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Bangladesh has appeared as one of the most vulnerable countries in South Asia to the potential
impacts of climate change. The vast majority of the people are dependent on the extensive coastal
floodplains in the lower Ganges -Brahmaputra delta that are important for natural fishe ries, shrimp
farming, agriculture, and other natural resources including the Sundarbans mangrove forests. The
inhabitants of the coastal regions are already prone to floods, cyclones, salinity intrusion, and
seasonal droughts. These natural calamities have been stressful the poor people as fish catches are
declining, rice farming are reducing, aqua -farms have been inundating and fish and shrimp diseases
are spreading. It is expected that the climate change will exacerbate many current problems and
natural h azards due to severe tropical cyclones leading to more damage, heavier and more erratic
rainfall, resulting in higher river flows, river bank erosion, and sedimentation, and sea level rises.

The impacts of two recent cyclones ( Sidr and Aila) on the inland and coastal fisheries, coastal
aquaculture, and the livelihood of the fishing communities, and those people who were directly and
indirectly involved with shrimp farming, crab fattening, fish drying and other fisheries related
activities have been evaluate d. Efforts have been made to understand the adaptation measures they
have taken and future coping strategies they have formulated.

The greater Khulna districts and Barguna -Patuakhali in the Southwest region were the worst
suffers for both Sidr and Aila cyclones. Among the Upazillas in greater Khulna, Shyamnagor of
Satkhira, and Koira and Paikgacha of Khulna were the worst victims. The trees, infrastructures,
livestocks and fish and shrimp farms were severely affected, besides the loss of human lives. About
75% of the shrimp farms and 100% of the crab farms of the Munshiganj Union of Shyamnagor,
Satkhira were destroyed in both cyclones. About 40% of the shrimp farms in Paikgacha and 80% in
the Koira Upazila were washed away by both Sidr and Aila intwo occasi ons. Since these two cyclones
come in subsequent years, these caused a severe damage to the inland capture fisheries and incurred
a great loss to the shrimp farmers.

Inland wetlands and coastal fisheries as well as shrimp and crab farming were affected due to
salinity intrusion in the freshwater wetlands, losses of the crafts, gears and shelters of the coastal
fishermen, and the flooding and washing away of the standing crop from the aqua - production
systems. Besides shrimp farming, villagers along the riv ers connected with the Sunderbans are
expanding their crab fattening programmes. Both male and female are working hard and mostly
depending on the resources of Sundarbans for energy as well as fishing for food fish as well as
catching shrimp post larvae. The traditional fishermen of the inland wetlands have changed their
profession either as day labourer or joined with the fry collectors or going to the inshore fishing.

The cyclone Sidr had partly damaged the soils but after Aila, lands are now only used fo r shrimp
culture because of the extreme salinity. Due to the shrimp culture, the poor people are the more
sufferers. Their opportunity to work in the field as a laborer has been reduced. Aila has also destroyed
most tube -wells, and lack of drinking water i s a major problem in the Southwest region. The people
are more or less dependent on the rain water and they reserve water during the rainy season. There
has been spread of various enteric diseases because people sometimes need to depend on salt water
for d rinking. There has been a great shortage of vegetable and fish in the local markets. Some people
are trying to stock tilapia in their abandoned ponds with saline waters. In some coastal households,
women have been seen to use (portable) sack  -bag for vegeta ble culture as the adaptation measures
against the shortage of vegetable.

Fisheries management must move from seeking to maximize yield to increasing adaptive capacity.
Community -based fisheries management through formation of community based organizations
(CBOs) and cooperatives should be promoted to the wetland areas for conservation and sustainable
exploitation of resources. An integrated approach of crops and aquatic resources development and
their diversification may help improving the present liveliho od options and nutrition of the coastal
people. Improved salt tolerant strains of fish and crops, technologies suitable for drought conditions,
surface water reserve, and conservation of major wetlands should be part of the adaptation measures.
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(1) Spatial management of the habitat
As brackish envi ronments, estuaries are places where biological diversity needs to be protected.
Spatial management of estuaries is especially important, because protecting the topography is
indispensable to protecting the habitat. However, estuaries and other coastal are as existin a state
of dynamic equilibrium, and so management plans must be based on a particularly close
observation of factors such as sand/soil, water, waves and currents.

(2) Case study: protecting horseshoe crab habitat
In Japan, the horseshoe crab i s a creature particular to the estuaries of Western Japan and

Kyushu.
Al though as a oliving fossilé it is considered biolog
life cycle is played out in estuaries and shallow marine areas: adults lay their egg s on sandy

beaches and sand bars in estuaries, while the hatchlings inhabit muddy tidal flats, migrating to
offshore sea beds when they mature. Thus, to protect this species, these types of environments
must be protected contiguously in space. If we think of this species as a biodiversity indicator, its
presence signifies integrated protection of the coastal environment and, in terms of interaction

with human society, a sustainable coastal fishery.

(3) Japands biological di ver si tpgicyand coast al environme
The 10 th Conference of the Parties to the Convention on Biological Diversity (CBD/COP10) was

held in Japan in 2010.
Parallel to this event, a national marine biodiversity protection strategy was also set up. This

strategy deals not only with pelagi ¢ and deep -sea marine areas, but also places emphasis on the

protection and restoration of coastal and brackish zones. It will be important to implement this

policy not only in contiguous coastal and offshore areas, but also to comprehensively link it with

river and land use policy, and moreover to do so on an on -site, local basis.

(4) Drifttrash @ a threat to biodiversity

Trash that drifts on currents and lands on beaches is a serious issue facing estuary habitats.
Trash that flows in from upstream or is discarded along coasts or on the high seas and piles up on
shore not only physically smothers the habitat, but is also mistakenly ingested by coast -dwelling
creatures. Chemical pollution from drift trash is also a threat, and drift trash now constitutes a
new environmental pollution issue.

(5) Putting Japands experience and |-Pasificoegignaddthar ned t o
world

The case study of the horseshoe crab in Japan can by itself serve as a potent warning to the
worl d i nstr uc steéxpedencedandlesgores tode learned. Horseshoe crabs are widely

distributed throughout Asia, but degradation of the environment has led it to become threatened
with extinction and it is now being considered for inclusion on the international Red List.
Estuaries themselves are in a similar predicament. We must not go on making these same
mistakes. We must take into sufficient consideration the knowledge we have about the reasons
for already -present degradation and the limits of possible countermeasures.
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A disaster is the tragedy of a natural or human -made hazard (a hazard is a situation which
poses a level of threat to life, health, property, or environment) that negatively affects society or
environment. A natural disaster is a consequence when a natural h azard (e.g., volcanic eruption
or earthquake) affects humans.  Tsunamis and earthquakes are two of the most dangerous and yet
most common hazards to affect population centers and economic infrastructures worldwide.
Generally, tsunami flooding results from a train of long -period waves that can rapidly travel long
distances from where they were generated by deep -ocean earthquakes, submarine landslides,
volcanic eruptions, or asteroid impacts. Due to tsunami the sea water carry sediments along with
saltitself. There have been many studies on recent and ancient tsunami deposits. These include
descriptions of tsunami deposits in coastal lake, estuary, lagoon, bay floor and shelf environments
and even the farmland. The mega earthquake and consequent tsunami had ca used a great
damage to not only human life and infrastructure but also the agricultural land and the crops in
Tohoku region, Japan. The after math of the tsunami has created many problems to environment
and geo -environment of these affected areas. Soil pol lution and high salinity which caused the
farmland unusable for cultivation is one of the major geo -environmental problems.

In this study a geo -environmental approach has been carried out for the restoration of the
farmed land which was damaged by the sal ine water due to tsunami water in the pacific coast of
Tohoku region in Japan. The mega earth quake hit the 11 th March, 2011 has triggered a Tsunami
in the coastal areas of Tohoku region. This huge sea water had tremendously affected the various
environmen tal and geo -environmental parameters in that area. The salinity in the agricultural
land has become a great concern for the after disaster geo -environmental restoration. Various
approaches are trying to get rid of the salinity problem of the agricultural | and. In this study,
major chemical properties (pH, Electrical conductivity) of soil in Rikuzentakata city (one of the
most affected areas due to tsunami) have been carried out in the field test during May and June,

2011. An innovative approach has been tak en to restore the saline soil by using compost
containing Halo bacteria in this area.

The sea water which covered the agricultural lands in these areas has created a critical
situation for the farmers. The farmers have lost not only the crops they were cul tivating but also
the soil of the agricultural field had been seriously damaged by the sea water, salinity and other
pollutants. The pH value and EC value of the soil in these areas are considered as the higher
value in terms of safer limit for the regular crops. To reclaim this saline soil, compost containing
the Halo bacteria will be applied. The Halo bacteria can use the excessive salts from the soil and
consequently can reduce the salinity problem. This compost can also provide necessary nutrients to
the soiland plant.
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Waste treatment process using thermal plasmas has attracted the most attention because
thermal plasmas can offer distinct advantages, such as a high enthalpy , which increases reaction
rate, oxidation or reduction atmospheres in accordance with required chemi cal reactions, and
rapid quenching , which produce s non -equilibrium chemical compositions

A DC water plasma torch was developed for waste treatment processes. The hafnium
embedded into a copper rod used as cathode material can overcome the erosion probl ems and
achieve along operating time in oxidation atmosphere. The torch can generate stable 100% -water
plasmas using DC discharge at the arc power of 1 kW without additional steam generator or gas
supply system. Using the water plasma produced by the plas ma torch , we succeed in
decomposing liquid waste of phenol, acetone, and alcohol solution s. The water plasma system was
also applied for gaseous waste decomposition such as HFC and PFC.

A stable 12 -phase AC arc was developed to apply  to in-flight glass melting for the purpose of
energy saving and emission reduction. The multi -phase AC arc was generated by transformers at
a commercial electric power system. T he discharge behavior and the high  -temperature region can
be controlled by the electrode configura tion. The high decomposition and vitrification degrees
achieved in milliseconds shorten the melting and fining time of glass considerably. It indicates
that the new in  -flight melting technology would be a promising method in glass industry.
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The Tohoku region, Northeast Japan, was hit by a gigantic earthquake which occurred in the
Pacific close to Tohoku, and subsequently by a giant tsunami. These hazards have caused huge
damage on the eastern coast Japan. The earthquake & magnitude was 9.0, the strongest ever
recorded in Japan. The ts unami was also historical as its run -up height reached over 39 m. As of
early May, 2011, over 24 thousand people were reported as dead or missing. Moreover, serious
accidents at the Fukushima Nuclear Power Plants No.1 were caused by the effects of the tsun ami.
Therefore, the damage faced by Japanese people can be seen as a giant composite disaster.
Although Japan, and the northeast of Japan in particular, has over a long time period increased
its preparedness against earthquakes and tsunamis, huge damage st ill occurred. This paper
considers why this tragedy occurred, and what unrecognized factors contributed to the high
vulnerability of the area. To assist in answering such questions, this paper presents a timely
report of the features of the earthquake and tsunami, the damage they caused, and the early
efforts for recovery and reconstruction.
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Climate challenge has emerged as the most important long term challenge for Bangladesh.
Bangladesh has to face this challenge in addition to the development challenge that it already
faces. The most effective way to do so is therefore to find win -win so lutions that can address
climate and development challenges simultaneously. On the external side, Bangladesh of course
has to demand necessary technical and financial assistance from developed countries which are
mainly responsible for causing climate chan ge. However, more important is the internal task of
examining closely various concrete climate and development problems and identifying the
solutions that can address problems along both dimensions. Without a clear identification of the
solutions, the exte rnal assistance will not be of much help. On the other hand, proper
identification of the solutions may help to mobilize domestic resources better.
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The dynamics of innovation in solar cell industry was researched based on the case studies of
global solar cell industries. What is the dynamics of innovations in the solar cell industries?

Japanese 1st group including Sharp, Kyocera, Sanyo and Mitsubishi is mainly doing the
business by crystal silicon (¢~ -Si) and amorphous Si(a -Si)solarcel.Th e i ndustri al cluster
|l sland Kyusyudé is focusing on thin film solar cell s.

In USA, SunPower focusesonc -Sisolar cell, First Solar of 1st place is producing CdTe solar cell
and Nanosolar, Solyndra are developing CIGS.

Chinaincluding Suntech ma  inly produced ¢ -Si solar cell. Q -cells in Germany expand from cell
process to solar cell module and CIGS solar cell.

As the results of the case studies, the diverse technologies of solar cell are taken for business
by global solar cell industry. Therefore , in case of the solar cell industry, the innovation dynamics
theory of Utterback can not apply to the innovation. What are the conditions to accept the diverse
technologies such as the solar cell industries?

To answer the guestion, the process day of the solar cell compared with LCD and semiconductor
device. The main process days for poly  -Siand a -Si solar cell are less than 1 day. This means that
solar cell technologies are simple because they require shot process days to reduce the cost.

The conditions of diverse technologies in business are extracted from the research results. First
condition is simple technology, which means short process day. Second condition is the
drastically increasing market. Third condition is high motivation to enter the indust ry.

Under the above conditions, many companies want to enter the business even if their technology
level. In other words, many companies enter the business using their adaptable technologies. As
the results, the diverse technologies are accepted for busin ess.
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Recently in Japan, b ecause bamboo forests are not well maintained any longer, and because
bamboo trees are very fast growing, which result in the spread of the bamboo forest, there are
devastating problems for the adjacent forests; the bamboo forests itself and the surroundin g rice
fields, etc.

Bamboo forest thinning  is probably one of the solutions to prevent damage by spread of bamboo
forests to other tree varieties and the surrounding fields. Furthermore since there is no any longer
a large demand for bamboo material, as we Il as the high loan costs in Japan, b amboo forest
thinning is quiet difficult to do.

For that, the Kitakyushu Biotope Network Group (a local Non Profit Organization) came up with
the idea of thinning the bamboo trees by citizens on a voluntary base. Since November 2001,
several environmental preservation activities were organized with the goal of thinning out these
bamboo forests. The main purpose of these bamboo activities was to make the citizens and the
local government aware of the severe problems and t ry to find new ways for the use of the bamboo
material. Since January 2004, on every second Saturday of the month, a small group of about 35
to 40 local citizens has started to preserve the bamboo forests in the area around the Kitakyushu
Science and Resea rch Park.

Itis said that the city of Kitakyushu which is located in the western part of Japan has the largest
bamboo forest area of Japan, with an area which is estimated to be about 1500ha. During the ten
years of activity, more than 3000 citizens have p articipated, and several hectares of bamboo forest
are thinned out. Unfortunately, because there is no local demand for the bamboo material, nearly
all the bamboo material was chipped and these chipped bamboo material has been used for
making of soil produ cts. Besides of soil making, the use of bamboo material for other purposes
has been investigated as well.
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Agriculture is  a highly -complex system depending on climate, weather, soil conditions, crop
types, etc . Therefore, farmers have developed their own cultivation techniques and senses from
the long term experiences so as to suit their environment . Ifthe information of field environment
growth and quality status of crops, and farm  work histor ies are able to be collected adequately on
the real time, these would be utilized not o nly for the evaluation of the growth of crops and the
occurrence of pests and diseases but also for the optimiz ation of the agricultural production and
management system s. Moreover they would be necessary to establish the security and safety  of
the agricul tural produce . Consequently , we are developing the i nformatization agricultural
supporting system called OAgri-eyeé using Information =~ Communication  Technologies (ICT) to

improve the agricultural production system in Japan. The prototype systems were instal led to the
test fields in Fukuoka, Oita, Nagasaki and Shiga prefecture. The validity of the system  was verified
by the feasibility studied during the actual cultivations for paddy rice, strawberry, tomato and

cucumber. The part of information collected cou Id be used to improve several farm processes. The
detail of the developed system, result of feasibility studies, and prospect for the future will be
introduced in the conference.
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Abstract

Natural flooding and hydraulic flushing can reduce the impact of pollution; however, cleaner watersheds will enhance
water quality in the face of escalating climatic and anthropogenic stress es. Synergistic effects may cause a combination
of contaminants to be potentially more toxic and influence either the threshold tolerance or the probable effect levels.

Also, the bioavailability of metals is not satisfactorily understood and may be influen ced by chemical, physical and
thermal parameters. Arsenic in sediments is commonly bound to iron (Fe Ill) oxyhydroxide particles. Anthropogenic
interferences with river flow, human and animal waste inputs and increased temperatures may lead to suboxia in

streams and estuaries causing arsenic release. Iron cannot hold metals under anoxia. Site specific monitoring and

index of biologic integrity can provide accurate water quality assessments.

INTRODUCTION

The forces in nature and climatic conditions can
greatly influence the migration of metals and
chemicals in estuaries. Recent research shows that
monsoon flooding can eliminate as much as
two -thirds of the arsenic (As) from soil. Bangladeshi
and Swiss researchers collaborated to determine As
levels in ri ce plants in Munshiganj area usually
subject to heavy flooding in June - October. Their
research re vealed that flooding removed 13  -62% As
transporting the metal and then flushing out into
the Bay of Bengal [2]. Iron is a natural binder of
arsenic and other chemicals; consumption of
As-contaminated water in rural Bangladesh has
been reported by some researchers [3]. Elevated
levels of As above the World Health Organization
(WHO) standard of 0.010 mg/L is not a human
health concern, if a contaminated public o r private
well or water from a pond with arsenic in the
sediment is not being used as a source of drinking
water. Women in  Bangladesh reportedly collect water
from As -tainted wells for domestic use. Studies
demonstrated that
safe water varies with income levels and education;
user data from Delhi and an urban area in Brazil
revealed that education of the household head is
statistically significant in decision -making to purify
drinking water before consumption [16 , 17,20 ].

The As contamination of shallow tube wells in
Bangladesh caused WHO to declare a public health
emergency [14]. Fine sand filters (and iron) can
remove both arsenic and large pathogenic microbes
at low cost as was documented in Nepal after
implementation o f a locally managed, demand -
driven and self -reliant water project involving
multiple stakeholders with strong partnership,
entrepreneurs and users [1]. However, the long term
solution for Bangladesh will rely on cleanup of
surface water and comprehensive water pollution
control programs (to eliminate industrial toxic
waste and sewage into the rivers/estuaries)
launched by the government at national and local
scales with the adaptation of a watershed -based
approach.

METAL CYCLING AND METHYLATION

Synergisti ¢ effects can affectthe aPELsand PTELs
increasing the toxicity of a combination of
contaminants (e.g., various metals) or inorganic
elements (Table 1), most likely.  aPELs are the metal
concentrations above which organisms exhibit
adverse biological effec ts such as decreased
numbers of species, diseased fish or mortality of
sensitive species. Consumption of mercury (Hg)
contaminated fish and shellfish caused Minamata
disease in Japan. Public outcry after the reporting
of ~ 24,500 kg of mercury compounds du mped in
the open sea (1932 -1968), which elevated fish
methylmercury level (up to 40 mg/L) in Minamata
Bay compelled the Japanese government to take
drastic measures to control industrial pollution [4].
Agricultural utilization of sewage sludge (common
in t he western countries) is a viable alternative to
ocean dumping except that metals (e.g., cadmium,
mercury) in sludge are of concern because of likely
pathways into food chains.  As such, pretreatment
of industrial wastewater is necessary to avoid toxic
disc harge into public sewer systems. |  n the case of

owi | I'i &g n eg®miunthgdrofde,séme Eompblexed &ré eddent at

low pH, but with an increase in pH a variety of
complexes become dominant. The presence of
chloride can further elevate concentrations, as the
solubility of cad mium can significantly increase in
seawater [23].

Table 1. Probable Effect Levels ( 2PELSs)

Inorganic Probable effect levels in

elements/ freshwater and saltwater
contaminants Freshwater Saltwater PELs

PELs (mg/l) (mg/l)

Arsenic 17 41.6
Cadmium 3.53 421
Copper 197 108
Mercury 0.49 0.7

Source: USGS Water -Res Investigation Report 00 -4180, 2000
aPELs are higher than the  PTELs (Threshold effect levels)

Bioavailability of metals in ecosystems is not fully
understood. Heavy metals bioaccumulate and they
can biomagnify up the food chain [5]. It is believed
that adsorptionand co  -precipitation with sedimentary
sulfide minerals may reduce bioavailability.
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Because sulfides of Hg (and copper) are not readily
soluble in water, bioavailabilty cannot be
accurately measured by ratios of acid volatile
sulfide to simultaneously extracted metals [6]. It is
quite well known that methylated species of both Hg

and As are extremely toxic.  Typically, marine fish
contain < 0.5 ppm MeHg (methyl mercury), with
some high predat or fish having levels > 1 ppm [4].
Certain Canadian rivers polluted with MeHg have
fish mercury concentrations exceeding 10 ppm.
Biological methylation of arsenic was discovered
prior to the reported mercury methylation.
Trimethylarsine can be formed by so  me fungi and
bacteria grown in a media containing inorganic
elemental arsenic [7]. Further research can be
helpful in this area.

BANGLADESH ARSENIC TRANSPORT STUDY

Yan Zheng and coworkers sampled sediments
along the Meghna River that merges with the
Ganges and the Brahmaputra forming the vast
delta in India and Bangladesh [8]. Samples taken
(surface and subsurface samples taken at 9 sites) to
a depth of ~ 5 cm showed relatively low As
concentrations , but those from depths of ~1 -3 m
had concentrations tha t were two orders of
magnitude higher [8]. This reveals the depth -
dependence of sediment toxicity. Subsurface
sediments had higher mean concentrations of As of
4000 mg/kg ( n = 14) with a range from 1 - 23,000
mg/kg. X -ray absorption near -edge structure
spectroscopy indicated that As was mostly arsenate
and arsenite, and not As bearing sulfides. They
hypothesized that a significant portion of dissolved
As sorbs to iron bearing minerals that work like a
natural curtain and inferred that fluxes from
groundwate r discharges may be much less than
past estimates.

Climatic factors such as wind, storm,
bio -perturbation and increased temperatures may
dislodge buried particles bearing As and Hg, and
also cause anoxia when bacterial microorganisms
undergo rapid anaerob ic degradation. Iron  (Fe IlI)
oxyhydroxide isa common natural binder, but iron
does not hold metals or chemicals under anoxia [9].
Sediment flux can vary even within specific water
bodies depending on the time of year, redox
potential and environmental co ndition. High
flushing rate or monsoon event (as in the Bengal
delta) can transport toxic metals from freshwaters
to near shore saline coastal environment.
Bangladesh is one of those few countries, that are
most vulnerable due to climate change, with a
sensitive coastal ecosystem and the situation can
be worsened by possible hydropower dam pr ojects
on international rivers - like the Yarlung Zangbo
(Brahmaputra after entering India) by neighbor
nations [15].

Coastal marine environments (e.g., bays, fjords,
estuaries) are susceptible to tidal flushing and
currents with high velocities and changing direction
of ebb/flood tides. Movement of currents depends
on temperature/salinity changes, which in turn can
change the density of water [10]. Benthic organisms
rely on sediments; the nature of substrate (native or
imported minerals) is critical to the economy of

biological communities (fish and other micro or
macro organisms). There are not enough studies to
document plant uptake of metals in aquatic
environment an d estuarine sediments. However,
arsenic translocation via plant root systems is a
known phenomenon, which can enter human diet
through rice plant uptake. It is believed that arsenic

in the Bengal delta region and shallow drinking
water wells contaminated w ith arsenic caused
massive poisoning ever known in the history of
world.  Further investigations of biological
methylation and demethylation, in marine
sediments, as well as plant uptake of metals are
needed to satisfactorily understand ecosystem and
human health impact.

