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Abstract: Coastal belts render energy & operative support to people and natural resources (Awal, M.A.2007). But the 
Sundarbans is being contaminated by various environmental factors such as heavy metal contaminations in soil and water 
as well as people health (Awal, M.A. 2014). So, a questionnaire survey was conducted among different groups of people 
inside and outside of Sundarbans to explore local perceptions as to the possible causes of disease of plants in Sundarbans 
(Awal, M.A.2009). This confirmed the increase in top-dying prevalence. Despite various hypotheses as to the causes of this 
top-dying, the underlying causes are still not well understood. The present work has explored some of the possible factors 
involved, focussing particularly on the relationship among the amount of top-dying in different places and the human 
destruction of Sundarbans ecosystem as well as abnormal concentrations of a number of chemical elements present in the 
soil, in order to test the hypothesis that ecological pollution, along with chemical pollution might be responsible. Of the 
hypotheses previously put forward to explain top-dying, the present results do not support enhanced salinity as the cause. It 
is likely that several of the above-mentioned environmental factors interact with each other to induce top dying in Sundri 
(Awal, M.A. 2004). However, the present results have showed that  Sn, Exchangeable K, soil pH, Pb, Zn and Ni could be 
directly linked with top-dying disease of Heritiera fomes (Sundri) in Sundarbans, probably particularly by weakening the 
vigour of the trees and people and allowing other factors such as pathological agents to attack the plants and surrounding 
people in Sundarbans, Bangladesh (Awal, 2014). 

Keywords: Environmental-Factors, Environmental Pollution, Heritiera Fomes, Mangrove, Sundarbans,  
Status of Human Health Hazards in Sundarbans, Top-Dying, Site Quality,  
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1. Introduction 

Due to over-felling, principally of Sundri and 
Excoecaria agallocha (Gewa) for timber and industrial raw 
materials, the overall loss of mangroves area in Bangladesh 
had exceeded 300,000 cubic meters annually (FAO, 1982). 
The Chakoria Sundarban in eastern Bangladesh, which has 
now been almost completely depleted for aquaculture 
(ADB, 1995), cleared by 34% between 1975 and 1990-91, 
and in Sundarbans the amount of  Heritiera fomes(Sundri), 
declined from 31.6 to 21.0% of the total number of trees 
between 1959 and 1983 (Chaffey, 1985). Thailand’s 
mangrove forests, where more than half of the total area 

(some 208 220 ha) was lost, and Bangladesh’s Chakoria 
Sundarban mentioned above which disappeared between 
1961 and 1993, are two notable examples of such 
mangrove forest decline.  

Land reclamation and other coastal developments have 
also been responsible for the destruction of wildlife 
habitats and natural resources, as well as some fine natural 
coastlines in the Republic of Korea (Government of 
Republic of Korea, 1994). The total management resource 
in Thailand has shrunk from an estimated 368,100 ha in 
1961 to 196,643 ha in 1986-87 (FAO, 1982). Such 
mangrove areas are under various threats from human-
intensification, disturbance and exploitation. In respect of 
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non-wood forest products, the importance of bark tannins 
has declined in many Asian countries, but some mangrove 
tannin is still used in India and Bangladesh for leather 
curing and for fishing-nets curing in Sri-Lanka (FAO, 1982) 
through deforestation (Awal, 2007). Deforestation and its 
offset on natural cycles cause is in fact our overbearing 
species. Man has so dominated the natural systems of the 
world (The American GeophysicalUnion, 2014) such as 
ongoing-deforestation is a primary concern in creating 
liable, comfortable neighbourhoods for community-
building (Awal, 2014). Deforestation causes also global 
warming Key role for developing countries in fighting 
greenhouse gas emissions 4 September 2006, Rome – Most 
people assume that global warming is caused by burning 
oil and gas. But in fact between 25 and 30 percent of the 
greenhouse gases released into the atmosphere each year – 
1.6 billion tones – is caused by deforestation (UN, 2006).  

