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Abstract: The Sundarbans is the largest, biologically richastl most extensive mangrove forest in the wavhdgh is also

a world heritage sitederitiera fomeqSundri) tree is the most important ecologicaltyrdnant and economically valuable tree
species and there are 3.5 million in Sundarbansveder, heavy metal contamination is affecting miif of the trees &
people in Sundarbans (Awal, 2007). 45.2 millionSafndri trees have been affected in Sundarbans fgghat, al., 1985).
Heavy metals are natural constituents of the earthist, and accumulation of heavy metals in soifrdsponsible for
pharmacological activity in plants. Prolonged expesto heavy metals such as Al, As, B, Ba, Bi, C&, Co, Cr, Cu, Fe, Hg,
In, K, Mg, Mo, Mn, Na, Ni, P, Pb, Rb, Sb, Sc, Sg,$, Sr, Ti, V, Y, Zn, can cause deleterious tieaffects in humans &
plants. Excessive levels can be damaging to thenism. Heavy metals disrupt metabolic functions #rey accumulate and
thereby disrupt function in vital organs and glasdsh as the heart, brain, kidneys, bone, liver, Ehey displace the vital
nutritional minerals from their original place, thby, hindering their biological function. Thereeamany ways by which these
toxins can be introduced into the body such aswop$ion of foods, skin exposure, and the inhaledRlants experience
oxidative stress upon exposure to heavy metaldehds to cellular damage and disturbance of egliohic homeostasis. So,
the loss oH. fomes& loss of surrounding people will have a major aopon the Sundarbans mangrove ecosystem, assvell a
lead to economic losses. Despite various hypothesés the causes of this top-dying, the underlgiagses are still not well
understood. The present work has explored sombeopossible factors involved, focussing particylanh the relationship
between the amount of top-dying in different plaeed the concentrations of a number of chemicahei#s present in the
soil and water and human bodies, in order to teshipothesis that chemical pollution might be oesfible.

Keywords. Causal Factors, Heavy Metakderitiera FomesMangrove, Sundarbans, Human Health-Problems,
Ecological Pollution, Environmental Pollution, T&psng

example as the prime habitat of the Royal Benggémand
its importance for local inhabitants. The Sundagban

The Sundarbans is the largest single tracts of namsg Mangrove forest in Bangladesh is biologically aywich one,

forest in the world with 10,029 km2 (Christense984; and provides a critical habitat for a diverse mariand
Seidensticker and Hai, 1983; Hussain and Karim419bhe terrestrial flora and fauna, and acts as a natuiad break,
total area of the part,of Sundarbans in Bangla&eshnw protecting low lands of the Khulna division andetlparts of
about 6017 km2 (Imam, 1982; Christensen, 1984; fepait the country along with 3.5 million surrounding p&npwith
al., 1985). The Sundarban mangrove forest is Idcatainly their resources, from hurricanes, tidal surges aatural
at the southern portion of the Gangetic delta bimgeon the ~ cat@strophes. Also, several hundred thousand people
Bay of Bengal of Bangladesh (Blasco, 1977; Naskag91 Bangladesh and India glepend directly for their lihaod
and Bakshi, 1954; Thom, 1982). The forest lies fustth of ~UPON the Sundarbans (Field, 1995).

1. Introduction

the topic between 21°38'- 22°30° North latitudes 88°0'- Sundarbans is the breeding ground for juvenile fishbs,
90°0"East longitudes. shrimps, and mollusks, and is also a prime nestitey for

hundreds of birds, animals, reptiles, insects, sekcies of
1.1. Importance micro organism.