ENVIRONMENTAL CHANGES AND ADAPTATION &
TOXICANTS

Toxic metal wastes can have acute adverse
impact on estuarine biota. Sustained human and
animal waste inputs (e.g., organic enrichment,
chemical fertilizers, manure) and sewage derived
nitrate  may lead to anoxic condition in lakes,
streams and estuaries impacting desirable fish
species of social and recreational value [10] and
favoring pollution tolerant aquatic species. On the
other hand, toxic metal wastes have a tendency to
cause total defau nation affecting all species except
probably a few types of bacteria. A Sanfrancisco Bay
indepth study of benthic fauna composition at 460
Stations by Filice (1959) in the upper estuary
(Southern Bay) revealed that in areas receiving
highly concentrated do mestic (organic) wastes, low
numbers of very few species survived -- while in the
adjacent areas the polychaete worm Polydora
uncata became numerous [11]. Toxic industrial
wastes eliminated all but 3 species with only 12
species found in the surrounding ar eas due to
greater dilution of waste inputs. Here it is relevant
to note, atmospheric deposition and contamination
of water resources (lakes, rivers, estuaries) by
nonpoint source industrial emissions (e.g., from
coal power plants) like the hazardous air p ollutants
containing metals, can cause much higher loading
without local generation due to dispersion. Adaptive
implementation goals aspire to achieve fish mercury
target ranging from 0.1 ppm (parts per million) to
0.3 ppm for Connecticut, Maine, Massachus etts,
New Hampshire, New York, Rhode Island and
Vermont lakes in the northeast region of the US to
ensure designated beneficial uses of New England
waters [18]. This remediation goal (to address
out -of-region mercury transported from upwind
Midwest states of US and Mexico) was supported by
the analyses using EPA  Mercury Maps Model, which
is based on steady state formulations of the
Mercury Cycling Model (MCM) and IEM  -2M Model
[22]. The model assumes decrease in Hg emissions
will result in a proportional dec rease in Hg
deposition, consequently reducing concentrations
in fish tissue. The dynamic ecosystem model
predicts a linear response between changes in
deposition, ambient levels in water and sediments,
and fish tissue Hg concentrations.

Human imprint on atmospheric and natural
systems has caused ecological stress. Living
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organisms in aquatic environment have always
encountered toxicants released from natural rock/
soil or decomposed organic substance and
excretion of flora/fauna. However, our reliance on
toxicants since the industrial revolution (e.g.,
pesticides in  agriculture/forestry) has negatively
impacted aquatic biota (affecting non target
organisms). Western (US) agriculture shifted from
being a net producer to a net energy user in the past
half -century with 3 -fold as much energy used to
roughly more than double the corn production per
acre. This is attributable to the advent of
pesticides/machines and inorganic fertilizer, all of
which are energy intensive [12]. Agricultural
application of treated sewage sludge has national
implications for the US and may have ripple effects

in the reversal of defaunation (caused by synthetic
fertilizers) in the gulf zone. Bangladesh and other
developed or developing countries may also benefit
from switching to orga nic fertilizers and reducing
energy demanding pesticide usage. The Bengal
delta, threatened with sea level rise (that can
further complicate drinking water contamination
issues) due to atmospheric warming, may
particularly benefit from such eco -friendly ac tivities
like optimizing machineries and pesticide usage in
the agricultural sector globally. Comparison of
trend of mean world temperature changes with the
temperature rise in the Bangladesh delta region
shows, on average, an overall warming of ~ 0.5 oC
[19]. Investigation by  Fendorf, et al. (2008) revealed
that fate and transport of arsenic is strongly
influenced by anthropogenic factors [21]. C hanges
in agricultural practices (including irrigation
methods) , dredging and upstream dam installations
can also alter the hydraulic regime and/or source of
arsenic (groundwater vs. surface water). When
there is arsenic (hatural or anthropogenic) or other
metal deposited in the bottom, dredging is usually
not considered a feasible option for pond
rehabilitation proj ects in the United States (US) to
avoid physical resuspension of sediments. EPA is
working toward reduction of risks posed by
sediment contamination due to present/historic
municipal and industrial waste discharges to US
lakes/rivers and reservoirs.

A. Index of Biologic Integrity (IBI)

Numeric index of biologic integrity can provide
accurate water quality assessment. Based on
extensive experience with the State Board of Health,
Florida biologist Beck developed a simplistic
numeric biotic index in the 1950s as in Equation1 &

IBl=2(nClass ) + (nClass Il) (1)

where, IBI is the index of biological integrity and n
represents the number of macro - invertebrates
either in Class | (non -tolerant of measurable
organic pollution) or in Class |l (tolerant of
moderat e organic pollution but not near anoxic
condition). A body of heavily polluted water will
have biotic index of zero. Generally, streams
receiving no waste have IBl > 10 and 1 0 6, if
receiving moderate organic wastes [10][13]. The
enthusiastic reader is r eferred to the Biological
Indices chapter of Warren (1971) for indepth

discussion [10]. Put simply, change in diversity
index (d) can be ¢ omputed as in equation 2 below

d= - summation (n i/n)log 2 (ni/n) (2)
where N is the total number of individuals and Ni is
the number of individual s

population ration (N i/N) is estimated from sample
values (ni/n). Computation of diversity indices
[13] based on information theory for a locale above
and below waste discharges (e.g., domestic, o |l
refinery, storm sewer) into fresh and marine waters
demonstrated community decline below discharges
but gradual return with time, distance and flow.
Researchers now -a-days also use body condition
indices such as relative weight (Wr) index to track
ecological impact on health and growth of fish
species. Based on current literature review, index of
sustainable functionality (ISF) of lakes/rivers and
reservoirs can be noticeably impacted by ecosystem
imbalance such as higher air temperatures,
lowering of wa ter level and climate instability
[24]-[26].

SUMMARY AND RECOMMENDATIONS

The fate and transport of metals are determined
by climatic factors (e.g., temperature, wind) and
may be influenced by metabolic activities of the
aquatic/ marine flora and fauna, typ e of
contaminants or  chemical (species) input from the
watershed activities as well as the ecological
relationships amongst the micro and macro
organisms inhabiting the coastal environment.
Mathematical computation of IBI may guide coastal
water quality as sessments more accurately.
Temperature changes at the sediment -water
interface, redox potential (reducing condition will
release arsenic), hydroxo complex formation and pH

are important factors in metal transport
mechanism. Site specific studies and baseli ne
monitoring could help in long term planning and

watershed management activities. By comparison
and contrast, the effects of toxic waste may be far
more detrimental than domestic waste inputs. We
ought to endeavor to protect ecosystem by limiting
toxic usage and/ or adopting a
wast e policyo. Replicating
redesign to improve hydraulic flushing by lowering
dam height as feasible) and natural flooding/river
flow could potentially reduce the adverse effects of
pollution.

Effective management response (e.g., wastewater
treatment, industrial retrofits) to anthropogenic
and climatic stresses may very well include broad
education/outreach ~ (not  just  sector -driven
research) programs and foster private -public
entrepreneurships. Ef fluent treatment plants to
address surface water/river pollution (including
organic enrichment) can serve double purpose 81)
reduce the impact of sediment - arsenic release due
to anoxia and 2) solve communal health problems
associated with As - contaminat ed ground water use
in Bangladesh [3]. The author recommends creative
partnerships and integrated efforts by local,
metropolitan, industrial, national, international
agencies and an adaptive style to address multiple
pollution threats (including naturally occurring
arsenic in the Bengal delta) to sensitive estuarine
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ecosystems. This may open new opportunities for

all

involved and chances to contribute for the

greater good and a better future.
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Abstract

To avoid operating only in a crisis mode, broader climate change awa reness of the developed and the developing world
is very crucial. Based on a thorough literature review, this paper attempts to better understand the global extent of

climate change impacts and solutions with specific focus on sea -level rise, ecosystem and human health impacts. The
impact of climate change could be severely detrimental for major deltas around the world including the Bengal Delta
with rapid urbanization, worsening global water scarcity and potential loss of ecosystem benefits. Watershed
mana gement tools (e.g., adequate wastewater collection, conveyances and treatment, in -lake methods, storm
control to address nutrients/pathogens, increasing shoreline vegetation) incorporating environmental science
principles, comprehensive environmental and urban policy/planning, effective implementation of the relevant policies
and laws at the local levels and cooperation among nations are critical elements of a responsible climate action plan to

-water

avert future crises and mitigate potential health impacts

INTRODUCTION

The likelihood of irreversible, human -induced
climate warming over the next few decades is of
great concern, which is marked by a number of
local and global governance efforts pertaining to
sustainability [24] [26], including the fifth
International Conference on Community Based
Adaptation (CBAS) to climate change in Bangladesh
with participants like the World Bank representatives
from Washington, UNDP from New York and also
the Asian Development Bank [39]. Climate change
along with rapi d rate of urbanization is linked to
ecosystem impoverishment with negative
consequences for the human race and thus the
subject deserves our adequate attention.

Coastal -marine ecosystems comprised of diverse
flora/fauna and human populations living in the
islands and also in mainland are threatened by
climate change in many countries of the world.
Two-t hi r ds of the worl dos
coastal areas (> 50% living within 60 km of
shoreline) and many of the largest cities are also in
the coast [30]. Some climate general circulation
models (GCM) indicated positive changes in
precipitation and increases in peak discharge for
almost all warming scenarios [5]. The changes and
impacts might vary from region to region.
Chowdhury Sukhan and Hannan [36] outli
Bangladesh specific (where the Bengal Delta is
located) baseline average data and GCM estimates
of precipitation and temperature (2030 -2100)
changes and their potential negative impacts on
fisheries resources. Similarly, Jacobs states that
evapo-transp iration rate may increase up to 15%
with a 2 -30°C temperature rise in the Mekong river
basin in Cambodia [38]. There is a growing sense of
ecological stress and risk [23] -[24]. Studies
investigated the impacts of climate change on local
authority planning [ 27]-[28] in Europe, Japan as
well as North America. Although suburban
communities in various city ~ -regions in the US have
begun to accept local responsibilities for climate
change [25], significant policy  reform remains to be
addressed - especially around w hat some observers
see as a considerable implementation gap. This

ned

paper attempts to understand the global extent of
ecosystem problems, sea -level rise and health
impact of climate change and suggest practical
solutions. It emphasizes science -based long ter m
watershed planning to address aquatic ecosystem
vulnerability and human adaptation.

SEA-LEVEL RISE AND THE BENGAL DELTA

Sea-level rise is a major concern especially in
major deltas of the world including the Bengal delta.
How sea -level rise would impac t the deltaic regions

and what might be the possible steps to adapt with
the issues have been synthesized in this section
focusing on the Bengal delta as an example.

. >
Fig. 1. Sundarban - dried shrimp pond and winter
cranes looking for food (Photo courtes y: Dipen B.,

UC Riverside, California, USA, Jan. 2010).

Bangladesh delta is blessed with the largest block
of mangrove forests (supporting a number of
endangered flora/fauna no longer found elsewhere)
in the world [20]. Observed data show an increase
in average tidal level of 3 - 4 mmlyr along the
Bangladesh coast [8]. The sea -level may further rise
by about 7 mm per year in future and lead to the
submergence of coastal land areas and studies
inferred that with ~ 0.8 m sea  -level rise, ~17% of
coastal land in Bangladesh could be inundated
[5][8]. However, the climate model projection does
not take into account the enormous sediment load
from the Himalaya that the Ganges - Brahmaputra -
Meghna basin (located in Indian subcontinent)
experiences. Bangladesh isc risscrossed by 57 trans -
boundary rivers that transport approximately 2.4
billion tons of sediments [21] and the Bengal delta
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may be naturally resilient. But, accelerated

sea-level rise poses a threat to the Sundarbans (Fig.

1), a World Heritage site that  has unique biodiversity.
Here it is noteworthy that coastal areas of

Bangladesh are already experiencing the worse

impacts of inundation and erosion, saline intrusion

and loss of native flora/fauna due to sea -level rise.

A large tract of arable land in Ban  gladesh has been

affected by varying degree of salinities [16][37] due,

in part, to its low elevation and increased soil

salinities mainly in southwest part of the country as

shown in the Table 1.

Table 1. Districts affected by increased soil 2salinity in
Bangladesh during 2000 8 2009 [36].
District Affected Year 2000 Year 12009
(hectare) (hectare)
Khulna 145,000 148,000
Satkhira 125,000 131,000
Bagerhut 147,000 153,000

2salinity varies from 0O
supported by the Sunda

- 20 ppt; over 120 species of fish are
rbans coast subject to intrusion [37]

The combined effect of anthropogenic causes
(such as major hydroelectric dams constructed by
co-riparian countries to power South Asia and lack
of regulations/ enforcement in matters like
commercial shrimp farming, whi ch is depleting
mangroves that protect coastal landmass from
storm surges), coupled with sea - level rise has
serious implications for deltaic Bangladesh. Some
ecosystem based steps, that were proved to be
effective in Southeast Asia, might be helpful in th
context of Bangladesh for habitat protection and
climate change adaptation. For example, the
Coastal Conservation and Education Foundation, a
local NGO in the Philippines, helped the Southeast
Cebuds ecosystem
attempt to addre ss the institutional, socioeconomic
and environmental concerns plaguing a common
fisheries ecosystem beginning at municipal level
marine protected areas (MPAs) and scaling up to

MPA networks within an inter - municipal
governance in the Philippines. Statist ical test
(1-ANOVA) results showed that better law

enforcement can improve MPAs with only a
marginally significant decrease (p =0.058, F =4.74)
in coral cover in Guiwanon Marine Sanctuary [9].

HYDROLOGY, SALINE INTRUSION AND ACCLIMATION

Studies for India s Agatti I s
Delta [2] -[3] reported that climate related increase
in flood propensity and the rising of brackish
surface waters in areas of low topographic relief
could contaminate underlying freshwater coastal
aquifers [13]. Other studies = demonstrated that salt
water intrusion due to climatic factors can
significantly lag behind sea  -level rise and may be a
function of complex local hydrogeology (e.g.,
Atlantic coastal plain) and aquifer substrate [12].
Nonetheless, salinity (a measure of t  otal dissolved
solids or TDS and regulated by major cations and
anions) fluctuations could impact the native flora/
fauna and estuarine species adapted to a specific
locale due to abrupt ecosystem changes [32] [34].
Tidal cycles, temperatures, wind and pre cipitation
are important climatic factors in salinity [32].

management

and

Anthropogenic and climatic stresses may alter algal
species composition favoring toxin - producing
strains. For example, Anabaena aphanizominoides
can tolerate salt levels up to 15,000 mg/L [22].

Estuarine and aquatic fauna can sometimes
withstand extreme temperatures through
acclimation. Because enzymes influence biological
processes and chemical reactions greatly rely on
temperature, the combined effect of increased
temperatures and low oxygen le vels at interstitial
sediment pore water may impact water quality and
also limit growth/ survival of valuable aquatic/
marine species [34]. Faster  metabolism at higher
temperature leads to greater oxygen demand with
accelerated decomposition at the lake  -bottom and
rapid oxygen depletion. However, a dvanced
wastewater treatment (alum based processes vs.
conventional) could lower nutrients and alter
biochemical and bloom formin g characteristics of
effluents - before being discharged to a river/lake or
estuary and counter the temperature effect. It is
also well known that solubility of molecular
(species) oxygen decreases in water containing
much salt (i
the significant amount of water of hydration bonded
to ions [29]. Mi croorganisms are loaded with
enzymes and empirical rate laws are typically used
to express growth -rate-substrate relationships.
While it is the normto  deduce an approximation of
ionic strength (W) as a function of TDS or specific
conductance (electrical ¢ onductivity is directly
proportional to ion  concentrations), the
DeBye-Hickel limiting law was developed for p <
5x10-3 as in (1):

|l og =A05Z2u% (1)

wher e, o) i s i oniiig thes activiyn gt h ;
coefficient and Z ; is the charge of ioni ¢ species i.
Tembe%ﬂur& éar"flctatblyyzee bibggocheefnfbal reactions
and organism growth rate depends on the catalyst
behavior mediating myriad reactions in biological
wastewater treatment. A good question for us to ask
could be & how does a fish feel or adapt i n the
natural aquatic environment with abrupt changes
in salinity, temperature or dissolved oxygen levels?

HUMAN HEALTH IMPACT AND SOLUTIONS

Climate change could increase the rate of
precipitation and pathogen impairment of urban
/suburban/rural streams a nd lakes/ponds. The
bacterial pollution of the receiving water -bodies due
t@ ribboinfseulicas\(edy!, rooftop/paved parking lot,
street flooding, sediment re -suspension) could
impose potential risk to human health, and impact
quality of life worldwide. Some researchers were
able to isolate the impact of sediment fecal bacteria
pool by creating mechanical agitation or artificial
storm/  flooding events [7]. Historical data and
analyses indicate that the risk of malarial epidemic
increased 5 -fold in the Indian ~ Subcontinent during
the year after an EI  Nifio [4] . Also Pascual and
associates [6] found long term positive correlation
between EIl Nifio and cholera using 18 years of data
from the International Center for D iarrheal Disease
Research, Bangladesh The surface water in
Bangladesh is unsafe  for drinking, washing, cooking/
bathing because of high levels of total fecal coliform
ranging from 6.0X10 2 to 1.6X10 & cfu/100ml [1].
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Most of Bangladesh has groundwater contaminated
with naturally occurring arsenic. Thus, the country
needs to prepare now to meet the public health
challenge of climate variability. Climate disasters
may lead to a severe shortage of clean water
(already scarce due to widespread river pollution by
pathogens). Climate change indeed poses a
tremendo us challenge for Bangladesh due to a lack
of access for rural populations to basic sanitation,
and pathogen contamination of lakes/rivers
eliminating the many ecosystem services to people
living at subsistence level.

Clean water and nutrition are essentia | to ensure
health and welfare. Contamination of water
resources due to urbanization and industrialization
coupled with climate change is a major concern for
both developed and the developing countries [30].
Studies inferred that growing world population,
watershed development without respecting the
limits of natural ecosystem and climate change
could worsen global water scarcity and water
quality impairment problems and impact human
health [15] [30]. Conversely, wastewater treatment
plant effluents with mo  stly dissolved phosphorus
(readily bioavailable) can be reused as renewable
water resource for non -potable urban use and
agriculture  (disinfected secondary treatment
effluents) rather than discharging into rivers that
may induce potentially toxic algal blo oms under
warmer temperatures. Not too many wastewater
treatment facilities in the US currently discharge
phosphorus at concentrations below the threshold
limit for reasonable habitat, recreational quality
and water quality management without dilution.
Some freshwater rivers drain into coastal waters,
whence dual -nutrient control is necessary [17].
When toxicants (e.g., metal) are absent but sunlight
and nutrients are sufficient, algae will grow
profusely in either tropical or temperate climate.
Among the problem algae are certain filamentous
greens and the blue -greens (i.e., cyanobacteria).
Some cyanobacteria (e.g., Microcystis, Aphanizomenon,
Anabaena) can produce toxins, magnifying the
health threat from phosphorus inputs to freshwater
lakes [33] . Occurr ences of toxin -producing blooms
have ramifications for water supply and ecosystem
services (e.g., fishing, bathing/recreation), both
linked to human health. Rural health problems are
simple and better solved with access to clean water
and nutrition. It is relevant to note that scientists
with the Bangladesh Agricultural Research Council
predicted agriculture to be the hardest hit sector as
temperatures above 35°C for > 8 hours could cause
sterility of rice plant (wetland plant). Severe flooding
that inundat ed >33% of the country had hit 5X
during 1987 -2007 compared to just twice in the past
two decades [10], [11], [40] causing substantial loss
of crop, whichis also  related to nutrition and health.

Re-aeration is considered a major component of
the natural balance of dissolved oxygen in aquatic
environment. Natural and undiminished stream
flow with enhanced re -aeration potential can reduce
occurrences of harmful aquatic species/algal
blooms that can choke lakes/ ponds and bays by
restricting aeration. Re-aeration in low stream
velocity waters is generally affected by less dynamic
processes (non -energy reach characteristics)

including changes in water quality parameters (e.g.,
TDS, color, suspended solids).  Turbulence in the
water column is the primary factor that determines
oxygen and gas transfer rate at the air -water
interface of high -slope streams [18] -[19]. Low-slope
and slow streams with large population areas
discharging untreated sewage into rivers are the
most vulnerable to seasonal harmful algal bloom S
due to climate variability (temperature,
precipitation). Oxygenation can prevent formation

of methane and hydrogen sulfide odor (byproducts

of decaying algae/organic matter decomposition
under suboxia) in the lake bottom [35]. Success of
phosphorus inact ivation by alum/aeration (in -lake)
can be enhanced by storm water loading reduction.
Repeated chemical treatments after blooms are
expensive (have side -effect with respect to
ecosystem/human health) and results may vary.
Thus, low flow augmentation, good m unicipal
house -keeping and appropriate levels of sewage
treatment to remove nutrients (before discharge)

are necessary for estuary and river protection and
overall vibrant ecosystems.

SUMMER Y, RECOMMENDATIONS AND
MANAGEMENT PERSPECTIVE

Water scarcity, sali ne intrusion and crop -failure
are some of the major concerns of GCM predicted
climate variability. All of these elements are
profoundly linked to human health and have the
potential to worsen pollution and environmental
degradation problems in vulnerable d eltaic coastal
regions including Bangladesh. The moral challenges
for the governments, NGOs, concerned citizens,
civic groups and international friends are to ensure
public health/safety and welfare. This can be
realized by adopting the ecosystem approach
calls for preserving MPAs, healthy riparian
vegetation (protecting mangroves) and needs the
cooperation of upper riparian nations to avoid
damming of the international rivers for uninterrupted
river flow and sediment subsidies. Bangladesh will
host an international conference with participants
from twenty countries from Asia, Africa, island
countries and Latin America in November 2011.
Certainly, this would help the vulnerable communities
to share knowledge of how they are preparing to
tackle climate ¢ hange locally (e.g., CBA techniques)
as new spheres of opportunities emerge in global
authority planning, and also make the more -
affected and the less -affected countries reasonably
united in coming up with a philosophical
framework to better understand th e science,
communication and resolution to deal with the
twenty first century climate change phenomenon.

With regard to long term watershed planning,
proper handling of domestic wastes and installation
of sewage treatment facilities to counter climate
related increase in water pollution (i.e., pathogens,
nutrients) and associated health risks in Banglades h
are of paramount importance. Lakes and reservoirs
across North America and Europe showed
substantive water quality improvements after
implementing sim ilar pollution control measures
[14]. Exchange of knowledge/ideas and lessons
learned from each other can avert future problems
for both developed and developing world and

that
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address overall ecosystem vulnerability. Increased
river pollution, sea -level rise a nd salt water intrusion
issues linked to GCM predicted climate variability,
unplanned growth/industrialization [31] and fast
urbanization [15] [30] need to be resolved globally
and at the local scales as part of a responsible and
practical climate actionp lan.
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-u.ac.jp; Tel: +81 -80-4034 -7475

-treated wastewater for multipurpose uses, example

-based wastewater

treatment facility at Mirzapur, Tangail, Bangladesh. Retention time in the pond was varied by changing the influent

pumping rate i

nto the system. To determine the optimum retention time, three retention times, 19 days, 22 days and 27

days were tested during field experiment. From results of the water quality monitoring analysis, it was found that 22

days retention time is optimum for

treating domestic wastewater by a duckweed

-based system. All members of the

duckweed family concentrate organic pollutants and heavy metals. The study demonstrated that duckweeds can

efficiently reduce fecal coliform count (100% removal), TDS (79.06% remo

val), BOD (98.08% removal), ammonia

nitrogen (NH 3-N) (99.15% removal), phosphate (98.30% removal), Fe (64.80% removal), Mn (58.64% removal), and As

(99% removal) in the wastewater after a retention time of 22 days. This study has also showed that duckweed

-treated

effluent can be suitable for pisciculture and recreational water uses. However, the effluent may not be suitable as a

drinking water source since it contains fecal coliform. Co

-crops grown on the pond embankment may provide additional

financial ret urn and can be also used for other purposes such as fish and poultry feed. Since the processes in an
integrated duckweed -based wastewater system are energy efficient, such a system would be cost effective and

applicable under a wide variety of rural and ur

ban conditions in Bangladesh

INTRODUCTION

Rapidly growing shortage of usable water has
promoted attempts to re -use effluent from
wastewater treatment plants in many parts of the
world. After proper processing, the effluent is used
for various urban, industrial, agricultural,
aquacultural or recreational purposes. Duckweed
covered stabilization ponds may significantly lower
the pollutant concentrations in the effluent at
relatively low costs [1] [2].

Duckweed (belonging to the botanical family of
Lemnaceae and genera Spirodela) the rapidly
growing and small size of floating aquatic plants are
capable of accumulating nutrients and minerals
from wastewater. The latter are finally removed
from the system as the plants are harvested from
the pond surface. D uckweed, while growing in these
ponds converts substantial amounts of organic
compounds into biomass by converting nutrients
and dissolved minerals into plant biomass. When
plants are harvested, nutrients and minerals are
removed from the systemand adyna  mic equilibrium
of nutrient and mineral sink is established. This forms
the basis for a highly effective wastewater treatment
technology. Waste stabilization ponds (lagoons) are
generally the method of choice for domestic
wastewater treatment in developing countries [3].

