of Pb in the present

investigation is well agreement with the EQS value.

The maximum concentration of chromium was again recorded as 61.3 ug.L'l at station-2
during the monsoon period and the lowest concentration was observed <14.’1’p.lf,'.1..'1 rest
of the other stations during the all periods. The highest concentration observed in the

station-2 (Chemical drain water) of KNM than the other stations.

The concentration of chromium below <14.7ug.L"' was found in all stations except
station-2 (Chemical drain water). The permissible limit (EQS) of chromium in drinking
was 50pg.L" (E. C., 1980). So except in station-2 it was not harmful for aquatic biota as

well as for human consumption.

Recommended values of Cr from national Research Council, Canada ( 1995 ) for near

shore seawater ( Code No. ASS-3) was 0.092 + 0.006 pg.ml" (92 + 6 pg.L") and for
estuarine water (Code No. SLEW-2) was 0.169 + 0.018 pg.ml” (169 + 18 ug.L'"). Khan

and Hossain (1996} recorded higher concentration of Cr found in the present

investigation was within the safe limit mentioned above and was also much lower than
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the EQS value 0.05ppm (50ug.L') of Bangladesh except in station-2 which was
exceeded EQS value. So in this station-2 the water in chemical drain needs pretreatment

before discharge.

In the present investigation, the variations of Cr concentrations were minimum. Khan
and Hossain (1996) and Khan and Nath (1996) also reported minimurmn seasonal variation
of Cr for the Bangladesh coast from Karnafully River to the Meghna estuary. So the

present finding well correlates with their observations.

The maximum 42.18;J.g.L'l concentration of Co at station-2 (chemical drain water )
during the monsoon period and lower value ( <2.11pg.L"' ) was observed in all other

station during the period of monsoon and post-monsoon.

USPH guideline for cobalt for drinking water was 1000ug.L"' (E.C.,1980). Cobalt
concentration of the Dhaka city ranged from <I.41 to 7.lug.L’'(Department of
Chemistry, Jagannath University College, 1999). The present findings are in well

agreement with the above standard certified limits as mentioned.

The maximum concentration of nickel was recorded as 64.74pg.L" at station-2 (chemical
drain water) of the KNM during the period of monsoon and the minimum concentration
of nickel was as <2.46pg.L" at station-3 during the all periods, station-4' during the
monsoon period, station-6 during the pre-monsoon, station-8 & 12 during the pre-

monsoon period.

The recommended values of Ni from National Research Council, Canada (1995) for near
shore seawater (Code No. CASS;3) was 0.386 £ 0.062 pg.ml™" (386 + 62 ug.L") and for
estuarine water (Code No. SLEW-2) was 0.709 + 0.054 ug.ml’ (709 + 54pg.L""). The
concentration of Ni found in the present investigation was very low than the

recommended values.
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In the present investigation the littie seasonal fluctuation observed in Ni comentratioln.
However, it was within the permissible limit. Khan and Nath (1996) observed
considerable variation of Ni Concentration. Another study by Khan and Hossain (1996)
also reported high seasonal variation of Ni in the Kamafully estuary. USPH standard was
1000 pg.L"! (E.C.,1980). Our experimental value was lower than that permissible limit.

So the quality of water in the studied area was not harmful as far as the Ni concentration

was concerned.
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5.5. CONCLUSION

The objective of this research program was to study the level of trace metals in the

effluents from Khulna Newsprint and Hardboard Mills and Bhairab river water. From the
results of the above investigation, we can draw the conclusion, whether there is any
pollution effect in river water due to the discharge from these industries. In most of the
stations the level of Fe, Cu, Pb, Cd, Mn, Cr, Co and Ni were found to be within the
normal range. In some cases, the concentration level of Fe, Mn, Cd, Cr were slightly

higher than the permissible level.

Iron concentration at station-4 (Discharge are of KNM) was exceeded the EQS (1991)
value during the period of pre-monsoon. The level of Mn at station-10 (Production water
of KHM) during the period of pre-monsoon was exceeded the recommended level. Pulp
is also abundant in the production water at the station-10, which might be harmful for the
use of this water for domestic, fisheries, irrigation and other purposes. So, a minor pre-
treatment is required before using this matter for domestic, fisheries, irrigation and other

purposes. It can be stated that the Mn level in ground water in Khulna zone is also higher

in some areas.

From the overall study it might be observed that in cause of station-2 (Chemical drain
water) of KNM the level of Cd, Pb, Cr, Co and Ni is much higher in monsoon season
than the level of these elements in other stations. Even the concentration le;/el of these
elements in the station-2 is much lower in other seasons. These high values may be due to
the fact that in the time of sampling, there might be incidental presence of particulate
matters containing high elemental level or some chemicals were being used for
production in the KNM. In future a throw out study can be under taken particularly in this
location through out the yecar. If it is not found to be a incidental case, the discharge from

Chemical drain water should have a pretreatment before discharge.