Trees are 50 percent carbon. When they are felled or 
burned, the C02 they store escapes back into the air. 
According to FAO figures, some 13 million ha of forests 
worldwide are lost every year (UN, 2006), almost entirely 
in the tropics (FAO, 2006). Deforestation remains high in 
Africa, Latin America and Southeast Asia (UN, 2006). In 
South America, mangrove forests extend from northern 
Peru on the pacific coast and from Brazil’s southern state 
of Rio Grande do Sul on the Atlantic coast. The mangroves 
of the Americas continue north along both sides of the 

Central American isthmus. The 3,900 km Pacific coast had 
over 340,000 ha of mangrove forests, with a higher floristic 
diversity than the Caribbean community (Jimenez, 1985). 
Aridity and the cold Humbolt current limit the southern 
extension on the Pacific side to about 6 degrees south, 
whereas higher rainfall and warm currents along the 
southern coast of Brazil permit mangrove growth to about 
28 degrees south. Explanation of mangroves is extensive in 
this reason too. In Honduras, between 80,000 and 120,000 
cubic meters of mangrove are estimated to be used for 
firewood annually. In Nicaragua, according to the permits 
granted, 9,000 cubic meters a year are collected for 
firewood (Jimenez, et al., 1985), and according to the 
researchers, the El Salvador harvest is approximately 
30,000 cubic metres a year (Miranda, 1998). Buffington 
(1987) reported that California had lost 91% of its wetlands, 
the Louisiana delta had been losing 104 km2 each year 
recently prior to that date and the national loss rate for 
wetlands in the 1970s was 185,000 hectares a year 
(Tiner,1984). 

1.1. Location 

The Sundarban mangrove forest is located mainly at the 
southern portion of the Gangetic delta bordering on the 
Bay of Bengal of Bangladesh (Awal, 2007, Blasco, 1977; 
Naskar 1999; and Bakshi, 1954; Thom, 1982, Figure1.1). 

 
Figure 1.1. Shows compartment numbers and Ranges of Sundarbans Reserved Forest. 
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It occupies a flat deltaic swamp rarely exceeding 0.9 to 

2.1 m above the sea level and most of the area is under 
water during the high spring tides of the monsoon and the 
major portion of land is a low plain with maximum 10 m 
height above mean sea level (FAO, 1994). Sundarbans is 
subdivided into 8 blocks (Rahman, 2003) and further 
subdivided into 55 compartments (Figure 1.1), varying in 
size from 4000-16,000 ha (Tamang, 1993), depending on 
the height classes & stocking conditions of the forest trees. 
The forest lies just south of the topic between 21º38´- 
22º30´ North latitudes and 89º0´-90º0´East longitudes. 
Within the total areas of the Sundarbans, Heritiera fomes 

constituted 63.8% among the total tree vegetation (Chaffey 
et al., 1985). 

2. Methodology 
 

In order to establish the views of local people about the 
incidence and causes of top-dying, people health status in 
Sundarbans, a questionnaire was prepared for asking 
peoples either individually or in groups. This survey was 
done among people living or working in the 17 Sub-
Districts of Sundarbans, making a distinction between 
those living within and outside of Sundarbans. They were 
asked whether they had seen the top-dying disease of 
Heritiera fomes (Sundri) and people health’s problems in 
Sudarbans for a long time, either through living within the 
Sundarbans or through visiting Sundarbans for their daily 
work, researchers, students, for their professional works 
such as forestry officials, for fishing or for collecting wood 
as wood cutters, for seasonal Goran (cyriops decandra), 
Goal-pata (Nypa fruticans), honey collections, or other 
purposes. Groups were made up among targeted people in 
all locations and from all categories mentioned above, 
based on age, profession, and also for their sharp memory. 
In this way, 50 questionnaires were filled up through 
interview, mostly of groups and sometimes of individual 
people. The justification of selection of people for the 
questionnaire survey was that the targeted people were 
familiar with the top-dying disease & people health’s 
problems in Sundarbans, and are related through their 
professions with Sundarbans directly and indirectly. The 
questionnaire started by establishing that the respondents 
were familiar with top-dying, people health, changes of soil 
and water criteria, and went on to seek their views and 
information on what changes they had observed and 
whether they had noticed possible causes. This was 
possible because, most of the interviewees are living within 
the Sundarbans for their daily activities.  

So, this survey was performed to receive their original, 
indigenous, and self-motivated, as well as prudent response 
and knowledge towards top dying and its present 
conditions and health status of surrounding people in 
Sundarbans, and soil, water, flora and fauna condition as 
well as their original and baseline-ideas about what leads to 
top-dying, as well as questions about tree regeneration and 

human health hazards and other environmental problems in 
Sundarbans, Bangladesh. The questions asked are shown in 
Table 2.1. 