Duckweed that grows in wastewater lagoons can
be harvested and used as the only source of fish
feed and poultry feed. Duckweed holds the potential
to create a financial incentive for controlled faeces
and wastewater collection in both rura | and urban
areas and, therefore, improve sanitary conditions
and reduce water pollution problem. Duckweed
have a great capacity in assimilating N, P, K, Ca, Na,

and Mg, especially in heavy loaded waters. Daily, it

is possible to remove up to 4.7kg/ha N, 1 .6kg/ha P
and 2.1 kg/ha K [4]. Duckweed has a potential for
the utilization and treatment of excreta, especially

in developing countries with poor sanitation and
storage of high - protein animal feeds. Their high
protein and low -fiber fronds are readily con sumed
by herbivorous fish [5]. Thus, the full potential of
duckweed aquaculture lies in its combined use in

the fields of sanitation, agriculture, food production

and income generation.

Effective treatment of wastewater both the rural
and urban areas remai ns an elusive objective in
most developing countries. Because of industrial
development and growing population density in
future, countries like Bangladesh cannot afford not
to treat their wastewater. While there are many
reasons for this, experts generall y agree that the
overriding factor is cost. Conventional treatment
systems, which generally rely on heavy aeration are
prohibitively expensive to install and both difficult
and costly to operate and maintain. Duckweed -
based wastewater treatment systems pr  ovide
solutions to these problems.

Duckweed -based wastewater treatment systems
are inexpensive to install as well as to operate and
maintain. It does not require imported components
and functionally simple, yet robust in operation. It
provides tertiary tre atment performance equal or
superior to conventional wastewater treatment
systems and now recommended for large  -scale
applications [6].

In Bangladesh, three relatively small duckweed -
based treatment systems have been used to treat
domestic wastewater. In  these systems, duckweed
ponds improve the treatment capability by natural
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bioaccumulation process. However, suitability of
the treated water for agricultural, aquacultural or
recreational uses is unknown. If found suitable,
duckweed -treated water may prov ide an additional
resource in both rural and urban areas. Duckweed
also holds great potential in wastewater and
sanitation projects if combined with duckweed feed
applications in aquaculture [7] [8] [9 ]-

MATERIALS AND METHODS

A. Study area

The study area was selected in an experimental
duckweed -based wastewater treatment demo farm
operating by PRISM Bangladesh (an NGO) at
Kumudini Hospital Campus (KHC) of Mirzapur
Upazila under the Tangail district of Bangladesh.
The location is approximately 60 km north of
Dhaka, the capital city of Bangladesh. Total
capacity of the wastewater treatment system is 14
million litres. 2.4 hectares of land are being used for
duckweed based wastewater treatment plant and
duckweed fed aquaculture. Fig.1 shows a
systematic diagram of  the duckweed -based system
along with its different components and salient
features. In this study, the duckweed plug flow
system (secondary treatment) is composed of five
bends (ponds) and its total length is 500 meter,
each bend being 100 meter in length . The first bend
is termed as the inlet and the last bend is termed as
the outlet of the plug flow system.

B. Sampling of water sample

Grab samples were collected from several inflow
and outflow locations (the raw sewage (Pump
house), primary stabilizationpo  nd (P-1), and middle
points of bend -1 (B-1), Bend -2 (B-2), Bend -4 (B-4)
and last bend (LB) of the system) of the facility.
Retention time in the pond was varied several times
by changing the pumping rate (daily input) to
determine the corresponding changes in the
effluent water quality. Hydraulic Retention Time
(HRT) was calculated by the following equation:
47 GATl GiRAOAO
$ABITWLOO

In this study three varying retention times (19
days, 22 days and 27 days) was maintained in three
different sa mpling stages. The water quality

(24

parameters pH, EC, TDS, DO, BOD, Fe, Mn, As, PO 4,

NH3-N and Fecal Coliform were analyzed with these
three varying retention time. The total volume of
water was calculated of the plug flow system 11100

m3 (500m x 12m x 1.85m ). In the first sampling, the
retention time of the domestic wastewater was
maintained at 22 days by the pumping rate 6 h/day

as daily input of 489.02 m  3of wastewater into plug
flow system. In the second and third sampling
periods the retentiontimewas ma  intained at 27 days
(5 h/day pumping as daily input of 407.02 m 3 of
wastewater) and 19 days (7h/day pumping as daily
input of 570.5 m 3 of wastewater) respectively and in
each sampling step a total number of 18 samples
were analyzed. The time interval of ea  ch sampling
step was varied with the retention time and pumping

rate (input) of wastewater into the system.
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Fig. 1. A Typical Duckweed based waste water treatment
system and its components at KHC.

Table 1. Water Quality Standard and Guideline of
Banglades h [10]

Parameter  Aquaculture Agriculture Recreation

& Unit

pH 6.5-8.5 6.5-8.5 6.5-8.5
EC (us/cm ) 1200 2250 1200
BOD (mg/l) ¢ 6.0 25.0 230
DO (mg/l) 250 210 250
TDS (mgll) 2100 2100 2100
Fe (mg/l) 2.0 2.0

Mn (mg/l) 250 250
As (mg/l) 0.2 0.2

?‘n']";/])” 50 75 50
PO4 (mgl/l) 35

EC ¢ 5000 1000 ¢ 5000

(Pathogenic<2) (Pathogenic<2) (Pathogenic<2)

C. Experimental method

The wastewater samples were analyzed in the
PRISM Bangladesh Environmental Laboratory by
using standard methods of whic ~ h pH was tested by
Digital Senseion -1 Detection method, the EC and
TDS were tested by Digital Senseion -5 Detection
method, the DO was tested by Digital Senseion -6
Detection method. The NH 3-N was analyzed by
Nessler method and PO 4 was analyzed by Phosphovar
method. The heavy metals Fe and Mn were tested by
Spectro Photometric method. BOD s was analyzed
by BOD Track ™ method. As was tested by HACH
Test Kit. FC bacteria was analyzed by Membrane
Filter method. Water quality standards and
guidelines of Bangladesh were consulted to
determine the suitability of re  -use of the effluent in
various water resources applications including
agricultural, aquacultural and recreational uses.

RESULTS AND DISCUSSIONS
A. Water quality standard in Bangladesh

One of the main objectiv es of this study was to
assess the suitability of the treated effluent for
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various applications as per the water quality
standard and guideline in Bangladesh. The results

of water quality analysis obtained from the three
varying retention time 19 days, 22 days and 27 days
are analyzed which has compared with the water
quality standard and guideline of Bangladesh to
assess the suitability of the duckweed treated
wastewater for multipurpose uses. The following
Table.1 represents the water quality standard and
guideline of Bangladesh.

80.00

70.00
—@— Retention Time = 19 days
60.00

50.00

L)

g 40.00
[a)
6] 30.00
0
20.00
10.00

000 T T T T 1
200 300 400 500 600

Distance (m)

0 100

Fig. 2. Variation of BOD s (mg/l) with distance for the
retention time 19 days into the duckweed plug flow.

B. Water
retention
multipurpose use

quality variation with distance and
ti me 19 days

It was observe d that for the retention time 19
days the raw wastewater showed the average pH
6.92,EC 1136us/cm, TDS 581.3 mg/l, DO 0.70,
BODs 220.5 mg/l, Fe 0.99mg/l, Mn 0.73 mg/l, As
0.03 mg/l, NH 3-N 45.23 mg/l, PO 4 44.24mg/l and
Fecal Coliforms 6.07x10 5 CFU/100ml. Th e effluent
at 500 meter distance in outlet showed average pH
7.29, EC 398.33us/cm(65.73% removal,), TDS
193.93 mg/1(66.64% removal), DO 5.15mg/l, BOD
7.60 mg/l(96.56%removal), Fe 0.27mg/I(72.39%
removal), Mn 0.24 mg/I(67.73% removal), As 0.00
mg/l(96.20% removal,), NH 3-N 1.49 mg/I(98.15%,
removal), PO 4 1.46 mg/I(96.70% removal) and Fecal
Coliforms  0.67 CFU/100mI(100%  removal).
Comparing with the standards, the result showed
that except BOD this water meets the standards for
aquaculture. This water is suita  ble for agriculture
and recreational water uses. The Fig.2 represents
the variation of BOD s with the distance of the
duckweed plug flow for the retention time 19 days.

At 400 meter distance in bend -4 the calculated
average pH 7.27, EC 442.00ps/cm, TDS 215. 67 mg
/l, DO 4.57, BOD 5 17.19 mg/l, Fe 0.37 mg/l, Mn
0.33 mg/l, NH 3-N 3.12 mg/l, PO 4 3.13 mg/l and
Fecal Coliforms 8.00 CFU/100ml. This water quality
from bend -4 was found that the BOD is higher than
the standard for aquaculture. So, except BOD this
water meets the standards for aquaculture and is
suitable for agriculture and recreational water uses.

5

C. Water Quality Variation with distance and
retention ti me 22 days
multipurpose use

It was observed that for retention time 22 days
the raw wastewater showed the average pH 6.75,
EC 1283.67us/cm, TDS 655 mg/l, DO 0.45, BOD
260.67 mg/l, Fe 0.60mg/l, Mn 0.73 mg/l, As 0.02
mg/l, NH 3-N 34.89 mg/l, PO 4 39.80mg/l and Fecal
Coliforms 2.35x10 5 CFU/100ml. Observing the
water quality at the outlet of the system, the
pollutant removal efficiency were calculated to be
EC 280.87mg/l (78.12%), TDS 137.1mg/l (79.06%),
BODs 5.0 mg/l (98.08%), Fe 0.21mg/l (64.80 %),

5

Mn 0.30mg/l ( 58.64%), As 99%, NH  3-N 0.30 mg/I
(99.15%), PO 40.67mg/l (98.30 %) and Fecal
Coliforms0.33 CFU/100ml (100%). The Fig.3

represents the average DO level in different locations
of the duckweed plug flow system.

6—!— Inlet —@— Outlet —&— Raw Waste Water

5 o e
. \./
—
>4
£
03
(]
2 l\\./.
' ‘\A\‘
0 T T 1
15 20 25 30

Retention time (day)

Fig. 3. The ave. DO (mg/l) level in different location of the
duckweed plug flow system with varying retention time.

The average DO level was observed to gradually
increase from the primary pond to the outlet of the
duckweed plug flow. These treated effluent quality
parameters were compared with the Bangladesh
water quality standard shown at Table.l. The
treated effluent is not suitable for potable water
guality because it contains some fecal coliforms and
the heavy metal concentration is higher than the
standard value. Comparing with the aquaculture,
agriculture and recreational water uses standard
and it was found that thes e treated effluent is
suitable  for  aquaculture, agriculture and
recreational water uses. Inthe bend -4 at 400 meter
distance of the duckweed plug flow, the water
contained average pH 6.86, EC 374.23us/cm, TDS
180.33 mg/l, DO 3.70, BOD 5 16.13 mg/l, Fe 0.34
mg/l, Mn 0.44 mg/l, As 0.01 mg/l, NH 3-N 1.71
mg/l, PO 4 2.14 mg/l and Fecal Coliforms 3.67
CFU/100ml. These water quality values were
compared with the standards and it was found that
all parameters except BOD satisfied the water
quality standard for aquacu Iture. It was also
observed that these water quality parameters are
suitable for agriculture and recreational purposes.

In the inlet at zero meter distance and in the bend
at 200 meter distance the values of water quality
parameters were compared withth e standard and it

-2

a n vas fpundathat theswater are alkalineintngture and r

contained high concentrations of BOD 5 27.30 mg/l,
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low DO level (3.61 mg/l), high concentrations of
NH3-N 3.20mg/l, PO 46.33 mg/l and high counts of
fecal coliforms, which were higher than
standards. Thus water quality at this location was
not suitable for multipurpose application.

D. Water quality variation with distance and
retenti on ti me 27 days
multipurpose use

the

For this retention time 27 days, the Fig. 4
repre sents the average BOD swith distance variation
of the duckweed plug flow system with varying
retention time.

80.00

—@— Retention Time = 19 days

70.00 ) )
—i— Retention Time = 22 days

60.00 . )
—a— Retention Time= 27 days
50.00
40.00
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BOD (mg/L)

20.00
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0.00

400 600
Distance (m)

0 200

Fig. 4. Variation of average BOD s with distance in
the duckweed plug flow system in three varying
retention times.

The average pH in the effluent  was 7.42, which
was little alkaline condition. The average DO lev
was gradually increased from  raw wastewater to the
outlet; the average value was 5.28 mg/l. The water
quality at 500 meter distance in outlet the a verage
pH 7.42, EC 371.33us/cm, TDS 191.3 3 mg/l, DO
5.28, BOD 5 5.02 mg/l, Fe 0.23 mg/I, Mn 0.20 mg/l,

As 0.00 mg/l, NH 3-N 0.98 mg/l, PO 4 0.72 mg/l and
Fecal Coliforms 0.00 CFU/100ml. Comparing with

the Bangladesh water quality standards, it was
observed that this water was suitable for aquacultur
agriculture and recreational purposes. However, it
was not suitable for drinking water because of the
presence of pathogen. At 400 meter distance in
bend -4 the water showed the average pH 7.33, EC
453.00 ps/ cm, TDS 244.00 mg/l, DO 4.85, BOD 5
12.57 mg/l , Fe 0.44 mg/l, Mn 0.300 mg/l, NH 3-N
1.95 mg/l, PO 4 1.97 mg/l and Fecal Coliforms 2.67
CFU/100 ml. Comparing with the standards, it was
observed that except BOD s this water meets the
standards for aquaculture. However, it was found to

be suitable for agric ulture and recreational purposes.

el

e,

CONCLUSION

This study shows that duckweed based
wastewater treatment system can effectively treat
wastewater. From the aforementioned results and
discussion, it can be concluded that the treated
effluent (outlet) from the duckweed plug flow is
suitable for aquaculture application for retention
time 22 days and 27 days. However, the treated

fficiency, comparatively lon
an (S Y,.Lomp y long

effluent for 19 days retention was not suitable for
aquaculture because the BOD level was higher than

the standard. The treated effluent is suitable for
agriculture, aquaculture and recreational water
uses for 22 days and 27 days retention time. To
ensure acceptable pathogen removal and treatment
retention times in the
angé o* 225 aays'alle Bo@tﬁl tel 1’0 Y r ducRweed
(plug -flow)  systems [11]. Considering the
multipurpose applications of the treated effluent,
pollutant removal efficiency, water quality variation

with retention time and distance, it can also be
concluded a retention time 22 days is the most
suitable for the duckweed plug flow system in this
study. The treated effluent is suitable for multipurpose
uses while the duckweed can be used as fish and
poultry feed. The effluent water quality mostly
meets the chemical and microbiological water
quality standards and guidelines for aquaculture,
agriculture and recreational water uses. Duckweed -
based system is to be economically viable if combined
with duckweed feed applications in aquaculture
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Abstract
The levels of some toxic metals in water, sediment and fish muscle, and some physico -chemical parameters of water
from three points of the Khiru River at Bhaluka, Mymensingh was analyzed. Five fish species, Puntius sophore,

Glossogobius giur is, Mystus tengra, Macrognathus aculeatus and Channa Punctatus together with water and soil were
sampled for six months and analyzed for toxic metal concentrations via atomic absorption spectrophotometry. In water,

the average DO concentration was always f  ound below the acceptable limit among all the points and ranged from
1.7+1.08 to 2.64+1.21 mg.L  -1. The concentrations of Cu, Zn, Pb in the water were found within the permissible limit,

however the concentrations of Cd, K and Na were much higher than the p ermissible limit.  Except for Cd, all other metals
were found within the permissible limit in the soil sediment. In fish muscle, the highest average bioaccumulation of Cu,

Zn, Mn, Pb, Cd, Na, K and As was found to be 3.65+1.04, 106.39+34.93, 27.52+11.27, 0. 0016+0.002, 0.0043+0.01111,
374612871, 41.62+24.42 and 0.0008+0.0009 mg.Kg -1, respectively and within the permissible limit. The findings of the
present study indicate that due to discharges from industries, the water and sediment of the River Khiru are ge tting
polluted and water quality is deteriorated

INTRODUCTION presence of toxic metals and their limits in fish as
well as water and sediment. This study allows us to
determine the levels of heavy metals such as Cu, Cd,
Zn, Mn, Pb and inorganic minerals such as K, Na
and As in water, soil and fishes of the Khiru River
along with some physico -chemical parameters of
water. The information will be helpful to create
awareness among the people and policy makers

The pollution from industrial effluents, urban and
agricultural waste in some rivers and water bodies
has reached alarming levels in Bangladesh [1]. The
surface water qualities of the rive  rs of Bangladesh
are getting highly polluting day by day [2], [3]. The
long term effects of the water contamination by
inorganic and organic substances, many of them

toxic, are incalculable and the chemicals that gbloutthe neces s It yh of i_n Sdt al l i_n 9
enter into the food chain have public healt h anto iIn these Industries
implications [4].

The inorganic minerals like magnesium (Mg), MATERIALS AND METHODS
sodium (Na), potassium (K), calcium (Ca), and A. Study area

heavy metals like manganese (Mn), lead (Pb),
chromium (Cr), zinc (Zn), mercury (Hg), cadmium
(Cd), cobalt (Co), copper (Cu), arsenic (As)  etc., wh en
present above the permissible limit in food and

Khiru river of Bhaluka, Mymensingh was selected
as the study site as recent days this river is affected
by industrialization.  Three sampl ing points (Fig. 1)

water are harmful.  The concentration of toxic were selected depending on proximity to pollution
metals in water samples indicate the situation at source, and t hose were: S1: at the industrial
present, while the concentrations of the toxic discharge point ; S2: near the bazar where the
metals in the soil sediment and organisms show the municipal wastes are discharged ; and S3: at the
result of p ast as well as current pollution levels in area where industrial dumping is less

the environment in which the organisms live [5].

. L . ) B. Sample collection
Khiru River is situated in the Bhaluka upazila of P

Mymensingh, Bangladesh and receiving importance Fish, water and soil samples were  sampled at
since industrialization advanced faster along the 15-day intervals for 6 months from December, 2008
river bank for last two decades. Besides the to May, 2009. Soil samples were collected from top
industrial wastes, it receives pollutants from 20 cm of soil in polythene bags and water samples
agricultural and municipal sources. Heavy metal were collected from 0.50 m below the water surface
pollution is a problem associated with areas of using 500 ml HD PE bottle [8], stored in ice box,
intensive industry. The technological problems transported to the laboratory and preserved in 4°C
resulting from the discharge of effl uents from until subsequent analysis. The fish samples of five
industries  into Khiru River has been the most species (three individuals every month) such as
important pollution problem in this area [6]. High Punti (Puntius sophore), Bele (Glossogobius giuris),
concentrations of several heavy metals have been Tengra (Mystus ten gra), Baim (Macrognathus
reported in the rivers near capital city Dhaka aculeatus) and Taki (Channa Punctatus) were
receiving discharges from the industries [7]. Sails collected from the each sampling point by netting

are the most important sink of trace elements. In and were transported to the laboratory in ice box on

this situation, it is necessary to evaluate the the same day of collection.
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T
Fig. 1. The sampling sites at the River Khiru, Bhalika ,
Mymensingh, Bangladesh

C. Sample preparation

Water samples were filtered through membrane
filter and analyzed. The fish and soil sediments
were prepared following the standard protocol.

Muscle samples of fishes were taken with a knife
after removing the sk in. The muscles were
fragmented, homogenized and packed in a
polyethylene wrap; stored
preserved for further analysis. Soil samples were
also fragmented, homogenized and prepared in the
same manner compliant with the acid digestion
method. Both the fish and soil samples were
digested with the mixture of nitric acid, perchloric
acid and sulfuric acid (3:2:1) for 1 hr at 120°C [9].
Digested samples were then filtered with Whitman
42 filter and raised the volume to 100 ml with DW.

D. Sample Analysis

Water quality parameters , such as dissolve oxygen
(DO), pH, alkalinity, ammonia  -nitrogen ( NHs-N), and
nitrate -nitrogen ( NOs-N) were analyzed using HACK
kit on the same day of sampling. The concentration
of toxic metals suchas Cu, Zn, Cd,Pb, M n,Na, K

and As in fish, water and soil were determined by
Atomic Absorption Spectrophotometer (AAS).
E. Data analysis

All the data were revealed using a two -way
analysis of variance (ANOVA), the level of

significance thereby being set at 5% (probability
limi t of P<0.05).

RESULTS AND DISCUSSIONS

A. Water quality parameters

Water quality parameters of three sampling
points are shown in the Table 1. Results showed
that there were variations in water quality
parameters from all the sampling points and the
values ind icated high level of water pollution in the
site of industrial discharge area (S 1) compared to

other two points. Possible factors involved in this
variation may include differences in the rate of
industrial and urban discharges.

Table 1. Mean concentratio ns (°SE) of water quality
parameters from three sampling points of Khiru River

Parameters Sampling Point
S: S Ss3

pH 8.41 +0.64 7.78 £0.39 7.96 +0.54
DO (mgL-1) 1.7 £1.07 2.65+1.21 2.54 +1.43
Alkalinity 269.58 245.83 250.67
(mgL-2) +82.0 +84.5 +89.6
NH3-N (mgL-1) 3.25+1.53 3.29 +1.36 3.20 £1.50

34.59 47.23 29.38
NO3-N (mgL) +17.04 +32.07 +10.08

Most favorable DO, alkalinity, NH  3-N and NO 3-N
value for fish in river is 6.5  -7.0, 20 -200, <1.0 and
<10.0 mgL-1, respectively and pH 6.5-9.0 [10], [11].
In the present study, the physico -chemical
parameters in water were found beyond the
acceptable limits; indicating the Khiru River as a
polluted river. DO was found in the most crucial
level; it was more than 3 to 4 times lower than the
acceptable limit [1 1], 1.7 and 2.65 mgL-! in high
and low industrial discharge areas of Khiru River
respectively that implying the river has become
critical for fish to live. The NHz-N and NO 3-N level of
Khiru River among all the sampling points was
found more than 3 times h  igher than the favorable
limit [11], indicating that the river water is

a becomidgOuhf&vorable fooflstdl #nél otHeroaquatie

organisms. In a similar study on water quality
parameters of an industrially polluted river of
Bangladesh, Buriganga River, mean values of DO,
pH and NOs3-N to be 0.85 mgL-1, 7.41 and 4.12
mgL-1 during dry season were observed, similar to
the current finding from Khiru River [12].

Table 2. Mean concentrations ( °SE) of toxic metals from
three sampling points of Khiru River

Metals  Sampling Point

(mgL.) S1 Sz S3

Cu 0.0037 +0.001  0.0044 +0.003  0.0049 +0.002
Zn 0.0061 £0.003  0.0083 +£0.004 0.0053 +0.002
Pb 0.0107 £0.008 0.0226 +£0.020 0.0330 +0.028
Cd 0.1748 £0.340 0.1537 £0.280 0.0542 +0.080
Mn 0.0953 £0.110 0.3243 £0.490 0.0822 +0.070
K 1.795 +0.780 1.775 £0.600 2.336 +£0.890
Na 4320 +2371 3360 +816 3347 +1601

B. Toxic metals concentrations in water

The toxic metal concentrations in water samples
are presented in the Table 2.

The concentrations of Cu, Zn, Pb in the water
from Khiru River w as within the permissible limit,
however the concentrations of Cd, K and Na was
much higher than the permissible limit [13].

Concentrations of toxic metal

in the water of

Buriganga River, Bangladesh were reported to be
65.45, 9.34, 8.08, 163.09 and 587.20
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Cd, Ni, Cu and Cr, respectively; levels were much
higher than the permissible limit [7]; in Cauvery
River, India concentrations were found to be 0.32,
2.23,1.12 1.25,5.25, 10.70 and 9.95 mgL-! for Cr,
Co, Cu, Mn, Ni, Zn and Pb , respectively; some
parameter found within the recommended limit and

some parameters beyond the permissible limit [14].

C. Concentrations of metals in soil sediment

Analysis of soil sediment plays an important role
in assessing the pollution status of the water
environment .

