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Introduction

NORM X, Utrecht, The Netherlands. May 9-13, 2022

• Phuket is the world-famous tourist 
destination in the south of Thailand.

• Million people from around the world 
travel to Phuket each year, leading to 
rapid urbanization in this area.

• Land use was transformed from 
intensive mining town to tourism area.

• Phuket has experienced rapid 
population growth due to migration at 
local and international levels. 
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Rapid changes of urban area on Phuket Island due to tourism. 
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https://www.youtube.com/watch?v=8R03oML_gDA&t=2s
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• Secondary tin deposits, including 
colluvium, alluvium, and placer.

• Artisanal, small scale, to big scale mines.

• Artisanal - panning

• Small scale – gravel pump, sluice box.

Colluvium

Tin Source
Alluvium

Placer
Offshore Deposit

Sea Level

Coarse → fine 
(left to right)
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Run-of-mine (ROM) materials (tin ore), were mainly 
sandy to gravelly soil. ROM were excavated and 
transported to processing plant. Firstly, ROM was 
screened to separate coarse and fine materials. After 
screening, the feed (< 10% of ROM) for next step of 
processing were mainly sandy material with brown 
color. The waste from screening, which is gravelly 
materials (approx. > 90% of ROM), were dumped away. 

1st separation by gravity separation technique which 
produced tin concentrate at 10-80% SnO2 (mostly less 
than 50% SnO2). Plenty of water had been used at this 
1st stage of separation. Dirty water with some valuable 
minerals (tailing) were flowing to tailing pond. But at 
some mines, dirty water just flowed down along the 
creek, then the stream. Sometimes, the dirty water was 
directed to waste dump as well. 

• Big scale – intensive and extensive.
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2nd separation, the concentrate will be generally 
produced with >70%Sn (>90% SnO2). Magnetic 
separation and high tension were mostly applied in this 
stage. Small amount of tailing from 2nd separation were 
either damp or dry. Some mines kept these small 
amounts of tailing for both safety and economic 
reasons. 

Several miners knew that there are some valuable 
minerals associated with this tailing. However, the 
contents of those minerals were quite low. Most mines 
kept this tailing in pre-determined area or throw away 
as waste in the waste dumps leading to risk to the 
environment.
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Poor practices – left behind several big piles of tailing.
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Method of Study
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• Soil samples were collected and 
analyzed to measure radioactivity 
and identify, U, Th, and REE 
contents.

• X-ray diffraction (XRD) analysis.

• Wavelength Dispersive X-ray 
Fluorescence (WDXRF) analysis.

• Inductively coupled plasma mass 
spectrometry (ICP-MS) analysis.

• Gamma spectrometry analysis.

In order to make better characterization, this 

study also includes some information from 

previous work done by Chanyotha et al., 2011
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Method of Study
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• 8 sampling locations, 
randomly selected with safe 
accessibility.

• Garson, et.al. (1975) 
identified 8 tin deposits. 

• (5-8) were intensive mining 
area. 

• Manually excavated about 
0.5-2 m.

• Shallow samples ( <0.5m)

• Deep samples (>0.5 m)

• Some rock pieces collected.
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Results and Discussion
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• Major Element contents indicate regular contents of soils resulted from 
weathering processes of granitic rocks.

• Al-content is high, reflected normal phenomena in humid tropical region.

Sample
Element concentration (%)

Al Ca Fe K Mg Na Si Ti

PK-1 20.40 0.03 4.35 2.36 0.22 - 23.82 0.34

PK-2 19.21 0.08 7.24 2.12 0.28 0.17 22.70 0.56

PK-3 18.88 - 3.35 3.15 0.17 0.08 25.44 0.27

PK-4 17.72 0.03 5.38 3.81 0.34 0.08 24.27 0.72

PK-5 19.82 0.02 3.34 2.88 0.25 0.09 24.68 0.36

PK-6 18.91 - 0.74 3.70 0.06 0.08 27.14 0.05

PK-7 19.08 0.08 5.91 2.69 0.26 0.08 23.58 0.47

PK-8 18.77 - 3.50 4.26 0.26 - 24.88 0.23
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Results and Discussion
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• Ce, La, Nd are 3 major REE.

