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Supplementary information
S. Table  1 Origin of the soil, pond sediment and tailing material are provided.
	Name
	Sample type
	Latitude
	Longitude

	BC1_0 -10 cm
	Soil
	9.713336
	8.907103

	BC1_10 -30 cm
	Soil
	9.713336
	8.907103

	BC2_0 - 10 cm
	Soil
	9.713628
	8.906653

	BC2_10 - 30 cm
	Soil
	9.713628
	8.906653

	RF1_0 -10 cm
	Soil
	9.858370
	8.903168

	RF1_10 -30 cm
	Soil
	9.858370
	8.903168

	RF2_0 - 10 cm
	Soil
	9.858696
	8.902614

	RF2_10 - 30 cm
	Soil
	9.858696
	8.902614

	KR1_0 -10 cm
	Soil
	9.694459
	8.884659

	KR1_10 -30 cm
	Soil
	9.694459
	8.884659

	KR2_0 - 10 cm
	Soil
	9.693993
	8.882139

	KR2_10 - 30 cm
	Soil
	9.693993
	8.882139

	BK1_0 -10 cm
	Soil
	9.782474
	8.884581

	BK1_10 -30 cm
	Soil
	9.782474
	8.884581

	BK2_0 - 10 cm
	Soil
	9.782252
	8.884705

	BK2_10 - 30 cm
	Soil
	9.782252
	8.884705

	RF5
	Pond sediment
	9.829900
	8.916364

	BK5
	Pond sediment
	9.782474
	8.884581

	SG1
	Pond sediment
	9.775729
	8.813641

	BC5
	Tin Tailing
	9.713336
	8.907103

	RF6
	Tin Tailing
	9.829900
	8.916364

	KR5
	Tin Tailing
	9.694940
	8.884839

	TT1
	Tailing taken from heap of residue from which tin has been extracted. The site was a major mining site where mining activities were mechanically carried out. The mining site has been abandoned.
	9.720377
	8.909793

	TT2
	Sample was taken from the dump site of the remnant from which tin has been extracted.
	9.722467
	8.911877

	TT3
	Sample was taken from the tailing heaped on the mining site.
	9.721640
	8.918168

	TT4
	Tailing taken from a mining site where local mining is still in progress.
	9.726735
	8.915043

	TT5
	Tailing taken from recent residue from tin mine where local mining is still ongoing.
	9.726230
	8.914552

	TT6
	Tailing from residue dumped at a local tin mining site.
	9.713738
	8.907757

	TT7
	Tailing from residue dumped at a local tin mining site.
	9.716418
	8.905013

	TT8
	Tailing from huge heap of mine residues resulting from industrial mining. The sample from this site is already caked and had to be crushed. The mining site is no longer functional.
	9.692148
	8.910157

	TT9
	Tailing collected from tin extraction firm. Pure tin is extracted from raw mined tin brought from various mining sites in Bisichi. The tailing sample was taken from the residue left after the removal of tin.
	9.717682
	8.908272

	TT10
	Tailing collected from another tin extraction firm. Pure tin is extracted from raw mined tin brought from various mining sites in Bisichi. The tailing sample was taken from the residue left after the removal of tin.
	9.717682
	8.908272

	Total: 32
	Soil, pond sediment and Tin Tailing
	Ø 9.749869
	Ø 8.898220



[bookmark: _Ref216259569]S. Table  2 The nuclides of interest with energy and emission probability are listed. Emission probabilities below 10 % were considered only if no other line was available. Dataset: JEFF-3.3
	nuclide
	energy 
	emission probability

	-
	in keV
	in %

	Pb210
	46.5
	4.25

	Th234
	63.3
	3.75

	Pb214
	351.9
	35.6

	Pb214
	295.2
	18.4

	Bi214
	609.3
	45.48

	Bi214
	1764.5
	15.31

	Bi214
	1120.3
	14.91

	Ac228
	911.2
	26.2

	Ac228
	969.0
	15.9

	Ac228
	338.3
	11.4

	Pb212
	238.6
	43.6

	K40
	1460.8
	10.55





[bookmark: _Ref216259671]S. Table  3 Measured activities using [8] in soil, sediment and tailing are provided in Bq·kg-1. For Pb-214, Bi-214 and Ac-228: the weighted mean and standard deviation are presented.