Mangrove ecosystems therefore provide a unique and

Sundarbans is recognised for its ecological impmeafor 51 aple range of resources and services. Thus eat gr
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number of birds, mammals, fishes and invertebratéze
mangroves like Sundarbans during at least oneqgfdtteir
life cycle (Siddigiet al.,1993)

1.2. Sundri Tree

The main tree species literitiera fomeg('Sundri’) which
is part of a genus that comprises of 29 species ard
distributed throughout India, Bangladesh , Burmalaysia,
New Guinea , the pacific region, tropical Austradiad Africa,
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table, people thought that several human healthlgnts are
present among the neighboring peoples of Sundardiaas.
These included particularly skin irritation, blasots on
organs of their bodies such as hands and on asnselhas
spots on their faces, dysentery and diarrhea, dmde@
problems. They thought that excessive abnormal
concentrations of metals, with Arsenic being palttdy
mentioned and also excessive salinity, were resplenfor
these diseases (Awal, 2014).

Heritiera fomesoccurs in the Sundarbans, dpwn the Coas_ts ngle 1.0. Summary of the health issues raised by respondesstsciated
Burma and over large areas of the Asian sub-comtineyjs the Sundarbans.

(Chowdhury, 1984). Sundri has a limited bio-geobiap

distribution, and seedlings do not establish thdwaseexcept

Health issuesraised Number of timesraised

under specific condition (Curtis, 1933).
1.3. Symptoms of Top-Dying Disease

Top-dying or dieback leads to the death of Sund
(Heritiera fomes)trees and consequently Top-dying to th
decline of Sundri in the Sundarbans. This conditibarts
with a decline or death of foliage and twigs in thmper part
of the tree, and gradually the symptoms extend deawd.
This gives a stag-headed condition to the affedregs
(Gibson, 1975). Sporadic or patchy occurrence pfdging
of Sundri was mentioned early on by Troup (1921h A
inventory by Chaffeyet al., (1985) revealed that there were
about 45.2 million top dying trees in the Sundagbarf
which 20 million had more than 50% of their crovffeated
by top dying.

Arsenic problems. 2
Ground water problem. 1
Skin complaints (irritation or dark spots). 16
Allergy problems. 2
Diarrhea. 6
Dysentery. 2
Fevers. 3
Stomach complaints. 2
Cholera. 2
Eye problems. 1
Hair graying. 1
No idea / unknown. 28
Other new diseases (unspecified) 1

2. Method

Nine plots were selected for sampling of soil, wasand
vegetation in order to categories different areaserms of
their intensity of top-dying. 63 soil samples andwéter
samples were tested, mainly by ICPMS, to investigattain
parameters of the soil and water, such as Sn, Bgelable K,
Soil pH, Pb, Zn, Ni, soil pH, CEC, soil nutrientsgil
moisture content, and elemental concentrationsZobter
elements. Most of the elements studied had no fgignt
correlation with the top dying dfleritiera fomes However,
Sn, Exchangeable K, and soil pH were significandiated
(Awal, 2009), and three elements, namely Pb, Znwsere
also close to significance.

2.1. Questionnaire Survey of Local People

In order to establish the views of local people whibe
health problems & the incidence as well as causesm
dying, a questionnaire was prepared for asking lesagther
individually or in groups.

2.2. Evidence of New Health Problems of People Living in
or Around the Sundarbans

As well as seeking evidence about the health stHttise
Sundarbans, the questionnaire attempted to asdesthev
there were increasing health issues for the loadple
resident in the area of Sundarbans. According ¢obilow

This survey was done among people living or workimg
the 17 Sub-Districts of Sundarbans, making a distn
between those living within and outside of Sundashd hey
were asked whether they had seen the top-dyingsksef
Heritiera fomeg(Sundri) in Sudarbans for a long time, either
through living within the Sundarbans or throughiting
Sundarbans for their daily work, for their profes&l work
such as forestry officials, for fishing or for adting wood
as wood cutters, for seasonal honey collection,otbrer
purposes.

Groups were made up among targeted people in all
locations and from all categories mentioned abbesged on
age, profession, and also for their sharp memarthis way,
50 questionnaires were filled up through interviewgstly of
groups and sometimes of individual people. Thefjaation
of selection of people for the questionnaire surves that
the targeted people were familiar with the top-dyoroblem
in Sundarbans, and are related through their psfies with
Sundarbans directly and indirectly. The questiomnatarted
by establishing that the respondents were familidth
common human health problems & top-dying, as wsll a
went on to seek their views and information on wdta@nges
they had observed and whether they had noticedibpp@ss
causes. This was possible because, most of thevigees
are living within the Sundarbans for their dailytigities. So,
this survey was performed to receive their indigeno
response and knowledge towards top dying and gsemt
conditions, and their ideas about what leads tedippg, as
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well as questions about tree regeneraéinohuman health in
Sundarbans.