84



CHAPTER SIX
REFERENCES

Abdullah, M. 1. and Royle, L. G., 1974. A study of the dissolved and particulate trace
elements in Bristol channel. J. Mar Biol., Ass. U. K., 54: 581 —- 597,

Ahmed, F., 1998. Heavy metals in the water and sediment of the Sundarbans Reserved
Forest (Undergraduate unpublished thesis). Discipline of Fisheries and Marine

Resource Technology, Khulna University, Khulna, Bangladesh.

Ahmmed, S. S., 1997. Study of trace metals in water, sediments, and some commercially
important fishes and shellfishes of the Passur river estuary, Bangladesh. M.Sc. Thesis

Institute of Marine Sciences, University of Chittagong, Bangladesh.

APHA, 1976. Standard Methods for the Examination of Water and Wastewater. (13eds.),
970 Broadway, New York, N. Y. 10019.

&
ASTM (American Society for Testing and Materials), 1985. “Annual book of ASTM

standards water and environmental technology”. Philadelphic, Pab19103. 11.01:

water (1) Backwaters. Mahasagar Bull. of the National Inst. of Oceanography,
16 (2): 199-207.

Bhouyain, A. M., 1983. Fresh and brackish water pollution in Bangladesh. Fisheries
Information Bulletin, 1(3): 32 . Biol. Assoc, U K., 50: 65-86.

Black, G. A. P., Hinton, D. J., Johston, H. C. and Sprague, J. B., 1976. Annoted List of
Copper Concentrations Found Harmful to Aquatic Organisms. Fish. Mar. Serv.

Tech. Rep., 603: 44pp.

83



Bliniski, H., Kozar, S., Plavsic, M., Kwokal, Z., and Branica, M., 1991. Estuarine
conditions. Mar. Chem., 32: 225-233.

Blocow, N. W. 1972, Martindale the FExtra Pharmocopoeia; Incorporating Square's
Companion. 26th (eds.), Pahrmaceutical Press, Londen, pp. 270, 473 and 558.

Bowen , H. J. M., 1972. The biochemistry of trace elements, pp. 393-405. In: Nuclear
Activation Techniques in the Life Sciences. International Atomic Energy Agency,

Vienna.

Bryan, G. W., 1976. Some aspect of heavy metals tolerance in aquatic organisms, pp.7--34.
In : A .P. M. Lock wood (eds.), Effects of Pollutants on Aquatic Organisms.

Cambridge University Press, London.

Bryan, G. W., and Uysal, 1978. Heavy metals in the burrowing bivalve scrohicularia plana

from the Tamar estuary in relation to the environmental levels. J. Mar. Biol. Assoc.

Campbell, 1. C., 1978. A biological investigation of an organically polluted urban steam in’
-~ Victoria. Aust. J. Mar. Freshwater Res., 29: 275-291.

Chowdury, N. K., 1994. Study on the effects of the effluents discharged from the KPRC on

the water quality with the preview of pollution status of the Karnafully river. Institute

of Marine Sciences, University of Chittagong, Bangladesh.

Davies, A. G., 1970. Iron chelation and growth of marine phytoplakton. J. Mar. Biol.

De, A., 1994, Environment Chemistry. New Chemistry New age International Limited. 3

(eds.), pp.11, 262.
%Dehadrai, P. V., 1970. Changes in the environmental features 6f the Zuari and Mandovi

estuaries in relation to tides. Proceedings of the Indian Academy of Science, 72B: pp.
68-80.

86



Department of Chemistry (Jagannath University College), 1999. Study of water quality

of five lakes in Dhaka City: A seasonal monitoring of micro and macro parameters.

Department of Environment, 1993. Institutional Arrangement for Coastal Zone

Management Report Prepared by Bangladesh Center for Advanced Studies.

Devi, K. 8., Venugopal, P., Remani, X. N., Dominic, Z., and Unnithan, R. V., 1983.
Nutrients in same estuaries of Kerala. Mashasagar—Bull. of the National Inst. of

Oceanography, 16 (2): 161-173.
DOE, 1983. DOE Mobile Laboratory - Its Function and Use Govt. of Bangladesh.

E. C., 1980. The Official Journal of the European Committee L. 229 pp.16-21.
Cited in: Anil, K. De.1994, 3" (eds.), Environmental Chemistry. pp. 2217.

Eister, R., 1971. Radio cadmium exchange with seawater by fundulus hetero clitus

(L)(Pisces: Cyprino dostidae). J. Fish. Res. Biol., 6: 601-612.

Eister, R., Zaroogain, G. E. and Hennekey, R. J., 1972. Cadmium uptake by marine
organisms. J. Fish. Res. Board Can., 29(9): 1367-1369.

EQS, 1991. “Environmental Quality Standard (EQS) for Bangladesh”. Department of

Environment, Government of the People’s Republic of Bangladesh.
ESCAP, 1987. Coastal environment and management plan for Bangladesh. United Nations
Social Commission for Asia and the Pacific, Bangkok, Thailand. Publication No.

81/ESCAP/618.

Forster, U. and Wittman, G., 1981. Metal Pollution in Aquatic Environment. Springer,
Berlin, Germany. pp. 82-86 and 197-210.

87



By

Fowler, S. W. and Benayoun, G. 1974. Experimental studies on cadmium flux through
marine biota In: Comparative studies on food and environmental contamination, pp.