Table 2.1. Questionnaire on top-dying in Sundarbans for neighbouring 

and related people. 

Details to be filled in by interviewer (before or after interview): 
Place: 
Date: 
Number of people interview of the group; any further comments: 
Will be necessary to say why doing the interview before starting 
(investigation into the causes of top-dying, and seeking their views and 
information on what changes they have observed and possible causes), 
but do not indicate anything about outcomes from it or what expecting. 
Are they familiar with what you mean by top-dying? Discuss before you 
start. 
1. Have they seen top-dying in local trees? 
             Yes         □                  No                  □    
2. What changes have they seen in top-dying? 
                       Has been the same over time                            □ 
                       Have they seen more over time                         □ 
 Have they seen less over time                           □     
 Other (specify)                                                   □ 
3. If there has been any change, when did this change start? 
4. Do they think Sundarbans is currently in a healthy state? 
         S. agree   □            Agree   □            Neutral     □     
         Disagree   □           S. disagree   □ 
5. In their opinion, what might be the cause(s) of top-dying (can choose 
more than one option)? 
         Changes to water levels/ flooding patterns        □ 
         Changes to levels of salinity                               □ 
         Pollution of the water from shrimp farming        □ 
         Pollution of the water from Mongla port            □ 
         Pollution of water from upriver            □ 
         Cutting down of trees                                        □ 
         Other particular human activities                      □   
         Poor air quality                                              □ 
         Other (specify)            □ 
6. Summarise any verbal comments that elaborate on the above     choice 
of options. 
7. Have they seen any signs of changes in tree regeneration in   the area? 
Been getting better steadily                    □ 
Been getting better recently                   □ 
No change over time                             □ 
Been getting worse recently                   □ 
Been getting worse steadily                   □ 
8. Have there been any signs of new human health problems in the 
surrounding area in recent years?  If yes, give details. 
…………………………………………… 
…………………………………………… 
9. Any other comments about the problems and management of the 
Sundarbans. 
…………………………………………… 
…………………………………………… 

3. Result 

Many of the sessions interviewing local people were 
conducted as part of groups, although some, particularly of 
the professional people who work in the Sundarbans, were 
interviewed individually. Consequently, a total of 50 
questionnaire forms were completed, although this 
represented the comments of people. The responses to the 
various questions are summarised in turn below, with one 
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response per questionnaire whether it came out of a group 
decision either individually or in behalf of organization and 
Institution. Each and every interviewee had seen top-dying 
and people health’s problems and other most relevant 
environmental factors causing environmental pollutions 
and chemical contamination (Awal, 2014) in Sundarbans 
areas before, and they had all observed changes in the 
Sundarbans (Awal, 2014), including top-dying, soil erosion 
and siltation as well as people health & epigenetic 
problems within the study areas (Awal,2009). 
 

Changes in Top-Dying Over Time 

Out of 50 responses, 49 answered that top dying disease 
of Sundri has increased at an increasing rate over time in 
Sundarbans (Figure 3.1).  

This near unanimity provides clear evidence that the 
problem is getting very noticeably worse over time. The 
majority of respondents did not know when observed 
changes of ecosystem destruction of Sundarbans started. 
The largest number of responses indicating a particular 
date focussed on 1971, which corresponded to the war of 
Bangladesh liberation period and the creation of the state 
of Bangladesh.  

A number of responses focussed on much earlier dates; 
1933, or the beginning of human influences; and there was 
a selection of other dates suggested. It is clear that there is 
no obvious starting point for the deterioration of the 
condition of the trees in the Sundarbans (Awal, 2007). 

 
Figure 3.1. Responses to question 2 about the changes observed in top-

dying over time. 

This might be because it was not noticed; because it did 
not start obviously at any particular time but became 
gradually worse; because it pre-dated when the respondents 
were alive or working in the area; or it could be that 
different parts of Sundarbans have been affected at 
different times. The fact that most respondents did not 
know when it started suggests that it was not an obvious 
and abrupt change, but more likely a very gradual one. 

The Timing of the Start of the Changes Observed 

As a follow-up to the question of whether there had been 
any changes, this question explored when any such 
changes began. The responses are summarised in Table 3.1. 

Table 3.1. Responses to question 3 about when any observed changes 

started. 

