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Electronic Supplementary Information


ESM1  210Pb inventories in Brotherswater soil cores and the corresponding mean 210Pb fluxes required to sustain those inventories


(a)  1976/77 study
	Location
	210Pb Inventory
	210Pb Flux

	
	Bq m-2
	Bq m-2y-1

	Brotherswater Delta
	5291
	165

	Upper Kirkstone
	5117
	159

	
	5204
	162



(b)  1991 Study
	Core
	210Pb Inventory
	210Pb Flux

	
	Bq m-2
	Bq m-2 y-1

	BRS1
	5512
	172

	BRS2
	5632
	175

	BRS3
	5304
	165

	BRS4
	8354
	260

	BRS5
	4105
	128

	BRS6
	3753
	117

	Mean
	5430
	169



(c)  2015/16 Study
	Location
	
	210Pb Inventory
	210Pb Flux

	
	Core
	Bq m-2
	±
	Bq m-2 y-1
	±

	Caudalebeck Farm
	BWSC15/1
	8309
	219
	258
	7

	
	BWSC15/2
	7116
	165
	226
	5

	
	BWSC16/1
	5108
	132
	159
	4

	
	BWSC16/2
	6376
	143
	199
	4

	
	BWSC16/3
	5089
	80
	158
	3

	
	Mean
	6399
	
	200
	

	Lake side
	BWSC15/3
	6788
	137
	207
	4

	
	BWSC15/4
	5589
	131
	171
	4

	
	BWSC16/4
	6733
	112
	210
	3

	
	BWSC16/5
	6323
	99
	197
	3

	
	BWSC16/6
	7289
	94
	227
	3

	
	Mean
	6544
	
	202
	






ESM2  137Cs inventories in Brotherswater soil cores including raw values and values decay corrected to May 1986

 (a)  1976/77 Study
	
	137Cs Inventory

	Location
	Raw
	Decay corrected to 1986

	
	Bq m-2
	Bq m-2

	Lake Delta
	8801
	7842

	Hartsop Hall
	8813
	7852

	Caiston Beck
	9624
	8574

	Kirkstone Pass
	8168
	7277

	Mean
	8851
	7886



(b)  1989 study
	
	137Cs Inventory 
	134Cs Inventory

	
	Decay corrected to 1986

	Location
	Total
	Weapons
	Chernobyl
	Chernobyl

	
	Bq m-2
	Bq m-2
	Bq m-2
	Bq m-2

	Lake Delta
	5505
	4026
	1479
	888

	Hartsop Hall
	3330
	2905
	425
	255

	Caudalebeck Farm 
	5060
	3527
	1533
	920

	Caiston Beck
	4320
	3324
	996
	598

	Kirkstone Pass
	5420
	4137
	1283
	770

	Middle Dodd
	13340
	10585
	2755
	1653

	Mean
	6163
	4751
	1412
	847



(c)  1991 Study
	
	137Cs Inventory

	Lakeside
	Raw
	Decay corrected to 1986

	
	Bq m-2
	±
	Bq m-2
	±

	BRS1
	8747
	191
	9926
	216

	BRS2
	10380
	539
	11780
	612

	BRS3
	10902
	1020
	12371
	1157

	BRS4
	11326
	451
	12853
	512

	BRS5
	9818
	317
	11141
	359

	BRS6
	10673
	367
	12111
	416

	Mean
	10308
	
	11697
	





(d)  2015/16 Study
	
	
	137Cs Inventory

	Location
	Core
	Raw
	Decay corrected to 1986

	
	
	Bq m-2
	±
	Bq m-2
	±

	Caudalebeck Farm
	BWSC15/1
	7470
	89
	14637
	174

	
	BWSC15/2
	6194
	74
	12137
	145

	
	BWSC16/1
	      1222*
	69
	2453*
	139

	
	BWSC16/2
	      2351*
	399
	4720*
	801

	
	BWSC16/3
	4312
	1134
	8654
	2276

	Mean
	5992
	
	11809
	

	Lake edge
	BWSC15/3
	5431
	
	10642
	150

	
	BWSC15/4
	3780
	
	7407
	102

	
	BWSC16/4
	7251
	
	14554
	176

	
	BWSC16/5
	5609
	
	11259
	150

	
	BWSC16/6
	6443
	
	12933
	148

	Mean
	5703
	
	11359
	


*  The records in these cores were evidently not complete and have been excluded from the mean.