158-178.

Fox, M. E., 1977. Persistcnce of dissolved organic compounds in kraft pulp and paper mills

effluent plumes. J. Fish. Res. Board Can. 34: 798-804.

Frank and Wagnall’s Co. 1968. Standard R. Dictionary of the English Language

(International Edition). Vol. 1 Frank and Wagnall’s Co. New York, pp. 425.

Var river and its estuary. Estuarine and Coastal Marine Science, 3: 177-178.

Ganapati, P. N. and Rahman, V., 1973. Pollution in Visakhapatnam harbor. Currenr
Science, 42: 490-492,

George, M. D., 1986. Distribution of various form of Cd , Pb and Cu in the Wedge bank
region (Arabian Sea) . Indian J. Mar. Sci., 15: 271-273.

George, M. D. and Sawkar, K., 1981. Organically associated copper in Mandovi and Zuari
estuarics. Mahasagar- Bull. of the National Inst. of Qceanography, 14(1): 71-73.

GESAMP, 1974. (IMO/FAO/UNESCO/WHO/IAE/UNEP): (Joint Group of Experts on
the Scientific Aspects of Marine Pollution), Review of Harmful Substances.
Supplement to the Report of Sixth Session. 22-28 March 1974, Geneva, World

Health Organization.

88



GESAMP, 1985. (IMO/ FAO/UNESCO/WHO/WMO/TAEA/UN/UNEP): (Joint Group of
Experts on the Scientific Aspects of Marine pollution), Review of Potentially Harmful
Substances- Cadmium, Lead, and Tin. Rep. Stud., GESAMP, 22 : 116p and UNEP
Reg. Seas. Rep. Stud., 56: p. 85.

GESAMP/UNESCO, 1987. Land/Sea Boundary Flux of Contaminants: Contributions from
Rivers. Reports and Studies, 32: 67-81.

GESAMP, 1988. (IMO/ FAO/UNESCO/WHO/WMO/IAEA/UN/UNEP): (Joint Group of
Experts on the Scientific Aspects of Marine Pollution), Review of Potentially Harmful
Substances- Arsenic, Mercury, and Selenium. Rep. Stud., GESAMP, 28 : p.116 and
UNEP Reg. Seas. Rep. Stud., 92: p.172.

GESAMP / UNESCO, 1994. Anthropogenic Influences on Sediment Discharge to the

Coastal Zone and Environmental Consequences. Reports and Studies; 52: pp. 4-30.

Giesy, J. P. Jr.,, and Wiener, J. G., 1977. Frequency distributions of trace metal

concentrations in five fresh water fishes. Trans. Am. Fish. Soc., 106: 393-403.

Goldberg, E. D.,1975. The Health of the Ocean. Paris, UNESCO, 172p

Hakan Barg, Martina, Kilbus and Nils Kautsky, 1995, Heavy metals in tropical lake
Karaiba, Zimbabwe. Water, Air & Soil pollution, 83: 237-252.

Horowitz, A. J., Demas, C. R,, Fitzgerald, K. K. and Rickert, D. A., 1994, Open- file Rep.
U. S. Geol. Surv. No. 94 -539.

Hossain, M. M., Mahmood, N. and Bhouyain, A. M., 1988. Some water quality

characteristics of the Karnafully river estuary, Mahas.agar— Bull. of the National Inst.

of Oceanography, 21 (3): 183-188.

89



e

Hossain, T., 1992, Study on the Environmental Impact Assessment (EIA) of the Effluent,

Hutchinson, G. E., 1957. A Treatise on Limnology. John Willey Sons. Inc. New York.
N.Y., 1: p.900.

Hyness, H. B. N. and Pantelow, F. T. K., 1978. The Biology of Pollution Waters. Liverpool
University Press. pp.202.

Islam, M. M., 1993. Study on the influence of the effluents discharged by the KPM and
@ KRC on the physico-chemical parameters of the Karnafully river, Chittagong.
Unpublished M.Sc. Thesis. Marine Science, University of Chittagong, Bangladesh.

Khan, A. H., 1989. Monitoring of heavy metal pollutants from industrial emissions and
effluents. Res. Contact no. RC 4900/RB working paper for research coordination
meeting held in Jakarta, Indonesia. Nov. 20-24, pp. 44 & 21.

Khan, Y. S .A. and Rahman, M. H., 1994. Study on the accumulation of trace metals
discharged from the KPM and KRC in the commercially important fishes of the
Karnafully river near KPRC in relation to surrounding water. M. Sc. Thesis, Institute

of Marine Sciences, University of Chittagong.

Khan, Y. 8. A. and Talukder, A. B. M., 1995. Accumulation of trace elements, organo-
chlorine and pesticides from the sediments of the south coast of Bangladesh, Bay of

Bengal. M. Sc. dissertation, Institute of Marine Sciences, University of Chittagong.

Kharkar , D . P., Turekian, , K. K. and Bertine , X . X ., 1968. Stream supply of -

dissolved Ag , Sb, Cr, Co, Sr, Rb and Ce to the oceans. Geochimical Acta,
342: .295-298,

Klein, L., 1962. River Pollution 2, Causes and Effects. Butter Worth and Co. Ltd. London.
pp. 456.