The mean concentrations of toxic metals in soil
sediments from Khiru River are presented in the
Table 3. The permissible limit of Cu, Zn, Pb, and
Cd are 135 -270, 300 -600, 250 -500 and 3 -6 mgKg -1,
respectively according to Indian standard for soil
(ISS) [13], and according to ISQGs, the maximum
permissible limits are 35.7, 123.0, 35.0 and 0.6
mgKg-1, respectively for freshwater sediment [15].

Table 3. Mean concentrations ( °SE) of toxic metals in soil
sediments from three sampling points of Khiru River

Metals Sampling Point

(mgKg-) S Sz Ss
Cu 31.02+29.64 41.42+16.26 31.66+18.03
Zn 103.23+17.71 101.97+27.89 88.11+24.76
Pb 5.33 £3.83 5.33+2.51 6.15+3.21
Cd 1.86+1.94 2.41+2.58 1.88£1.78
Mn 29.94 +14.56 27.07+8.93 28.67+12.98
K 28.13+21.70 32.78+22. 95  42.11+14.47
Na 2277 ¥1172 2954 +1761 3352 +1789

In the Khiru River sediment, all the toxic metals
were found within the permissible limit of ISS and
ISQGs except for Cd. Cd concentration was more
than 3 times higher than the ISQGs limit. The mean
Cd concentration in sediment sample from
Buriganga River, Bangladesh was found to be
3.33 +£0.77 mg/kg [7], higher than the concentration
found in Khiru River sediments. The Cd concentration
in sediment of Lake Qarun, Egypt was found more
or less similar to pres  ent study [16]; while the same
was higher in the Cauvery River, India [14] and
lower in a water tank at Tamkur, India [17].

Zn concentration in the soil from Khiru River was
much higher than that in the Jamuna River (68
1 g/g) near Aricha, Bangladesh; on the other hand,

Pb was found almost double (11 7g/g) [18]. Pb
concentration in the sediment of Buriganga River,
Bangladesh found much higher than the Khiru
River samples [7].

The mean concentrations of Mn in the Khiru Rive r
ranged from 27.07 to 29.943 mgKg  -1. Compared to
the present study Mn concentration was found
more than 7 to 15 times higher in the lake Qarun,
Egypt [16] and about 10 times higher in the
Cauvery River, India [14].

The K and Na concentr ation of Khiru Riv er
sediment was found much higher than the Lake
Qarun, Egypt [16] may be due to discharge of more
potassium and sodium industrial effluent into the
Khiru River.

D. Concentrations of metals in fish muscle

Discharge of heavy metals into river or any
aquatic en vironment can change both aquatic
species diversity and ecosystems, due to their
toxicity and accumulative behavior [19]. Fish can
take up trace metals and heavy metals either in
their diet or through their gills [20] and the metal
accumulation in fish org ans provide evidence of
exposure to contaminated aquatic environment [21].
The Khiru River receives huge effluents from the
industries along its banks and intensively
cultivated paddy fields along with an enormous
sediment loading into the river. The mean
concentrations of toxic metals investigated in fish
samples from the Khiru River are presented in the
Table 4.

Table 4. Mean concentrations (
muscle samples from Khiru River.

°SE) of metals in fish

Metals

(MgKg-1) Punti Bele Tengra Baim Taki
cu 3.65 2.95 3.23 2.82 3.46
+1.04 +0.94 +1.37 +0.55 +0.85
7n 91.00 95.06 106.39 95.42 86.96
+17.87 +28.78 +34.93 +31.08 +35.20
Pb 0.0016 0.0011 0.0002 0.0010 0.0012
+0.0022 +0.0016 +0.0005 +0.0013 +0.0023
cd 0.0031 0.0038 0.0039 0.0043 0.0012
+0.0068 *0.0096 +0.0067 +0.0111 =+0.0018
Mn 22.64 22.95 24.52 27.52 17.43
+18.10 #1498 +12.80 *11.26 +10.44
K 35.01 33.80 33.85 41.62 39.22
+18.17  +18.40 1401 +24.42 +7.38
Na 3335 2995 2693 3746 3103
+2399 +2281 +2393 +2871  +1602
As 0.0008 0.0006 0.0001 0.0004 0.0004
+0.0009 +0.0007 +0.0003  +0.001 +0.0007

Cu is a biogenic element, necessary for

supporting the metabolic processes of all organisms
and essential for the haemoglobin synthesis [22],
however high intake of Cu can cause adverse health
problems. In the present study, the highest Cu
concentration was found in puti (3.655+1.04 mgKg -1)
and the lowest in  Baim (2.82+0.55 mgKg -1). In a
heavily polluted river of Bangladesh, Buriganga
River [7], highest Cu was found in taki ( Channa
punctata ; 5.27 mg/kg) and lowestinc  hapila ( Gudusia
chapra ; 4.25 mg/kg) in pre  -monsoon fish samples.
Relatively lower Cu concentration was reported on
the salmonid fishes of Una River basin [23], Labeo
rohita of Upper Lake in Bhupal, India [24]. On the
contrary, high bioaccumulation of Cu wa s reported
in Calrias lazera of northern Jordan Velly [25].

Zn is the essential mineral for both animals and
humans. It showed a protective effect against the
Cd and Pb toxicity [26]. The order of accumulation
of Zn in fish samples from Khiru River was Ten
Baim > Bele > Punti > Taki. Marked concentrations
of Zn were detected in the tissues of fishes dwelling
in the Khiru River; varied from 58.31 to 128.32
mgKg -1 which was higher than the threshold values
given by FAO [27], indicating Khiru River as
unf avorable for fish and other aquatic life. Similar

gra>
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result was observed in the fish samples from
Campaign Creek stream, USA [28], northern Jordan
valley, Jordan [25]. Relatively lower Zn
accumulation was found in Labeo rohita from Upper
Lake, Bhupal, India[ 24].

Pb is a toxic element which has no known
biological function and shows carcinogenic effect on
aquatic biota and human [21]. The order of
bioaccumulation of Pb in fish samples from Khiru
River was Punti > Taki > Bele > Baim > Tengra, and
concentration varied from 0.0002 to 0.0016 mgKg
among the samples which were within the FAO
recommendation limits [27]. However, much higher
Pb concentrations were detected in the fishes from
Buriganga River, Bangladesh [7], as much as 12.32
mg/Kg in pre
vittatus ); fishes of Upper lake, Bhopal, India [24];
River Chenab, Pakistan [21].

Cd is rarely found in natural water [29] and 0.50
mgKg-1 Cd in food is safe for human consumption
[26]. The Cd concentration detected in the fishes of
Khiru River is well below the recommended value.
The sequence of bioaccumulation of Cd in the fish
samples was Baim > Tengr > Bele > Punti > Taki,
ranging from 0.0012 to 0.0043 mgKg -1, Much
higher Cd was recorded in fishes of Buriganga River,
Bangladesh [7], fi shes of Lake Qarun, Egypt [13],
Labeo rohita and Chirhinus Idella of Upper Lake,
Bhupal, India [24], fishes of the River Chenab,
Pakistan [21], and salmonid fishes of Una River
basin, Bosnhia and Herzegovina [23].

Highest accumulation of Mn was detected in
Baim (27.526 mgKg -1) and the lowest was occurred
in taki (17.434 mgKg -!). The order of
bioaccumulation of Mn in tested fishes was Baim >
Tengra > Bele > Punti > Taki. Relatively higher
concentration of Mn was detected in salmonid
fishes of Una River basin  [23].

The order of bioaccumulation of K in tested fishes
was Baim > Taki > Punti > Tengra > Bele. The mean
K concentrations ranged from 33.80 to 49.73
mgKg-l. Relatively lower K concentration was
recorded in fishes of Lake Qarun, Egypt [16] and the
Una Ri ver basin, Bosnia and Herzegovina [23].

The acceptable limits of As for consumption is
0.01 mgKg -1 [30]. In the presented study, very lower
amount of As was found in the fishes and within the
safe limits.

The order of metal accumulation in six fish
muscle s from Khiru River was Zn > K > Mn > Cu >
Cd > Pb > As. As a whole, concentrations of all the
metals in fish samples were well within the
maximum permissible limit by FAO [27]

CONCLUSION

In the present study, the physico -chemical
factors in the water of K hiru River were found
beyond the acceptable limit for fish that indicated
the Khiru River as a polluted river. DO was in most
critical state, always recorded below the acceptable
range among all the sampling points. DO, being the
most important parameter o f water for survival,
distribution and growth of fish, indicates a state of
unfavorable, unhealthy and polluted environment
of Khiru River due to discharges from industrial
sources.

-monsoon samp les of tengra ( M.

While bioaccumulation of metals were within the
permissible limit in fish muscle, the concentration
of one heavy metal, Cd, was found beyond
permissible limit both in water and soil sediment.

The high concentration of Cd in water and soil of
Khiru River may have been associated with the
presence of glass, ceramic metal industrie s along
the river bank.

Bangladesh depends on its river system for
fishery, agriculture, navigation and sanitation.
Therefore, proper management and maintenance of
river is very important not just because of their
crucial role in maintaining ecological ba lance but to
increase fisheries production as well as to provide
livelihood for the poor people of Bangladesh. The
findings of the present study indicate that the water
and sediment of Khiru River are polluted mainly by
the discharges from industrial sourc
monitoring and law enforcement on the industries
regarding proper effluent treatment is necessary for

preserving the environment of the rivers of
Bangladesh including the River Khiru
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To clarify the effect of groundwater irrigation and the fertilizers application on the arsenic (As) contamination of

farmland soil and rice grain, the irrigation water, far

and organic fertilizer were sampled from a farming village in south
concentrations were measured, and the relationships between the concentrations of

mland soil, rice grain, the chemical fertilizer containing phosphate

-western Bangladesh. And then their As
the samples were examined. The

As concentration of irrigation water was positively correlated with those of farmland soil and rice grain. High As

concentrations were observed in the chemical fertilizer and organic fertilizer, which could contaminate the f

armland

soil and rice grain by As. The effect of groundwater irrigation and the fertilizers application on the As contamination of

the rice grain was identified.

INTRODUCTION

Groundwater As contamination is a severe
environmental problem, and a nation wide health
hazard in Bangladesh. The present study was
conducted in Samta village, one of the most severely
As contaminated area in Bangladesh. In the village,
87% of tube well water exceeded the As
concentration of Bangladeshi drinking water
standard ( ¢50 pg/L), and 153 people were suffering
from arsenical skin lesions [1].

In addition to the use of groundwater for domestic
purposes, a significant amount of the groundwater
is used for irrigation purposes during dry season to
grow rice in dry season, which requires about 1 m
deep of irrigation water [2]. About 86% of total
groundwater in amount is utilized for crop planting.

To meet the food demands for increasing population

in Bangladesh, the number of cropping season has
been expanded from one to several times per year,
to which the government subsidized chemical
fertilizers to raise the crop productivity. With the
intensification of crop planting, a large amount of
groundwater has become to be used, because the
rainfall amount available to the cropping du ring the
dry season is limited. At the same time, a great deal

of chemical fertilizers and organic compost (as an
organic fertilizer) has been applied, which may
affect As contamination in farmland soil.

As described later, chemical fertilizers containing
phosphate and organic fertilizer, which are
commonly used in Bangladesh, contain a high
amount of As. Use of groundwater for irrigation and
fertilizers may cause the As contamination in
farmland soil and rice grain planted there. Roberts
etal. (2007) est imated that more than 1,000 tons of
As was transferred annually from groundwater to
arable land by the groundwater irrigation, which
poses a potential risk for future food production [3].
Numerous studies have been done on the As
concentrations of groundwa ter, soils and crops in
Bangladesh as introduced by Heikens (2006) [4].
Some other studies focused on the relationship
between groundwater -soil -crop [5],
groundwater -soil [6, 7], soil -rice [8] in the paddy
fields. Heikens et al. (2007) stated that soil As
concentration increased with years due to the

development of irrigation [9]. The growth of rice
plants seemed to be affected negatively by the
amount of As in soil, and the As damaged the roots
of the rice plants, resulting to obstruct the uptake of
nutrie nts by roots [10]. Therefore, the As
concentration of the grain of rice plant, is of a great
concern.

In the present study, the effect of irrigation by As
contaminated groundwater,  and that of application
of chemical fertilizer s containing phosphate and
organic fertilizer on the As contamination of
farm land soil and rice grain were examined, by
focusing the following points: (i) how the As
concentration of the irrigation water is correlated
with those of rice grain and farmland soil, and (ii)
how high the As concentrations of the che mical
fertilizers containing phosphate and organic
fertilizer is, and (i)  whether there is an effect of
As concentration of irrigation water and application
of fertilizers on the As concentration of rice grain or
not, respectively .

MATERIALS AND METHODS

A. Study area

The study area is Samta village in Sharsha
upazila (meaning sub -district), Jessore district in
southwestern Bangladesh. The area belongs to the
high Ganges river floodplain in the agro -ecological
zoning of Bangladesh [11]. Groundwater is the ma in
source for drinking, cooking and other household
use purposes in the area. The soil in the area is
calcareous dark grey/brown floodplain soil with low
fertility [12]. According to meteorological data
recorded at Jessore city from 1996  -2003, the mean
ann ual rainfall was 1,697 mm, the mean annual
maximum and minimum temperatures were 33°C
and 17°C, and the mean annual relative humidity
was 80% [12]. Here the groundwater is used for
domestic and agricultural purposes and a great
deal of chemical fertilizer is used for crop and
vegetable cultivation in the study area. Although
the amount of fertilizers applied was not available
for the study area, the national average rate of
chemical phosphate fertilizer application for rice
planting is 15 kg/ha [13].
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B. Sampling of irrigation water, farmland soil, rice
grain, chemical fertilizers containing phosphate and
organic fertilizer

The irrigation water (groundwater) was collected
in polyethylene bottles and acidified for the As
analysis. The depths of the irrigation wel Is were
determined based on interviews with the local
people. The soils were collected from the surface of
the farmland. Rice grains were collected after its
harvest, the chemical fertilizers were bought at a
shop at Jamtala Bazar, neighboring to Samta
village, and organic fertilizer was collected from a
farmer household in Samta village. The collection
was done in March -April, 2010 at the beginning of
the dry season, and the collected samples were
brought to Japan for the analysis.

C. Asmeasurementof irrig ation water, farmland soil,
chemical fertilizer s, organic fertilizer and rice grain

The As concentration of irrigation water was
measured by inductively coupled plasma mass
spectroscopy (ICP -MS) (Agilent 7500 series, Agilent
Technologies) at Kyushu Univers ity. The farm land
soil and organic fertilizer were air  -dried at room
temperature for 3 to 4 days and then ground to a
fine powder with a mortar. The soil, rice grain,
chemical fertilizer s and organic fertilize r were first
digested using the USEPA 3050B met  hod [14], and
then the digested solutions were analyzed using
ICP-MS as noted above .

RESULTS AND DISCUSSIONS

A. Depth of irrigation well, As concentration of
irrigation water, farmland soil, and rice grain

Table 1 shows the depth of irrigation well, As
concentrations of irrigation water, farmland soil
and rice grain collected from the study area. The
depth of the irrigation well ranged from 34 m to 91
m. The As concentration of irrigation water ranged
from 22 pg/l to 202 pg/l, where 11 samples
exceeded the Ba ngladeshi drinking water standard
for As of <560 pg/l. The As concentration of the
farmland soil ranged from 4 to 153 mg/kg and that
of rice grain did from 0.11 to 0.62 mg/kg,
respectively.

concentration  between

grain

B. Relationship of As
irrigation water and rice

Fig. 1 shows the relationship of As concentration
between irrigation water and rice grain. Here, the As
concentration of rice grain appeared to increase
with the increase in the As concentration of
irrigation water. It shows that the As concentratio n
of rice grain was positively affected by As
concentration of irrigation water. However, the As
concentration in rice grain was below 1mg/kg of
allowable limit.

C. Relationship of As concentration between

irrigation water and farmland soil

The relationship o f As concentration between
irrigation water and farmland soil is shown in Fig. 2.
Here, as the As concentration of irrigation water
increases, the As concentration of farmland soil

increase, showing that the As concentration of
farmland soil is positively affected by the As
concentration of irrigation water. In Bangladesh,
excessive withdrawal of groundwater table by the
use of groundwater for irrigation resulted in
elevated As concentration of surface soils of
farmland [15]. This may also lead to the eleva ted As
concentration of rice grain planted the farmland.
The positive correlation of the As concentration
between the plants and the soil was also reported by
another researcher [16].

Table 1. The depth of the irrigation well and As
concentrations of irrig  ation water, farmland soil and rice
grain collected from Samta village
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1 Dr. Abdul Jolil 76 114 19 0.15
2 Usman 76 122 16 0.26
3 Habib 76 128 79 0.35
4 Bozlur Rahman 76 150 20 0.62
5 Jakir Hossain 76 202 153 0.37
6 Mosaref 76 104 14 0.12
7 Azit Biswas 34 22 7 0.11
8 Lutfor Rahman 91 50 17 0.13
9 Akbor Ali 91 70 71 0.25
10  Monir 88 116 24 0.37
11 Hamid 76 96 15 0.22
12 Toibur Rahman 76 106 36 0.21
13 Saidul 91 154 23 0.19
14 Nobisuddin 91 36 7 0.17
15 Abdur Rasid 37 22 4 0.18

Table 2. As concentrations of the chemical fertilizers and
organic fertilizer.

Name of Fertilizer As (mg/kg)
Nitrogen -Phosphorus -Potasium (NPK) 27.7
Phophorus Pentoxide (P 20s) 33.3
Gypsum (CaSO 4.2H20) 0.3
Urea (H 2N-CO-NH3) BDL
Magnesium Sulphate (MgS0O4) BDL
Potasium Pentoxide (K 20s) 0.1
Organic Fertilizer 6.8

* BDL= Below Detection Level

D. As concentration of chemical fertilize  rs containing

phosphate and organic fertilizer

Table 2 shows the As concentration of the
chemical fertilizer containing phosphate of NPK
compound fertilizer, P 20s fertilizer, and organic
fertilizer. The As concentration of NPK compound,
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P20Os fertilizers an d organic fertilizer were 27.7, 33.3
and 6.8mg/kg, respectively. In addition, As
concentration of gypsum, K 20s urea
magnesium sulfate fertilizers were measured, and
these were shown in Table 2. The concentration of
As of gypsum and K 20s fertilizer was very low
(<1mg/kg), and that of urea and magnesium sulfate

was below the detection level, respectively.
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Fig. 2. Relationship of As concentration between
irrigation water  and farmland soil

The cause of the high As concentration found in
the chemical fertilizers containing phosphate is that
the fertilizer is produced from phosphate rocks that
contained As originally. On the other hand, cow
dung is used for making organic fer tilizer. In the
study area, cows eat As contaminated straws,
grasses and drink As contaminated water, resulting
to a high As concentration in organic fertilizer. The
use of these As contaminated fertilizers and organic
fertilizer could increase the As conc  entration in
farmland soil. It is considered that a certain amount
of As can be uptake by rice plants following to the
application of As contaminated fertilizers and
organic fertilizer into the farmland

CONCLUSION

The following conclusions were drawn from the
present study. The As concentration of irrigation
water had a positive correlation  with the As
concentration s of farm land soil and rice grain. A
high As concentration was found in the chemical
fertilizers  containing phosph ate  and organic
fertilizer , both of which are used in rice planting
Thus, the irrigation of groundwater, and application
of chemical fertilizers  and organic fertilizer
contaminating farmland soil and then rice grain by
As. This fact poses a threat to rice production in
area. Although the As concentration
was below 1mg/kg of allowable limit , the rice grain
contamination cannot be ignored , because
Bangladeshi people consumes a large quantity of
rice every day . The pathway of As contamination
from irrigation water  to rice grain is shown in Fig. 3.

It cannot be clarified at this time that how highly
groundwater irrigation and fertilizers application
respectively contribute to the As contamination of
farmland soil and rice grain, and further study is

are

the
of rice grain

necessary.
Irvization System in Banghdesh }_
Applieation of A Asherae Appleation of s
contamnat=d water Grmiznd sol contaminzed fertilzer

'

Fig. 3. Flowchart of pathway of As contamination
from irrigation water to rice grain
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Abstract

Arsenic contamination in water poses a serious threat on human health. The tea fungus known as Kombu

, University of Tehran, Iran.

chais awaste

produced during black tea fermentation. The objective of this study was to examine the main aspect of a possible

strategy for the removal of arsenates employing tea fungal biomass. The pre

-treatment of biomass with FeCI3 was

found to improv e the biosorption efficiency. Arsenics uptake was found to be rapid for all concentrations and reached to

79% of equilibrium capacity of biosorption in 20 min and reached equilibrium in 90 min. The pseudo second

first -order models described the b

-order and

iosorption kinetics of As (V) with good correlation coefficient (R2>0.93) and better than

the other equations. The data obtained from the experiment of biosorption isotherm were analyzed using the Freundlich

and Langmuir isotherm models . The equation desc

biomass for As (V) were obtained 3.98x10
As was not significant. The variation of sorption efficiency with

pH ranges of 6 to 8. Promising results were obtained in laboratory experiments and effective A

observed .

ribed the isotherm of As (V) biosorption with relatively high
correlation coefficient (R2>0.93). According to the Langmuir model, the maximum uptake capacities (
-3 mmol/gr. The effect of Na+, K+,

gm) of tea fungal
Mg+2 and Ca+2 on equilibrium capacities of
pH showed that optimum biosorption takes place in the

s (V) removals were

INTRODUCTION

Arsenic is causing a global mass poisoning, with
thousands of people having developed cancers, skin
lesions and other symptoms. In fact, already many
people have died and hundreds of millions are now
thought to be at serious risk in countries throughout
the world such as Bangladesh, India, China, Canada,
Kurdistan of Iran, Argentina and USA [1]. Estimates
put the number of people poisoned by arsenic in
regions of Bangladesh and eastern India alone close
to 70 million, perhaps the largest poisoning in the
worl dés history [ 2] Apart
from natural sources; it is also found in certain
types of industrial effluents [3]. One of the main
causes of this widespread arsenic poisoning is the
growing current trend around the world of drinking
water from underground sources, in an attempt to
replace heavily polluted surface water supply.

US Environmental Protection Agency(EPA) as well
as European Commission has set the Arsenic
standard for drinking wa t er at
earlier val ue of 50
served by public water systems from the effects of
long -term, chronic exposure to the element. In the
USA Water systems were forced to comply with this
standard by 23 January 2006, provi ding additional
protection to an estimated 13 million Americans.

At the present time, there appears to be no cost -
effective method for the in situ cleanup of arsenic -
contaminated soils and groundwater. Besides, the
physicochemical technologies currently used for the
ex situ cleanup of arsenic contaminated water
(groundwater, drinking water, industrial wastewater,
and so on), i.e., chemical precipitation, activated
alumina, reverse osmosis, etc. have significant
drawbacks such as, among others, high cost,
generation of high volumes of toxic sludge and brine,
and low water recovery. Biological materials represent
a potential source of abundant, low -cost adsorbents.
During the last decades, the use of biosorbents has
become interesting due to high adsorption capacities,
low costs and regenerability of the sorbent [4]

10 T1Tg/L
Tg/L,

MATERIALS AND METHODS

A. Biosorbent preparation

The tea fungal mat was washed with an adequate
amount of deionized water until free media
components. The washed fungal mat was dried at
750C for 24 h and the dried biomass was ground in
a laboratory blender. After this a portion of the dried
and ground mat was immersed in FeCl 3 Solution
(15mg/L) for 60 min. These tow modified fungal mat
were then tested for its efficacy to remove As (V)

firenpan agueoy eselitien .or i gi nati ng

B. Chemicals

Synthetic solutions were prepared by the using of
deionized water and salts includes NaCl, KCI, MgCl 2
and CaCl 2 (Merck supplied). Initial pH of solutions
was adjusted with electrical pH meter (CAMLAB Lts,
Model CG 842) to the desired  values by using 0.1 to
1 mol/L HCl and 0.1 to 1 mol/L NaOH.

from an
G %'OSOEPFOB ISR consumer s
Biosorption isotherm experiments  were
conducted in a single -component system. The
initial As (V) concentration was 1mg/L and
biosorbent doses Varied from 0.1 to 1 g. Also, t he
initial pH of solutions was adjusted to 6.

D. Effectof p H on equlibirum

The effect of pH on equilibrium capacities of As (V)
biosorption was studied in a single -component
system. The initial As (V) ions concentration was
1mg/L and the pH of solutions had some variations
from 2 to 9. After pH adjustment, 100mg of tea
fungus biomass was added to experiment vessels.

