[bookmark: _Hlk181650876]Supplemental Table 1 Microdosimetric parameters and  for 225Ac and its decay daughters in V79 cells
	Nuclide
	Distribution type
	 (Gy)
	 (Gy)
	 (Gy)
	 (Gy-1)
	 (Gy-2)
	

	[bookmark: _Hlk179205575]225Ac
	In the cytoplasm
	0.112
	140.82
	77.00
	1.22
	0.0078
	7.10±0.04

	
	Outside the cell
	0.117
	150.01
	78.74
	1.24
	0.0074
	7.30±0.05

	
	In the whole cell
	0.106
	135.45
	75.90
	1.20
	0.0079
	6.91±0.04

	
	In the nucleus
	0.100
	127.72
	74.43
	1.18
	0.0083
	[bookmark: _Hlk181708242]6.63±0.04

	
	Both inside and outside the cell
	0.113
	145.67
	78.00
	1.23
	0.0076
	7.23±0.06

	
	Bound to membrane
	0.114
	145.00
	78.47
	1.24
	0.0077
	7.03±0.05

	221Fr
	In the cytoplasm
	0.112
	134.83
	75.48
	1.20
	0.0079
	6.98±0.04

	
	Outside the cell
	0.113
	142.30
	77.90
	1.23
	0.0078
	7.23±0.03

	
	In the whole cell
	0.105
	133.12
	74.70
	1.19
	0.0080
	6.81±0.04

	
	In the nucleus
	0.102
	126.93
	73.31
	1.17
	0.0082
	6.54±0.04

	
	Both inside and outside the cell
	0.110
	138.86
	76.50
	1.21
	0.0078
	7.10±0.03

	
	Bound to membrane
	0.111
	139.73
	77.78
	1.23
	0.0079
	6.97±0.04

	217At
	In the cytoplasm
	0.104
	128.15
	74.33
	1.18
	0.0082
	6.88±0.03

	
	Outside the cell
	0.109
	133.65
	75.77
	1.20
	0.0080
	7.05±0.04

	
	In the whole cell
	0.102
	123.76
	73.01
	1.16
	0.0084
	6.67±0.02

	
	In the nucleus
	0.096
	117.49
	71.44
	1.14
	0.0086
	6.39±0.03

	
	Both inside and outside the cell
	0.107
	131.02
	75.28
	1.19
	0.0081
	7.00±0.05

	
	Bound to membrane
	0.107
	130.38
	75.61
	1.20
	0.0082
	6.80±0.03

	213Po
	In the cytoplasm
	0.097
	115.57
	70.75
	1.13
	0.0087
	6.58±0.03

	
	Outside the cell
	0.101
	121.23
	72.57
	1.16
	0.0085
	6.79±0.04

	
	In the whole cell
	0.094
	115.42
	70.07
	1.12
	0.0086
	6.43±0.05

	
	In the nucleus
	0.090
	106.21
	67.41
	1.08
	0.0090
	6.07±0.03

	
	Both inside and outside the cell
	0.099
	118.71
	71.79
	1.15
	0.0086
	6.71±0.04

	
	Bound to membrane
	0.099
	117.17
	71.83
	1.15
	0.0087
	6.49±0.04

	213Bi
	In the cytoplasm
	0.086
	107.78
	61.78
	1.00
	0.0081
	5.84±0.11

	
	Outside the cell
	0.086
	106.75
	61.96
	1.01
	0.0082
	5.90±0.07

	
	In the whole cell
	0.085
	107.87
	63.66
	1.03
	0.0084
	[bookmark: OLE_LINK3][bookmark: _Hlk181708259]5.91±0.09