Since when Frequency 

Beginning of human influences. 3 
1933 3 

1955 1 

1960 1 
1970 1 

1971 (Liberation war) 4 
1975 2 

1980s 1 
Last c.20 years 2 

Unknown 10 

The current state of the Sundarbans: When asked 
whether they thought the Sundarbans was currently in a 
healthy state, two agreed but all the others either disagreed 
or strongly disagreed (Figure 3.2). 

 
Figure 3.2. Responses to question 4, whether the interviewees thought 

Sundarbans is currently in a healthy state. 

Suggested Causes of Top-Dying 

The fifth question indicated various possible causes of 
top-dying and asked respondents to state which they 
considered to be responsible for the observed top-dying. It 
was possible to choose more than one option, and 
alternative causes not indicated could be included through 
the ‘other’ option. 

 
Figure 3.3. Causes of top-dying, as suggested by questionnaire 

respondants. 
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The frequency of responses is indicated in Figure 3.3. 
According to the respondants, the most likely cause of top-
dying was from pollution of the water from the Mongla 
port. The next highest possibility was from changes to 
levels of salinity, followed by the cutting down of trees and 
deforestation in Sundarbans. However, all of the possible 
options were selected a number of times, including the 
‘other’ category. Therefore, it is not possible to pick out 
one cause as being indicated overwhelmingly by the 
respondents. 

Further Comments Provided by Respondents 

The interviewees were asked to provide any further 
comments about the top-dying observed and its causes.  

Table 3.2. Summary of the further comments provided in response to 

question 6 of the questionnaire. 

Theme of extra materials regarding causes of top-dying. 

• Increasing nearby agricultural activities. 

• Toxic wastes coming from Indian territory. 

• Salinity has increased due to Farakka barrage construction. 

• Air and water borne disease may be responsible. 

• Original environment of Sundarbans has changed. 

• Over exploitation of natural resources. 

• Heritiera fomes has lost energy to fight against adverse 
environmental factors. 

In many instances, these comments were reinforcing the 
opinions summarised in Figure 3.3 regarding the possible 
causes of the top-dying, and are not listed here. However, 
some of the comments provided further information which 
might be relevant, and these are summarised in Table 3.2 
above. A number of people said that they did not know 
what the actual causes of top-dying were, but the main 
themes highlighted were environmental pollution, creation 
of God which had been destroyed by human destruction, 
and restriction of fresh water flow in Sundarbans, 
Bangladesh. 

Changes in the Tree Regeneration in Sundarbans 

In response to question 7, which asked whether there had 
been any observable changes to tree regeneration in the 
Sundarbans, a small number of respondents thought that 
regeneration had improved, one thought there had been no 
change, but most people considered regeneration to have 
become worse, either recently or steadily over time (Figure 
3.4). This pattern of responses is consistent with those 
shown in Figure 3.2 regarding the current health status of 
the Sundarbans. 

 
Fig 3.4. Comments on changes in tree regeneration in Sundarbans in 

response to question7. 

Evidence of New Health Problems of People Living in or 

around the Sundarbans 

As well as seeking evidence about the health status of 
the Sundarbans, the questionnaire attempted to assess 
whether there were increasing health issues for the local 
people resident in the area of Sundarbans.  
The responses to question 8 were varied, but an analysis of 
separate themes raised is included in Table 3.3, in which 
the number of questionnaires mentioning that theme is 
indicated. It should be noted that one response could 
include more than one theme. According to the below table, 
people thought that several human health problems are 
present among the neighbouring peoples of Sundarbans 
areas. These included particularly skin irritation, black 
spots on organs of their bodies such as hands and on arms, 
as well as spots on their faces, dysentery and diarrhoea, and 
cholera problems. They thought that excessive abnormal 
concentrations of metals mainly with Lead (Pb), Nickel 
(Ni), Zinc (Zn), Arsenic, Mercury (Hg) and other harmful 
heavy metals in soil and water, food, air, flora and fauna 
being particularly mentioned and also excessive salinity, 
were responsible for these diseases (Awal,2014). 

Table 3.3. Summary of the health issues raised by respondants associated 

with the Sundarbans.  

Health issues raised 
Number of times 

raised 

• Arsenic problems. 2 

• Ground water problem. 1 

• Skin complaints (irritation or dark spots). 16 

• Allergy problems. 2 

• Diarrhoea. 6 

• Dysentery. 2 

• Fevers. 3 

• Stomach complaints. 2 

• Cholera. 2 

• Eye problems. 1 

• Hair greying. 1 

• No idea / unknown. 28 

• Other new diseases (unspecified) 1 
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Suggestions from Local People about the Better 

Management of Sundarbans in Bangladesh 

Table 3.4. Responses to the question 9 about the management and 

conservation of Sundarbans in future. 