Out of 50 responses, 46 answered tbpidying disease of
Sundri has increased over time Sundarbar (Figure.l).
This near unanimity provides cleavidenc: that the problem
is getting very noticeably worse over time.

@ Same
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O Less
0 Other

More 92%

Figure 1.0. Responses to question 2 about tiange observed in top-
dying over time.

2.3. Field Sampling Methods
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Figure 2.0. Output from ICP-M%nalysi: of Hg.

Fieldwork was performed betwee®ctobe 2003 and
March 2004. Sampling was from the amdfahe Sundarbans
near Chandpai, which is the area mastessibl to people
and also potentially the one that is mpsliuted Three areas
(termed ‘compartments’) from thisegicn were selected
(numbers 26, 28 and 31) because thesre believed to
represent a range of severity of top-dyatigease as well as
of human activities, as outlined in Awatal. (2009). Within
each of the three compartmentamplin¢ of vegetation,
mangrove sediment and water took plagghin three 20m x
20m plots, chosen to reflect a rangetad-dying intensities
(high, medium and low for that arealhe sampling was
conducted in a randomised block designthat a plot was
sited within a particular top-dyingtensity block, but the
precise location of that plot waandomise so as not to bias
the detailed data collection. Therefordasal of nine plots
were sampled. It should be noted thatreeria making up
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the mangrove sediments wilhclude marine, coastal and
freshwater deltaic sedimengs well as biological material
such as tree litter-fall. Theelative importance of these
sources will depend to a greattent on the patterns of river
discharge (Dyer, 1986) and thetent of tidal inundation, and
will also therefore vargpatially throughout the Sundarbans.

From each of the nine plotsne water sample was collected
in a plastic bottle from aearb: river, creek or channel. Also,
seven sediment samples wemdlectec per plot; one from the
centre of the plot, four (oreach from all the corners, and two
from the middle sides of thplot. Therefore a total of 63
sediment samples wertaken These mangrove sediment
samples were collected fro3-30 cm depth by using a
stainless steel spatula and steginder @=5.25 cm), and all
samples were kept irsealel plastic bags until sample
preparation took placeSsample were preserved in portable
coolers until arrival at théaborator at Dhaka University for
initial chemical analysis andir drying. This field sampling
method followed the W.H.OU.K, and E.P.A systems of
standard laboratory and fielsmpling¢ principles, rules and
regulations. The driedsample were later transported to
Bradford, U.K., for chemicanalysi: by ICP-MS.

Within each of the nine 20m20m plots, each adult tree of
all species was assessed tfmee parameters. The diameter at
1m height was recorded (@m) by using a measuring tape or
slide calipers, depending girth. The tree height to the top of
the crown was determineahainly by ocular estimation, but
some heights were checkdry using clinometers at a set
distance of 20m to test tlaecurac of such ocular estimations.
Thirdly, the status of the trae respect of the amount of top-
dying was assessed by usindoar point qualitative scale of
intensity, namely; notffected mildly affected, moderately
affected or highly affectecby top-dying. This was later
expressed as a semuantitative or rank scale and used as an
index of top-dying intensity ithat plot.

After assessing the adulrees, the total number of
seedlings (individuals of théree species <1 m tall), and
saplings (young trees >1 tall with a diameter of trunk of <
10 cm), of all species wereounte( within the plots. Care
was taken to ensure thaeés saplings and seedlings were
not counted more than ona@ missed in the recording
process by marking thenusing different colours for adult
and regenerating trees.

