ANUBAUANY

ANULUNVULAKZHIN As Pb Mn Ni Sn Cr Zn Fe uazun
aauluAUAZNBUNBININ 6 YPWILHNBIMIUTINIANLAA

5358 F3fna ' waz lasan wWea Issan’

Abstract
Suteerasak, T.! and Bhongsuwan, T.
Concentration of heavy metal As, Pb, Mn, Ni, Sn, Zn, Cr, Fe and radon gas

in bottom sediment from abandoned tin mines in the Phuket Province
Songklanakarin J. Sci. Technol., 2006, 28(3) : 641-654

This research is aimed at analyzing the heavy metals: As, Pb, Mn, Ni, Sn, Zn, Cr, Fe, and radon gas
emission in bottom sediment from six abandoned tin mines in Phuket Province. Fe, Mn, and Sn were found
in higher concentrations (but non-polluting) than Cr and Ni. As, Pb, and Zn were polluting at lower levels.
The concentration ranges for As, Pb, and Zn were 75.3-169, 98.6-547.5, and 120.4-323.3 mg/kg respectively.
The activity of radon gas emission from bottom sediment from an abandoned tin mine in Amphur Muang
was in the range of 162-212 Bqg/kg., in the Amphur Katoo mine the range was 122-266 Bq/kg. and in the
Amphur Talang mine the range was 180-263 Bq/kg. All these sites have higher concentrations of radon gas
emissions than other similar sites. The heavy metals and radon gas come from geochemical materials such as
soil and granite rock, found around the abandoned tin mines.

Key words : heavy metal, bottom sediment, radon gas, old mines, Phuket province
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Figure 1. Map showing the study area in the Phuket province, and the abandoned tin mine
reservoir sampling sites in Phuket province.
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Table 1. Heavy metals concentration in the reference material IAEA
SL-1 and percent recovery of heavy metals.

Certified Reference IAEA SL-1

Metal % Recovery
Concentration (mg/kg) Certified value (mg/kg)
As 35 27.6 78.9
Mn 4111.6 3460 84.2
Cr 103.4 104 100.6
Ni 55.5 449 80.9
Pb 46.5 37.7 81.1
Sn 39.8 - 82.6
Zn 304.8 223 73.2
Fe 85448 67400 78.9

Mean of percent recovery = 82.6 %
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centration. The regression line and twice standard deviation band according to
regional anomalies criterion (Szefer ef al., 1995) are shown.
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Table 2. Average heavy metal concentration and radon concentration in bottom sediment samples
from the abandoned tin mine reservoirs in Phuket province.

Site As Mn Cr Ni Pb Sn Zn Fe Rn Gas
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mgkg) (mgkg) (mgkg) (mgkg) (Bg/kg)
M1l <75um 82 327 30 21 60 950 69 32,102 179
75-106 um 87 369 30 20 54 1,950 53 30,761 212
Mean 83 336 30 20 58 1,172 65 31,805 205
Std. dev. 3 30 0 0 4 707 11 948 27
M2 <75um 44 561 23 23 77 610 107 46,103 192
75-106 um 39 468 21 19 54 659 93 39,201 162
Mean 43 535 22 22 70 624 103 44,194 170
Std. dev. 4 65 2 2 16 35 10 4,880 23
K1 <75 um 78 1,083 44 28 57 565 118 49,652 266
75-106 um 78 1,226 44 30 62 577 121 53,596 122
Mean 78 1,112 44 28 58 568 118 50,461 152
Std. dev. 0 101 0 2 3 9 2 2,789 119
K2 <75 um 47 969 38 27 91 1,262 147 44,131 221
75-106 um 40 826 28 19 79 1,081 117 35,928 122
Mean 46 951 37 26 90 1,239 143 43,106 134
Std. dev. 4 101 8 6 9 127 21 5,801 88
T1 <75 um 57 1,175 44 20 273 737 71 58,723 263
75-106 um 58 1,424 47 21 297 754 70 63,850 180
Mean 57 1,223 44 20 278 740 71 59,709 247
Std. dev. 0 176 2 1 17 12 1 3,625 69
T2 <75 um 65 288 21 22 125 557 67 49,258 247
75-106 um 52 287 23 20 113 504 72 49,258 260
Mean 60 288 22 21 121 537 69 49,258 255
Std. dev. 9 1 1 2 9 38 3 0 10
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the other materials and sediment quality

in mines,

.

Table 3. Heavy metal concentration (mg/kg) measurement results of the abandoned t

guides(SQGs) for metal in freshwater sediment.