E. Metal analysis

The biomass was removed by filtration through
0.45 mm membrane filters (Mixed cellulose esters).
Then the filtrates were analyzed  for residual Arsenic
(V) concentration by ICP model AMS 100 "I  -speeder”.
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RESULTS AND DISCUSSIONS

A. Kinetic study

The kinetic profile of As (V) biosorption by tea
fungus was shown in Fig. 1 According to Fig. 1, As
(V) uptake was relatively fast for all con centrations
studied. At the initial As (V) concentration of 4 mg/L,

the system reached to equilibrium within 90 min. In
general the heavy metals uptake reached to 79%
equilibrium capacity of biosorption in 15 min. This

rapid kinetic has significant practic alimportance as
it will facilitate smaller reactor volumes ensuring
efficiency and economy. Similar rapid metal uptake

has been reported for the biosorption of As (V) using
P.chrysogenum where in the system reached over
60-70% equilibrium uptake capacity in 10 min
[5]-The biosorption of As (V) by Kombucha biomass
was similar and 67% of the total uptake occurred in

70 min (Murugesan et al, 2006). In present
study,the pseudo first -order, pseudo second -order
and saturation rate equations described the
biosor ption Kinetic of As (V) with good correlation
coefficient (R 2> 0.93). Kinetic analysis of As (V)
biosorption by pretreated waste tea fungal biomass
represented that the pseudo first -order
equation described the biosorption Kinetic better
than rest [6] . The rate constant of the pseudo
second -order rate equation for As(V) biosorption
were obtained 10.38, 1.26 and 1.14 g/mmol/min at
the initial As(V) concentrations of 1, 2 and 4 mg/L,
respectively. An increase in initial concentration of
As(V) led to an d ecrease in the rate constant value.
Therefore there was not a direct relationship
between initial concentration of As(V) and the rate
of As(V) biosorption by tea fungal biomass. In other
hand, the biosorption of As (V) tea fungal biomass
was slower in high initial metal ion concentration.

rate

Time{min)

Fig. 1. Kinetic profi le of As (V) biosorption by tea
fungus biomass

Analysis of equilibrium data is important for
developing an equation that can be used for design
purposes. Several isotherm equations have been
used for the equilibrium modeling of biosorption
systems [7].In this study, Langmuir and Freundlich
isotherms have been applied. For each
isotherm .The initial As (V) concentrations was kept
constant whereas the biomass concentration were
varied between 0.1 -1 mg in each container with
0.1L volume. The Longmuir isotherms of modified
biomass are presented in Fig. 3. The Langmuir

equation described the isotherm As (V) biosorption

by tea fungal biomass with high correlation
coefficient (R 2>0.99). Itwas better than the Frundlich
model (R 2> 0.95). According to Langmuir equation
the maximum capacities of As (V) biosorption ( gm)
were obtained 3.98x10 -3 (mmol/gr). The Langmuir
parameters of gm (maximum uptake capacity) is a
suitable measure by comparing different sorbents

for the some sorbate. Although due to the various
experimental conditions employed in different
studies, comparison of their results is difficult.
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Fig. 2 . Effect of pH on equilibrium capacities of As (V)
biosorption by tea fungus

Serge (i)

Lo Cejrl
Fig. 3. Isotherm analy sis of As (V) biosorption by linear
plots of (a) Freundlich and (b) the Langmuir models.

B. Effect of pH on biosorption

The effect of pH on As (V) removal is shown in Fig.
4.In general it can be seen that As (V) the pH Values
were decreased. The effect of pH on As (V)
biosorption was studied in the initial pH range from
2 to 9. The optimum initial pH Values for As (V)
biosorption were determined as 6 to 8. The sharpest
increase in As (V) uptake was obtained between pH
3 and 5. Measurement of final pH repres ented the
simultaneous release of H + with the uptake arsenic
ions, because final pH of solutions was less than
initial pH of solutions. Therefore ion exchange
confirmed to be one of the biosorption mechanisms.

The relative distribution of dissolved arsenic is
influenced by pH and the redox conditions. Under
mildly reducing conditions and at pH 6 and 9 As (V)
exists predominantly as H  2A2s04- is likely to form a
complex with iron oxide -coated biomass. At higher
pH, OH ions in the solution can be increase
comp etes with the arsenate ions and so adsorption

of As (V) reduced [8].
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B e
C. Effect of background ions

lonic species such as Ca 2+, Mg2+, Na+ and K + are
usu ally present in drinking water and ground water
contaminated with arsenic (9). Batch equilibrium
experimen ts were conducted to evaluate the
influence of Ca 2+, Mg2*, Na+ and K+ on As (V)
Removal by pretreated tea fungal biomass. As (V)
removal obtained from experiments with C i=lmg/L
and several initial concentrations of Ca 2+, Mg?2+, Na+
and K+ displays in Fig.5. Within the initial
concentration range of 50 -100 mg/L, K +, Ca2+ and
Mg2+ had effect on As (V) remova | by about 4 -10%
increasing the initial concentrations of background
ions to 500 mg/L caused decrease on as removal
only in Ca 2+, and Mg2+, Na* had no not iceable effect
on As (V) removal by tea fungal biomass

CONCLUSION

Biosorption of heavy metals is one of the
promising technologies involved in the removal of
heavy metals from industrial waste streams and
natural waters. It could be considered as an
eco-friendly device to the existing relatively higher
cost treatment technologies. Generally, biosorptive
processes can reduce capital costs, operational
costs and total treatment costs, when compared
with conventional systems.

Arsenate biosorption by kumbucha was strongly
affected by the solution pH. Amo  ng the examined
pH values, pH 7 °1 represented the optimum for
arsenic uptake. The efficiency of kumbucha for
the removal of arsenic  (v) with 79.00% removal has
been successfully evaluated
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Abstract
The fish faunaisin aclo
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, Taiwan
University , Taiwa n

se relation with the changes of water quality. It contains wide ranges of nutrition and is located
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water quality until 1997 and it lasted about 3 years. The object of this study is to investigate the varieties of the fish an
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-native species during 2000 to 2006. We proposed the monitoring of variation in the condition of fish
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INTRODUCTION

Since Feitsui reservoir is the mainly supply
sourcing of public water in Taiwan, the
Management of reservoir is the most important
issue to maintain reservoir quality. Taipei Feitsui
reservoir administration establis hes database of the
relationship between aquatic and water quality
from 1987. These aquatic include algae,
zooplankton and fish. Algae have very close
relationship with  variations of water quality. In the
factors of affecting algae growing and diversity,
except the nutrient salt and the other chemical
factors, aquatic play an important rule.

This research is to investigate the season, water
region, food habits of fish and compare to the water
quality in Feitsui reservoir. The analysis resulted is
expected to obtain proper water quality index of
aquatic, estimate the relationship between water
quality and Ecosystem health index, provide a
valuable reference for protection and management
of water resources and ensure promotion and safety
of water quality.

LITERATURE REVIEW

Analysis of the European temperate waters in
recent years to improve water quality using
biomanipulation, and continuous monitoring of
more than 5 years cases of 16 lakes, including four
kinds of operation mode, namely, (A) carp Division
and into the fish -eating fish , (B) carp removal, (C)
fish -eating fish into, (D) non -selective fish removal,
and make comparisons. It was shown that most
cases of biological control, in practice one to two
years, with the effect of improving water quality, c
prove that the food chain control is indeed a way to
effectively improve water quality. But in many cases
found, weak carp fishing cannot control the
number of fish -eating fish carp survival and the
number of individuals, then these fish will eat
zooplankton, 2 to 4 years back to the original
population quantity, water quality has returned to
the original state. Know that different methods of
operation, affecting the level of the main key to the
effectiveness of carp removal rate. Therefore,

an

Hansson et al. (1998) pointed out that biological
control methods have to meet three objectives: (1)
the elimination of algae reduced visibility caused by
the phenomenon of water, (2) reduce the number of
blue -green algae, (3) the effectiveness of stability

MATERIAL S AND METHODS

A. Investigation range

The Taipei Feitsui Reservoir
is located in northern Taiwan and has a total
surface area of 1024ha, a volume of 327,000,000m
and a maximum and mean depth of 100 m a nd32m
respectively. The investigation range of this research
contains u pper, middle and lower reaches of Feitsui
reservoir. The sampling sites as shown in Fig. 1
is depending on the water quality sampling point of
Feitsui reservoir. Samples from eight sites were
collected once per month over year. From June
2006 to November 2007, there are researches in
different seasons. Catches are obtained by using set
gill net in experiments.

Upper reaches

Middle reaches

Lower reaches

Fig. 1. Investigation range of
main sampling locations

fish sampling sites as the
in Feitsui Reservoir

B. Investigation of fish fauna

This study mai nly investigates the variation of
number of Fish Fauna, species, size, spatial
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distribution according to  characteristic and
alternation of seasons. The transparency, total
phosphorus, chlorophyll a concentration and

number of algae established by Feitsui R eservoir
Administration during 2006 to 2007 are collected to
analysis according to different seasons and water
region. XY scatter plot is used to show the
relationship between  Fish Fauna, total phosphorus,
chlorophyll a concentration and number of algae.

RESULTS AND DISCUSSIONS

This study shows the fish species having great
variation in each month and the month mean value
is 9.8 +0.05SD. The species is 14, the most value, in
July 2007. The species is 6 at November 2006 and
March 2007 with least number. The results show
the difficulty of fish catch in winner. The dynamic of
fish diversity index is the same of diversity index
about 2.36+0.08 SD. Fish diversity index is 3.34 the
most at July 2007 and is 1.1 the least in October
2007 ( Fig. 2).
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Fig. 2. Within t he capture of fish in the reservoir species
and Shannon -Wiener's index. The vertical axis of the
number of species of fish caught by representatives of

several

A. Cyprinidae correlation with reservoir  water
quality

This study Hansson et al. (1998) and Olin (2 002)
data classification of fish in the reservoirs,

according to the survey within the reservoir species

into medium and large carp (37.1% of number ),
small cyprinids (43.3%  of number ), carnivorous fish
(2.8% of number ) and other species (16.9%
number ) of four categories. To fish in the reservoir,
mainly cyprinids, so as to carp fish using XY scatter
plot for the correlation of phase and water quality.
X-axis -based sampling of fish in the month of the
waters of other water quality data, CTSI values were
affected by three water quality parameters, total
phosphorus (T @l), chlorophyll -a (T ¢l) and
transparency (m), and the impact of eutro phication
factor of algae (unit/  ml).Y -axis respectively, for the
four species each (Territorial waters) captured the
weight (kg), number , fish density (kg/ ha). Analyze
of carp and wat er quality correlation (Table 1).

of

By the correlation analysis showed that
carnivorous fish caught by weight, density and
transparency of the show ending and a high
correlation. The results shown in Figure 3,
carnivorous fish catch weight and the transparen
of the R 2 value of 0.66, capture and transparency
number R 2 = 0.72, capture the density and
transparency of the R 2 value of 0.55, indicating the
number of clusters in the carnivorous fish in the
high waters , there is low transparency
phenomenon. The other fish species have no
obvious relationship with water quality. The reason
of low relevancy is the small variation range at the
four water quality data in Feitsui reservoir and the
lack of data. Thus, the data is suggested to
continuous establish and then the result will be
more plentiful. The other of water quality can be
analyzed by catch in the future

cy

CONCLUSION

The research of fish fauna in Feitsui reservoir not
only establish the relationship between fish fauna,
number and alternation of seasons but also
establish diversity of fish fauna. The relationship
between diversity of fish fauna and water quality
can be found and propose the potential fish as
index of water quality. The i  nvestigation of water
quality and fish fauna of reservoir is the nece ssary
information for b iomanipulation and sustainable
management . The eutrophication of reservoir can
be improved in different country by
biomanipulation with better effect for small or
shallow lakes and reservoirs
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Economy and Livelihood
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Abstract

The study is an initiative to save Boral from unwanted depletion/ extinction by human activities by a volunteer group

The Riverine People Bangladesh. Boral River one of the offshoots of the Ganges. A sluice gate was constructed at the
source of Bor al to solve the a brupt flooding problem caused by the Farraka , India unilaterally depriving of its proper
share, during the rainy season the swollen water was going unobstructed abruptly flooding. Local government has

built establishments, which are causing various impact s. The study aims to clarify the problems created by the
establishments to control river flow by sharing knowledge of local people and stake holders. Also reviewing the
parameters to compare changes and recommend some alternatives for solving the problem t 0 maximum possible extent.
The main threats due to the loss of river flow is decrease of ground water level, extinction of several fish species,
decrease of birds in number , decrease of most of the aquatic species and depletion of the aquatic ecosystem. T  he river
must be recovered from illegal possessions and the establishments on the river should be withdrawn focusing the

revival of the river maximum  as possible

INTRODUCTION the change of water flow in Boral. Study includes a
questionnaire survey, specialist interviews, focus
group discussions with the vulnerable groups and
stake holders, expert interview and reviewing data
collected from respective departments to compare
the changes.

The main methods used in the study are

Boral River one of the offshoots of the Ganges.
Originating at Charghatu  pazila of rajshahi district,
the Boral flows through Natore and Pabna and
finally meets with the Hurasagar after joining with
the Karatoya south of Shahjadpur. The total length
of the river is 147 km, average width is 125m and

average depth is 6.5 meters.  The river receives 1. FGD ( Focus Group Discussion)

water from the Ganges only in the monsoon season. 2. In-depth Interview ( Speci alists Opinion)
But it maintains its flow throughout the year with 3. Analysis of data acquired from the several
local runoff water and water from Chalan Beel. It government offices to get the statistical output.
has a floodplain area of almost 3200 sq km, and

almost 2.2 million people live on the upazilas which PRESENT SITUATION OF BORAL

are cut through the Boral and about 70 -80 percent

Boral has been the source of life, backbone of the
local economy and the main balance between the
environment and ecosy stem. It originated in
Charghat thana of Rajshahi district, runs through
ten upazila namely Bagha , Bera, Gurudaspur,
Bagatipara, Boraigram, Vangura, Atghoria,
Foridpur, Chatmohor and Shahjadpur. The Boral
was the largest river after the Padma in the north en
region of the country. But it has been processed to
kil by several procedures to empower human
desires to capitalize on river systems. The Farakka
Barrage, built on the Ganges River, was completed
in 1974 and subsequently was put into operation in
1975 . Forced the natural flow of water which was
powered by the direct flow from the padma to
reduced. In 1985 a sluice gate was constructed at
Charghat upazila of Rajshahi district at the source
of Boral to solve the abrupt flooding problem caused
by the Farr aka, India unilaterally diverted the flow
of water during the dry season, depriving of its
proper share, during the rainy season the swollen
water was going unobstructed abruptly flooding.
The sluice gate reduced the capacity of sluice gate
to 30-35% of its original flow. Some results are
obtained in flood control temporarily; and

of the total population here depend on the river
system either direct or indirectly. It has flown
through seven upazila of the three districts. Boral is
divided into two parts lower & upper Boral . Upper
Boral has an average depth of 9.5 meters and width

of 120 meters, while lower Boral has an average
depth of 5 meters and width of 60 meters.

The history of Boral and its floodplain has a very
rich contribution to the communities which are
dependant or live at the coverage of Boral. Boral
has been the source of economy to its people, through
fisheries, business and agriculture. Boral had made
the locality an economic zone in ancient Bangla.
Though it has a very significant role on the people
who live by Boral, but it has been forced to change
its nature, sometimes its course by human actions
through many inconsiderate decisions of man.

The main objective of the study was to identify the
problems created by the establishments made to
control the river flow and sort out the possible
benefits of enlivening  the river again through
removing the establishments.

STUDY AREA AND METHODOLOGY

The study area was Charghat and Chatmohor encouraged by the sluice gate, several same
upazila of Rajshahi and Pabna districts respectively. establishment was setup by the local government.
The locations are representative to the changing Some other establishment was also setup in
situations of Boral. different periods lake cross dams, narrow culvert

The study was conducted incorporating various etc. all resulting in reducing the flow and siltation.
stakeholder groups direct or indirectly affected by Boral had impacts in many ways like social,
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economic, environmental etc. The slow kiling of
Boral has also killed the livelihood of Boral
dependent people.

IMPACT OF DRYING OF BORAL

A. Impactin navigation

In 1980s there was a navigation system in Boral,
which had concluded it as major river/ water
navigation facilities of the region. It was connected
with the great Chalan Beel and also with the great
rivers the Padma and the Jamuna. It obviously
become the focul point of local and regional water
transportation system. Now with drying up of

had

Boral the total navigation system has collapsed.

Fig. 1. Sluice Ga te constructed at the source of
Boral at Charghat, Rajshahi

the Boral river in

Fig. 2. Cross dam across
Chatmohor, Pabna

B. Impactin economy

The navigation system which was created a loop
of wat er transportation was used as the main route
to transport business goods. The cost of
transportation is very low compared to that through
land. So bu siness people inevitably chose water
ways for trading. Such facility made places nearby
to Boral and its banks focus of business. There was
some local business center which supplied goods to
Dhaka, Narayanganj and in ancient bangle
murshidabad. There was a  huge amount of fish. A
large number of people were dependent on the river
for their livelihood by fishing. Almost 28 percent
people was directly involved in fishing. Other 3

percent people were indirectly related. Boral was a
very good source of agricultu  re. Sediments carried
by the river increased the soil fertility. Water was
very much available for irrigation. Nowadays, soil
fertility is decreasing. Irrigation has become much
tougher.

C. Social impacts

Social conflicts are arising  for conflicts in water
issues. A different type of need for water is increasing
the distances between the communities.

the Boral.

Fig. 3. Satellite imagery showing cross dam on

D. Environmental impacts

Decrease in flow of water in rivers has forced
people to look for alternative w  ater source. These
increased ground water uses, for every purpose.
Pumps are being set up, to meet up demands of
water for irrigation, residential and industrial
purposes. Increased pressure on the groundwater
leading to depletion of water layer. Another p roblem
is rivers are the natural sources of water recharging
of aquifers. Drying up of rivers causing the
imbalance of river recharge to ground water
aquifers, resulting in  the decrease of water layer.
Almost 30 feet decreased in past ten years. This
decrease causing aeration of rock layers, which are
made of mostly pyrites, which includes arsenic
This aeration destabilizing the arsenic and causing
the release of arsenic into groundwater. Resulting
in 20 -25 % increase in arsenic contaminated water
in tube wells. Decrease of water flow and water
caused the decrease in aquatic species. Several fish
species, mollusks, amphibians are extinct and
endangered now. This causing imbalance to the
ecosystem. Less availability of food has decreased
the number of birds  also.

RESULTS

The study has shown there is a significant
amount of change in water discharge or water flow
of Boral and this is correlated to lot of negative
changes in the communities and livelihood affecting
their economy, social status and environmenta |
sustainability.

The result includes:

1. Depletion of ground water levels and the
aquifer recharge process though river has
been stopped.
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2. Arsenic problem is broken out as a result of
groundwater depleted. There is a report of
approximate 25 -30% increase i n arsenic
polluted tube wells.

3. Water for irrigation and other use are mainly
being dependant on groundwater & availability
of groundwater is
30 feet drop in ground water level in past ten
years. Water pollution is increased for
increased use of fertilizers and pesticides.

4. Aquatic species like fish, mollusks are
depleting.

5. Various fish species are being extinct from the
river because of drying up of the river. Almost
23 fish species has been now extinct from the
river. Some are

6. The number of birds has been reduced to a
great amount.

7. Cropping pattern has been changed,
indigenous crops are now been almost extinct
and synthetic crops are now grown like IRRI
instead of Amon paddy.

8. Scarcity of irrigation water suppressing the
cultiv able land.

9. Water navigation system has been diminished.

10. Loss of navigability caused a great loss in
economic and social aspects. Because water
transportation system is the cheapest mean
that businessmen can afford to carry their
goods easily.

11. Loss of water flow forced the majority of
people to change their livelihood, leading to
imbalance of social structure which has been
persisted throughout the centuries.

12. Increase of social conflicts in water issues

RECOMMENDATIONS

There are some recommendationstorest  ore Boral
at its maximum possible extent. Every
recommendation focuses the purpose of the
community and their livelihood. Restoration of

Boral is the only way possible to ensure a
sustainable environmental condition to the
communities of the region. Recomm  endations

include removal of most of the establishment which
are made to control the river. River must be ensured
its full wi dth while constructing a bridge
restoration of laws.

1. The river should be recovered from illegal
possession, and the area should be precisely
indicated

2. The culverts, dam, cross dam, narrow bridges,
sluice gate and regulators should be removed
and full width bridge should be constructed.

3. Fertilizers, pesticides and poultry waste
should be banned dumping into river for sake
of agricu Itural and fisheries purpose.

4. Canals should be excavated appropriately and
the river should be under the capital dredging.

5. Industries should not be permitted on the
bank of river; older industries must install
effluent treatment plants.

6. Use of groundwater should be arranged in a
planned way.

and

7. Leasing system of the river should be banned;
river should be conserved for fishes of
indigenous species

CONCLUSIONS

decr eas iPRaple of the Boralbank stilhbglievie thaf, Boral

and its glory; environment can be regenerated, by
doing some simple action taken against the
unplanned infrastructural nuisance. Itis a fact also
that it is necessary to restore Boral for sustainable
environmental conditions. The ecosystem will be
regenerated, also. Various sides of economy will be
opened again. Agriculture will be lot more easily;
transportation of goods will be easy. Boral can serve
as a huge source of fish.

It is very urgent to keep thing where it was, or
restore the conditions to the maximum extent or
minimum  damage to ensure sustainab
development.

The most needed thing, to materialize the action
is proper planning, political awareness and
willingness and commitment to the country and
environment. Some strict measures must be taken
to diminish the anthropogenic symbols of
dominance o ver river to restore Boral to its
maximum possible extent; for betterment of a vast
community which are directly linked with Boral
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River Water Pollution Context of Bangladesh

Sonya Afrin !, Subarna Sharmin

Abstract
Water

is of elemental consequence for ecology and the wider environment.

The increasing urbanization and

industrialization of Bangladesh have negative insinuations for water quality. The pollution from industrial, urban waste

effluents and from agrochemicals in

some water bodies and rivers has reached apprehension levels these days in the

country. The marine and aquatic ecosystems are affected, and the chemicals that pierce the food chain have public
health implications. Maximum river water undergo alarming rate
country, Buriganga in Dhaka city poses higher risk to the extensive environment. An average of 19 cubic liter water

containing more than 300 different chemical compounds is being discharged daily from su

of pollution. Among the most polluted rivers in the

rrounding industries of

Buriganga. The study entails river water pollution in Buriganga on the context of Bangladesh

INTRODUCTION

Next to air, the other important requirement for
human | ife to exist is
gift to the human r ace. I'tds avai
forms as rivers, lakes, streams etc. This valuable
water can be polluted by different ways [8]. Recent
years Bangladesh has been faced enormous river
water pollution for the development of industrial
and agricultural sector that creating higher
imbalance to the environment. This study is an
attempt to evaluate the pollution of water in
Buriganga River on the context of Bangladesh

BANGLADESH CONTEXT

Bangladesh had always been predominantly and
agricultural based country and in early days
pollution was never even felt in this region. Since
early sixties, of necessity, industries of various
kinds started to spring up slowly. It appears in a
survey that ecological imbalance is being caused
continuously due to discharge of variou s industrial
wastes into air and water bodies. It has also been
found that the intensity of pollution caused by the
factories and industrial units depend on their type,
location, raw materials, chemical effects,
production process and discharge of gaseous, liquid
and solid pollutants to the natural environment. All
of Bangladesh's sewage and industrial wastes are
flushed directly into Ganges and Brahmaputra
Rivers. There are wide spread fears that as the
region develops in industrial infrastructure,
industr ial pollution will accelerate, compounding
the problems posed by raw municipal wastes. About
900 polluting industries in Bangladesh dispose of
untreated industrial wastes directly into rivers,
although the effluents contain 10 to 100 times the
allowable le vels permissible for human health [1].