ESM3  Unsupported 210Pb and 137Cs concentrations in sediment samples from the Brotherswater sediment traps and fluxes calculated by multiplying the concentrations by the measured sediment fluxes.  High sediment fluxes, and in consequence high radionuclide fluxes in the basal traps are almost certainly due to enhanced trapping of resuspended material. 

[bookmark: _Hlk532028478](a)  Trap A

	Measurement period
	
	Concentrations
	Fluxes

	Start date
	End date
	Trap
	210Pbuns
	137Cs
	Sediment
	210Pbuns
	137Cs

	
	
	level
	Bq kg-1
	±
	Bq kg-1
	±
	g cm-2 y-1
	Bq m-2 y-1
	Bq m-2 y-1

	15-Aug-12
	10-Oct-12
	Top
	238
	15
	44
	2
	0.166
	397
	73

	
	
	Mid
	246
	16
	50
	3
	0.137
	337
	68

	
	
	Base
	237
	16
	48
	3
	0.257
	609
	124

	10-Oct-12
	09-Jan-13
	Top
	283
	11
	53
	2
	0.127
	361
	67

	
	
	Mid
	327
	9
	54
	2
	0.102
	335
	55

	
	
	Base
	367
	11
	64
	2
	0.110
	405
	70

	09-Jan-13
	15-Feb-13
	Top
	Sample lost
	
	

	
	
	Mid
	314
	12
	55
	2
	0.154
	483
	84

	
	
	Base
	492
	13
	80
	2
	0.332
	1630
	264

	15-Feb-13
	24-Apr-13
	Top
	Sample lost
	
	

	
	
	Mid
	508
	29
	65
	5
	0.059
	299
	38

	
	
	Base
	460
	12
	48
	2
	0.239
	1101
	115

	24-Apr-13
	06-Jun-13
	Top
	541
	25
	51
	4
	0.038
	207
	20

	
	
	Mid
	Sample lost
	
	

	
	
	Base
	395
	11
	55
	2
	0.261
	1033
	143

	06-Jun-13
	10-Jul-13
	Top
	Too little material
	0.015
	
	

	
	
	Mid†
	344
	57
	42
	22
	0.030
	105
	13

	
	
	Base
	454
	14
	51
	2
	0.155
	705
	79

	10-Jul-13
	10-Aug-13
	Top
	341
	19
	43
	3
	0.196
	668
	84

	
	
	Mid
	233
	17
	39
	3
	0.255
	593
	98

	
	
	Base
	300
	11
	39
	2
	0.323
	968
	125

	10-Aug-13
	10-Dec-13
	Top
	440
	11
	46
	2
	0.054
	237
	25

	
	
	Mid
	422
	9
	42
	1
	0.060
	255
	25

	
	
	Base
	363
	16
	36
	2
	0.084
	305
	30



†The large standard errors in these measurements are due to the small sample size



(b)  Trap B

	Measurement period
	
	Concentrations
	Fluxes

	Start date
	End date
	Trap
	210Pbuns
	137Cs
	Sediment
	210Pbuns
	137Cs

	
	
	level
	Bq kg-1
	±
	Bq kg-1
	±
	g cm-2 y-1
	Bq m-2 y-1
	Bq m-2 y-1

	15-Aug-12
	10-Oct-12
	Top
	612
	27
	92
	5
	0.070
	429
	65

	
	
	Mid
	375
	31
	53
	5
	0.082
	308
	44

	
	
	Base
	381
	20
	51
	3
	0.308
	1175
	158

	10-Oct-12
	09-Jan-13
	Top
	Sample lost
	
	

	
	
	Mid
	Sample lost
	
	

	
	
	Base
	Sample lost
	
	

	09-Jan-13
	15-Feb-13
	Top
	477
	35
	69
	6
	0.057
	271
	39

	
	