2.4. Laboratory Analyses

Initial chemical andphysica properties of the mangrove
sediment samples and thatel samples were determined at
Soil, Water, & EnvironmenbDepartmer in Dhaka University.
These were the electamnductivity for the determination of
sediment and water cautieexchang capacity; the pH of
both sediment and water; tpercentag moisture content of
the sediments; soil particknalysi: determined by a Plunger
Hydrometer; the commtration of S, soluble N (digestion
method), and total N(Kjeldahl method). All remaining
elemental concentrations wedetermined using Inductively
Coupled Plasma - Mas¥pectrometr (ICP-MS) at Bradford
University, England (UK).
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2.5. Electro-Conductivity

Fifty ml of distilled water was added to the sedtend
the mixture shaken mechanically and then stirr&dtisres to
ensure thorough mixing. The sediment suspension lefas
overnight for it to reach its stable suspensiontjposphase.
Finally water EC was recorded by using an EC meter.

2.6. pH

The pH of the sediment samples was measured bygddi

50 ml of distilled water to [how much?] the sedimethen
shaken and stirred 5-7 times to ensure thorouglnmix he
mixture was left overnight for it to reach its de@buspension
position phase before recording the pH using a gtemFor
the pH of the water samples, 50ml each of watempéarnd
distilled water were taken, stirring was done ie ame way
as for the sediment pH measurement, and the saofigon
left overnight before filtering using a Whatman N filter
paper and then recording the pH as above.

Particle size analysisEach sediment sample was air dried
ground to a powder, sieved, then reacted with tyeino
peroxide solution (kD,), according to the procedure
described in Blackt al (1965). In the hydrometer, the blank
reading was taken after 40 seconds, and the saeauiing
after two hours, maintaining the temperature aC2%nd
these values were used to calculate the partizée(8lacket
al., 1965).

Percentage moisture content of the sedimen
Approximately 50g of sediment was passed throughnal
sieve. The sieved material was then weighed antetida
105°C for 24 hours to dry it completely. The dryigeent
was then reweighed and the difference in weighise ghe
weight of moisture. This amount of moisture wasresped
as a percentage of the original wet sediment weight

2.7. Elemental Concentrations by ICP-MS

Initial sample preparation was performed at Dhakg:

University. Adhering materials were removed withicieps,
and all sample materials were dried at ambient &zatpre
and were disaggregated to pass a laboratory tast sising a
brush. Soil samples were ground by an acid proo¢eiain
mortar pestle using a porcelain hammer. After mgkime
soil into powder, samples were kept in plastic bagd later
analysis.
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Figure 3.0. Scatter diagram shows the correlation between $i)(@nd
Top-dying index values in the three compartmers 28 and 31) sampled
in the Sundarbans, with three plots in each compartt.

The 63 samples, together with two reference madseria
(namely peach leaf, 1547 NIST, and estuarine sedtimié46
NBS) and blanks as controls were prepared by addimg of
concentrated 1M HN@solution to 0.2 g of the sample and
pre-digested until the reaction of volatile or gasixidised
materials had subsided. Fresh blank samples wede i
each separate set of acid digestions. Soil sampie®
digested by a Microwave Digestion System (MDS). All
samples and solutions of material were kept in@ ocoom
(at approximately &) until they were used for analysis. The
samples were then sealed in Advanced Compositeeldess
with a rupture membrane and pressure control cioveach,
and heated in a microwave oven. The samples weatedhe

t$Iowly up to 108C, maintaining 175 psi pressure for 12

minutes. The resultant digest was cooled and delieby
washing seven times with double-distilled wateltefed,
then transferred to a volumetric flask and dilukednake 250
ml volume.
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Figure 4.0. Scatter diagram shows the correlation between RibYmnd
Top-dying index values in the three compartmers 28 and 31) sampled

Subsequent analyses of the dried sediment sammes win the Sundarbans, with three plots in each.