sample
Pb-210
Pb-214
Bi-214
Th-234
Pb-212
Ac-228
K-40
BC1_0 -10 cm
127
±
13
103
±
7
104
±
7
115
±
12
179
±
18
193
±
14
350
±
40
BC1_10 -30 cm
86
±
9
79
±
6
80
±
6
92
±
9
131
±
13
139
±
10
320
±
30
BC2_0 - 10 cm
115
±
12
106
±
8
105
±
8
117
±
12
159
±
16
167
±
12
360
±
40
BC2_10 - 30 cm
90
±
9
88
±
6
88
±
6
94
±
10
129
±
13
137
±
10
410
±
40
RF1_0 -10 cm
123
±
12
83
±
6
82
±
6
106
±
11
116
±
12
124
±
9
470
±
50
RF1_10 -30 cm
82
±
8
75
±
5
75
±
5
91
±
9
108
±
11
118
±
8
500
±
50
RF2_0 - 10 cm
72
±
7
55
±
4
54
±
4
70
±
7
71
±
7
77
±
5
300
±
30
RF2_10 - 30 cm
55
±
6
50
±
4
51
±
4
62
±
6
64
±
6
67
±
5
260
±
30
KR1_0 -10 cm
93
±
9
74
±
5
74
±
5
93
±
9
93
±
9
100
±
7
158
±
16
KR1_10 -30 cm
68
±
7
71
±
5
73
±
5
83
±
9
79
±
8
87
±
6
168
±
17
KR2_0 - 10 cm
77
±
8
63
±
4
63
±
5
81
±
8
50
±
5
53
±
4
400
±
40
KR2_10 - 30 cm
116
±
12
124
±
9
124
±
9
178
±
18
87
±
9
93
±
7
540
±
50
BK1_0 -10 cm
192
±
19
152
±
11
151
±
11
161
±
16
157
±
16
169
±
12
260
±
30
BK1_10 -30 cm
211
±
21
143
±
10
141
±
10
161
±
16
148
±
15
159
±
11
244
±
25
BK2_0 - 10 cm
169
±
17
105
±
7
103
±
7
131
±
13
112
±
11
118
±
8
184
±
19
BK2_10 - 30 cm
175
±
18
107
±
8
108
±
8
125
±
13
114
±
11
121
±
9
176
±
18
RF5
219
±
22
208
±
15
208
±
15
215
±
22
410
±
40
450
±
30
153
±
16
BK5
110
±
11
87
±
6
89
±
6
99
±
10
124
±
12
135
±
10
161
±
16
SG1
97
±
10
84
±
6
85
±
6
88
±
9
107
±
11
120
±
9
380
±
40
BC5
122
±
13
2000
±
140
2010
±
140
1570
±
160
6100
±
600
6700
±
500
1020
±
100
RF6
112
±
11
102
±
7
100
±
7
111
±
12
181
±
18
199
±
14
41
±
5
KR5
86
±
9
328
±
23
353
±
25
117
±
12
720
±
70
840
±
60
72
±
8
TT1
122
±
12
139
±
10
140
±
8
320
±
30
270
±
30
274
±
16
169
±
18
TT2
105
±
11
111
±
8
112
±
7
233
±
23
181
±
18
177
±
10
204
±
21
TT3
91
±
9
94
±
7
94
±
6
212
±
21
192
±
19
188
±
11
360
±
40
TT4
176
±
18
183
±
13
183
±
11
370
±
40
246
±
25
240
±
14
330
±
30
TT5
215
±
22
263
±
19
264
±
17
730
±
70
990
±
100
1000
±
60
470
±
50
TT6
76
±
8
86
±
6
86
±
5
183
±
18
141
±
14
139
±
8
64
±
8
TT7
61
±
6
58
±
4
57
±
3
120
±
12
64
±
6
60
±
3
150
±
16
TT8
45
±
5
55
±
4
56
±
3
122
±
12
119
±
12
112
±
7
77
±
10
TT9
670
±
70
840
±
60
830
±
70
1890
±
190
1830
±
180
1750
±
100
180
±
19
TT10
1150
±
120
1970
±
140
1960
±
110
3000
±
300
3200
±
300
3200
±
180
680
±
70


[bookmark: _Ref217026523]S. Table  4 The measured activity concentrations were used to calculated activity concentration of predecessor nuclides (Ra-226 from Pb-214 and Bi-214; U-238 equals Th-234; Th-232 from Pb-212 and Ac-228) in Bq·kg-1. I.e. Ra-226: ½ꞏ(Pb-214 + Bi-214) ± ½ꞏ(u(Pb-214)2 + u(Bi-214)2) ½. 
	sample
	Ra-226
	U-238
	Th-232