• U and T are significantly low.

• XRD reveals REE-contained minerals in 
the study area are mainly monazite and 
xenotime.

Sample PK-1 PK-2 PK-3 PK-4

Element Concentration (mg/kg)

Ce 458.97 389.58 857.24 262.45

La 300.86 230.09 391.05 242.99

Nd 325.96 211.99 286.64 118.73

Th 175.59 171.12 286.14 64.55

U 33.72 38.74 18.67 11.56

Dy 12.79 24.09 15.24 11.22

Er 5.15 12.72 7.16 6.01

Eu 1.96 2.6 1.99 3.09

Gd 31.96 34.96 37.46 19.71

Ho 1.87 4.52 - 2.48

Lu 0.49 1.55 0.8 1.17

Pr 90.03 58.71 86.19 35.03

Sc 7.78 11.66 4.96 10.94

Sm 50.53 38.45 39.34 20.28

Tb 3.22 4.66 3.62 2.74

Tm 0.62 1.76 0.91 1.21

Y 39.81 118.52 70.83 55.3

Yb 4.02 11.05 5.64 5.26
Charusiri et al., (2011)
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Results and Discussion
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The activity concentrations of 
226Ra, 232Th and 40K of soils and 
rocks in non-mining area are low 
same as typical background 
values. In addition, the activity 
concentrations of 226Ra, 232Th 
and 40K of disturbed soils in 
former tin mining area are not 
high, almost same as in non-
mining area. However, the activity 
concentrations of 226Ra, 232Th 
and 40K of soils in the vicinity of 
old tin processing plant are 
significantly greater than world 
average (UNSCEAR (2008)).

Sample ID Depth
226Ra

(Bq kg-1)

232Th

(Bq kg-1)

40K

(Bq kg-1)

PK1 Shallow 323.8 150.8 691.3

Deep 162.9 95.4 563.6

PK3 Shallow 183.3 118.3 1472.5

Deep 104.2 153.0 1124.2

PK4 Shallow 114.5 67.3 1140.6

Deep 94.0 50.2 668.9

PK5 Shallow 192.4 137.7 522.3

Deep 181.9 122.0 753.4

Mean 169.6 111.8 867.1

Max 323.8 153.0 1472.5

Min 94.0 50.2 522.3

World average (UNSCEAR 2008) 50 50 500
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Results and Discussion
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▪ Chanyotha et al. (2011) “Terrestrial 
gamma radiation in Phuket Island, 
Thailand”. 

▪ The aim of their study was to evaluate the 
level of terrestrial radioactivity on Phuket. 

▪ They measured 124 survey points of 
activity concentration at 1 m above the 
surface of local soil along roads in Phuket.

▪ They also calculated terrestrial gamma 
dose rate of those samples.

▪ 31 survey points were also taken in an 
abandoned area of a former tin ore-
dressing plant.  



www.eng.chula.ac.th

16

Results and Discussion
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▪ Terrestrial gamma dose rates 
were zoned by using ArcGIS 
software to simulate the results 
of the whole Phuket region.

▪ It should be noticed that the 
higher gamma dose rates are 
found in the western part of the 
region which underlain by 
granitic rocks. 

▪ Red zone in the SE was old 
dressing plant.

The terrestrial gamma dose rate of the island (excluding the abandoned area of the old dressing plant) ranged from 

20 to 900 nGy h-1, with the geometric mean value of 185 nGy h-1. The absorbed dose rate at the famous, Patong 

beach, ranged between 52 and 80 nGy h-1.



www.eng.chula.ac.th

17

Results and Discussion
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▪ The highest dose rate of 900 nGy h-1 was found 
on the surface mountain soil located on the south 
coast of the island. At that time of their 
investigation, mountain soil was being excavated 
for constructing of a local road nearby.

▪ In the city area, Chanyotha et. al. (2011) found a 
relatively high absorbed dose rate of 492 nGy h-1 
on the pavement of one main road near a 
population center which is higher than the 
nearby uncovered soil about 2-3 times. 

