
Introduction

The tsunami waves formed on 26 Dec. 2004 as a result
of an earthquake of magnitude MS=9.0 near Sumatra Island
caused great destruction along the coasts of the Indian
Ocean. The disaster caused by the tsunami waves took
100,000 human lives and it had enormous economic and
ecological consequences. 

One of the countries significantly suffering from the
tsunami was Thailand. The government of this country
appealed to a number of countries for help investigating
detailed recognition of the phenomenon and its effects.
Among others, a group of research workers (geologists,
chemists, biologists) of A. Mickiewicz University, Poznań,
Poland, was invited to study tsunami effects on land
ecosystems. This paper reports on the chemical investiga-
tion in the above area conducted by the Poznań group in
2005-08. Studies of the long-term effects of tsunami on the
environment are ongoing [1, 2]. 

Study Area and Scope

The study area was located in Phang Nga province: Nam
Khem (samples 9-13), Bang Mor (samples 14 and 15),

Thung Tuk (sample 16) located on Kho Khao Island, and
on Phuket Island - Palong Bay (samples 1 and 2) and
Patong (samples 3-8). Starting from 2005 to 2008, each
year 15 samples of the tsunami sediments and one control
sample from the area not reached by the tsunami waves (the
ancient city of Thung Tuk) were collected. Usually the dis-
tance between the sampling site and the coastline was of a
few hundred metres. Samples 1, 9 and 12 were collected at
distances of 50-100m from the coast, while the farthest
inland site of sample collection most distanced was 1100m
from the coast (sample 13) [1]. 

Geological analysis concerned the determination of the
type of sediment material, percent contribution of the indi-
vidual granulometric fractions and the sorting of the sedi-
ment. The details of geological analysis of tsunami
deposits are given in the following papers: Szczuciński et
al., 2005 [1] and Szczuciński et al., 2007 [2]. Each sample
was subjected to the determinations of the content of
water-soluble salts (Na+, K+, Ca2+, Mg2+, Cl¯, SO4

2¯ the sam-
ple salinity), heavy metals (Cd, Cr, Cu, Ni, Pb, Zn) in the
hydrochloric acid leachable fraction (2M HCl) and metal-
loids (As, Sb, Se) in the exchangeable fraction (phosphate
buffer) [1, 2]. Moreover, the identification of inorganic
species of As(III) and As(V) in the exchangeable fraction
was made [3-5]. In the samples collected in 2005 the total
content of mercury and the content of mercury in different
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fractions of the sediments obtained by sequential extraction
(chloroform, water, sodium hydroxide, hydrochloric acid,
aqua regia) were also determined [1, 6]. In the samples of
the tsunami deposit collected in 2005, content of the labile
aluminium species in different granulometric fractions was
also determined [7]. On the basis of the analytical results,
chemometric parameters also were calculated. The mobili-
ty and bioavailability of mercury in the sediments was com-
pared to that of mercury in the freshwater sediments [8].
The self-organizing map (SOM) algorithm was applied for
evaluation of the effect of the tsunami on the geochemistry
and the environment of the land area studied. These studies
were based on the results of chemical analyses of tsunami
deposits [9].

Results of the Studies

To assess the potential effect of the sediment on the land
ecosystems a series of analyses were made to establish the
content of water-soluble salts, heavy metals in the acid
leachable fraction and metalloids in the exchangeable frac-
tion. The analyses were repeated in the samples collected at
the same sites after a year in order to find out the influence
of the rainy season on the structure and composition of the
sediments (in the rainy season in Thailand the precipitation
is of 3,300 mm). The results obtained for the samples col-
lected in 2005 showed very high salinity of the tsunami sed-
iments. For example, the content of Na+ varied from a few
to tens of thousands mg kg-1, while that of Cl¯ - from a few
to over one 100,000 mg kg-1 [1]. The content of these ions
in the reference sample was 29 mg kg-1 of Na+ and 300 mg
kg-1 of Cl¯ [2]. The content of salts in the sediments
decreased each year from 2005 to 2008 [10]. This decrease
in salinity was a result of washing out the easily water-sol-
uble salts by rain. No analogous decrease was observed for
the heavy metals and metalloids present in the bioavailable
fractions. The content of Cd, Cu, Pb and Zn was higher in
the tsunami sediments than in the reference sample, while
the contents of Cr and Ni were at the same level. Not only
was no decreasing effect of the rainy season on the contents
of heavy metals and metalloids noted, but in some samples
an increase in their contents was observed in consecutive
years. The latter phenomenon can be related to the geo-
chemical processes taking place in the sediments. 