	
	In the nucleus
	0.084
	109.28
	63.62
	1.03
	0.0083
	5.77±0.12

	
	Both inside and outside the cell
	0.084
	106.88
	61.19
	0.99
	0.0081
	5.83±0.10

	
	Bound to membrane
	0.087
	123.25
	70.92
	1.13
	0.0082
	6.42±0.08

	209Tl
	In the cytoplasm
	8.04E-04
	3.19
	3.18
	0.17
	0.0141
	1.00±0.01

	
	Outside the cell
	7.65E-04
	3.07
	3.06
	0.17
	0.0142
	1.00±0.01

	
	In the whole cell
	8.17E-04
	3.24
	3.23
	0.17
	0.0141
	0.99±0.01

	
	In the nucleus
	8.90E-04
	3.51
	3.50
	0.18
	0.0141
	0.99±0.01

	
	Both inside and outside the cell
	7.71E-04
	3.04
	3.03
	0.17
	0.0141
	1.00±0.01

	
	Bound to membrane
	8.08E-04
	3.80
	3.79
	0.18
	0.0141
	1.03±0.01

	209Pb
	In the cytoplasm
	7.95E-04
	2.90
	2.89
	0.17
	0.0142
	0.98±0.01

	
	Outside the cell
	7.99E-04
	2.83
	2.82
	0.17
	0.0142
	0.98±0.01

	
	In the whole cell
	7.93E-04
	2.92
	2.92
	0.17
	0.0142
	0.97±0.01

	
	In the nucleus
	8.01E-04
	2.96
	2.96
	0.17
	0.0142
	0.95±0.01

	
	Both inside and outside the cell
	7.73E-04
	2.74
	2.74
	0.17
	0.0142
	0.97±0.01

	
	Bound to membrane
	8.11E-04
	3.67
	3.66
	0.18
	0.0142
	1.02±0.01

	177Lu
	In the cytoplasm
	9.64E-04
	3.14
	3.14
	0.17
	0.0142
	1.00±0.00

	
	Outside the cell
	9.84E-04
	3.05
	3.05
	0.17
	0.0142
	1.00±0.00

	
	In the whole cell
	9.78E-04
	3.33
	3.32
	0.17
	0.0141
	1.00±0.00

	
	In the nucleus
	1.04E-03
	3.62
	3.61
	0.18
	0.0141
	1.00±0.00

	
	Both inside and outside the cell
	9.82E-04
	3.07
	3.06
	0.17
	0.0141
	1.00±0.00

	
	Bound to membrane
	9.75E-04
	3.48
	3.48
	0.18
	0.0142
	1.00±0.00




Supplemental Table 2 Microdosimetric parameters and  for 225Ac and its decay daughters in HSG cells
	Nuclide
	Distribution type
	 (Gy)
	 (Gy)
	 (Gy)
	 (Gy-1)
	 (Gy-2)
	