%0



Kobayshi, 1971. Advanced Water Pollution Research. 1:p.l.

Kurland, L. T., Faro, S. W. and Sierdler, 1960. Minamata .disease; The outbreak of a
neurclogical disorder in Minamata Japan and its relation to ingestion of seafood

containing mercury compounds. World Neural, 1: 370-395.

Leiwn, J. and Chem, C. H. 1973. Changes in the concentration of soluble and particulate

iron in the seawater enclosed in containers. Limnol. Oceangr, 18: pp. 590-596.

Mahmood, N., and Bhouyain, A. M., 1988. Some water quality characteristics of the
Karnafully river estuary. Mahasagar Bull. of the National Inst. of QOceanography,
21: 183-188.

Massound , A. H., Saad, A. A, Ezzat, O. A., E1-Rayis, and Hafez, H., 1982. Occurrence
and distribution of chemical pollutants in the Marjuit, Egypt. Heavy Metals in Water,
Air and Soil Pollution, 16: 401-407.

Mehedi, M. Y., 1974. Comparative pen-picture of pollution status of the coastal belt of
Bangladesh with special reference to Halisahar and ship breaking area, Chittagong,

M.Sc Thesis. p.3

Miller, G. T. Jr., 1985, Environmental Science and Introduction, Belmont, California

(U. S. A). Words Worth Publishing Company, pp.134-145.

Mitusaki, Ito., 1996. Water quality and water pollution sources in Polyang Lake, China,
Mizu Kankyo Gakkaishi. 19 (1): 21-24.

Moore, M., Ken Mec. Leod and Don Reed, 1960. Fisheries Conservation Propagation
Regulation. Published by Washington State Department of Fisheries. pp. 155-163.

91



..—'ll""A-

Mortiner, C. H., 1941. The exchange of dissolved substances between mud and water in -

lakes. J. Ecol., 29: 280-329.

Mortiner, C. H. , 1942, The exchange of dissolved substances between mud and water in

lakes. J. Ecol., 30: 147-201.

Murphy, T. M. and Lean,D.R .S ., 1975. The distribution of iron in a closed
ecosystem. Verh. Int. Limnol., 19 : 258-266.

Nair N. B., Dharmaraj, K., Abdul Aziz, P. K., Arunachalam, M., Krishnakumar, K.
and Balasubramanian, N. K., 1984. Ecology of Indian estuaries: VIIL. Inorganic
nutrients in the Ashtamudi estwary. Mahasagar — Bull. of National Inst. of
QOceanography, 17(1):19-32.

Nair, K. V. K. and Gonapathy, S., 1983. Base Line Ecology of an Estuary System. Part II -
Primary Productivity and Photosynthetic Pigments (In Press). pp. 4-12.

National Research Council, Canada, 1995. CASS-3 Near shore seawater reference
material for trace metals. Description sheet, National Council, Canada, Institute for

Environmental Chemistry, Ottawa, Canada.
National Research Council, Canada, 1995. SLEW-2 Estuarine water reference material for
trace metals description sheet. National Research Council, Canada, Institute for

Environmental Chemistry, Ottawa, Canada.

Nauen, C. E., 1983. Compilation of legal limits for hazardous substances in fish and fishery
products. FAQ Fish. Circ., 764: 102p.

Nitta, T., 1972. Marine Pollution in Japan. In Marine Pollution and Sea Life, Edited by M.
Ruivo, West Byfleet Survey, Fishing News (Books). pp. 77-81.

92



KPRC in relation to surrounding water. Institute of Marine Sciences, University of

Chittagong, Bangladesh.

Rajendran, A., 1974. Studies on the ecology of Vellar estuary: Chemistry and microbiology

of regeneration of nutrients. Ph. D. Thesis, Annamalai University, pp. 323,

Remani, K. N. and Sarala Devi, K., 1983. Indicator Organisms of Pollution in Cochin

Estuary.

Salehuddin, A. B. M., 1992. Wood and Fiber Composite Materials.(Unpublished Puper)

Salmons, W. and Forstner, U. , 1984. Metals in the Hydro-cycle Springer -Verlag, Berlin.

Santschi, P., Hohener, P., Benot, G. and Buchholtzten Brink, M., 1990. Chemical

processes at the sediment- water interface. Mar. Chem., 30: 269-315.

Sarma, V. V., Raju, G. P. K. and Babhu, T. B., 1982. Pollution characteristic and water
quality in the Visakhapatnam harbor. Mahasagar- Bull. of National Inst. of
Qceanography, 15 (1) 15-22.

Satyanarayana, D., Rao, I. M. and Reddy, 1985. Chemical oceanography of harbor and
coastal environment of Visakhapatnam (Bay of Bengal): Part |-Trace metals in water

and particulate matter. Indian Journal of Marine Sciences, 14: 139-146,
Seth, G. K. and Bhaskaran, T. R., 1950. Effect of industrial waste disposal on the sanitary
Condition of the Hooghly river in and around, Calcutta. Indian J. Med. Res.,

38(4). 341-356.