performed at Bradford University. In all steps ofl sample
preparation and analysis, care was taken
contamination. All items of equipment were firstshad by
hot tap water, soapy water, cold water, then bygrdséd water
or distilled water and finally with acid leached dieionised
water. For drying, all items were kept for 12 howrsin oven,

and then they were washed again by the same pnaced

before storing, to be washed again immediately rpt@®
starting a new analysis. Instruments were cleandith w
appropriate blanks before beginning every experimen

to avoi

d The samples were then analysed for 32 elements, thi
paper focusing on Al, As, B, Ba, Bi, Ca, Cd, Co, Cu, Fe,
Hg, In, K, Mg, Mo, Mn, Na, Ni, P, Pb, Rb, Sbh, Se, Si, Sn,

Sr, Ti, V, Y, Zn, using ICP-MS. Calibration standarwere
required for checking the detector response, aadettwere
prepared with known quantities of the elements iaé f
concentrations (1, 10, 100, 200 and 1000 ppb) teercthe
range of concentrations likely to be found for eatdment.
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Figure 5.0. Scatter diagram shows the correlation between nearage
Exc. K and mean average tree diameter.

The calibration standards are typically prepareidgu@%
HNO;, but early trials suggested that there might benten
and cross-contamination of Hg within the equipmesing this
acid, and therefore 200 ppb gold-wash solution wsed
instead which improved instrumental response (BataiAwal,
2007). It alloys easily with many metals, such ekl gsilver,
and tin. These alloys are called amalgams.

Metallic mercury is used in a variety of househol

products, such as barometers, thermometers ance$icent
light bulbs. The mercury in these devices is trabpad
usually does not cause any health problems. Howeulen
a thermometer will break a significantly high expas to
mercury through breathing will occur for a shortipé of
time while it vaporizes. This can cause harmfubetf§, such
as nerve, brain and kidney damage, lung irritatiegie
irritation, skin rashes, vomiting and diarrhoea. rbtaver,
mercury has a number of effects on humans, such
disruption of the nervous system, damage to braictfons,
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and an average (median) could be determined fdr pht,
thus producing an average index score per plotchase
ranked data.

Comparisons of the strength of relationship betweem
variables were assessed by correlation: the Péarson
product-moment correlation coefficient where bo#niables
were fully quantitative or the Spearman’s rank elation
coefficient where the top-dying index was one ok th
variables. In the case of the Spearman’s coeffici¢me
probability of the outcome was determined by usthg
approximation to a t-statistic appropriate to thests (Sokal
and Rohlf, 1981). The Spearman’s correlation wasl uere
because the top-dying data are based on an indek, a
probably not meeting all the assumptions of trudygmetric
data, although since the elemental concentratioasfudly
guantitative data, using this statistic will resuft some
information loss.

Data on frequencies of seedlings or saplings it edc¢he
lots and compartments were testedybyontingency table
nalyses to determine whether the amount of topgdyias

associated with location. A similar consideratiof the

different compartments as comprising one factod, thie plot
type as a second, was used to test the pattertewiestal
concentrations and other variables by a two-faat@lysis of
variance test with replication. This allows an asseent of the
significance, not only of the two factors sepasatmit also of
the interaction between the two factors (Zar, 19843hould

be noted that the plot type was not a strictly letd factor,

&fce the three categories of top-dying intensieyenrelative
to each other within any one compartment and mighhave

DNA damage and chromosomal damage, allergic re@&tio peen exactly equivalent between the three categdrie

resulting in skin rashes, tiredness and headactegmtive
reproductive effects, such as sperm damage, héfibcts and

different compartments; interpretation of the resfrom these
test therefore needs to bear this in mind. MINITY¥@sion 14

miscarriages, and damaged brain functions can cauggssistical Software has been used for all datlysisa

degradation of learning abilities, personality ajes) tremors,
vision changes, deafness, muscle

mongolism. Moreover, Triethyltin is the most darmges
organic tin substance for humans. It has relativatprt

hydrogen bonds. When hydrogen bonds grow longen a ttop—dying of Heritiera fomes (Sundri)

substance will be less dangerous to human healiimads
can absorb tin bonds through food and breathingtlamaigh
the skin. The uptake of tin bonds can cause adtgete as
well as long-term effects. Acute effects are: Eyel &kin
irritations, headaches, stomachaches, sicknesslianihess,
severe sweating, breathlessness, urination probéamsthe
long-term effects are depressions, liver

and shortage of red blood cells, brain damage icg@nger,
sleeping disorders, forgetfulness and headaches.)