Recommendation. 
Frequency theme 

was raised. 

• Scientific management is needed. 7 
• Siltation management required. 1 
• Needs undisturbed management by local 

people. 
1 

• Proper environmental management needed 15 
• Needs undisturbed environmental 

management. 
5 

• Management suited to a tropic 
environment required. 

1 

• Laboratory scale study is required. 1 
• Sincerity, honesty and hard work of all 

forestry staff essential. 
2 

• All kinds of human destruction needs to be 
banned. 

2 

• No deforestation, tree-cutting, clearing, 
burning, poaching etc. allowed. 

2 

• No human disturbances should be allowed. 5 
• Tree cutting and deforestation must be 

stopped for 30 years. 
1 

• Quality research is needed. 7 
• Identify real causes of top-dying. 1 
• Education of people needed. 1 
• Sustainable use of resources required. 5 
• Collaboration and cooperation between 

officials needed. 
1 

• Age of forests needs to be verified. 1 
• None. 3 

The respondants provided various recommendations for 
the better management of the Bangladesh Sundarbans. 
These recommendations are summarised in Table 3.4 
below. In many respects the comments summarised in 
Table 3.4 represent something of a ‘wish list’ with rather 
imprecise objectives, although there are a few more 
specific recommendations such as the ban on tree cutting 
(legal and illegal) for 30 years advocated by one 

respondent. However, it is clear that most of the replies 
emphasise that appropriate (with adjectives including 
‘proper’, ‘scientific’, ‘modern’ ‘or ‘sustainable’) 
management be employed to protect the Sundarbans; that 
this is often thought to require lack of disturbances, 
possibly banning or restricting most human activities 
currently carried out in the Sundarbans; and that this 
should be accompanied by good-quality research, 
particularly to identify the causes of top-dying. 

Overview of Findings from the Questionnaire Survey 

Although it is often difficult to pick out one predominant 
thread from the range of comments made by the 
respondants to this questionnaire, it is clear that top-dying 
is a very prevalent problem which respondants were 
familiar with and believed to be getting worse; that this led 
to the view that the Sundarbans was not currently in a 
healthy state; and its regeneration of trees was getting 
worse. The fact that several different reasons were cited as 
possible causes of top-dying and the lack of a clear starting 
point for the problem, suggest that the true causes are 
likely to be varied and gradual in their effects, and quite 
possibly several factors interact to lead to the problem. In 
connection with the causes of top-dying indicated by these 
local people, and with the indications of health problems 
and their causes, it must be remembered that these are 
indications of what people think, but that these perceptions 
of causes might not be valid; external verification of the 
causes is required. It is notable; however, that local 
residents as well as forestry workers were keen to see 
better management of the Sundarbans, for their benefit as 
well as of the environment. It is likely that local residents 
who benefit from the Sundarbans will have recommended 
sustainable management approaches, but probably were not 
the people recommending an outright ban on all use of the 
forests, as a few respondants did. 

Table 3.5. Signs of siltation, erosion, salinity and presence of regular inundation in the study areas of Chandpai Range in Sundarbans, Bangladesh. 

Comp. 

No. 

Plot 

No. 
Presence of Siltation Presence of Erosion Presence of Salinity 

Presence of Regular 

Inundation 

26 1 √ √ √  (less) √ 
26 2 √ √ √  (less) √ 
26 3 √ √ √  (less) √ 
28 1 √ √ √  (less) √ 
28 2 √ √ √ (less) √ 
28 3 √ √ √ (less) √ 
31 1 √ √ √  (greater) √ 

31 2 √ √ √  (greater) 
√ 
 

31 3 √ √ √  (greater) 
√ 
 

 

Basic Information on the Sites 

As indicated in section 2.1 while carrying out the field 
sampling certain observations were made on whether there 
was any sign of erosion taking place, and of whether there 

was evidence of siltation happening in the area of the plots. 
Therefore, field information and data have been recorded 
and summarized in Table 3.5  to know the exact 
information about presence of siltation ( deposition of 
particles of 0.002mm to 0.06mm size), erosion, salinity 
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(determined by taste), and regular inundation (four times in 
24 hours; 2 high and 2 low tides) near to each (20 x 20m) 
plot. Siltation, all types of erosion, regular tides, and 
salinity were observed in all plot areas (and more generally 
in Sundarbans), but salinity intensity was somewhat greater 
in compartment 31 areas where top-dying affected trees 
were scanty. This information is indicated in Table 3.5. 