According to the speciation analysis of arsenic, the sed-
iment samples from 2005 were characterized by a much
elevated level of As(III) and As(V) relative to their levels in
the reference sample. As(III) was present in all samples of
the tsunami sediments collected in 2005. A relationship was
found between the speciation and the total content of inor-
ganic arsenic in the sediments. The ratio of As(V) to As(III)
depended on the site of sample collection [3, 4]. No such
dependencies were observed in subsequent years, when the
content of As (III) in the tsunami sediment samples (except
for 3 samples collected in 2006) was below the limit of
quantification. 

The total content of mercury in the samples collected in
2005 was lower from or similar to that in the reference sam-
ple [1]. However, results of the sequential extraction [6]

showed that mercury was mainly bound to the least
bioavailable sulphides 75%, organomercury compounds
14%, and humic matter 9%. Although total mercury content
was similar in the tsunami sediments and in the reference
sample, the highly toxic organomercury fraction contribu-
tion was higher in the latter. According to the comparative
analysis of mercury fractionation in the tsunami and river
sediments, the contents of organomercury species and mer-
cury sulphide were higher in the tsunami sediments than in
the river sediments. But the contributions of the water-sol-
uble fraction and mercury bound to humic matter was high-
er in the river sediments [8]. 

The content of the labile aluminium species in the grain
size fraction (0.18-0.125mm) of the tsunami sediments
was up to 2.0 g kg-1, while in the reference sample it was
4.1 g kg-1 [7] (caused by the differences between the origin
of the tsunami deposits and reference sample). The natural
content of labile aluminium fraction in soil from this region
is higher (caused by the laterization process) then level of
labile aluminium concentration in marine sediments and
tsunami deposits.

The application of a self-organizing map to results of
chemical analyses provides visual information on the rela-
tionship between variables describing the chemical compo-
sition of tsunami sediments. SOM also allows investigation
of the dominant compounds in the sediment samples of dif-
ferent origin [9].

The tsunami sediment samples were also used for work-
ing out the new analytical techniques. For the first time the
speciation analysis of inorganic arsenic species in the
exchangeable fraction was performed. The extraction of
this bioavailable fraction was made with the use of phos-
phate buffer of pH=6.0. The relevant procedures are
described in the paper by Kozak et al. [5]. The tsunami sed-
iments and water collected from the area covered by the
tsunami waves were used for optimization of a new method
of extraction of solid state samples and simultaneous deter-
minations of arsenic and antimony in the exchange fraction
of the sediments [11, 12]. 

Conclusions

The tsunami sediments from southern Thailand were
highly salined. The content of salts decreased in subsequent
years, but was still greater than in the reference samples.
The acid-leachable fraction of the sediments contained
heavy metals at elevated levels. Their content was strongly
correlated with content of the water-soluble salts. Also, the
content of arsenic in the exchangeable fraction was higher
in the tsunami sediments. The correlation between arsenic
speciation and the site of sample collection found for the
samples from 2005 may indicate a relationship between the
origin of the sediments and their chemical composition.
Determination of the contents of As(III) and As(V) species
in the exchange fraction of sediments of different types may
be helpful in identifying their origin. The total content of
mercury in the tsunami sediments was at levels similar to
the reference sample; only the content of organic mercury
species was higher in the sediment samples. 
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Investigation of the tsunami sediments is ongoing. In
2006 and 2008 a few hundred samples were collected at
different sites (along with the reference samples) whose
analysis is expected to provide information on the tsunami
sediments from a perspective of a new component of land
ecosystems. 
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