Setui, M. S. and Sethi 1. K. , 1991. Understandings Our Environment. Commonwealth
Publishers, New Delhi.

94



Shen , Z. D. , Wenjiang, Z . and Xibao, C, 1989. Geo-chemical characteristics of heavy

metals in the Xingjiang river, China.

references to fish. Quart. Rev. Biol., 39: 227-248.

Subramanian, V., Tha, P. K. and Jergrieken, R., 1988. Heavy melals\y
estuary. Mar. Pollut. Bull., 19(6): 290-293.

Thurberg , F. P ., Dawson, M. A . and Collier , R. S. , 1973. Effects of cdppcr and
cadmium on osmoregulation and oxygen consumption in two species of estuarine

crabs. Mar. Biol., 23: 171-175.

Uddin, J. S. M., 1993. Environmental Impact Assessment (EIA) of the municipal sewage
discharge through Majhir Ghat canals on the Karnafully river water, Chittagong.

Unpublished M Sc. Thesis. Marine Science, University of Chittagong, Bangladesh.

Unnithan, R. V., Vijayan, M. and Remani, K. N., 1975. Organic pollution in Cochin

Backwaters. Indian Journal of Marine Sciences, 4: 39-42.

Vijayan, M., Remani, K. N. and Unnithan , R, V., 1975, Effect of organic pollution on
some hydrographic features of Cochin Backwaters. Indian Journal of Marine Science,

5: 196-200.

WHO, 1992. Revision of the WHO guidelines for drinking water qualily world health
organization, Geneva. Report of the final task group meeting, Geneva as Switzerland,

21-25 Scptember.

WHO/UNEP, 1988. “Assessment of Freshwater Quality Global Environmental Monitoring

System.



WHO/UNEP, 1990. Assessment of Freshwater Quality. Report on the results of the

WIHO/UNEP. Program on health-related environmental monitoring.

Wild, A. R., 1988. Soil Conditions and Plant Growth (11" ed.). Long man, Haslow,
England.

Windom, H. L., Byrd, J. T., Smith, R. G. and Huan, F., 1991. Environment Science.
Technology. 25: p. 1137

Xue, H. B. M. and Schnoor, J. L, 1994. Acid deposition and lake chemically in southwest
China. Air, Water and soil pollution, 75: 61-78.

Zingde , M . D, Singbal , S. Y. S. , Moraes, C . F. and Redoly, C . V. G., 1976. Arsenic,
Copper, Zinc and Manganese in the marine flora and fauna of coastal and estuarine

waler around Goa. Indian Journal of Marine Sciences, 5: 212-217.
Zingde, M. D. and Singhal , S. Y. 8., 1983. Characteristics of near shore water in the

Binge Bay, Karwar. Mahasagar- Bull. of National Inst. of Oceanography, 16(4):
423-428.

96



TABLES

Table: 3. Seasonal variation of trace metal concentrations at station-1 (effluent from
grinding water in Khulna Newsprint Mills)

& Atomic | TFrace Wave Silt Season Concentration
No. | Metals | Length{(nm) | (nm) ug L
Pre-monsoon 312
26 Fe 248.3 0.2 Monsoon 03.2
Post-monsoon 134
Pre-monsoon 5.50
29 Cu 324.8 0.7 Monsoon 5.20
Post-monsoon 7.50
Pre-monsoon <2.08
. 48 Cd 228.8 0.7 Monsoon <2.08
Post-monsoon <2.08
Pre-monsoon 62.0
25 Mn 279.5 0.2 Monsoon 3375
Post-monsoon 49,25
Pre-monsoon 8.21
82 Pb 283.3 0.7 Monsoon 6.66
Post-monsoon 6.84
Pre-monsoon <14.7
24 Cr 357.9 0.7 Monsoon <14.7 .
Post-monsoon <14.7
’ Pre-monsoon 2.11
27 Co 240.7 0.2 Monsoon <2.11
Post-monsoon <2.11
02 Pre-monsoon 11.06
28 Ni 232 ) Monsoon 4.73
Post-monsoon 7.37
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Table: 4 Seasonal variation of trace metal concentrations at station-2 (effluent from
chemical drain water in KNM)

Atomic | Trace Wave Silt Season Concentration

No. | Metals | Length(nm) | (nm) pg L'
Pre-monsoon 2341
26 Fe 248.3 6.2 Monsoon 62.52
Post-monsoon 1976

Pre-monsoon 2.50

29 Cu 3248 0.7 Monsoon 11.2
Post-monsoon 2.0
Pre-monsoon <2.08
48 Cd 228.8 0.7 Monsoon 15.52
Post-monsoon <2.08

Pre-monsoon 144
25 Mn 279.5 0.2 Maonsoon 34.25
Post-monsoon 93,75

Pre-monsoon 8.21

82 Pb 283.3 0.7 Monsoon 70.7
Post-monsoon 9.58

Pre-monsoon 147

24 Cr 357.9 0.7 Monsoon 61.3
Post-monsoon <14.7

Pre-monsoon 4.22
27 Co 240.7 0.2 Monsoon 42.18
Post-monsoon 4.57

0.2 Pre-monsoon 6.14
28 Ni 232 ) Monsoon 64.74
Post-monsoon 532
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Table: 5 Seasonal variation of trace metal concentrations at station-3 (discharge surface
water from KNM)