Overall, these results indicate that the normal processes 
found in mangroves are occurring in the Sundarbans, but 
the presence of erosion and salinity variation (as well as the 
moisture content data presented later) suggest that there are 
problems associated with water flow patterns. 

4. Discussion 

Trees are felled so as to make small pocket clearings so 
that it is not noticed. However, the aerial view shows there 
are many such clearing, Our research them has covered 
almost one third of the Sundarbans and came across several 
of them (The Daily Star; September 14, 2013).  
Human encroachment on the world’s largest mangrove 
forest has particularly increased after the cyclones Sider 
and Alia which left many coastal villages economically dry. 
One would not misses the evidence of regular destruction 
of the forest. Villages are shallowly creeping up on the 
edges of the forest every year, and who are gradually 
proceeding inwards (The Daily Star; September 14, 2013). 

4.1. Overview of the Evidence from the Data 

In trying to assess which factors might be responsible for 
the problem of top-dying, particularly of Heritiera fomes 
trees, in the Sundarbans, the work described in this 
outstanding and un-solved research has essentially had four 
components. These were, firstly, a review of the 
hypotheses of possible causes and the evidence available 
on each of them. Secondly, local people were questioned in 
order to find their views on the state of the problem, and to 
see what they thought was causing it. Thirdly, data on the 
vegetation composition, structure and regeneration was 
obtained, in order to assess what the current situation is in 
the study areas. Finally, particular emphasis has been 
placed on analysing soil and water samples from the study 
sites to determine what chemical elements were present, 
and their concentrations, so that the relationships between 
these chemical constituents and the severity of top-dying 
could be explored. This chapter aims to bring these various 
themes together, to assess what the results obtained have 
indicated about the possible causes of top-dying, and then 
to indicate further work that appears necessary arising from 
these conclusions. The survey of the opinions of local 
people proved to be less satisfactory than had been hoped. 
In part, this was because several people were often 
involved at one time as part of a group, and there was very 
clear evidence of a point becoming established as a group 
opinion once it had been made, without any dissention by 
other members of the group. Also, the range of views as to 

the causes of top-dying varied greatly from group to group, 
presumably reflecting the particular prejudices or local 
circumstances affecting the people in that area. 
Consequently, it was very difficult to conclude anything 
substantive as to the possible causes from this line of 
evidence. One point that all respondents did agree on, 
however, was that the scale of the problem was getting 
worse over time, emphasising the importance and urgency 
of trying to find out the causal factor(s) so that the problem 
might be alleviated. As mentioned in section in Figure 3.1, 
it is also likely that the top-dying has been getting worse 
gradually rather than with an abrupt particular starting 
point in time. 

The evidence presented in this thesis therefore points not 
to one specific factor as being entirely responsible for the 
increasing amount of top-dying, but rather to a 
combination of factors; changing water supply and heavy 
metal contamination in particular, coupled with possible 
pH changes, lead to a weakening of the trees, which are 
then more susceptible to greater attack by pathogens and 
lowered resistance to them by the trees. This combination 
of factors is also supported by the comments of the people 
interviewed, who suggested many different factors as the 
cause as well as implying that the change was gradual by 
not being able to pick out a specific starting date to the 
problem. This would be precisely the pattern that might be 
expected where no one factor was solely responsible, and 
the combinations of factors might be somewhat different in 
different areas. Of course, having a number of interlinked 
factors as believed likely causes of the problem makes a 
solution to the problem more difficult. Some suggestions 
are analysed in this avid research for ways of alleviating 
the problems, as well as further valuable research to save 
the largest single tracts of mangroves in the world. 

5. Conclusion 

Although there were only a few individual chemical 
elements which showed significant correlations with the 
amount of top-dying, there was evidence of elevated 
heavy-metal concentrations of many elements in the 
Sundarbans, which are likely to contribute to the increase 
in top-dying observed. There were also significant 
differences between different areas in the Sundarbans, and 
evidence of water supply problems to the system. 
Therefore, it is concluded that several factors are 
responsible for this increase in top-dying, rather than one 
specific factor only. 
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