A. The river system and pollution process in
Bangladesh

The rivers of Bangladesh are glory of the country
and physiography of the people. Bangladesh has
around 310 rivers with a total length of 24,140 km.
Among them, 5 4 rivers originate in India, which all
eventually flow into the Bay of Bengal. These
include the three major rivers; the Ganges, the
Brahmaputra (Jamuna) and the Meghna (GBM),

wat e g3 of
Iag,

which together constitute the largest river network
in the world. These rivers ¢ arry a total of
approximately 1250 million units of water per year,

erfrivel i€ a lafgR haturdisfeam of water. The
main source of cultivation water is the larger rivers.

The rivers flow of the country is about 140,000
m3/sec in monsoon and 7,000 m 3/sec in the dry
period. The national government of the country
developed major water control projects as flood
control structures, drainage facilities, hydroelectric
power projects and irrigation projects etc . These
rivers possess great threat to the environment today

for the unplanned urbanization and
industrialization. The river water quality
deteriorated and polluted in recent days for the
industrial, agricultural and sewerage wastes and
wastewater that dir ectly discharged into the river
without any kind of treatment process. This pollution
emitted from point and non -point sources.
Industries, sewage treatment plants, power plant
etc. are point sources of water pollution and
pesticides, dust, agricultural fe rtilizer  etc.
considered as non -point sources. Pollution of rivers
has long been identified as an environmental
concern of great magnitude  [5]. In general, the term
pollution is to mean the conditions disturbing the
balance of natural environment in such a way that
its beneficial use is adversely affected, t hus
causes undesirable changes and threatens the land,
water, air and outer space environment. The water
before washing contains impurities and hence the
term water pollution is used to indicate an act of
contaminating or making foul natural water bodies

such as rivers, streams etc. Pollution makes the
water unfit for the best use. The polluted water is
objectionable to the human senses of sight, smell,
feel & taste. The illustrations of polluted wat er are
colored water, saline water, foul smelling water,
water containing floating bodies, oil, grease etc. [8].

B. River water pollution in Bangladesh

Bangladesh is frequently identified as a poverty -

ridden, resource -scarce and overpopulated country
that fa ces natural calamities continually. The major
environmental disasters faced by the country are
floods, cyclones and tidal surges, drought, water
logging, deforestation, land erosion especially river
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bank erosion, and water pollution [2]. A World Bank
study said four major rivers near Dhaka; the
Buriganga, Shitalakhya, Turag and Balu receive 1.5
million cubic meters of waste water every day from
7,000 industrial units in surrounding areas and
another 0.5 million cubic meters from other sources.
Unabated encr oachment that prevents the free flow
of water, dumping of medicinal waste and waste of
river passengers has compounded the problem,
making the water unusable for humans and
livestock [3]. Besides wastes from Dhaka urban
population the Sitalakhya river rece ives untreated
industrial wastes from urea fertilizer plants, textile
mills and other industries. The principal polluting
agent in the region is the Urea Fertilizer Factory of
Ghorasal and the concentration of ammonia
dissolved in water has increased over time causing
fish -kills [1]. The Balu River near Tongi (15 miles
north of Dhaka) receives untreated effluents from
industries such as textiles, lead batteries, pulp and
paper, pharmaceuticals, paints, detergents, iron
and steel, rubber etc. [1].  The princi pal industries of
Khulna (south -east of Bangladesh) are jute mills, oil
mills, newsprint mills, cable, shipyards, tobacco,
match factories, hardboard and others dispose
molasses, starch, oil, sodium -sulphide, ethane,
lissapol, soda ash, dye, sulphuric acid , salicylic
acid, lime, ammonium sulphide, and chrome etc.
Bhairab/Rupsa rivers show a very alarming water
quality data as; conductivity 390 -9500 Micro -mhos
/cms, total solid 260 -3500 mg/l, TDS 260 -3200
mg/l. The pollution aspects of Bhairab and Rupsa
Rivers is very critical; the Rupsa River does not
receive a continuous flow of fresh water from the
parent river, on the other hand, the Bhairab River,
being subject to tides, has marked backwater
effects which reduce the purification capacity of the
river [1] . The polluting industries of Chittagong, the
second largest city of Bangladesh, such as 19
tanneries, 26 textile mills, 1 oil refinery, 1 TSP plant,

1 DDT plant, 2 chemical complexes, 5 fish processing
units, 1 urea fertilizer factory, 1 asphalt bitumen
plant, 1 steel mill, 1 paper mill (solid waste disposal
hourly 1450 m3), 1 rayon mill complex, 2 cement
factories, 2 pesticide manufacturing plants, 4 paint
and dye manufacturing plants, several soap and
detergent factories and a number of light industrial
units directly discharge untreated toxic effluentinto
Karnaphuli river. From the survey of effluents from
different industries, it has been found that the
discharge is generally composed of organic and
inorganic wastes. The organic wastes are the
effluent s from the tanneries, fish processing units,
degradable wood chips, pulps and untreated
municipal and sewage (about 40,000 kg BOD daily)
etc. The inorganic waster are chemicals used by the
industries such as various acids, bleaching powder,
lissapol, hydro gen peroxide, alkali, salts, lime, dyes,
pigments, aluminium - sulphate and heavy metals etc.
The DDT factory and fertilizer factory disposing of
DDT, toxic chemicals and heavy metals to the
Karnaphuli River [1].

C. Causes of river pollution in Bangladesh

The major causes of degradation of river water
quality are related to land based activities, when
adequate regulatory measures are not incorporated

and the stakeholders do not show proper concern.
The underlying driving forces for this are poverty,
an unhealth y national economy, lack of institutional
strength, and lack of awareness and education.
Pollutants that enter the marine and coastal
environment originate on land in the form of runoff
from municipal, industrial and agricultural wastes,
and from commercia | seafaring activities  [4].

In Bangladesh, industrial units are mostly
located along the banks of the rivers. Unfortunately
as a consequence, industrial units drain effluents
directly into the rivers without any consideration of
the environmental degradati on. The organic
pollutants are both biodegradable and non -
biodegradable in nature. The biodegradable most
problematic industries for the water sector are
textiles, tanneries, pulp and paper mills, fertilizer,
industrial chemical production and refineries. A
complex mixture of hazardous chemicals, both
organic and inorganic, is discharged into the water
bodies from all these industries usually without
treatment. The highest numbers of industrial
establishments in the country are located in the
North Central (NC) region, which comprises about
49 per cent of the total sector. About 33 per cent of
the industries in the NC region are textiles, apparels
and tanneries, of which Dhaka district accounts for
almost half and Narayanganj about 32 per cent.
About 65 per cent of the total chemicals, plastics
and petroleum industries are also located in the NC
region, and concentrated in and around Dhaka,
Narayanganj and Gazipur districts (WARPO, 2000a).
Region-wise numbers of industrial establishments
and most polluting i  ndustries organic components
degrade water quality during decomposition by
depleting dissolved oxygen. The non -biodegradable
organic components persist in the water system for
a long time and pass into the food chain. Inorganic
pollutants are mostly metall  ic salts, and basic and
acidic compounds. These inorganic components
undergo different chemical and biochemical
interactions in the river system, and deteriorate
water quality [4].

The main suspected sources of agricultural runoff
pollution are from the us e of fertilizers and
agrochemicals, including herbicides and pesticides.
Urea, Triple Super Phosphate (TSP), Muriate of
Potash (MP) and Gypsum are the major chemical
fertilizers used in Bangladesh. The total amount of
fertilizers used annually is about 2 m illion tons.
Pesticide use as plant protection measures.
Insecticide is commonly used for pest control which
accounts for about 90 % of the total consumed
pesticide [ 4].

Bangladesh has the highest rural population
densities in the world, and with an except ion in
some areas, the overall density is very high. The
main problem poses in respect to water is the lack
of sanitation facilities in the rural areas and
inadequate facilities for urban wastewater
treatment. There is one sewage treatment plant in
the who le country, serving only a part of Dhaka. A
major program for provision of sewerage is needed
to arrest the increasing fecal pollution of open
watercourses around all urban areas in Bangladesh,
particularly Dhaka. Outside the urban areas, there
is a proble m with designing adequately sealed
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latrine systems at the household level, which can
cope with the annual flooding and prevent fecal
pollution of the water supply. Poor management of
wellhead areas may be the most significant source
of fecal contamination  rather than direct aquifer
pollution [4].

Chittagong and Mongla are the two seaports of
the country do not have facilities to receive and
treat bilge and ballast water, and thus ships throw
wastewater into the territorial waters of Bangladesh.
Oil and lube spillage also happens during refueling
of vessels and cargo handling. In addition, there are
innumerable mechanized trawlers and boats
engaged in fishing in the Bay of Bengal. The
operators of these vessels dump waste, including
burnt oil, into the water, because of their ignorance
about its adverse effect on environment [4].

A certain level of stream flow is required to
maintain navigability, the wetland habitat and
ecosystem, and equilibrium between freshwater
and saline water mixing zones. Generally, re duction
of water flow causes saline water intrusion into the
river system which is aggravated in the coastal area
of the country in dry season, when water flow from
the river system becomes lean. Over the past two
decades, the lowest water level data of th e major
rivers showed a declining tendency in the dry
season [4].

The overall inland surface water quality in the
monsoon season is within tolerable limits, with a
few exceptions, including the rivers Buriganga,
Balu, Shitalakhya, Karnaphuli and Rupsha.
However, concerns over surface water quality are
gradually emerging due to the dispersed locations of
polluting industries, and the adverse effect on
surrounding land and aquatic ecosystems, as well
as subsequent impacts on the livelihood system of
the loca | community  [4].

D. Pollution in Buriganga River

A cruise on Bangladesh's historic Buriganga River
used to be a must for visiting dignitaries; is at
present one of the most polluted rivers in
Bangladesh that are confronted with foul smells
and rotting fish re sulting from massive pollution.
Hundreds of years ago, the banks of the Buriganga
were a prime location when the Mughals made
Dhaka their capital in 1610. The house -turned -
museum of the Nawab overlooks the river, which is
the country's main waterway for t rading and ferry
travel. It was once the main source of drinking water
for Dhaka's residents and an hour downstream from
the capital city the river is still crystal clear. Only a
small fraction of the total wastewater being
generated in the city is treated . Consequently, the
amount of untreated wastes, both domestic and
industrial, being released into the Buriganga is
tremendous and is increasing day by day. The river
is seriously polluted by discharge of industrial
effluents into river water, indiscriminat e throwing
of household, clinical, pathological & commercial
wastes, and discharge of fuel and human excreta.

In fact, the river has become a dumping ground of
all kinds of solid, liqguid and chemical waste of
bank -side population. These activities on the
Buriganga have caused narrowing of the river and
disruption of its normal flow of water. The water of

the river has become so polluted that its aquatic life
has almost been extinguished [1]. Pollutants have
eaten up all oxygen in the Buriganga and we call i t
biologically dead. There is no fish or aquatic life in
this river apart from zero oxygen survival kind of
organisms [3]. The water of this river posed a
serious threat to public life and was unfit for
human use. People, living near the river, use the
wat er because they are unaware of the health risks
and also having no other alternative. This causes
incidents of water borne and skin diseases. But as it
flows through the capital, waste from sewers and
factories especially tanneries pour into it. Up to
40,0 00 tons of tannery waste flows into the river
daily along with sewage. About 12 sq. km area of
Hazaribag and adjacent area are full of offensive
odors of various toxic chemicals as hydrogen
sulphide, ammonia, poisonous chlorine and several
nitrogen based g ases to mention a few. An average
of 19 cubic liter water containing more than 300
different chemical compounds is being discharged
daily from these industries. The relative acidity or
alkalinity of this liquid toxic waste flown through

the drainage system has been observed as between
1-15-13 not only that, traces of chemical elements
also remain [1].

Table 1. Metals concentrations in Buriganga River
compared to international guideline value [1]
Trace metals (ug/l) Cd Cr Cu Ni Pb
Average
concentration in 9.35 587.2 1631 88 65.4
Buriganga river
(ug/l)
Australian guideline
0 -
for 95_/0 protection of 0.2 10 14 11 34
aquatic ecosystems
(ANZECC, 2000)
Detergent increases the PH level in water.

Although treating the water for toxic chromium,
sulphuric acid, an  d salt and chlorine compounds is
seriously being considered the practice is yet to
start. According to a recent estimate, about 70,000
tons of raw hides and skins are processed in these
tanneries every year polluting the environment and
the quantity of unt anned solid wastes namely raw
trimming, we lime fleshing, pelttrimming generated

in these tanneries is estimated to be 28,000 tons.
Statistics provided by various sources suggest that

a big tannery of the Hazaribagh area releases 2,500
gallons of chemicals wastes each day, polluting the
cityds air in addition to
the river Buriganga. Effluents and solid waste
generated at different steps of leather processing
trekking through the low  -lying area of Hazaribagh
contaminated by chromiu  m, the old wounds take a
longer time to heal. Long term chromium
contamination may cause cancer. Laboratory tests
carried out by DoE show that chromium, a
carcinogenic agent, has seeped into the aquifer at
some places of Hazaribagh flow into the Buriganga
River. Liquid waste is contaminating the waters of
the Buriganga River on the surface as well as the
ground water resource base. When solid waste and
effluents run into the river, the Biological Oxygen
Demand (BOD) in the water rises. Among others,
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effluen ts of tannery factories lower the dissolved
oxygen (DO) content of the river water below the
critical level of 4 ml/l. Table 1 showed metals
concentrations in Buriganga River compared to
int ernational guideline value [1].

E. Pollution management and mitigatio  n action

There are several government departments in
Bangladesh  dealing with  water pollution
management. Among them, the Department of
Environment (DoE) deals with pollution issues. DoE
has been collecting data on surface water quality
since 1980, at 11 po ints spread amongst five rivers
of the country, i.e., Buriganga, Balu, Sitalakhya,
the Jamuna and the Meghna. At present, DoE is
monitoring water quality data at 69 stations [4].
Various key parameters and indicators of water
quality are monitored by the D oE include
physiochemical characteristics of water, like the pH,
dissolved oxygen (DO), biological oxygen demand
(BOD), chemical oxygen demand (COD), total
suspended solids (TSS), suspended solids (SS), total
coliforms, heavy metals, electrical conductivit y (EC),
chloride, turbidity, total alkalinity and temperature.

The Bangladesh Water Development Board (BWDB)
collects data on suspended sediments and surface
water salinity. Data on surface water and
groundwater salinity of the coastal area of the
country are collected by the Soil Resources
Development Institute (SRDI) [4]. The EIA
Guidelines for Industries covers significant water
sector interventions, including flood control
embankments, polders, dykes, water supply and
sewage treatment, as well as roads  and bridges. All
these water sector
category. This requires the most stringent EIA
process to be followed for proposed project
construction, re -construction and extension. The
red classification requires an additional ful | EIA to
be undertaken [4]. The National Environmental
Quality Standards are given in the Environmental
Conservation Rules of 1997. These set a range of
water quality criteria and limits depending upon the
intended uses, including use for human drinking
water, livestock drinking, fisheries, recreation,
irrigated agriculture and industry. Discharge
standards are also specified by sources, including
public sewage outfalls, irrigation water and specific
types of industrial discharges by size [4]. The
overridin g problem of environmental standards in
Bangladesh is the difficulty in enforcing them.
Moreover, the regulations are essentially
Oerfipi ped standar ds.
Ambient Water Standard, it covers none of the
many chemical pollutants known to be discharged.
There is no effective regulation that takes into
account the ability of rivers to dilute and disperse
effluent, especially in times of low flow, and under
complex cumulative discharge patterns [4].

The Environmental Conservation Acts and Rul
and National Water Policy have adequate clauses
related to industrial pollution. This includes water
quality protection, institutions to prevent pollution,
effluent discharge monitoring, zoning regulations

es

for new industries and strengthening of the
regulatory system for agrochemical pollution
control  [4]. Under Bangladesh Environment

Management Program (BEMP) and Sustainable
Environment Management Program (SEMP) and the
DoE is currently working towards improved water
quality monitoring and estimation of pollution loads
in the rivers and watercourses, along with
institutional strengthening. The initiatives include
preparation of Guidelines for EIA applicable to
several sectors, including flood control and
drainage [4]. The associated institutional
strengt hening is also underway. The focus of these
initiatives is on ambient water quality monitoring
and regulation of proposed new industries. However,
there are few initiatives to address the immediate
problems, for clean -up programs for the serious
industrial  pollution caused by existing industries.
The DoE have not yet set any guidelines for these in
any detail or detail clear time  -bound targets. Clear

measures for ensuring compliance with the
environmental laws and regulations, including
enforcement are lack ing [4].

Industries are providing employment, increasing
local incomes, and earning foreign exchange for the
country. However, these industries also discharge
their waste into the ecosystem which local people
depend on for their livelihoods, adversely aff ecting
livelihoods and the day -to-day life of the community.
It is a legal requirement in Bangladesh for all red
category factories (textile dying and tanning) to
establish Effluent Treatment Plants (ETPS) [7].
Current laws and regulations are evidently no t
being followed otherwise Bangladesh would not
have to suffer from dead or anaerobic river stretches
and wetlands that are rapidly dieing [7].
government has initiated a move to relocate the

The

i nt er v e n ttanmenes outbide ithe capital, cired mlsotasked illég& e d 6

encroa chers to vacate the Buriganga river [3]. Many
of them have this plant. But they don'tuseitas itis
expensive. The river should be fully dredged, their
ilegal occupation ended and the laws strictly
enforced to prevent abuse of waterways [3].
number of industries is increasing rapidly without
consideration of the local impact on livelihoods from
natural resources. There is no zoning policy or local
development planning at the Upazila level. These
policies should be strictly enforced [4].

If these new industries do not adopt clean
production technologies and clean up their waste
then the gains from the few that do will not be
enough. Water resource degradation is a poverty
and governance issue that needs to be addressed
now and on a national scale [4]. Government
departments especially the Department of

The

Al t h o tEgvirtonménh @OOE), industrial asBociations and

chambers, research institutions, international
buyers, nongovernmental organizations and legal
experts need to work together to develop a
framework and modal ities of implementation for
improved environmental governance. Existing
national standards need to be enforced and adhered

to [4]. Existing water quality standards need to be
enforced through the following steps: Increased
awareness among industrialists ab ~ out the pollution
problem and their legal and social responsibility to
prevent it. It should be mandatory for all textile and
dyeing industries to  adopt more efficient production
options [4]. Industries  should construct and then
regularly and efficiently o perate their ETPs and
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monitor their effluents to keep them within the
standards set by law. Voluntary or public provision

of common ETPs may be a solution to serve
adjacent small scale industries, operating on a cost
sharing basis. National and community | evel bodies
should be established and validated to monitor
water quality of khals, beels and rivers and the
results used to determine anti  -polluton measures,
operating permits and actions (including legal
actions) against offending industries [4]. Given t he
scale of the problem, its resource limitations, and

the need to demonstrate transparency and
objectivity, DoE should accredit and appoint
competent third party organizations to work on its
behalf to monitor industries regularly in addition to

its own mo nitoring. DoE should seek to actively
work with and inform local government at Union

and Upazila levels of the issues and how local
government can use its powers to Upazila Fisheries
Committees to assist them in ensuring acceptable
water quality in wetland s and capture fisheries [4].
International buyers have a key role in influencing
industry, they need to be influenced to adopt
environmental codes of conduct and then to enforce
them on their supplying industries. Bangladesh
trade bodies should change thei r role and set
environmental conditions on membership, for
example they could cancel membership of
companies that fail to install and operate properly
ETPs [4].

CONCLUSION

Water is the most crucial element among the
natural resources, and is crucial for th e endurance
of all living organisms. The environment, economic
growth and development of Bangladesh are all
highly influenced by water its regional and seasonal
availability and the quality of surface and
groundwater. The availability of surface and
ground water is highly responsive to the monsoon
climate. Interms of quality, the surface water of the
country is unprotected from untreated industrial
effluents and municipal wastewater, runoff
pollution from chemical fertilizers and pesticides,
and oiland lub e spillage in the coastal area from the
operation of sea and river ports. Water quality also
depends on effluent types and discharge quantity
from different type of industries, types of
agrochemicals used in agriculture, and recurrent
water flow and diluti on capability by the river
system. The apprehensions over water quality relate
not just to the water itself, but also to the danger of
dissemination of toxic substances into other
ecosystems. In particular, water quality around
Dhaka the capital city of Ba  ngladesh is so deprived
that water from the surrounding rivers can no
longer be considered as a source of water supply for
human consumption
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Abstract

Arsenic acts as a carcinogen may be due to oxidative stress induction through the generation of r

(ROS). However, no study had been reported about arsenic induced oxidative stress in south
women. This study was performed to evaluate the levels of urinary 8
oxidative stress biomarkers in relation to the urinary arsenic within Bangladeshi arsenic
om arsenic -exposed area and 115 women from control area. Urinary arsenic

samples were collected from113 women fr
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eactive oxygen species
-western Bangladeshi
a n d disBpPoétane as two established
-exposed women. Urine

-OHd G

significantly corelated with tube well arsenic (r=76, p<0.001). Urinary arsenic and oxidative stress markers were

significantly higher in As
8-OHdG (r= 0.40; p<0.001) and urinary 15

-exposed group than control (p<0.001). Urin
-Fa-1soP (r= 0.33; p < 0.001). These results suggested that arsenic exposure

ary arsenic was significantly correlated with

increases DNA damage as well as lipid peroxidation in Bangladeshi women

INTRODUCTION

The presence of inorganic arsenic, a potent
carcinogen and toxicant, in drinking water and crops
is one of the major global environmental health
problems. Many countries are affected by
arsenic -contaminated groundwater including
Argentina, Australia, Chile, China, Hungary, India,
Mexico and the United States  [1]. The most affected
region is Bangladesh, where an estimated 29 to 40
million people are at risk of ingesting arsenic -
contaminated drinking water [2].

Epidemiologic studies have shown that arsenic
exposure is associated with an increased risk of
internal organs cancers even decades after exposure
has been ceased [1, 3] as well as the cause of
cardiovascular, endocrine and neuro -developmental
disorders [1]. One possible mechanism for arsenic -
induced c arcinogenicity may be due to arsenic -
induced reactive oxygen species (ROS). ROS induced
by arsenicals can lead to DNA damage as well as lipid
peroxidation and carcinogenesis in mice [4].
Experimental data suggest that females are more
susceptible inorgani ¢ arsenic -induced cancers [5].

8-OHdG, the oxidized form of the nucleoside
2'-deoxyguanosine present in DNA, is one of the most
reliable, stable and abundant markers of DNA
damage as well as oxidative stress 6, 7].
F2-isoprostanes are also extensively use d as
markers of lipid peroxidation and oxidative stress in
vivo [8]. In our knowledge, there are no studies
reported about the relationship of arsenic -exposure
and lipid peroxidation in Bangladeshi residents.

The present study was conducted to evaluate the
relationship between the levels of urinary arsenic
and two established oxidative stress markers namely
-8-hydroxydeoxyguanosine and 15 -Fz-Isoprostane
(15-F2t-I1soP) as Bangladeshi women exposed to
arsenic through drinking water. For this purpose,
analyzed urine samples obtained from two
communities in Bangladesh, in which one is exposed
to high level arsenic (>150 pg/L) and other one is

exposed but only below WHO recommended level of
arsenic (<50 pg/L).

MATERIALS AND METHODS

This study designed as an age -matched
case-control study that conducted in two rural
villages namely Sachiadah (arsenic -exposed area)
and Jolma (control area) of Khulna district, the
southern -west part of Bangladesh in March 2008.

Total 228 married females aged 18 to 45 years
selected by local family planning field workers from
these two villages were participated in this study.
Twenty one females from total participants were
excluded due to match with excluding criteria.
Excluding criteria were postmenopausal women,
pregnant women, lac tating mothers, diabetes, and
coronary heart disease. Only those women who
match with criteria and gave the informed consent,
joined the study. The study was approved by the
ethical review committee of the Graduate school of
Medicine, University of Tokyo,  Japan.

Spot urine samples and drinking water samples
were collected and transported to University of Tokyo,
Japan for analysis. Weight and height were
measured. Information regarding social status
(subsistence, education, and monthly income) was
obtained t hrough questionnaire.

Urinary and tube well arsenic and selenium were
determined by inductively -coupled plasma mass
spectrometry (ICP -MS: Agilent 7500ce, Agilent
Technologies, Waldbronn, Germany). The creatinine
concentration of the spot urine sample was
determined by commerci al
Wako pure Pharmaceuticals, Osaka, Japan) based
on Jaffeds
determined according to manufacturer protocol by
using a HPLC system (EICOM, Japan) with an ECD
(Coulochem Il, esa ). Urinaryl5 -F2t- IsoP levels were
determined with ELISA kit (EA -85, Oxford
Biomedical Research, Oxford, MI).