2.8. Statistical Analysis

Data on the severity of top-dying for each treaiplot,
which had been recorded as * not affected’, ‘milaffected’,
‘moderately affected’, and ‘highly affected’, wetenverted
into a four-point scale (0-3), so that they could summed

in coordination a
memory loss. Chromosomal damage is known to cau

3, Result

But, the present results have showed that
Exchangeable K, Pb , Sr and Zn could be direatlyed with
in Sundarbans
probably particularly by weakening the vigour ot ttrees
and allowing other factors such as pathologicalnegdo
attack the plants.

The concentrations found in the areas sampled showe
most heavy-metal contaminants not to have excdgdivgh
concentrations compared to other badly-affected gmeve

Sn,

n . damageyeas which have previously been investigated.
malfunctioning of immune systems, chromosomal damag Notably

however, the elements nickel and mercury
appeared to have particularly high concentrations.
Furthermore, certain other elements showed sigmfic
variations in their concentrations between différparts of
the mangrove forest that were sampled near Mongta iR
Bangladesh. Co-relation analyses between the ctratiens

of the metals and an index of top-dying providednso
indications of possible causes of top-dying.
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Table 2.0. Of the hypotheses previously put forward to expamdying, the present results do not support enbd salinity as the cause. It is likely that
several of the above-mentioned environmental fadtderact with each other to induce top dying im&i.

Identified heavy-metals ~ Minimum mean Maximum mean values(in ~ Minimum mean values (in

Maximum mean values (in ppb)

in Sundarbans. values (in ppb) ppb) ppb)
Al (Aluminium) 15.62 37,570.00 (Min 1): 3.13 (Min 1) 46.10
. y 0.00006(PI) (ES): 0.0116
B IEEIIE) &7 i 0.00005(Nig) 0.00111 (Nig)
B (Boron) 4.81 77.21 0.029 (SRM) (GGC):10.00
) 0.124(Pl) (GGC):1.00
Ba(Barium) 0.41 141.80 0.011(E.W) 2.973 (EW)
Bi (Bismuth) (-) 0.01 0.74 _ (GGC):10.00
Ca (Calcium) 44.77 17,600.00 0.00005 (E.W) (GGC):200.0
0.002(Thai) 0.016 (Thai)
Cd (Cadmium) 0.14 1.62 (P1)0.00003 (ES): 0.0004
(Min 1):0.0003 (Min 1): 0.014
- (ES): 0.0105
o {{cieEld) 2 £ S (Min 1): 0.003 (Min I): 0.026
) ) (ES): 0.076
Cr (Chromium) 3.14 114.90 0.0000016 (Nig) 0.000017(Nig)
0.131(Thai) 0.260(Thai)
Cu (Copper) 1.85 43.76 (PI): 0.004 (ES): 0.018
(Min I): 0.006 (Min I): 0.086
16.00 (Thai) .
Fe (Iron) 25.82 248200.0 (PL): 0.218 ?ﬁ}g?ﬁhzago
(Min 1): 5.30 T
0.029 (Min 1) 0.089 (Min 1)
Hg (Mercury) (-)1.43 83.30 (PL): 0.00003 (ES):0.00007
0.000023 (Nig) 0.03(Nig)
In (Indium) 0.15 8.84 0.00005(E.W) .
K (Potassium) 186.50 7495.00 . .
Mg (Magnesium) 5.14 18280.00 _ (GGC):10.0
(PL): 0.00006
Mo (Molybdenum) 0.20 26.15 0.000008 (Nig) 0.00005(Nig)
(PL): 0.098 (ES):0.375
Mn (Manganese) 0.70 698.00 (Min 1): 0.005 (Min 1): 0.44
Na (Sodium) 75.83 6065.00 E)P;_)(:)o.om EGGC)BOO'O
. (ES):0.032
Ni (Nickel) 7.58 1127.00 E;ILQ] I;’;goggs (Min 1): 0.04
o (GGC):5.00
P (Phosphorus) (-) 62.83 1094.00 _ (GGC):20.0
0.032 (Thai) 0.079(Thai)
Pb (Lead) 0.32 34.19 (PL): 0.0009 (ES):0.0282
(M in I): 0.0015 (Min 1): 0.024
. (PL): 0.0197
Rb (Rubidium) 0.15 76.19 0.02 (E.W) 0.0209 (SRM)
. . 0.00003(Nig) 0.000107(Nig)
Sb (Antimony) (-)0.23 2.92 0.0005 (E.W) 0.00002(SRM)
Sc (Scandinium) (-)1.15 8.98 0.0003 (E.W) 0.00004(SRM)
. y (PL): 0.00012 0.00013(SRM)
Se (Selenium) (-)2.98 5.71 0.00003 (Nig) 0.0014(Nig)
Si (Silicon) (-)2033.0 3978.00 _ (GGC):50.0
Sn (Tin) (-)0.41 9.68 <0.0002 (SRM) (GGC):10.0
) ) (GGC):1.00
Sr (Strontium) 0.18 44.17 (PL):0.053 0.057(SRM)
Ti (Titanium) 1.37 1350.00 1.0 (E.W) (GGC):0.30
. (PL):0.0004 (ES):0.094
V (Vanadium) 0.09 42.41 0.004 (Nig) 0.298(Nig)
Y (Yttrium) 0.03 16.69 _ 27000.00(E.W)
(PL):0.0179 (ES):0.138
Zn (Zinc) 2.30 112.60 (Min 1): 9.64 (Min 1):56.2
0.029 (Thai0 0.088(Thai)
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4. Discussion

