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Biophysical Characteristics of Lands Abandoned after Tin Min-
ing

Bunvong THAIUTSA®* and Virat TANPIBAL**

Abstract

Tin mining has been carried out in Thailand for more than five hundred vears, The
lands abandoned after mining account for a total area of over 70,000 ha, mostly in the South.
The study sites of this investigation were located in the Takuapa district of Phangnga prov-
ince. The original vegetation type consisted of tropical rainforest with an annual rainfall of
3,615mm and 200 rainy days a year. The soil texture was characterized by sandy loam with
a pH of 4.7 and 1.529% soil organic matter. Such biophysical characteristics as vegetation,
soil, and water associated with the duration of the period after mining were analyzed.

The results showed that plant succession, soil properties, and water quality varied with
the years after the land had been abandoned. There were 55 families of 99 species which
naturally regenerated on the 1-20 years old mine-spoiled lands originally occupied by moist
evergreen forest. Grasses were found to be pioneer species followed by shrubs and trees.
Maximum above-ground biomass was recorded in the 20-vear-old site {38 ton/ha), while such
production was too low to be traced in the first year plot. Both the physical and chemical
so1l properties were affected by mining, especially the availability of macronutrients due to
the sandy soil texture together with the low pH and CEC values. Heavy metal concentration
in the water collected from mining ponds with different age classes was also affected by min-
ing, and it tended to decrease with the increase of the age of the mining-ponds. With the ex-
ception of Cd and Pb, the concentrations of Cu, Hg, and Zn did not exceed the drinking-
water standards set by the MOPH and WHO. However, the consumption of water collected
from mining ponds younger than three years old should be avoided. Information gained from
these findings is useful for mine land reclamation and utilization, especially from the refores-
tation point of view.

Introduction

Tin had played a major role in the economic development of Thailand before the price crisis in 1985.
It was of prime importance both in terms of ore production and concession area. The Department of Min-
eral Resources reported that the annual production of tin in concentrate in 1984 was 29,978 metric tons, of
which 18,332 tons were exported as tin metal. About 70,000 hectares of land, equivalent to 0.13% of the
country's land area were underlain by mining concessions. Most of the tin mining areas are located on
the west coast of the Malayan Peninsula, the Phangnga province in particular. With the exception of off-
shore mining, 12.5% of the tin mining concession areas in Thailand are located in this province.

Although tin mining played an important role in the past, it also brought some detrimental problems
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of environmental deterioration to the nation. The overburden materials consisting of soil and unmineral-
ized rocks are stripped off during site preparation for ore extraction. Bare soil subjected to heavy rainfall
of over 3,600mm and 200 rainy days per year undergoes difierent types of serious erosion. Thus, the
losses involve not only the original soil itself, but also plant nutrients. The washed out materials may be-
come part of the stream load. Mine tailing has been a principal source of river pollution in the Philip-
pines {Pantastico and Metra, 1982). Deposited downstream in lower flatlands, mine waste causes siltation
and toxicity of heavy metals, acids, alkalis, and inorganic salts that makes agricultural production impos-
sible. Several investigators reported that unfavorable conditions of soil spoiled by mining affected the
structure, texture, density, acidity, fertility, and microbial activities (Schafer and Nielsen, 1978 ; Smith ef
al., 1971 ; Vijarnsorn, 1982).

Tanpibal (1979) studied the texture of abandoned soils at Takuapa in southern Thailand and found
that the percentage df sand component increased from 649 before tin mining up to 92% after mining. On
the other hand, the percentages of silt and clay decreased as a result of mining from13% and 239 to 3%
and 5%, respectively, changing the scil textural class from sandy clay loam to sand. Thaiutsa and Run-
gruangsilp (1990) alsc considered that the levels of soil organic matter, phosphorus, potassium, calcium,
magnesium, and cation exchange capacity affected by tin mining were “very low”.