	BC1_0 -10 cm
	103
	[bookmark: _Hlk216260178]±
	5
	115
	±
	12
	186
	±
	11

	BC1_10 -30 cm
	79
	±
	4
	92
	±
	9
	135
	±
	8

	BC2_0 - 10 cm
	106
	±
	5
	117
	±
	12
	163
	±
	10

	BC2_10 - 30 cm
	88
	±
	4
	94
	±
	10
	133
	±
	8

	RF1_0 -10 cm
	82
	±
	4
	106
	±
	11
	120
	±
	7

	RF1_10 -30 cm
	75
	±
	4
	91
	±
	9
	113
	±
	7

	RF2_0 - 10 cm
	55
	±
	3
	70
	±
	7
	74
	±
	4

	RF2_10 - 30 cm
	50
	±
	3
	62
	±
	6
	65
	±
	4

	KR1_0 -10 cm
	74
	±
	4
	93
	±
	9
	96
	±
	6

	KR1_10 -30 cm
	72
	±
	4
	83
	±
	9
	83
	±
	5

	KR2_0 - 10 cm
	63
	±
	3
	81
	±
	8
	51
	±
	3

	KR2_10 - 30 cm
	124
	±
	6
	178
	±
	18
	90
	±
	5

	BK1_0 -10 cm
	151
	±
	8
	161
	±
	16
	163
	±
	10

	BK1_10 -30 cm
	142
	±
	7
	161
	±
	16
	154
	±
	9

	BK2_0 - 10 cm
	104
	±
	5
	131
	±
	13
	115
	±
	7

	BK2_10 - 30 cm
	107
	±
	5
	125
	±
	13
	117
	±
	7

	RF5
	208
	±
	10
	215
	±
	22
	430
	±
	30

	BK5
	88
	±
	4
	99
	±
	10
	130
	±
	8

	SG1
	[bookmark: _GoBack]84
	±
	4
	88
	±
	9
	113
	±
	7

	BC5
	2010
	±
	100
	1570
	±
	160
	6400
	±
	400

	RF6
	101
	±
	5
	111
	±
	12
	190
	±
	11

	KR5
	341
	±
	17
	117
	±
	12
	780
	±
	50

	TT1
	139
	±
	6
	320
	±
	30
	274
	±
	16

	TT2
	112
	±
	5
	233
	±
	23
	179
	±
	10

	TT3
	94
	±
	5
	212
	±
	21
	190
	±
	11

	TT4
	183
	±
	8
	370
	±
	40
	243
	±
	14

	TT5
	263
	±
	13
	730
	±
	70
	990
	±
	60

	TT6
	86
	±
	4
	183
	±
	18
	140
	±
	8

	TT7
	58
	±
	3
	120
	±
	12
	62
	±
	4

	TT8
	55
	±
	3
	122
	±
	12
	116
	±
	7

	TT9
	840
	±
	50
	1890
	±
	190
	1790
	±
	100

	TT10
	1960
	±
	90
	3000
	±
	300
	3190
	±
	180


[bookmark: _Ref194410784]S. Table  5 IAEA-Tel-2012-03-sample5, soil was used as a reference material. Gamma measurable radionuclides are listed.
	nuclide
	energy in keV
	activity in Bq·kg-1
	u(activity) in Bq·kg-1

	Pb-210
	47
	595
	19

	Am-241
	60
	1.78
	0.10

	Pb-212
	239
	31.0
	1.2

	Ac-228
	338
	32.4
	1.6

	Tl-208
	583
	11.5
	0.6

	Cs-137
	662
	119
	3

	Tl-208
	861
	11.5
	0.6

	Ac-228
	911
	32.4
	1.6

	Ac-228
	969
	32.4
	1.6

	K-40
	1461
	208
	8

	
	
	reference date
	01.01.2012


[bookmark: _Ref208838678]S. Table  6 To encompass a broader energy range, Pb-210 was added to the standard material QCYB25281 from Eckert&Ziegler. 
	nuclide
	energy in keV
	activity in Bq·kg-1
	u(activity) in Bq·kg-1

	Am-241
	60
	6.26E+03
	2.50E+02

	Cd-109
	88
	2.89E+04
	1.45E+03

	Co-57
	122
	1.06E+03
	3.18E+01

	Ce-139
	166
	1.45E+03
	4.35E+01

	Hg-203
	279
	4.59E+03
	2.30E+02

	Sn-113
	392
	5.26E+03
	2.63E+02

	Sr-85
	514
	6.93E+03
	2.08E+02

	Cs-137
	662
	4.78E+03
	1.43E+02

	Y-88
	898
	1.14E+04
	3.42E+02

	Co-60
	1173
	5.75E+03
	1.73E+02

	Co-60
	1333
	5.75E+03
	1.73E+02

	Y-88
	1836
	1.14E+04
	3.42E+02

	
	
	reference date
	01.12.2023

	Pb-210
	46,5
	3.61E+03
	5.05E+01

	
	
	reference date
	01.11.2008




S. Table  7 The provided grain sizes of tin tailing material in % has an uncertainty of 10 %.
	sample
	TT-1
	TT-2
	TT-3
	TT-4
	TT-5
	TT-6
	TT-7
	TT-8
	TT-9
	TT-10

	clay
	26.4
	26.3
	26.9
	37.1
	5.5
	7.3
	3.3
	59.4
	1.7
	1.6

	silt
	2.3
	23.4
	23.3
	8.1
	4.9
	3.7
	1.9
	16.7
	0.9
	1.1

	sand
	71.3
	50.3
	49.7
	54.7
	89.6
	89.0
	94.8
	23.9
	97.4
	97.3

	class
	clay
	loam
	loam
	clay
	sand
	sand
	sand
	clay
	sand
	sand




6