Comparing figures in the table 2wbuld suggest that about
two thirds of the elements have centration which are
elevated compare to other reference sourcéd®e Sundarbans.
This would be consistent with tlevidenc: that heavy metals
were having an influence on top-dyimgensity and human
health hazards. The elements Pb, Sn,zandere highlighted
earlier , and although not all of theqmite reached statistical
significance, the positive trend linkingvo of them to top-
dying suggests a likely mechanismiofluence namely that
greater concentration of the heavy-metabkel the resistance
of the tree to attack by the pathogehingi. This might well
be a process that other elements contribui@s well, but has
not been picked out by the analysisshewin¢ a link because
of the variability between samples inheranthe data. In this
respect, the anomaly of the negatietationshi| indicated for
Sn is harder to explain, but a possipl@ces might be an
antagonistic response of Sn and anoéihement so that when
Sn is less abundant the other elemest have a stronger
(deleterious) effect on the trees, tlallewing more top-dying
to occur which was highlighted earlier.férther point is that
variations in soil pH from site to si{ghowr to be significant)
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will also have a marked effeon the bio-availability of some
of these heavy metals, atidus perhaps influence top-dying
and human health. Becauseman may be exposed to nickel
by breathing air, drinkingwatel, eating food or smoking
cigarettes. In case of skitoniact with nickel-contaminated
soil or water may also resuih nickel exposure. In small
guantities nickel is essentiélyi when the uptake is too high it
can be a danger to humdmalth An uptake of too large
guantities of nickel has baaffect: such as higher chances of
development of lung cancempse¢ cancer, larynx cancer and
prostate cancer, sickness atiezines after exposure to nickel
gas, lung embolisnrespirator failure, birth defects, asthma
and chronic bronchitis, allergi@actions such as skin rashes,
mainly from jewellery, headisorders