Successional development of vegetation on such abandoned lands is a time-consuming process (Thai-
utsa, 1985). The future productivity of mine lands may dependent partly on self-sustaining reclaimed plant
communities. The findings on natural regeneration of Casuarina equisetifolia on mine tailings showed
that the stand density decreased with the age of the trees or the number of years after the mine had been
abandoned, from 7,700 trees/ha at 2 years of age to 42 trees/ha at 20 years of age (Thaiutsa and Tanpibal,
1987). However, the maximum aboveground biomass productivity of this species was observed at the age
of 12 years, namely 254,52 ton/ha from a stand density of 1,169 trees/ha (Thaiutsa, 1990). Some heavy
metals in the water collected from mining ponds were studied by Chetanachan (1989).

The objective of this paper is to investigate some biophysical characteristics of the lands abandoned
after mining, especially vegetation, soil, and water. Information gained is expected to be useful for mine-
land reclamation and utilization.

Study sites and procedures

Field investigations were carried cut at the Takuapa district of Phangnga province, located between
8°50' N latitude and 98° 10" E longitude, in southern Thailand. The area is characterized by the presence
of valley flatlands. Prior to mining the original land use type consisted of tropical rainforest dominated
by such commercial tree species as Diplerocarpus alatus, Fragraea fragrans, Hopea odorala, Inisia palem-
banica, and Mesua ferrea with rattan, bamboos, and climbers as undergrowth. The major climatic data
were as follows: 3,615mm rainfall with 200 rainy days a year, 26.8°C mean temperature, and 83% rela-
tive humidity. Original soil texture was characterized by sandy loam with a pH of 4.7 and a content of
1.529 organic matter. .

The biophysical characteristics investigated in this study included plant succession, aboveground
biomass productivity, soil properties, and heavy metals in the water collected from mining ponds. Vegeta-
tion and soil samples were collected from 5 age classes of mine tailings including 1, 5, 10, 15 and 20 years
after tin mining. Each age class of such land form was categorized into 3 zones, namely, gravel mound,
sandy zone, and massive zone, accounting for about 7%, 70% and 13% of tin-mined lands, while the re-
maining 1495 was covered by a mining pond (Fig. 1). Water used for heavy metal analysis was collected
from the pond under mining (0 year) and old mining ponds 1, 3, 5, 7, 15 and 20 years of age.

Results and discussion

Plant succession

The findings revealed that there were 14, 36, 40, 39, and 63 species undergoing natural regeneration on
mine tailings 1, 5, 10, 15 and 20 years of age, respectively. Most pioneer species found on the first year
spoiled site were light-demanding grasses. Percentage of grass cover decreased with the increase of the
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Fig. 1 Physiographic diagram of land abandoned after mining at Phangnga province.

period after mining. In the first-yvear site, grass species accounted for 509 of the total vegetation species.
Such figures decreased to 31, 23, 23 and 19% in the sites abandoned after 5, 10, 15 and 20 years, respec-
. tively. The outstanding grasses were Imperata cviindrica, Cytrococcum accrescens, Chrvsopogon aciculalus,
Phragmites australis, Saccharum spontaneum, and Carvex indica. Gleichenia linearis was common on the
massive zone. .

With the exception of ferns and climbers, Eupatorizm odovatum and Melastoma malabathricum were
the pioneer woody plants. Such forest tree species as Macaranga denticulata, Alstonia macrophylia, Trema
angustifolia, Schoepfia fragrans and Furya acuminala appeared after the two shrubs. Generally speaking,
very few woody plants grow on sites younger than five years after mining. Figure 2 shows another aspect
of species composition, monocots »s dicots and woody plants s non-woody plants. The trend of dicots
was similar to that of woody plants, while monocots and non-woody plants showed similar trends. The
number of species of monocots and non-woody plants were greater than those of dicets and woody plants
only on the tailing sites younger than two years old.

The current findings are in agreement with the results of Saxena (1978) who reported that the succes-
sional status of the vegetation depended largely on the pattern of the topography. The uneven surface of
the mine spoil affected the natural regeneration. Within a given age class of abandoned land, trees ap-
peared on gravel mound several years earlier than on sandy and massive zones, mainly due to the soil
conditions suitable for seedling establishment and plant growth. Hermann (1978) mentioned that refores-
tation by direct seeding would fail if the following three basic requirements were not met: an adequate
supply of viable seeds, a suitable seedbed for germination, and a compatible environment for germination
and seedling establishment. As in the case of reforestation by seeding, natural regeneration on abandoned
lands after tin mining also requires these basic factors. As a result, tree establishment proceeds well on
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Fig. 2 Number of revegetation species in relation to age
classes of mine tailings.

gravel mound in comparison to the sandy and massive zones, especially in the early stage of successional
development.