Sediment Effect Rang Effect Rang

Average in Granite

Standard Average in Average in

Deviation Igneous

Average

Range

Metal Sample

Median
(ERM)¢

in Phuket Low (ERL)"

Province

Rock in

Sedimentary General

Rock

Number

Phuket

Soil

Rock

Province

70

8.2

20-160°
1000°
220

> 94>

28 7"

17.1

60.4

39-87

12
12
12
12
12
12

As

950* 670* 850° 2101°

414.8
10

750.2
32.6

287-1,424
21-44
19-30
54-297

Mn

370
52
220

81

160* 200¢ > 107°

100*

Cr

21

> 165°
0-20°
0-30°
< 80°

> 2000°
20-160°
> 2000°
> 190°

25-50¢
10

3.8

22.4

Ni

47

20
7a

12¢

84.3

111.8
850.6

92

30,761-63,850 46,047

Pb

a

70°

417.9
29.1

504-1,950

53-147

Sn

" - I O &
lavewin Sn luAnunsdanuidenas wananiws
vasdoyarisvnnagludasuounitg £28  (Figure 4)

410

1 o Ao a a @ @

: WRZANATUINNTT & NIBITIN Igeo <0 @915 Sn lu
AUATNBUNIINAINLBIAUNT & NAITINAUAUATNDY
o aa & | Y A R X
¢ NAMNNNIMILLAATNAAR TNUIFIINNITUBLL BB

Sn

150

37 “ang” (Zn) enwdindulanenin Zn o
luag 120.4 v 332.3 wn./nn. wuanuidinduafn
L K1 K2 wae M2 wusnni aludaedns K2 (324
an./nn.) 3 dredrmiuanaznuaanNdnduagszdu
A1 uel 9N UINMReDI0 Zn ludunazfinaznan

¢ n@n (Table 3) wdogluszauderiuluinunsia

U k7 &ld 1 1 1 1 1 1
ANNINTYY Zn UNAININNIIAT ERL Lasasaniian
ERM sfunanganinillanewin Zn egluszdun

d‘ 1 v a ) a 1 QI aada U 1
ynwannaliiiaaNuluisde INTI0 b wazen I
>0 (0.12-1.22) wadesnin 2 dadegluszauns

500

Uwdandiligunse Usznaunuwavasdayanivuasg
luasuwaunineg +2S  (Figure 4g) @91ty Zn nwulu
ARATNOUUITNIINLHARINLUEAINTITNYIALAZAN

80°

AanssnpasNyudTINGL

38 wian (Fe) anwdndulanzmin Fe oglu
979 59,885 Dy 124,302 wn./nn. AanNLdNTuaInan
Joinfiudnideudnonn wuann adode T1 was
T2 (Anadowiiy 116,239 uaz 95,894 wn./nn.)
éf'aaamﬁmﬁawuasﬂm:é’uﬁﬁaﬁﬂ'jw (Table 3) Wiad

‘Long et al. (1995b)

% a X ado i P o = &
1N @!ﬁii&l"ﬁq(ﬂiuwuqﬂﬂ\‘lﬂﬂW'JNIfN‘WgtVI%ﬂL‘Viaﬂl’ﬂ%

10,221.8

avalsznavaaudennn (Garson et al., 1975) Usznay
. . « g a4

Aulanewin Fe iugasiaiugiwiinudoudrsnnnlu
s33nand inaziiulugass 130sznou Fe?r uaz/

PGarson et al. (1975)

‘g 1
w3a Fe* (gnwnd, 2545) luniwusnnlugduasusinan
A & a ¢ A o a
wanuunitlnduazdnlnd Adsdulud qosnad

(2545)

IWINAL AR LT LASHRUAN 9

4. MIIANZH ¥ WRUTITH N lansHIALAaz A

<
v Aa v

12
2
gNINA WIUFANANMUN

a

£ dl v = I = 1 c{l
lanzwibnfnoueanldiin ssnguda nanfiny
Tannsdindulaneninluszauund laun lanewin
Cr wae Ni 91n@1 U5z ™ ns w wwus (correlation

Zn
Fe

coefficient: R) sevindlanevibnyis a4 (Table 4) Ml



3. qUaIUASUNS NN,

i1 28 atfufi 3 wa.- 1.0, 2549

anuNIulanzrvnwazn asuluduaznaunaan
651

595y 53dna uaz lasaw req H330

Table 4. Correlation data for metal concentration of the bottom sediment
samples from the abandoned tin mines in Phuket province.

As Mn Cr Ni Pb Sn Zn Fe

As 1.000 -0.021 0.357 0.334 -0.169 0.273 -0.349 -0.122
Mn -0.021 1.000 0.897 0.480 0.533 -0.155 0411 0.679
Cr 0.357 0.897 1.000 0.529 0481 0.018 0.221 0.567
Ni 0.334 0480 0.529 1.000 -0.262 -0.185 0.665 0.283
Pb -0.169 0.533 0481 -0.262 1.000 -0.198 -0.359 0.759
Sn 0.273 -0.155 0.018 -0.185 -0.198 1.000 -0.127 -0.603
Zn -0.349 0411 0221 0.665 -0.359 -0.127 1.000 0.02

Fe -0.122 0.679 0.567 0.283 0.759 -0.603 0.020 1.000
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Figure 5. Plots between concentration of metal and Igeo index. Dashed lines indicate degree
of contamination of sediment according to Igeo criteria (Stoffers ef al., 1986).
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