It is noted that nickefumes are respiratory irritants and
may cause pneumonitisSExposurt to nickel and its
compounds may result in thgevelopment of a dermatitis
known as “nickel itch” insensitize' individuals. The first
symptom is usually itchingyhich occurs up to 7 days before
skin eruption occurs. Theprimary skin eruption is
erythematous, or folliculamvhich may be followed by skin
ulceration. Nickel sensitivity once acquired, appears to
persist indefinitely.
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Figure 6.0. Cause of top-dying, as suggested by questionnaire resats.
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The frequency of responses is indicated in the alfigure
According to the respondants, the most likely canfstop-
dying was from pollution of the water from the Mdagort. .
The present data also contribute evidence regardthgr
suggested hypotheses for the causes of top-dyiatjin@d
earlier). The non-significant relationship betwesaiuble or
exchangeable Na and the amount of top-dying, oh Wit
amount of tree growth, strongly suggests that ymothesis
of salinity changes being the cause of top-dyingpiscorrect.
However, the data on moisture content percentagedicate Acknowledgements
that the Sundarbans has lower values than manyr othe
mangrove forests, and the values obtained are rrddhe My research work was supported financially by the
even compared to others obtained from the SundarbaReoples’ Republic of Bangladesh and the Asian greént

which are likely to contribute to the increase ap-t
dying of Sundri and also health problems observed.
There were also significant differences between
different areas in the Sundarbans, and evidence of
water supply problems to the system. Thereforss, it
concluded that several factors are responsibl¢hfer
increase in top-dying of flora and fauna, rathemnth
one specific factor only.

(Faizuddin, 2003). This suggests that the Sundarkian
experiencing problems with its water supply, whiohy be
linked, at least in part, to the construction oé tRarraka
barrage (FAO report, 1984). If the drainage systenthe

water basin is poor, the tendency towards morei@gidil

and water may increase (Christensen, 1984).

The evidence presented in this paper thereforetpoiot
to one specific factor as being entirely respomsifar the
increasing amount of top-dying and human healttbleros,
but rather to a combination of factors; changingewaupply
and heavy metal contamination in particular, codphgth
possible pH changes, lead to a weakening of thes tesd
people, which are then more susceptible to grestack by
pathogens and lowered resistance to them by tls.tfhis
combination of factors is also supported by the mamts of
the people interviewed, who suggested many diffefaators

Bank (ADB), whom | thank. Particular thanks are doi¢he
ADB head office, Manila for their support and helghank
sincerely Dr. W.G.H. Hale (Principal Supervisorhitkrsity
of Bradford, UK, Professor Mike Ashmore (Technical
Supervisor), University of York, UK and Dr. P.J. ¢oth for
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Anowarul Azim, Aminul Azim, Amirul Azim, Aslam Shéh

as the cause as well as implying that the changegnadual
by not being able to pick out a specific startirmjedto the
problem. This would be precisely the pattern thighinbe
expected where no one factor was solely responsibkt the
combinations of factors might be somewhat differémt
different areas. Of course, having a number ofrlinteed
factors as believed likely causes of the problenkeraa
solution to the problem more difficult. Some sudges for (Layla Anjumand Banu (Chandu), Akter Rashida Barwrif,
ways of alleviating the problems, as well as furttesearch Saleha Pervin (Lili), Azmeri Ferdowsi (Dolly), Jatal
that could be done are included in the section viaelo Ferdowsi (Polly) and my beloved youngest sister ®ad
Although there were only a few individual chemied@ments Ferdowsi (Jolly), Chappa, Chondona, Rono, Sultdhéa,
which showed significant correlations with the ambwf Joytun, Loti, Alta, Oysorjo, Omio, Alia, Abdul Khel, Dilu,
top-dying, there was evidence of elevated heaviyametSalauddin, Abdul Malek, as well as all family memséor
concentrations of many elements in the Sundarbahigh their inspiration and help.

are likely to contribute to the increase in toprdybbserved.
There were also significant differences betweerfediht
areas in the Sundarbans, and evidence of waterlysupfRefer ences
problems to the system. Therefore, it is concludiedt
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ther th i pf t | p-dying (1974) Chemical analysis of ecological materials.cBheell
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5. Conclusion [2] Awal, M.A. (2007).Analysis of possible environmental factors

causing top-dying in mangrove forest trees in thedarbans
«  Although there were only a few individual chemical in BangladeshPhD thesis, University of Bradford.
elements which showed significant correlations wit 3]
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elevated heavy-metal concentrations of almost 14
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