Aboveground biomass productivity

Aboveground biomass productivity measured on an oven-dry weight basis showed that the biomass of
the one-year-old site was negligible. Dry matter production on the tailings 5, 10, 15 and 20 years after
mining was 14,219, 24,283 and 37,996 kg/ha respectively. It was clear that the amounts of aboveground
biomass increased with the increase of the ages of abandoned lands, due to the soil build-up process.
Thus, future productivity of mine lands depends on the formation of soils after mining that promotes plant
succession and sustains productive communities.

As a result of the soil conditions, the aboveground biomass of this study site also varied with the
physiographic zonaticn of the mine tailings. Maximum oven-dry weights were recorded for the gravel
mound, followed by the massive zone and sandy zone in all the age classes (Table 1). Average biomass
productivity of the gravel mound was about 3 times higher than that of the massive zone, and 5 times in
comparison to the sandy zone. Besides the soil characteristics, considerable differences in the dry matter
production among these zones could be accounted for through the species composition of each site. Most
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of the vegetation types grown on gravel mound consisted of trees and shrubs, while those found on mas-
sive and sandy zones belonged to the families Gramineae and Cyperaceae.

Table 1 Aboveground biomass productivity (ton/ha) in relation to
topographic zones and the number of years after the mines
were abandoned

Year ‘
Zonation : Total
5 10 15 20
Gravel 6.35 16.58 24.36 23.00 17.57
Massive 5.85 5.75 5.85 7.84 6.32
Sandy 2.02 1.95 2.71 7.16 3.46
Total 14.22 24 .28 32.92 38.00 27.35

Soil properties

Both physical and chemical characteristics of the soils collected from gravel mounds, sandy zones,
and massive zones abandoned 1, 5, 10, 15, and 20 years after tin mirﬁng in southern Thailand were found
to be affected by this type of external treatment. A general summary is given in Table 2. The abnormal-
ity of the soil texture may be at the origin of the degradation of other properties. Soil texture in general
was characterized by sandy loam with more than 60% of sand particles, especially during the first 10
vears after mining due to the presence of fine particles leaching out during the mining processes.

7 The statistical analysis of all the relevant properties showed that there were significant differences

between age classes and between zones within age classes. Soil fertility increased with the increase of the
time after mining. Areas occupied by sand were found to correspond be the poorest zone based on chemi-
cal analyses. The optimal range of organic matter in most mineral soils should range from 1.5 to 2.59%,
but the percentage of organic matter of all the zones in the sites younger than 20-vear-old was lower than
these figures. Other soil nutrients including CEC were also under similar conditions. Besides, too low a
soil pH affected the degree of availability of soil nutrients, macroelements, in particular.

Based on the standard classification of the USDA for the soil properties, soils of all zones and age
classes showed a Very strong acidity and low nutrient concentration, especially in the sandy zone (Table
3). Thus, reclamation for agricultural-based utilization of tin mine lands is not an easy task, since the
sandy zone covers the major part of the abandoned lands.

Water quality

Water quality in this study is confined to the concentrations of some heavy metals in water collected
from mining ponds 0, 1, 3, 5, 7, 15 and 30 years old. The 0-vear-old mining pond is referred to as the pond
under mining operation. The results showed that the mean concentrations of Hg, Cd, Pb, Cu, and Zn were
0.80ppb, 0.06ppm, 0.67ppm, 0.23ppm, and 2.33ppm, respectively. With the exception of Pb and Cu, maxi-
mum concentrations of Hg, Cd, and Zn were recorded for the 0-year-old mining pond, while the levels of
Pb and Cu were found to be maximized in the l-year-old pond. Details of heavy metal concentrations are
given in Table 4.