Atomic | Trace Wave Silt Season Concentration
No. | Metals | Length(nm) | (nm) pg. L
Pre-monsoon 2175
26 Fe 248.3 0.2 Monsoon 133
Post-monsoon 392
Pre-monsoon 3.50
29 Cu 3248 0.7 Monsoon 5.46
Post-monscon 4.50
Pre-monsoon <2.08
48 Cd 228.8 0.7 Monsoon <2.08
Post-monsoon <2.08
Pre-monsoon 93.0
25 Mn 279.5 0.2 Monsoon 34.37
Post-monsoon 52.25
Pre-monsoon <5.47
82 Pb 2833 0.7 Monsoon 5.47
Post-monsoon 6.84
Pre-monsoon <14.7
24 Cr 3579 0.7 Monsoon <14.7
Post-monsoon <147
Pre-monsoon 5.28
27 Co 240.7 0.2 Monsoon -
Post-monsoon 422
0.2 Pre-monsoon <2.46
28 Ni 232 ) Monsoon <2.46
Post-monsoon <2.46
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. Table: 6 Seasonal variation of trace metal concentrations at station-4 (another discharge
surface water from KNM).

Atomic { Trace Wave Silt Season Concentration
No. | Metals | Length(nm) | (nm) pg !
Pre-monsoon 2756
26 Fe 248.3 0.2 Monsoon 342
Post-monsoon 2497
. Pre-monsoon 5.50
29 Cu 324.8 0.7 Monsoon 7.03
Post-monsoon 6.50
Pre-monsoon <2.08
48 Cd 228.8 0.7 Monsoon <2.08
Post-monsoon <2.08
Pre-monsoon 168
25 Mn 279.5 0.2 Monsoon 42.37
Post-monsoon 119
Pre-monsoon 6.84
, 82 Pb 283.3 0.7 Monsoon 8.21
Post-monsoon 8.21
Pre-monsoon 14.7
24 Cr 3579 0.7 Monsoon <l4.7
Post-monsoon <147
Pre-monsoon <2.11
27 Co 240.7 0.2 Monsoon <2.11
Post-monsoon <2.11
02 Pre-monsoon 573
28 Ni 232 ’ Monsoon <246
. Post-monsoon 491
v
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Table: 7 Seasonal variation of trace metal concentrations at station-5 (discharge surface
machine water from KNM)

Atomic | Trace Wave Silt Season Concentration

No. | Metals | Length(nm) | (nm) pg L

Pre-monsoon 1693

;:} 26 Fe 248.3 0.2 Monsoon 187,
Post-monsoon 206

Pre-monsoon 16.0

29 Cu 324.8 0.7 Monsoon 6.51

Post-monsoon 12.5
Pre-monsoon <2.08
48 Cd 228.8 0.7 Monsoon <2.08
Post-monsoon <2.08

Pre-monsoon 89.5

25 Mn 279.5 0.2 Monsoon 48.0

. Post-monsoon 63.75
Pre-monsoon <5.47

82 Pb 2833 0.7 Monsoon <547

: Post-monsoon 5.47

Pre-monsoon <14.7

24 Cr 357.9 0.7 Monsoon <14.7

Post-monsoon <14.7

Pre-monsoon 3.52

27 Co 240.7 0.2 Monsoon <2.11

Post-monsoon 2.11

02 Pre-monsoon 573

! 28 Ni 232 ' Monsoon 4.73
Post-monsoon 6.14
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Table: 8 Seasonal variation of trace metal concentrations at station-6 (middle of Bhairab
river water from KINM)

Atomic | Trace Wave Silt Seasor Concentration

No. | Metals | Length(nm) | (nm) pg.L!
Pre-monsoon 638

26 Fe 248.3 0.2 Monsoon 359
Post-monsoon 770

Pre-monsoon 5.50

29 Cu 324.8 0.7 Monsoon 494
Post-monsoon 6.0

Pre-monsoon <2.08

48 Cd 228.8 0.7 Monsoon <2.08
Post-monsoon <2.08

Pre-monsoon 7.25

25 Mn 279.5 0.2 Monsoon 36.12
Post-monsoon 9.75

Pre-monsoon <547

82 Pb 283.3 0.7 Monsoon 5.47
Post-monsoon 5.47

Pre-monsoon <14.7

24 Cr 3579 0.7 Monsoon <14.7
Post-monsoon <14.7

Pre-monsoon <2.11

27 Co 240.7 0.2 Monsoon 2.5
Post-monsoon 2.11

0.2 Pre-monsoon <2.46

28 Ni 232 ) Monsoon 6.31
Post-monsoon 4.91
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Table: 9 Seasonal variation of trace metal concentrations at station-7 (100 meters down
of the Bhairab river surface water from KNM)