	225Ac
	In the cytoplasm
	0.112
	96.35
	34.68
	1.94
	0.0182
	6.94±0.03

	
	Outside the cell
	0.117
	101.52
	34.43
	1.93
	0.0172
	6.95±0.06

	
	In the whole cell
	0.106
	90.89
	34.81
	1.95
	0.0194
	6.78±0.05

	
	In the nucleus
	0.100
	86.07
	34.62
	1.94
	0.0204
	6.54±0.06

	
	Both inside and outside the cell
	0.113
	96.84
	34.40
	1.93
	0.0180
	6.82±0.04

	
	Bound to membrane
	0.114
	98.60
	35.04
	1.96
	0.0180
	6.57±0.05

	221Fr
	In the cytoplasm
	0.112
	92.71
	35.11
	1.96
	0.0192
	7.02±0.04

	
	Outside the cell
	0.113
	94.73
	35.20
	1.97
	0.0188
	7.09±0.05

	
	In the whole cell
	0.105
	88.80
	34.62
	1.94
	0.0198
	6.75±0.03

	
	In the nucleus
	0.102
	85.45
	34.80
	1.95
	0.0206
	6.57±0.06

	
	Both inside and outside the cell
	0.110
	95.14
	34.84
	1.95
	0.0186
	6.90±0.05

	
	Bound to membrane
	0.111
	93.37
	35.10
	1.96
	0.0191
	6.58±0.05

	217At
	In the cytoplasm
	0.104
	85.57
	35.12
	1.96
	0.0208
	7.02±0.03

	
	Outside the cell
	0.109
	91.10
	35.21
	1.97
	0.0196
	7.09±0.06

	
	In the whole cell
	0.102
	82.71
	35.13
	1.96
	0.0215
	6.84±0.06

	
	In the nucleus
	0.096
	78.72
	34.52
	1.93
	0.0222
	6.52±0.05

	
	Both inside and outside the cell
	0.107
	88.14
	35.14
	1.96
	0.0202
	6.95±0.05

	
	Bound to membrane
	0.107
	86.93
	35.37
	1.98
	0.0206
	6.63±0.04

	213Po
	In the cytoplasm
	0.097
	77.79
	34.60
	1.94
	0.0226
	6.93±0.04

	
	Outside the cell
	0.101
	82.42
	35.16
	1.97
	0.0216
	7.09±0.04

	
	In the whole cell
	0.094
	76.84
	34.30
	1.92
	0.0226
	6.69±0.05

	
	In the nucleus
	0.090
	71.78
	33.85
	1.90
	0.0239
	6.41±0.05

	
	Both inside and outside the cell
	0.099
	80.17
	35.08
	1.96
	0.0222
	6.94±0.04

	
	Bound to membrane
	0.099
	78.73
	34.85
	1.95
	0.0224
	6.54±0.04

	213Bi
	In the cytoplasm
	0.086
	74.29
	29.25
	1.67
	0.0200
	5.96±0.09

	
	Outside the cell
	0.086
	72.39
	29.44
	1.68
	0.0206
	6.04±0.11

	
	In the whole cell
	0.085
	67.79
	28.99
	1.65
	0.0217
	5.75±0.13

	
	In the nucleus
	0.084
	67.63
	30.49
	1.73
	0.0229
	5.83±0.10

	
	Both inside and outside the cell
	0.084
	71.98
	28.82
	1.64
	0.0203
	5.82±0.12

	
	Bound to membrane
	0.087
	82.33
	33.32
	1.87
	0.0205
	6.28±0.13

	209Tl
	In the cytoplasm
	8.04E-04
	1.91
	1.90
	0.28
	0.0505
	1.00±0.01

	
	Outside the cell
	7.65E-04
	1.81
	1.80
	0.27
	0.0505
	0.99±0.01

	
	In the whole cell
	8.17E-04
	2.04
	2.03
	0.29
	0.0505
	1.00±0.01

	
	In the nucleus
	8.90E-04
	2.12
	2.11
	0.29
	0.0504
	0.98±0.01

	
	Both inside and outside the cell
	7.71E-04
	1.92
	1.91
	0.28
	0.0505
	0.99±0.01

	
	Bound to membrane
	8.08E-04
	2.37
	2.36
	0.30
	0.0504
	1.02±0.01

	209Pb
	In the cytoplasm
	7.95E-04
	1.78
	1.77
	0.27
	0.0505
	0.98±0.01

	
	Outside the cell
	7.99E-04
	1.85
	1.85
	0.28
	0.0505
	1.00±0.01

	
	In the whole cell
	7.93E-04
	1.79
	1.79
	0.27
	0.0505
	0.95±0.01

	
	In the nucleus
	8.01E-04
	1.87
	1.86
	0.28
	0.0505
	0.94±0.01

	
	Both inside and outside the cell
	7.73E-04
	1.80
	1.79
	0.27
	0.0505
	0.97±0.01

	
	Bound to membrane
	8.11E-04
	2.04
	2.03
	0.29
	0.0505
	0.96±0.01

	177Lu
	In the cytoplasm
	9.64E-04
	1.91
	1.90
	0.28
	0.0505
	1.00±0.00

	
	Outside the cell
	9.84E-04
	1.86
	1.85
	0.28
	0.0505
	1.00±0.00

	
	In the whole cell
	9.78E-04
	2.06
	2.05
	0.29
	0.0505
	1.00±0.00

	
	In the nucleus
	1.04E-03
	2.24
	2.23
	0.30
	0.0505
	1.00±0.00

	
	Both inside and outside the cell
	9.82E-04
	1.96
	1.96
	0.28
	0.0505
	1.00±0.00

	
	Bound to membrane
	9.75E-04
	2.27
	2.27
	0.30
	0.0505
	1.00±0.00




Supplemental Table 3 Microdosimetric parameters and  for 225Ac and its decay daughters in Renca cells
	Nuclide
	Distribution type
	 (Gy)
	 (Gy)
	 (Gy)
	 (Gy-1)
	 (Gy-2)
	