▪ They suspected that some of the aggregate used 
in making the concrete for the road surface here 
contained some NORM material.

In the past, slag from tin smelting was useless. 
People used the slag as the construction 
materials, making road or as filled material. 
Later, they found out that tantalum (Ta) in slag 
was precious, leading to Slag Rush!. People 
digged roads or surrounding area in the city for 
slag→ social problem. (Slag – NORM?)
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Conclusions and Recommendation
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The activity 
concentrations of 
226Ra, 232Th and 40K of 
soils and rocks in non-
mining area are low 
same as typical 
background values 
but slightly higher 
than world average 
(UNSCEAR (2008).

Sample Types Description

226Ra

(Bq kg-1)

232Th

(Bq kg-1)

40K

(Bq kg-1)

Soil (Shallow) Non-mining area, 

0-0.5 m deep

100±50 150±50 500±200

Soil (Deep) Non-mining area, 

0.5-2 m deep

110±20 250±100 700±300

Rock (Granite) Weathered or fresh rock 
samples of granite

170±30 375±75 2,000±500

Soil (Mining) Disturbed soil in mining 
area (soil, waste, or 
tailing)

200±100 125±25 750±250

Soil (Processing) Disturbed soil in 
processing area (soil, 
waste, or tailing)

3,000±1,000 7,000±3,000 1,000±500

World average Reported by UNSCEAR 
2008

50 50 500
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Conclusions and Recommendation
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The activity 
concentrations of 
226Ra, 232Th and 40K of 
disturbed soils in 
former tin mining 
area are not high, 
almost same as in 
non-mining area.

Sample Types Description

226Ra

(Bq kg-1)

232Th

(Bq kg-1)

40K

(Bq kg-1)

Soil (Shallow) Non-mining area, 

0-0.5 m deep

100±50 150±50 500±200

Soil (Deep) Non-mining area, 

0.5-2 m deep

110±20 250±100 700±300

Rock (Granite) Weathered or fresh rock 
samples of granite

170±30 375±75 2,000±500

Soil (Mining) Disturbed soil in mining 
area (soil, waste, or 
tailing)

200±100 125±25 750±250

Soil (Processing) Disturbed soil in 
processing area (soil, 
waste, or tailing)

3,000±1,000 7,000±3,000 1,000±500

World average Reported by UNSCEAR 
2008

50 50 500
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Conclusions and Recommendation
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However, the activity 
concentrations of 
226Ra, 232Th and 40K of 
soils in the vicinity of 
old tin processing 
plant are significantly 
greater than world 
average (UNSCEAR 
(2008)).

Sample Types Description

226Ra

(Bq kg-1)

232Th

(Bq kg-1)

40K

(Bq kg-1)

Soil (Shallow) Non-mining area, 

0-0.5 m deep

100±50 150±50 500±200

Soil (Deep) Non-mining area, 

0.5-2 m deep

110±20 250±100 700±300

Rock (Granite) Weathered or fresh rock 
samples of granite

170±30 375±75 2,000±500

Soil (Mining) Disturbed soil in mining 
area (soil, waste, or 
tailing)

200±100 125±25 750±250

Soil (Processing) Disturbed soil in 
processing area (soil, 
waste, or tailing)

3,000±1,000 7,000±3,000 1,000±500

World average Reported by UNSCEAR 
2008

50 50 500
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Conclusions and Recommendation
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• Naturally Occurring Radioactive Material (NORM) in the study area is likely 
linked to either weathering of granitic rock or former intensive and extensive 
tin mining in the area. 

• With changing to world-class tourism area along with expanding urbanization, 
elevated radioactivity may lead to risk to both local people and foreigners.

• The risk could be directly from NORM on the urban area itself or may be 
indirectly from somewhere else, especially outside aggregate materials for 
construction. 

• It is hope that the results of characterization would be useful for formulation 
of NORM regulation of the country. It is important to establish reference 
levels of natural environmental radiation or natural background radiation in 
developing national NORM regulatory programs.
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