Atomic | Trace Wave Silt Season Concentration
No. | Metals | Length(nm) | (nm) pg L
Pre-monsoon 823
26 Fe 248.3 0.2 Monscon 664
Post-monsoon 936
Pre-monsoon 8.0
) 29 Cu 324.8 0.7 Monsoon 6.51
Post-monsoon 8.25
: Pre-monsoon <2.08
48 Cd 228.8 0.7 Monsoon <2.08
Post-monsoon <2.08
Pre-monsoon 10.5
25 Mn 279.5 0.2 Monsoon 35.5
Post-monsoon 23.0
= Pre-monsoon <5.47
82 Pb 283.3 0.7 Monsoon 6.66
Post-monsoon 5.47
Pre-monsoon <147
24 Cr 357.9 0.7 Monsoon <i4.7
Post-monsoon <14.7
Pre-monsoon 4.22
27 Co 240.7 0.2 Monsoon <2.11
Post-monsoon 4.57
0.2 Pre-monsoon 6.55
, 28 Ni 232 ’ Monsoon 4.73
Post-monsoon 7.37
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Table: 10 Seasonal variation of trace metal concentrations at station-8 (200 meters down
of the Bhairab river surface water from KNM).

Atomic | Trace Wave Silt Season Concentration

No. | Metals | Length(nm) | (nm) ug L
Pre-monsoon 1428
26 Fe 248.3 0.2 Monsoon 773
Post-monsoon 1235
Pre-monsoon 17.5
29 Cu 324.8 0.7 Monsoon 5.98
Post-monsoon 12.5

Pre-monsoon <2.08

43 Cd 228.8 0.7 Monsoon <2.08

Post-monsoon <2.08
Pre-monsoon 280

25 Mn 279.5 0.2 Monsoon 41.62
Post-monsoon 188

Pre-monsoon 10.95
32 Pb 283.3 0.7 Monsoon 5.47
Post-monsoon 8.21

Pre-monsoon <14.7

24 Cr 3579 0.7 Monsoon <147

Post-monsoon <14.7
Pre-monsoon 2.81

27 Co 240.7 0.2 Monsoon <2.11
Post-monsoon 2.11

0.2 Pre-monsoon <2.46
28 Ni 232 ) Monsoon 6.31
Post-monsoon 4.91
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Table: 11 Seasonal variation of trace metal concentrations at station-9 (300 meters down
of the Bhairab river from KNM, near Navy Port).

Atomic | Trace Wave Silt — Concentration
No. Metals | Length(nm) | (nm) : pe L'
Pre-monsoon 1859
26 Fe 2483 0.2 Monsoon 964
Past-monsoon 1368
Pre-monsaon 14.0
29 Cu 324.8 0.7 Monsoon 7.29
Post-monsoon 11.0
Pre-monsoon <2.08
48 Cd 228.8 0.7 Monsoon <2.08
Post-monsoon <2.08
Pre-monsoon 237
25 Mn 279.5 0.2 Monsoon 55.25
Post-monsoon 194
Pre-monsoon 10.95
82 Pb 2833 0.7 Monsoon 6.66
Post-monsoon 8.21
Pre-monsoon <14.7
24 Cr 3579 0.7 Monsoon <14.7
Post-monsoon <14.7
Pre-monsoon 2.11
27 Co 240.7 0.2 Monsoon <2.11
Post-monsoon 2.81
0.2 Pre-monsoon 2.46
28 Ni 232 ' Monsoon 6.31
Post-monsoon .37
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Table: 12 Seasonal variation of trace metal concentrations at station-10 (production water

from Khulna Hardboard Mills).

Atomic | Trace Wave Silt Season Concentration
No. Metals | Length(nm) | (nm) pg. Lt
Pre-monsoon 1727
26 Fe 248.3 0.2 Monsoon 1186
Post-monsoon 1501
Pre-monsoon 8.0
29 Cu 324.8 0.7 Monsoon 66.14
Post-monsoon 9.0
Pre-monsoon <2.08
48 Cd 228.8 0.7 Monsoon <2.08
Post-monsoon <2.08
Pre-monsoon 724
25 Mn 279.5 0.2 Monsoon 385
Post-monsoon 525
Pre-monsoon 19.16
82 Pb 2833 0.7 Monsoon 13.33
Post-monsoon 20.53
Pre-monsoon -
24 Cr 3579 0.7 Monsoon <14.7
Post-monsoon <14.7
Pre-monsoon 2.11
27 Co 240.7 02 Monsoon 2.5
Post-monsoon 2.46
0.2 Pre-monsoon -
28 Ni 232 ' Monsoon 12.63
Post-monsoon 9.01
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Table: 13 Seasonal variation of trace metal concentrations at station-11 (discharge water
from Khulna Hardboard Mills).