	225Ac
	In the cytoplasm
	0.112
	109.99
	33.34
	0.66
	0.0058
	10.35±0.11

	
	Outside the cell
	0.117
	118.44
	32.90
	0.65
	0.0053
	10.20±0.18

	
	In the whole cell
	0.106
	105.05
	33.62
	0.66
	0.0061
	9.76±0.14

	
	In the nucleus
	0.100
	99.78
	33.92
	0.67
	0.0065
	9.60±0.13

	
	Both inside and outside the cell
	0.113
	111.37
	33.22
	0.66
	0.0057
	10.09±0.21

	
	Bound to membrane
	0.114
	113.05
	33.47
	0.66
	0.0057
	9.75±0.15

	221Fr
	In the cytoplasm
	0.112
	106.59
	33.69
	0.67
	0.0061
	10.45±0.11

	
	Outside the cell
	0.113
	111.19
	33.68
	0.67
	0.0058
	10.44±0.18

	
	In the whole cell
	0.105
	103.01
	33.67
	0.67
	0.0063
	9.77±0.14

	
	In the nucleus
	0.102
	98.81
	33.71
	0.67
	0.0065
	9.54±0.11

	
	Both inside and outside the cell
	0.110
	109.24
	33.31
	0.66
	0.0058
	10.12±0.19

	
	Bound to membrane
	0.111
	109.04
	33.76
	0.67
	0.0059
	9.83±0.16

	217At
	In the cytoplasm
	0.104
	99.43
	34.22
	0.68
	0.0066
	10.61±0.11

	
	Outside the cell
	0.109
	106.34
	33.85
	0.67
	0.0061
	10.49±0.17

	
	In the whole cell
	0.102
	95.49
	34.26
	0.68
	0.0069
	9.94±0.12

	
	In the nucleus
	0.096
	91.00
	34.19
	0.68
	0.0072
	9.67±0.14

	
	Both inside and outside the cell
	0.107
	102.11
	33.84
	0.67
	0.0064
	10.28±0.22

	
	Bound to membrane
	0.107
	101.46
	34.42
	0.68
	0.0065
	10.01±0.19

	213Po
	In the cytoplasm
	0.097
	88.28
	34.48
	0.68
	0.0075
	10.69±0.11

	
	Outside the cell
	0.101
	95.13
	34.38
	0.68
	0.0069
	10.65±0.20

	
	In the whole cell
	0.094
	87.80
	34.01
	0.67
	0.0074
	9.87±0.14

	
	In the nucleus
	0.090
	82.62
	34.07
	0.67
	0.0079
	9.64±0.13

	
	Both inside and outside the cell
	0.099
	93.76
	34.01
	0.67
	0.0070
	10.33±0.21

	
	Bound to membrane
	0.099
	91.45
	34.47
	0.68
	0.0072
	10.03±0.19

	213Bi
	In the cytoplasm
	0.086
	86.33
	29.06
	0.58
	0.0065
	9.06±0.22

	
	Outside the cell
	0.086
	85.51
	28.16
	0.56
	0.0063
	8.78±0.21

	
	In the whole cell
	0.085
	76.41
	29.87
	0.59
	0.0075
	8.70±0.11

	
	In the nucleus
	0.084
	82.38
	29.42
	0.58
	0.0069
	8.36±0.11

	
	Both inside and outside the cell
	0.084
	86.92
	28.48
	0.57
	0.0063
	8.70±0.21

	
	Bound to membrane
	0.087
	98.39
	32.73
	0.65
	0.0064
	9.54±0.15

	209Tl
	In the cytoplasm
	8.04E-04
	2.30
	2.29
	0.06
	0.0191
	0.99±0.02

	
	Outside the cell
	7.65E-04
	2.31
	2.30
	0.06
	0.0191
	0.99±0.02

	
	In the whole cell
	8.17E-04
	2.35
	2.33
	0.06
	0.0191
	0.94±0.03

	
	In the nucleus
	8.90E-04
	2.64
	2.62
	0.07
	0.0190
	1.00±0.02

	
	Both inside and outside the cell
	7.71E-04
	2.37
	2.35
	0.06
	0.0191
	0.99±0.02

	
	Bound to membrane
	8.08E-04
	2.86
	2.84
	0.07
	0.0191
	1.09±0.03

	209Pb
	In the cytoplasm
	7.95E-04
	2.18
	2.17
	0.06
	0.0191
	0.96±0.01

	
	Outside the cell
	7.99E-04
	2.15
	2.14
	0.06
	0.0191
	0.95±0.03

	
	In the whole cell
	7.93E-04
	2.16
	2.16
	0.06
	0.0191
	0.89±0.02

	
	In the nucleus
	8.01E-04
	2.22
	2.21
	0.06
	0.0191
	0.88±0.01

	
	Both inside and outside the cell
	7.73E-04
	2.08
	2.08
	0.06
	0.0191
	0.91±0.03

	
	Bound to membrane
	8.11E-04
	2.61
	2.59
	0.07
	0.0191
	1.02±0.02

	177Lu
	In the cytoplasm
	9.64E-04
	2.32
	2.31
	0.06
	0.0191
	1.00±0.00

	
	Outside the cell
	9.84E-04
	2.33
	2.32
	0.06
	0.0191
	1.00±0.00

	
	In the whole cell
	9.78E-04
	2.56
	2.54
	0.07
	0.0191
	1.00±0.00

	
	In the nucleus
	1.04E-03
	2.65
	2.63
	0.07
	0.0191
	1.00±0.00

	
	Both inside and outside the cell
	9.82E-04
	2.40
	2.38
	0.07
	0.0191
	1.00±0.00

	
	Bound to membrane
	9.75E-04
	2.54
	2.53
	0.07
	0.0191
	1.00±0.00