Data were analyzed using JMP statistical software
(version -8; SAS Institute, Cary, NC, USA). Natural log
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transformed data used for analysis in ca se of
skweded data. Chi -square test, analysis of variance
(ANOVA) was used for testing models.

RESULTS AND DISCUSSIONS

This study evaluated population of adult women
living in two communities of Khulna district which
were comparable in age, BMI, blood pres
socioeconomic status, ethnicity and food habits.
The mean age of study population was 28.7 years
(range 18 -40 years). In Arsenic -exposed and control
group did not differ in term of age, BMI, blood
pressure, education, household income, daily water
consumption (Table 1) but spontaneous abortion
and neonatal death were higher in As -exposed
women in this study that was also reported in
previous  studies [9]. Tube well arsenic
concentration in arsenic -exposed were 80 time
higher than control area.

sure,

Table 1. Demographic Characteristics of Arsenic  -exposed
and Controls with Interviewed Data Available, Khulna,
Bangladesh 2008.

Variables Control Arsenic
exposed

N 104 103

Age (years) 2 27.8+5.6 26.9+5.8

BMI (Kg/m 2)a 21.3+33 21527

Education (yrs) 6.5+3.6 6.2+3.7

Household income 2

(BDT/month) # 831 3315

Systolic Blood pressure 113496 114+124

(mm Hg)

Diastolic Blood pressure (mm 73486 73+88

Ho)

Oral Contraceptive user (%) 47 (45) 48 (46)

Number of abortion

=1 13 (12.5) 23 (22. 3)

>1 3(2.9 45 (43.6) *

Number of neonatal death

=1 4(3.8) 11 (10.6) ¢

>1 1(0.9) 3(29¢

Daily water Intake (L) 2 23 £0.7 22 +0.6

Note: 2 Data given as mean (SD). #Bangladeshi Taka per
month *p<0.001, $p<0.05 obtained from the difference b  etween
exposed and control group by Chi  -square test .

Total urinary arsenic concentration is commonly
used as a biomarker of inorganic arsenic exposure,
and which reflects arsenic absorption from the
arsenic  contaminated drinking water. High
correlations (r = 0.76; p<0.001) was found between
tube well arsenic concentration and urinary arsenic
(U- As) for the total population (Figure  -1), as well as
for the arsenic -exposed (r=0.32, p<0.001) and
control groups (r=0.21, p<0.02).

Urinary 8 -OHdG and 15 -Fat-IsoP con centrations
was positively correlated with urinary arsenic
concentration (r=0.40; p<0.001 and r=0.32; p<0.001,
respectively) in total population. There was a
statistically significant difference in urinary 8 -OHdG
and 15 -Fa-IsoP between the As -exposed grou p and

control group (Table -2). Several epidemiological
studies have demonstrated an association between
arsenic exposure and urinary 8  -OHdG measured by
ELISA method [10, 11] and our result showed similar
kind of association between urinary 8 -OHdG and
urina ry As. Possibly due to arsenic induced
polymorphism of glutathion -s tranferases (GSTM)
enzyme, which enzymes involved in cellular
detoxification and scavenge free radicals. Previously
the GSTM1 polymorphism had been observed in
arsenic - exposed population thatlead increased DNA
damage [10].
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Fig. 1. Relationship between urinary arsenic level
with tube well arsenic (r=0.76, p<0.001); close
circle=arsenic -exposed, open triangles= control .
Both axis are scaled to natural log. Urinary arsenic
was adjusted for creatinine.

Table 2. Comparison of urinary creatinine, As, Se, 8 -OHdG
and 15 -F2t-IsoP between arsenic -exposed group and
control group .

Variables Control group  Arsenic -exposed p-
(Mean £SD) group value 2
(Mean £SD)
Total Total
N=104 N=103
Creatinine g/L 0.9+0.7 0.7+0.5 0.01
Xrlnar'y 32.66 167.9 0.0001
rsenic ug/g (38.8-50)p  (265.5-371.7)"
Urinary 2.77
- b
80HAG pg/g (5.5-11.9)b 8.8(16.2 -29.5)> 0.0001
Urinary 3
15-Fa-IsoP (3.89 4.8)b 497 (5.1 -6.4)>  0.001
Ho/g ' '
Urinary Se 8.92+56 1527471  0.001
ug/g Cr
a p dvalue refers to the difference between exposed and control

group by 2 way ANOVA. P Geometric mean of Arsenic, 8OHdG
and 15 -Fa:-1soP in pg/g Creatinine with 95% confidence interval

Isoprostanes are free -radical catalysed arachidonic
acid derivatives that reflect in vivo non -enzymictic
lipid peroxidation [12]. Positive association between
urinary arsenic and urinaryl5 -F2t-1soP suggested
the exposure to arsenic in this area induced lipid
peroxidation. To the best of our knowledge, no
publi shed studies have measured urinary
15-F2t-1soP to investigate the effect of As  -exposure on
lipid peroxidation in humans.
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In multiple linear regression analysis, age, BMI
and urinary arsenic showed statistically significant
effect on U -15-Fz-IsoP. Effects of age and BMI on
15-F2t- IsoP conc. were observed in this study,
which was compatible with different studies
However except age, other variate showed significant
effect on U -8- OhdG which was contrast to previous
studies [8, 14].

CONCLUSION

This st udy suggested that chronic high arsenic
exposure from drinking water in humans may be
related with enhanced oxidative stress, which not
only cause DNA damage as indicated by the increase
in urinary 8 -OHAG levels but also cause lipid
peroxidation as indicat ed by 15 -F2t-IsoP. These
results contribute to a growing body of evidence that
arsenic exposure is associated with oxidative stress
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Grown on Musi River Water, Hyderabad , India
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Abstract
Food safety and water quality issues are of great concern due to rapid indu strialization and improper waste disposal.
Musi River in Hyderabad is heavily polluted with heavy metals. Present study deals with determination of lead and
arsenic concentrations in leafy vegetables grown on Musi water and also underground water in Musi b elt. This study

reveals water from Musi river and underground water in nearby region is contaminated and results in contamination of
vegetables it irrigates. In samples grown from both these water sources, Arsenic levels were found negligible. However,

lead concentrations found in leafy vegetables grown on Musi water is ten -folds higher than WHO standards. Further,
vegetables irrigated by Musi belt underground water are also contaminated with lead. HRI was calculated for people
consuming these vegetables. Even moderate contamination of edible leafy vegetables could be fatal because of limited
ability of human body metabolism for removal of lead

INTRODUCTION with heavy metals are shown in Figure 2.

Musi River is located in Hyderabad city (17° 26" N
latitude and 78° 27" E longitude), the capi tal of

Andhra Pradesh, India. People living in the Musi PR AN STUDY SITE

River belt have a long history of fighting pollution \ a%

from various industries and allege their air, water . ) “/__”_,__ Mo e
and crops have been poisoned for decades by factories v AR /'-'
making everything from tyres, paints, and textiles. WHNER oo "N 22 y .\
Untreated effluents from these industries and S {ﬂ/ \]:9/\‘\\\ F™ \
domestic waste water are released into this river. [e— '\"\/4{‘_ e o, iy N
Recent research work [1] has shown that there is [ o T o

severe heavy metal contamination in this river.
Amounts of lead, zinc chromium and nickel are above
permissible levels. This waste water is the exclusive
alternative source available for farmers to grow
vegetables, fodder and few crops [2]. About 920
hectares of land is irrigated with waste water and

Fig. 1. The test site (Pirjadiguda) on the bank of river
Musi, Hyderabad, India

Table 1. Types of leafy vegetables analyzed.

about 48000 people are directly or indirectly English name Botanical name

depende nton waste water for their food security [3], Spinach Spinacea oleracea (L.)

[4]. Especially leafy vegetables have a tend_en(_:y to Amaranthus, green Amaranthus tricolour (L.)
accumulate metals because of higher transpiration Roselle Hibbiscus acetocella (Welw.)
and translocation as compared to other vegetables. .
Leafy vegetables are cheap and available throughout Malabar Spinach Basella alba var. rubra (MOI)
the year; they are consumed daily, especially by poor Coriander Coriandrum sativum (L.)
people. Lead (Pb) and arsenic (As) enters the human Taro Colocasia esculenta (L.)
body through leafy vegetables and consumption of

Pb can cause many health hazards. Excessive B. Reagents

accumulation of these metals creates the problems
like cardio vascular, kidney, nervous and bone All the reagents used were of Analar grade.
diseases [5], [6], [7]. To investigate the nature and

magnitude of the contamination of the leafy vegetables . -
from their water sources, different leafy vegetables Musi Water 'r"gatEd VEgEtables
grown on Musi water and also on underground (percentage area)

water were anal yzed for Pb and As levels; we
quantified the levels of contamination to assess

whether the vegetables were safe for consumption.

The study site iFg.1lhPirjadigl

EXPERIMENTAL

H Coriander
A. Sampling 0
Four different locations were selected for malabar
collecting samples o fsoil water and leafy vegetables. Spinach Roselle _—— Amaranranthu
The locations were selected based on their diversity 5% 12% 12%
and representativeness. The leafy vegetables Fig. 2. Quantification of the types of ~ vegetable
analyzed are shown in  Table 1. Different leafy sampled for the study .

vegetables grown on Musi water and contaminated
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C. Analysis for heavy metals

Concentrations of Pb and As in Musi Water and
underground water (wells, which are 300 meters
away from Musi River in Pirjadiguda) are
determined (Table 2). Lead and Arsenic
contamination in Soils are also found. Simi larly
leafy vegetables in triplicate were tested for Pb and
As (Table 3 & 4 and Fig . 6).

The samples were washed and dried in an oven at
65°C and dried. 1 gram of dried sample was
subjected to tri acid mixture digestion. Using Perkin
Elmer atomic absorptio  n Spectrophotometer (Model
No. 700), using the specific lamp, lead and arsenic
levels were detected.

Table 2. Water and soil Lead (Pb) and Arsenic (As)
contamination and tolerable limits.

Pb As Pollution
(ug/g)  (pg/g) Index for Pb

Musi Water 0.026 ND 0.52
Underground water 0.020 ND 0.40
Tolerable limits for water 0.050 -
Soil at MWIS 19.85 ND 0.1985
Soil at UWIS 15.24 ND 0.1524
tolerable limits for soil 100 -

Arsenic was not detectable and therefore, the
tolerable limits are not shown. Pollution index is
calculated for lead (Pb).

Tolerable limits for water and soil are taken from
Nistida et al.,, 1982 (8). Pollution index (PI) is
calculated [9] using formula.

Pl= Conc. of lead in sample/tolerable limits
PI for soil and water at MWIS and UWIS are
shown in Figure 5.

Table 3. Lead and Arsenic concentrations in various leafy
vegetables at Musi Water Irrigated site. (MWIS) (ug/gm)

Names of leafy MWIS
vegetables Pb As  TFfor  HRI

conc. conc. Pb for Pb
Spinach 2782 0.003 0.1825 1.2189
Amaranthus,green 2761 0.003 0.1811 1.2189
Roselle 2.658 0.003 0.1744 1.1735
Malbar Spinach 2656 0.003 0.1742 1.172
Coriander 1.322 - 0.0867 0.1167
Taro 2.884 0.003 0.1892 1.273

Table 4. Lead and Arsenic concentrations i 8 various leafy
vegetables at under Water Irri  gated site. (UWIS) (ug/gm)

Names of leafy UWIS
vegetables Pb As TF for HRI

conc. conc. Pb for Pb
Spinach 3.118 0.004 0.1570 1.3767
Amaranthus,green 3.002 0.004 0.1512 1.3253
Roselle 2.886 0.004 0.1454 1.2741
Malbar Spinach 2.908 0.004 0.1465 1.2838
Coriander 1.348 - 0.0679 0.1190
Taro 3.264 0.004 0.1644 1.4410

Table 5. Comparison of TF of leafy vegetables grown at
MWIS and UWIS

Names of leafy TF for Pb TF for Pb
vegetables MWIS uwis
Spinach 0.1570 0.1825
Amaranthus,green 0.1512 0.1811
Roselle 0.1454 0.1744
Malbar Spinach 0.1465 0.1742
Coriander 0.0679 0.0867
Taro 0.1644 0.1892
0.06
m Pb conc.
0.05
0.04
0.03
0.02
0.01 I
0 T T
Musi Water  Underground Permissible level
water
Fig.. Lead (Pb) contamination in water (conc . in pg/ml).
120
m Pb conc
100
80
60
40
20
il BN B

Soil at MWIS  Soil at UWIS

Permissible
levels

Fi

g. 4. Lead contamination in soil

(conc. in pg/g).

0.6

m Pollution Index

0.5
0.4
0.3 A
0.2 -
0 A T T T

Musi Water Underground Soil at MWIS Soil at UWIS

water

Fig. 5. Lead pollution index for soil and water.
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Table 6. Comparison of HRI at MWIS and UWIS

Names of leafy HRI for Pb_ HRI for Pb

vegetables MWIS UwIS
Spinach 1.3767 1.2189
Amaranthus,green 1.3253 1.2189
Roselle 1.2741 1.1735
Malbar Spinach 1.2838 1.172
Coriander 0.1190 0.1167
Taro 1.4410 1.273

35 - m Pb conc in UWIS m Pb conc in MWIS

2.5 4

15 -

0.5

Fig. 6. Concentrations of pb in various leafy vegetables at
MWIS and UWIS (ug/gm)

1.6

® Underground Water ~ ® Musi water

14
1.2

0.8
0.6
0.4
0.2

(a:
(J
&

Fig. 7. Health Risk Index of pb for various leafy vegetables
studied at MWIS (Musi water irrigated site) and UWIS
(underground water irrigated site)

Analysis of Results

Lead and arsenic contamination in leafy vegetable
was assessed. Transfer of metals from soil to plant
is calculated using transfer factor (TF).

TF = Concentration of metals in Edible parts of leafy
vegetables / Concentration of metal in soil

Lead and arsen ic contamination and their
respective TF are presented in Table 3 and 4. TF
has a greater value for leafy vegetables than other
(e.g., non -leafy) vegetables because of translocation

and transpiration. Risk to human health by
consumption of metal contamina  ted vegetables is
assessed by calculating HRI (Health Risk Index) as
follows

HRI=DIM/R D [10]

Where R+ D is Reference Oral dose and DIM is daily
intake of metals (DIM). DIM is calculated using the
following formula:

DIM = C metat * Ctactor * Dfood inta ke / Body Average
Weight [10]
Where C metal
(mg/Kg)
Cractor (Conversion Factor) =0.085.

D+ood intake = Dally consumption of vegetables.

is metal concentration in plants

We assume 100g leafy vegetable consumption per
person per day (except for Coriander fo  r which daily
consumption is taken as 25gm). R {D=0.35 mg/Kg/
day. [11]. HRI values for lead are shown in figure 7

RESULTS AND DISCUSSIONS

Disposal of untreated effluents of the industries
on the banks of Musi River and anthropogenic
activities have not on ly contaminated surface water
but also underground water. Samples of soil and
water collected at both places have very similar
values of Pb concentrations (Figures 3 and 4).
Previous studies [12], [13] have also revealed severe
contamination of heavy meta Is in vegetables grown
on waste water. Continuous use of Musi water and
underground water increases concentration of Pb in
soil. Pb concentrations in Musi water and
underground water are 0.026pg/ml and 0.020ug/
ml, respectively. Repeated use of Pb contamin
water increases its concentration upto 19.85 pg/g
and 15.25 pg/g in MWIS and UWIS. There is not
much difference between Pollution Index of Musi
water and underground water (Figure 5). This
indicates underground water is as contaminated
with lead as Mu si water. Arsenic levels in the
collected samples are negligible but Pb levels exceed
permissible levels that are safe for consumption. TF
ranges from 0.0679 to 0.1892. Maximum transfer of
lead is seen in colocasia esculenta which indicates
the fastaccumu lation of lead in the edible portion of
leaves. But this vegetable is not used daily.
Coriander has minimum TF. The HRI value ranges
from 1.441 to 0.1167. All vegetables have HRI
greater than 1 except coriander because it is
consumed in very less quantity ~ (about 25 g per day).
Pb concentration in spinach, amaranthus,
colocasia are ten folds higher than permissible level.
Pb is entering the human body through leafy
vegetables. Damage due to Pb in human body is
irreversible and irrepairable. Pb concentration in
blood increases due to consumption of Pb
contaminated vegetables [14]. 54  -78% of Pb leaving
the blood each day passes out of the body through
urine [15]. Pb is also transferred to sweat, saliva,
sputum, gastric, bile and pancreatic secretions. Pb
concentrations in the blood increase with time
though a lot of lead is removed from it. This is due to
the fact that rate at which Pb enters the human
blood is greater than the rate at which Pb leaves the

ated
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human body, which results in bio -accumulation
and also bi o-magnification. Hence people
consuming vegetables with HRI greater than 1 are

at risk because blood Pb levels cross permissible
levels within a short duration.

Several studies have shown that high arsenic
contamination is found in drinking water, soil,
vegetables grown in Samata village and also other
places in Bangladesh [16], [17]. About 80 million
people in Bangladesh are at risk due to
consumption of arsenic contaminated water which
is 5 folds higher than limits set by the WHO. Arsenic
and lead concent rations in vegetables are below
permissible level but they are significant as it
becomes regular source contamination in diet.
Many researchers have studied about heavy metal
contamination in Japan [18], [19]. Surveys were
conducted in Japan from 2003 for lead, arsenic,
mercury to collect basic data for future risk
management measures. The conclusions of these
surveys are that lead is less than 10% of allowable
weekly intake set by JECFA. Total arsenic intake is
about 30% of allowable intake of inorganic ar senic
assessed by JECFA [18], [19]. We compared our
results with similar health risk assessments
elsewhere. People in Bangladesh are at higher
health risk due to consumption of Arsenic through
drinking water, vegetables, and crops. People in the
presentst udy are posing risk due to consumption of
lead contaminated vegetables; risk due to
consumption of Arsenic appeared to be
negligible.For people in Japan, lead and arsenic
consumption are less than the allowable intake.
Therefore health risk index due to le ad and arsenic
is less than 1 for people in Japan

CONCLUSION

Water can be prevented from Pb contamination by
treating the effluents before releasing into Musi
River. Growing vegetables on the contaminated
water should be avoided but as waste water is the
cheapest available source for irrigation, wetlands
should be constructed where different marine algae
can be grown. These algae have high Biosorptive
uptake of Pb up to 270 mg/g of biomass [20]. If the
same practice of growing vegetables on
contaminated wa ter is continued, then continuous
monitoring of Pb levels is essential to know whether
vegetables are safe and healthy for consumption
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Abstract

The purpose of this research is to investigate the removal of benzoic acid by magnetic photocatal

Therefore, this study was to prepare a magnetic photocatalyst (

external magnetic field. Magnetic photocatalysts were characterized by X
magnet ometry (VSM) and Fourier transform infrared (FTIR) spectroscopy. The decomposition
UVITIO 2(P25) process in this study.
TiO2/S i02/Fe 304 gave rise to the magnetic photocatalyst, which could be

UV/TIO 2/SiO »/Fe 304 process was higher than that for
paramagnetic behaviors of the prepared

-Lan University; | -Lan, Taiwan

ytic oxidation process.
TiO2/SiO 2/Fe 304) that can be recycled by using an
-ray diffraction (XRD), vibrating sample

of Benzoic acid by the
Furthermore, the

separated more easily through the application of a magnetic field for reuse

INTRODUCTION

Benzoic acid is one of the oldest chemical
preservatives used in food, cosmetics and drugs. A
common objective of Advanced Oxidation Processes
(AOPs) [1-3]is to produce a large amount of radicals
(especially OH), to oxidize organic matter.
Semiconducto r  photocatalysis has  become
increasingly promising technology in environmental
remediation. Typically, catalytic ozonation and
photocatalytic oxidation are conducted in a
suspension of submicrometer -sized particles [ 2-4]
and therefore requires an additional separation step

to remove the catalyst from the treated water. One
approach in overcoming this drawback has been to
develop a magnetic photocatalyst that allows for
easy catalyst removal by the use of an external
magnet, simplifying the downstream recovery stage
[4,5]. Thus, this study investigates the reaction
behavior of photocatalytic processes with magnetic
photocatalyst (Fe 304 core and TiO 2/SiO 2 shell) in
treating wastewater to enhance the activity of the
prepared magnetic photocatalyst and recover the
photocatalyst .

MATERIALS AND METHODS

The batch cylindrical photoreactor was made of
Pyrex glass with an effective volume of 1.5 liter, and
was water -jacketed to maintain the solution
temperature, as illustrated in Fig. 1. The UV light
illumination was carried out using two black lamp
(Sparkie BLB -S8W) of 8 W power with the maximum
intensity at 365 nm. The aqueous solution
containing benzoic acid was ini  tially transferred to
the column reactor, and the pH value of the solution
was controlled by adding sodium hydroxide and/or
perchlorates during the entire reaction time. A total
of 1.08 L of aqueous solution containing 20 g of
FesO4 particles was held in a  2-L beaker at 90°C;
the pH was maintained at 9.5 with 0.1 N NaOH,
while being stirred by a mechanic stirrer. Magnetic

photocatalysts were characterized by X  -ray
diffraction (XRD, Rigaku RTP 300), vibrating sample
magnetometry (VSM, Lake Shore 7407, Lake S hore)

and Fourier transform infrared (FTIR, Spectrum
100, Perkin Elmer) spectroscopy.

! pH meter

"U\' lamp
|

| |
=

Fig. 1. Experimental sketch of UV/TiO
system.

Sampling port
I

J

2/SiO 2/Fe 304

RESULTS AND DISCUSSIONS

The FTIR spectra of Fe 304, SiO2/Fe 304 and the
prepared magnetic photocatalyst (TIO  2/S i02/Fe 304)
are shown in Fig. 2. The results exhibits two basic
characteristic peaks of Fe 304, SiO 2/Fe 304 and TiO 2/
SiO2/Fe 304 at about 3300 cm 11 (O-H stretching)
and 550 cm ! (Fe-O Vvibration), which were
attributed to the presence of FeOH in Fe 304 [6]. The
peak at 1100 cm 1 was attributed to the Si  -O-Si
bond stretching of SIO  2/Fe 304 and TiO 2/SiO 2/Fe 304.
This result confirms that SiO 2 was success fully
coated on Fe 30a.

The magnetic properties of the SiO2/Fe 304 and
FesO4 core were measured with a vibrating sample
magnetometer (VSM), as shown in Fig. 3. The M
plots showed the change in Ms of the particles, after
the incorporation of SiO 2 and TiO 2 shell. A decrease
in Ms from 61.8 to 28.0 emu g1 was observed in
SiO2/Fe 304. The decrease in mass saturation
magnetization was ascribed to the contribution of
the non -magnetic SiO 2 and TiO 2 shell to the total
mass of particles. This observation is similar those
in reports where the attached gold shell was found
to lower the saturation magnetization of magnetite
particles[ 7]. The results indicated that the prepared
samples exhibited paramagnetic behaviors at room
temperature [5]. The paramagnetic behaviors of the
prepared TiO 2/ SiO2/Fe 304 gave rise to the magnetic
photocatalyst TiO 2/ SiOz/Fe 304, which could be
separated more easily through the application of a
magnetic field .

-H
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Fig. 2. FTIR spectra of TIO 2/SiO 2/Fe 304,
SiO2/Fe 304, and Fe 30a.
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Fig. 3. Magneti zation versus applied magnetic field.

According to the database of Joint Committee on
Powder Diffraction Standards (JCPDS), the XRD
pattern of a standard Fe 304 crystal with a spinel
structure has six
35.5°, 43.1°, 53.4°, 57.0°, and 62.6° that are
attributed to the (220),(311),(400),422),(51
1), and (4 4 0) phases of Fe 304, respectively, as
shown in Fig. 4. Based on the XRD spectra, the
crystalline phases could be categorized into two
primary components, ana natase (A) and a rutile (R)
phase and represented the intensity of the strongest
anatase
anatase reflection of
and the intensity of the strongest rutile reflection of
(110) plane at 2 éo +=0.1 2 ‘Addiionally,
anatase phase of TiO 2 crystal is tetragonal system
in lattice geometry.  The analysis results of the
starting material Fe 304 and TiO 2/SiO 2/Fe 304 fitted
the pattern exhibited by standard magnetite.
Therefore, it can be concluded that the magnetite
modified with SiO 2 also has a spinel structure and
that the modification does not cause a phase
change in Fe 304.