Atomic | Trace Wave Silt Season Concentration
No. Metals | Length(nm) | (nm) ug. L™
Pre-monsoon 1295
26 Fe 248.3 0.2 Monsoon 1351
Post-monsoon 1215
Pre-monsoon 12.0
29 Cu 324.8 0.7 Monsoon 22.39
Post-monsoon 15.0
Pre-monsoon <2.08
43 Cd 228.8 0.7 Monsoon <2.08
Post-monsoon <208
Pre-monsoon 135
25 Mn 279.5 0.2 Monsoon 189
Post-monsoon 119
Pre-monsoon 8.21
82 Pb 2833 0.7 Monsoon 13.33
Post-monsoon 12.0
Pre-monsoon <14.7
24 Cr 3579 0.7 Monsoon <14.7
Post-monsoon <14.7
Pre-monsoon 2.81
27 Co 240.7 0.2 Monsoon 2.5
Post-monsoon 3.52
0.2 Pre-monsoon 2.46
28 Ni 232 ) Monsoon I5
Post-monsoon 3.27
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Table: 14 Seasonal variation of trace metal concentrations at station-12 (discharge
surface water from Khuina Hardboard Mills into the Bhairab river).

Atomic | Trace Wave Silt Season Concentration
No. Metals | Length(nm) | (nm) p.g.L'1
Pre-monsoon 996
26 Fe 248.3 0.2 Monsoon 873
Post-monsoon 936
Pre-monsoon 10.0
29 Cu 324.8 0.7 Monsoon 14.84
Post-monsoon 17.75
Pre-monsoon <2.08
48 Cd 228.8 0.7 Monsoon <2.08
Post-monsoon <2.08
Pre-monsoon 62.5
25 Mn 279.5 0.2 Monsoon 65.5
Post-monsoon 75.0
Pre-monsoon 5.47
82 Pb 2833 0.7 Monsoon 8.20
Post-monsoon 10.95
Pre-monsoon <14.7
24 Cr 357.9 0.7 Monsoon <14.7
Post-monsoon <14.7
Pre-monsoon <211
27 Co 240.7 0.2 Monsoon <2.11
Post-monsocon <2.11
02 Pre-monsoon <2.46
28 Ni 232 ’ Monsoon 3.15
Post-monsoon 4.09
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Table: 15 Seasonal variation of trace metal concentrations at station-13 (surface water

from Basundia, Jessore).

Atomic | Trace Wave Silt Season Concentration
No. | Metals | Length(nm) | (nm) ug.L!
Pre-monsoon 325
26 Fe 2483 0.2 Monsoon 67.8
Post-monsoon 372
Pre-monsoon 5.00
29 Cu 324.8 0.7 Monsoon 3.64
Post-monsoon 5.50
Pre-monsoon <2.08
48 Cd 228.8 0.7 Monsoon <2.08
Post-monsoon <2.08
Pre-monsoon 10.5
25 Mn 279.5 0.2 Monsoon 9.50
Post-monsoon 11.0
Pre-monsoon <5.47
32 Pb 283.3 0.7 Monsoon <5.47
Post-monsoon 547
Pre-monsoon <14.7
24 Cr 3579 0.7 Monsoon <14.7
Post-monsoon <147
Pre-monsoon <2.11
27 Co 240.7 0.2 Monsoon <2.11
Post-monsoon <2.11
0.2 Pre-monsoon 5.73
28 Ni 232 ’ Monsoon 3.94
Post-monsoon 6.55
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Table 16 Standard concentration calibration for trace metals.

Cr ~_Absorbance 0.01 0.019 0.032
- Congcentration (ppm) 0.5 1 2

Mn Absorbance 0.101 - 0.201 0.347
| Concentration (ppm) | 0.5 | 1 2

Pe Absorbance 0.037 0.075 0.152
Concentration (ppm) 0.5 l 2

Cu ~_ Absorbance 0.05 0.101 0.198
| Concentration (ppm) 0.5 1 2

Cd Absorbance 0.119 0.228 0.438
Concentration (ppm) 0.5 1 2

Pb Absorbance 0.009 0.0185 0.037 |

Concentration (ppm) .3 1 :

Co Absorbance 0.037 0.071 0.14
Concentration (ppm) 0.5 1 2

Ni Absorbance 0.034 0.061 0.12
Concentration (ppm) 0.5 1 2

Table 17 USPHS (United States Public Health Drinking Water) water quality eriteria for
domestic water supplies.

Parameters USPH standard
Chloride B 250 mg/L.
Total Dissolved Solids 500 mg/L
Suspended Solids 5.00 mg/L
pH 6-8.5
Alkalinity (CaCO3 units | 30-500pg/1
Lead S0ug/l
Cadmium 10ug/1
Iron (Filterable) <300pg/l

| Zing 5000p g/l

 Copper 1000p g/l
Chromium S0pg/l

| Manganese 50ug/

' Cobalt 1000ug/1

| Nickel 1000pg/1

Source: E. C. 1980.
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Table 18 World Health Organization (WHO) Guidelines for Drinking Water Quality.

Parameter - Guide line value
Pb (Lead) 0.01 mg/L
Cd(Cadmium) 0.003 ma/L
Fe(lron) 0.3 me/lL

Cr {Chromium) 0.05 me/L
Cu(Coppern) 2.00mo/T(P)

Mn (Manganese) 0.5meg/l

Nickel * 0.02 mg/L
Chloride 250 mg/L
Suspended Solids 1000 me/1.

Source: WHOQ, 1992.
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