Data in Table 4 obviously revealed that the metal concentrations decreased with the increase of the
age of the mining pond. Based on the levels of heavy metals associated with the age of the mining pond, 2
groups, i.e., mining ponds younger than 3 years old and those older than 3 years old, the Pb, Cu, Cd, and
Zn concentrations of water in the mining ponds older than 3 years old were not significant, but they dif-
fered from those of the 0-and 1-year-old mining ponds. These significant levels are important for the use
of water collected from mining ponds of different age classes for various purposes. The low pH of water
together with the high levels of heavy metals may limit the specific use of water. With the exception of
Hg, Cu, and Zn for instance, the concentrations of Cd and Pb exceeded the drinking-water standards set
up by the World Health Organization and Ministry of Public Health.
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Table 2 Soil properties affected by tin mining in different zones with various age classes
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Year after mining

Properties Zone
1 5 10 15 20

Gravel 74.4 69.8 26.5 51.8 45.2

Sand (%) Sandy 78.1 87.3 - 87.1 72.4 35.1
Massive 20.7 45.4 28.9 35.9 6.1

. Gravel 12.8 11.1 24.1 19.1 26.4

Silt (%) Sandy 12.4 3.6 3.0 12.1 38.6
Massive 50.6 21.6 32.0 41.4 42.6

Gravel 12.7 19.1 49.5 29.1 31.5

Clay (%) Sandy 9.4 9.1 9.9 15.5 26.3
Massive 28.8 32.9 39.1 22.7 51.4

Gravel 4.9 4.9 4.8 4.9 4.8

pH Sandy 4.9 4.9 4.9 5.1 4.9
Massive 4.9 4.6 4.7 4.8 4.8

Gravel 0.04 1.02 1.23 1.01 3.84

Organic matter (%) Sandy 0.03 0.20 0.18 0.91 1.08
Massive 0.11 0.92 1.27 1.15 1.55

Gravel 4 2 1 2 12

P (ppm) Sandy 1 1 2 2 2
Massive 3 3 3 1 2

Gravel 43 26 52 36 106

K{ppm) Sandy 35 12 24 24 24
Massive 49 18 46 36 25

Gravel 47 59 89 50 111

Ca (ppin) Sandy 37 81 - 42 70 53
Massive 67 97 70 48 79

Gravel 11 16 41 18 70

Mg (ppm} Sandy 7 7 7 19 16
Massive 24 23 34 17 39

Gravel 2 2 6 3 7

CE (meq/100g) Sandy 2 1 1 2 3
Massive 5 4 5 4 6

Table 3 Zonation ranking of some chemical properties of soil af-
fected by tin mining at Phangnga province (Source: Thai-

utsa and Rungruangsilp, 1990)

Zone
Property

Gravel Sandy Massive
pH VSA VSA VSA
Organic Matter ML VL L
P VL VL L
K L VL L
Ca VL VL VL
Mg VL VL VL
CEC L VL L

Remarks: VSA = Very strong acidity

VL= Veru low
ML = Moderately low
L= Low
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Table 4 Heavy metal concentrations of water collected from mining ponds of various age
classes in Phangnga province
Age of mining pond (years)
Heavy metal
0 1 3 5 7 15 30
He(ppb) 1.04 0.89 0.82 0.77 (.69 0.72 0.69
Cd(ppm) - 0.12 0.09 0.04 0.03 0.03 0.03 0.04
Pb{ppm) 1.40 1.78 0.33 0.34 0.30 0.29 . 0.26
Cu(ppm) 0.57 0.76 0.07 0.06 0.05 0.05 0.06
Zn{ppm) 5.83 4.80 1.25 1.00 1.07 1.16 1.18
pH 4.95 3.68 5.13 5.05 5.35 5.80 6.10

Remarks : Figures under the same horizontal lines on not different at P. 01

Conclusions

This investigation shows that the successional development of plant communities on mine tailings

varied with the topographic zones and duration of the time after the mine was abandoned. The number of
vegetation species and the aboveground biomass productivity increased with the increase of the time after
the mine was abandoned. The soil properties were also affected by tin mining in the same manner. Due
to the differences in the levels of heavy metals between age classes of mining ponds, consumption of
water collected from mining ponds younger than three years old should be avoided.
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