The photoactivity of TiO2/SiO 2/Fe 304 was
sensitively  influenced by the calcinations
temperature as shown in Table 1. The reaction rate
constant of benzoic acid under UV light irradiation
was decreased with the increased calcination
temperature. The reasons to be described that the
surface area of SiO2/TiO 2/Fe 304 decreased as the

charact er iigltding the erarges onathe BG

reflection of of@Ir1)
o(*0.D°0 )

calcinations temperature from 350 to
especially the sample calcined at 750
almost completely inactive.

750 oC, and
oC were

SiOZ/F8304
h Fe,O,

TRV SPUUT A SAR W, W

T
20 40 60

Transmittance (%)

-1
cm
Fig. 4. XRD spectra of the photocatalyst coatings.

Table 1. Effect of calcinations temperature on reaction
rate constant and surface area.

Temperature (°C) k (min-1)  Surface area (m 2g%1)
350 0.0059 32.75
550 0.0034 21.35
750 0.0005 9.29

The degradation of benzoic acid increased as pH
value increased from 3 to 10 as shown in Fig. 5
Chen et al. [ 9] also got similar results that reaction
rate increased from acid t o weak alkaline solution
with TiO 2 photocatalyst. The pH of the aqueous
solution is one of the important environmental
parameters significantly influencing the
physicochemical properties of semiconductors,
z péartitle, likke,
aggregation numbers of particles and the position of
the conductance and valence bands|[ 8]. The surface
of TiO 2 is negatively charged in solutions with pH
greater than 6 because the point of zero charge of
TiO2 was determined to be about 6.0. The
disassociate d benzoic acid species also presented
negative charge in solutions with pH greater than
4] Bnéréfored ther@ & répulsloh béween TiO 2
srfhcd Nnaghd a benzi€ atid 4 &urtBermore, the
paramagnetic  behaviors of the magnetic
photo catalyst TiO2/SiO 2/Fe 304, could b e separated
more easily by the application of a magnetic field.
More than 90% of the magnetic photo catalyst was
recovered and easily redispersed in a queous
solution for reuse  at various pH levels

Benzoic acid present in an aqueous solution at
pH 3 could b e decomposed higher than 50% within
approximately 120 min of the reaction time as
shown in Fig. 5. The decomposition of Benzoic acid
by the UV/TIO 2/SiO 2/Fe 304 process was higher
than that for UV/TIO 2(P25) process in this study.
This could be explained by t  he addition of SiO 2 into
TiO2 retarding or inhibiting the crystallization of
anatase phase. The additon ofa  second metal oxide
like SiO 2, ZrO 2 or Al 203, etc, was also found to be an
effective route to improve the thermal stability and
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UV photocatalytic a ctivity of TiO 2 [10,11]. Among
them, SiO 20TiO2 materials were most widely
investigated in the photocatalysis field because they
exhibited higher photocatalytic activity than pure
TiO2.

.4 Py | o o o
0>§\ e .
::\ ‘“\v’—O/'
08 e e g A N
\ T \
.-\.\- A
06 | \ T

w(a) Ti0, /310, /Fe, O, without UV
| =(b) UV/TiO, (p25) at pH 3
L #(c) UV/Ti0,/810,/Fe,0, at pH 3
A(d) UV/TiO,/Si0,/Fe O, at pH 5
¥(e) UV/Ti0. /510 /Fe O, at pH 8
- *(f) UV/TiO,/810,/Fe O, at pH 10

Degradation of benzoic acid, C/C,
o
S

o
Y]

0.0 1 1 1 1 1 1
0 20 40 60 80 100 120

Reaction time (min)

Fig. 5. Degradation of benzoic acid by UV/magnetic
photocatalyst pr ocess at solution temperature = 20
°C, the initial concentration of benzoic acid = 10 mg
L-1, TiO 2/SiO 2/Fe 304 =0.5g L 1.

CONCLUSION

The degradation of benzoic acid increased as pH
value increased from 3 to 10 due to repulsion
between TiO > surface and benzoic acid . Benzoic
acid present in an aqueous solution at pH 3 could
be decomposed higher than 50% within
approximately 120 min of the reaction time
Furthermore, the paramagnetic behaviors of the
prepared TiO2/SiO 2/Fe 304 gave rise to the magnetic
photocat alyst, which could be separated more
easily through the application of a magnetic field for
reuse.
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Abstract

The number of rivers

in Bangladesh has come down to 230 including tributaries from about 1000 within an interval of

a few decades. In the rural areas there are some ignored reasons for river devastation such as selecting wrong crops for

ploughing in the rivers, cultivation of

fishes in summer in the rivers, founding bamboo bridges in a wrong way, lifting up

sands without any plan, changing the rivers direction in an unscientific way, not displacing the plastics from the river

banks when there is less water etc. Thus the paper a

nalyses the overlooked reasons for river destruction basically in

respect of the small rivers in the rural areas. Then, it denotes unseen some resources of air and other pollutions with a
short description that take place both in urban and rural areas and

referred some recommendations for their solutions

INTRODUCTION

Bangladesh is reputed as a riverine country,
being nurtured by 320(approximately) rivers in its
region [1], [2]. But It is a matter of regret that, this
reputation is about to be lost bec ause
aggressive and jealous attitude and activities.

44 rivers of the northern region, 95 rivers across the
country are on the way of losing existence [3]. For
instance, at Thakurgaon district some rivers have
already died including the choto -chepa,
Aman -Damon, the Lona, Lachh and additionally the
Kulik is on the way of dying. Condition is getting
worse as days going on. In Bangladesh, 140 million
people directly or indirectly rely on rivers and the
country upholds a river -based economy [4 ]. So,
rivers are definitely strictly associated with the
name BANGLADEH which are on the risk to be
mislaid. Although several rivers such as the
Buriganga, the Balu, the Sitalakhya , the Turag
locating nearby the urban areas, are being
contaminated ex tremely; complete annihilation is in
reality taken place in case of the small and the
middle sized rivers which flow mostly through the
rural areas.

Contrariety is still continuing against the small
rivers even after taking numerous steps, identifying
the instruments cause to be detrimental for rivers.
In reality, some reasons and resources are not
exposed straightforwardly to the policymakers and
consequently no action is taken against these,
which is ongoing on the sly. For the protection of
the rest rivers, these reasons must be known to all
and sundry.

The main purpose of the study aimed at finding
out the overlooked but significant reasons and
recourses behind river destruction with respect to
the rural and mofussil (subdivision of a district)
areas. On the other hand, the paper shortly denotes
some ignored minor reasons behind air and other
pollutions  which should be taken under
consideration. Furthermore, conversing with people
of various stages, it was tried to learn their views
and outlooks aboutenv  ironmental disorders so that
it is easier to select exact schemes for solution

of
The

the

etc

MATERIALS AND METHODS

The study is essentially based on observation and
inspection conditions of
6The Suko6 at wvarious

m With gcgmparing those circumstances sincerely to

reach the destination. The alterations of the rivers
corresponding t o manads
closely and scrutinized their backgrounds as well as
origins for final decision concerning the
alternati ons. Later for verification, experimentation
at several rivers in Thakurgaon such as on The
Kulik, The Nagar, The Timai at Ranisankail upazilla

in the company of The Tangon at Pirganj upazilla
was concluded with much care. Talking to the
local people as r egards the changes of rivers
subsequent to modification of their activities and
monitoring the places, Full determination on the
success of the study came out that was done on
those two rivers. In addition, as a resident of a rural
area, the work became po ssible determination the
origins of different pollutions and then comparing
with the well -known reasons for different pollutions
to detect the neglected but noteworthy causes

RESULTS AND DISCUSSIONS

A. Overlooked reasons behind river destruction

First of all , wrong choice of crop for cultivation
into the rivers affects than anything else. Actually,
the farmers are interested in plowing crops in the
rivers beds to have an extra storage of harvest. They
select paddy for cultivation and dig the river surface
for this intention devoid of using any nourishment.
Categorically, this is not a caustic fact for rivers.
But, troubles set up when they prefer sugarcane to
paddy for this principle. Actually, they choose a

part on the river bed, fill up that part with soil a nd
start to grow sugarcane. In case of paddy farming,
necessary nourishment is provided by rivers. As for
sugarcane farming, they fi
any support from the river. Therefore, they are to
use fertilizer for a good harvest. Thus, it pollutes the
rivers.

On the other hand, the surface get stronger,
el evated and doesndt stay

That 6s mean; rivers
For example, Sugarcane field grasps about 50m of
total 150m length on the Suk within the la st5years
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and nowadays the part is being used as a full time
agricultural field for any crop except only the rainy
season.

Though paddy is preferred, in the recent years it
is experiential that the growers plow absolute
whimsically and changes the directi on of water
wherever they wish. Therefore, it is strongly
suggested to maintain regulations to let the water
be flown on the rivers and to avoid sugarcane into
rivers. Parenthetically, this problem was found at
each and every spot of where experimentation
place and the concerning general people committed
to its impact in such a way narrated above.

Secondly, Fish cultivation in a river without any
planning bears immense effect. In a middle -sized or
small river, there is not as much of water around
the w hole year except in the rainy season. Availing
this, some people cultivate fish at the two sides or in
the surface established into rivers. They pick up an
appropriate part in a river; block that part with
different elements in order that no water can flow
from or into that part and begin cultivating small
fishes. As a result, the area as well water supply of
that river gets decreased. Note that, arranging it,
they can fish only once or at best twice in a year. In
previous years, very few people would do th is job
and they would perform it in such a way that the
direction of water would be not hampered. However,
in the past, the villagers had a tendency to look for
water altogether into the whole river when the water
level would decline. But, now things have changed,
everyone tends to do work individually by the
blocking system. Still, jumbled paddy farming is
surely responsible for increasing this tendency. It
should be kept in mind how suitable would the
chosen part be regarding this respect.

Thirdly, foundi ng bamboo bridges in an incorrect
method contributes to the investigated facts. It
basically occurs in the countryside areas where
modernization has the few access. Generally, the
bamboo bridges over rivers are formed in such a
season when the water level is lower and the bridges
are formed considering that time. Water level arises
later anyhow and therefore bridge touches the
water level which causes to obstruct the regular
flow of water and may
direction.

Fourthly, sand managem ent in an unscientific
way, is probably one of the major reasons for river
destruction. People use sands of a river in different
uses at different times. As river is a natural aspect,
man tends to use it whimsically and the same job is
done for lifting up  sands too. If someone lifts up
sands from here, then another one does it from
there without maintaining any rule. Thus, a good
number of wholes form at different spots which
affect the whole water management system. Later in
the rainy season though the who les get filled by
water, it is experimented that in next summer
season there lacks water than the previous year.
Moreover, destruction is also found for not following
a scientific way. For instance, lifting up sands from
the two sides just touch the water, regular flow of
water and the riverds di
may have a long term effect. When the
experimentation was done, this problem was
observed all most in all the rivers.

took

cause

Fifthly, sometimes the cultivators make a big
fault even after choosing accurate crop for
cultivation. They incise river banks in different
purposes such as for irrigation to the nearest crops
fields (if the embankment is upper), to get more
space for cultivation (if the river embankment is
lower). There is along -term effect for this reason on
rivers which can be avoided being conscious while
incising the embankments.

Sixthly, there founds slopes of blocks made by
cement, sands to save rivers from erosion at
different places especially in the mofussil areas.
People throw diff erent wastes on these places
considering these as the open field dustbins. If it
rains then the fact is apparent, dusts fall upon
rivers. This reasons actually related to river
pollution rather destruction.

Sixthly, in the rainy season the general people
enhance throwing wastes including plastics than
any other season. When the river becomes dry,
plastics agglomerate towards the embankments
and sprinkle towards nearer lands. Due to not
displacing these; fertility of the nearer lands gets
lowered.

The ab ove reasons followed by destruction or
pollution are simply ignored by the people in
general due to their lack of knowledge or to have
crops as their satisfaction.

B. Overlooked reasons behind air and other

pollutions

1. Railway station is a renowned source for air and
other pollutions. Burning plastics is very

common there. Nobody helps them to get out of
it which is really obligatory as such types of jobs
are their earning sources.

2. Markets both of rural and mofussil areas are one
of the major places of various environmental
pollutions. Such a place is commonly dirty. But
everybody neglect this considering it as a
common fact.

3. Management of the wastes of the hotels for
eating is done improperly mostly in the rural
areas.

4. From discussions with various types of peo
fThakurgaom inagtenishesthrat avout 8086 ofdhe
people in rural
why they should protect the environment from
pollutions. The rate follows 40% in the mofussil
areas. However, only 10 -15% knows the proper
steps that need to be taken .

plein

RECOMMENDATIONS

1. After informing proper
discussions with the common people it also
astonishes that 100% of the rural people and
only 60% of the people of mofussil showed
interest to work for  environment though
literacy ra te is higher in mofussil areas. The rest
40% of mofussil area actually hopeless of the
environment or prefer to remain busy at
self-interests or blind due to superstitions.

r e c t Mygpver; theyryral pegplg shgwed mughhmpre

positive outlook to learn more on the s afety of
the environment. Hence, necessary
measurements must be taken to let them to

areas don
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know in details. It is really tough for the
government satisfying the purpose alone.
Environmental organizations  (national or
international) must be involved in it with th
volunteers having significant plans. If people can
know about the real facts, consciousness will
automatically generate among them.

2. In reality, man pollutes environment for energy
production by and large. Bangladesh has some
talented persons regarding this respect. For
example, electricity production from stone -chips
(PKL electricity production invented by Dr.
Kamrul Alam, professor of Jagannath University
in Bangladesh, can produce electricity of 143
BDT only by investing 1 core BDT. Moreover this
proc ess can easily be available and perfect too
for the rural people [4], [5]-Such inventions
should be used throughout Bangladesh to cope
with the present energy requirement. In
Bangladesh, there are some more intellectuals
who are rarely exposed sincetheyc andt
publish their inventions in a scientific journal
due to some restrictions. So, the government
and environmental organizations need to keep
watch to utilize such extra  -ordinaries.

3. The school students may be the main weapon to
save the environ ment since they are willing to do
whatever they learn at this stage. It should be
mentioned that involvement can be found among
the rural people much than expectation if media
personalities are involved in it.

4. Much research on the safety of environment has
been done. But, the policymakers need to know
all about these opinions in details to take the
proper steps. So, it is strongly recommended to
provide a copy of each journal on environment to
the policymakers.

eir

CONCLUSION

Some unfamiliar sources of river de  struction
accompanied by environmental pollutions have
been showed in this paper. Nevertheless, deep
study on the topics may bri  ng more specialties. By
the way , this paper probably brings the picture of
destruction of rivers and pollution in environment
all most 80% area of Bangladesh as 80% of the total
area of Bangl adesh is either rural or  mofuss il area

61, [7].
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I mprovement of WO

3 Thin Film Sensor

by Doping

for Detecting NOx Gas in Air
MMH Bhuiya , F Mitsugi and T Ikegami

Abstract
In the present study, we report the improvement of WO

3 sensor by doping with titanium (Ti) prepared by pulsed excimer

laser deposition and dc sputtering. The substrate temperature and the oxygen gas pressure were changed from 400 to
500 °C and from 100 to 300 mTorr, respectively during deposition. The sensitivity of the prepared sensor substrates,
Al20s3 with Pt interdigitated electrodes, to NO gas flow was measured using two terminal resistance methods in a

chamber at atmospheric pressure. The sensi
concentrations of NO or NO
rate of 100 sccm. The sensitivity of the WO
and 50 ppm NO gas. The Ti doped WO
lower concentration of NO gas compared to the undoped WO
to be increased by doping with Ti

tivity of the WO 3 and Ti doped WO 3 sensors were measured for different

2 gas using N 2 or air as a base to get required concentration of NO or NO
3 and Ti doped WO 3 thin films measured at temperature of 200°C for 10, 20

3 sensor showed higher sensitivity at lower operating temperature and also to

2 gases in a total flow

3 sensor. The sensitivity of the ~ WO3 sensors was observed

INTRODUCTION

NOx is one of the main pollutants in air and itis a
serious problem over the world. The increasing
demand of fast, accurate and low cost air quality
analysis techniques for dome stic and industrial
environmental monitoring, automotive applications,
sensors networks is tailoring the research toward
new materials and techniques for improvement of
the commercial sensors. Metal  -oxide semiconducting
layers are the most promising conduc tometric
chemical sensors among solid -state devices. The
sensing properties are based on reactions between
semiconductor oxides and gases in the atmosphere.
WOs is a promising material for NOx gas detection
[1]. The detection of NO « is important for monito  ring
environmental pollution resulting from combustion
or automotive emissions [2]. Existing gas sensor
materials include semiconducting metal oxides [3],
siicon [4 -5] and organic materials [5 -6].
Semiconducting metal oxides such as WO 3 and
SnO:2 had been widely used for NO 2 detection [2 , 7].
These sensors have to operate at 200 8500 °C in
order to improve the sensitivity by enhancing the
chemical reaction between gas and the sensor
material [8]. Nitrogen oxide NO x (NO or NO2), are
known to be a kind of tox ic gas that can cause
diseases of the respiratory system and also is
harmful to the environment as a source of acid rain
and fog [9]. In order to detect such a hazardous NO x
gas, there have been lots of efforts in developing a
variety of NO «x gas sensors su ch as electrochemical
sensor [8], SAW sensor [10], and polymer sensor
[11]. Recently, much interest has been focused on
the metal oxide semiconductor sensors (SnO 2,2Zn0,
WOs3 and TiO 2, etc. [12, 13 and 14] because of their
structural simplicity and low cost . Especially, WO 3
is considered as one of the best candidates for NO x
sensing materials due to its good selectivity to low
concentration NO x gas [15]. WO 3 is an n -type
semiconductor and the sensing mechanism of the
sensor lies in the change of film resista nce resulting
from physisorption, chemisorption and catalytic
reactions of gas -phase species with the film surface
[16]. Several methods have been used to prepare
WO3 thin films, including sol d&gel, magnetron
sputtering, thermal evaporation and plasma

enhan ced chemical vapor deposition [17 -22].
Pulsed laser deposition (PLD), is a useful method
since it was used successfully to synthesize
high -temperature superconductor films in 1987 is
very effective to deposit complex films with high
quality [23 -25]. In thi s study, WO 3 films were
deposited doped with Ti to improve the sensitivity of

the WO 3 films .

EXPERIMENTAL DETAILS

Experimental setup for PLD system and
schematic illustration of the KrF excimer pulsed
laser deposition (PLD) system is shown in Fig.1.

20[rpm]

WOs Target

KrE }:;:Sl"mer Substrate Temperature : 400-500 [C] <~
A =248 [nm]| Base Pressure: < 1.5 X 10-5[Torr] Exhaust

Rotary Pump

Fig. 1. Schematic of PLD system

Before deposition, the chamber was evacuated to
a base pressure of 199 x1072 Pa by a
turbo -molecular pump. A target (W Os, purity of
99.99%, diameter of 30 mm) was ablated by KrF
excimer laser (Lambda Physik LPX305icc,
maxi mum energy of 650
duration=25 ns) with the repetition rate of 10 Hz for
10 minutes. The substrate was located at a distance
of 6 cm from the WO 3 target. Oxygen pressure in the
chamber was maintained from 13.3 to 26.6 Pa
during the deposition by a mass flow controller.
WOs thin  films were deposited on silicon substrate
Si (001) and also on Al 203 sensor substrates with Pt
interdigitated electrodes by PLD for 10 - 15 minutes
in oxygen ambient of 13.3 Pa and at a substrate
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temperature of 400 °C using an IR lamp.  The gas be decreased, leading to increasing surface are and
sensor based on WO 3 thin film doped with different this might be able to increase the sensitivity.
amount of Ti was prepared by PLD and dc

sputtering. Titanium in the form of wire was used

for sputtering for the last 2 minutes during PLD WO3 only NO-N2
. ; ; ; 145
deposition for a period of 10 minutes. During
sputtering argon (Ar) gas of 25 sccm was used in the \\
chamber. The sensitivity of the prepared sens or = 140 - q
. o) o
substrates to NO gas flow was measured using two — z \\ p
terminal resistance methods in a chamber at g 135 § o % ]
) . e
atmospheric pressure and_ at operating temperature S g c )
of 25 to 250 °C shown in Fig.2 @ 130 | \\ 2 |
n o | N N,
[} Y 2
o N
125 | N 1
CNT thin film Pt electrode
120

5 25 45 65 85 105 125
Time (min)

Al,O; substrate
Silver paste

Fig. 3. Response to NO gas in N 2 of WO3 sensor only

Exhaust

Fig. 2. Setup for gas sensor measurement system
WO3 only, 200 T, NO-Air

The sensor was annealed few hours before 175
measurement to stabilize the sensor properties. The "\N
sensitivity of the sensors to NO and NO > gas is 170 - 9 / -
defined as Sensor 3 c
Sensitvity =R ¢-Rs) / Rg| 100 (B, é¢é. T 165 | - . ]
c — O 2
The sensor sensitivity S (%) is defined as the ratio b = E
of the change in the elect rical resistance in air (R a) 'ﬁ 160 N, A % N, § N2
orinN 2 (Rn2) andtestgas (R g) ,R =Ry T Raor (Rn2), r N S
toitsresistanceindry air, RaorRn2. | . eR/IRaos= G 155} ? 1
Rn2%100%. e
Where, R g is the resistance of the sensor in NO or 150
NO:zgas and R a is thatin N 2 or air. Before exposure 0 25 50 75 100 125
to NO gas, the gas sensor measurement chamber Time(min)
was evacuat ed and then filled with N > or dray air
and then the sensor was heated to a required Fig. 4. Response to NO gas in air of WO 3 sensor only
temperature. When the resistance of the sensor
reached to stable value, NO gas was flowed for 20
minutes and then N 2 gas was introduced again
keeping turn off the NO gas fl ow for 20 minutes. WO3-Ti, 200 T, ppm NO-Air
Similarly several cycles of flow was completed for 8000
different concentration of NO gas from 2 -10 ppm .
7000 o
RESULTS AND DISCUSSIONS — 6000 - § V4 i
Fig. 3 shows the response of the sensor to 2, 5, § 5000 |- S E g ||
and 10 ppm NO gasin N 2. Figures 4 and 5 shows I s P
the response of the WO s and Ti doped WO 3 thin film 3 4000 |- N, - g ||
sensors to 2 -5 and 10 ppm NO gas in air at & N, S
temperature of 200 °C. The resistance of the sensors 3000 | N, =
was increased with exposure of NO gas which —
indicates semi conducting property of the sensor. 2000
The sensitivity of WO 3 thin fi Im gas sensor was 5, 0 20 40 ) 60 .80 100 120
10 and 14% for 2, 5 and 10 ppm NO gas (Fig.4), Time(min)
respectively, whereas in Fig.5, it was 102,170,
227%/0 for Nyo 2 gas. J Fig. 5. Response to NO gas in air of Ti doped -WQOs3 sensor
Thus, after doping with Ti, the sensitivity was
increased by many folds compared with undoped
WOs thin film sensor. From  AFM measurement, not
shown here, the grain size of the film was found to Fig. 6 and 7 shows the sensitivity of undoped WO 3
and Ti doped WO 3 thin film sensors to NO 2 gas in
air.
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WO3 only, 200 T ppm NO2-Air
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For undoped WO 3 thin film, the sensitivity was 6,
12 and 20% to 2, 5 and 10 % NO 2, respectively,
whereas, for the Ti doped WO 3 thin films t hese
values were 104, 171 and 235% respectively. After
doping with Ti, WO s thin film sensor showed higher
sensitivity compared with undoped WO 3 for both NO
and NO 2 gas.

CONCLUSION

WOs thin film gas sensor was prepared by PLD
system and the sensitivity was improved by doping
with Ti. The sensitivity of the sensor to NO gas in air
is higher than that of in N 2. The doped thin film
sensors showed higher sensitivity to NO and NO 2
gas compared with undoped -WOs3 thin film sensor.
Thus doping with Ti by dc sputteri ng is an
important to enhance the sensitivity of WO 3 thin
film sensor .
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