	Mid
	386
	27
	67
	5
	0.064
	249
	43

	
	
	Base
	478
	28
	69
	4
	0.111
	529
	76

	15-Feb-13
	24-Apr-13
	Top
	589
	22
	67
	4
	0.043
	252
	28

	
	
	Mid
	600
	28
	62
	4
	0.048
	286
	29

	
	
	Base
	514
	17
	59
	3
	0.070
	361
	42

	24-Apr-13
	06-Jun-13
	Top
	620
	26
	57
	4
	0.033
	207
	19

	
	
	Mid
	546
	21
	62
	4
	0.033
	180
	21

	
	
	Base
	441
	10
	63
	2
	0.272
	1201
	171

	06-Jun-13
	10-Jul-13
	Top
	Too little material
	
	

	
	
	Mid
	457
	58
	46
	22
	0.024
	111
	11

	
	
	Base
	350
	13
	56
	2
	0.164
	575
	92

	10-Jul-13
	10-Aug-13
	Top
	588
	17
	55
	2
	0.143
	838
	78

	
	
	Mid
	289
	16
	51
	3
	0.096
	277
	49

	
	
	Base
	Sample lost
	
	

	10-Aug-13
	10-Dec-13
	Top
	511
	14
	50
	2
	0.046
	236
	23

	
	
	Mid
	469
	10
	46
	2
	0.058
	271
	27

	
	
	Base
	377
	8
	60
	1
	0.077
	292
	47








[bookmark: _Hlk504680662]ESM4.  Radionuclide inventories and fluxes in the Brotherswater lake sediment cores.

(a) 1974/7 cores

	
	210Pb
	Weapons 137Cs

	
	Inventory
	Flux
	
	Decay corrected to 1986

	
	Bq m-2
	±
	Bq m-2 y-1
	±
	Bq m-2
	±
	Bq m-2
	±

	BW1/74
	
	
	
	
	5916
	123
	4491
	94

	BRW/75
	
	
	
	
	6464
	159
	5021
	121

	BW1/76
	8911
	383
	277
	12
	8272
	140
	6574
	106

	BWW
	9990
	384
	311
	12
	8280
	316
	6733
	240

	BWC
	7772
	350
	242
	11
	5013
	156
	4077
	119

	BWE
	10360
	392
	323
	12
	5164
	237
	4200
	180

	BWN
	15354
	498
	478
	15
	7532
	195
	6125
	148

	mean
	10477
	
	326
	
	6435
	
	5162
	

	Fallout
	5889
	
	183
	
	
	
	7609
	



(b) 1988/9 cores

	
	210Pb
	137Cs  Decay corrected to 1986

	
	Inventory
	Flux
	Total
	Weapons
	Chernobyl

	
	Bq m-2
	±
	Bq m-2 y-1
	±
	Bq m-2
	±
	Bq m-2
	±
	Bq m-2
	±

	BW89/1
	8051
	298
	251
	9
	6368
	136
	6032
	139
	337
	38

	BW88/2
	7998
	280
	249
	9
	7288
	145
	5829
	147
	1458
	87

	BW89/2
	6298
	240
	196
	7
	4951
	100
	4478
	104
	473
	40

	BW89/3
	7195
	223
	224
	7
	6109
	127
	5533
	129
	576
	40

	BW89/4
	6222
	192
	194
	6
	4697
	98
	4042
	110
	655
	66

	BW89/5
	6507
	233
	203
	7
	4985
	121
	4272
	127
	713
	61

	mean
	7025
	
	219
	
	5656
	
	5007
	
	649
	

	Fallout
	5889
	
	183
	
	11611
	
	7609
	
	4002
	



(c) 2011/16 cores

	
	210Pb
	137Cs  Decay corrected to 1986

	
	Inventory
	Flux
	Total
	Weapons
	Chernobyl

	
	Bq m-2
	±
	Bq m-2 y-1
	±
	Bq m-2
	±
	Bq m-2
	±
	Bq m-2
	±

	BW11/2
	19450
	458
	606
	14
	19702
	302
	15452
	492
	4250
	451

	BW12/9Bs
	5542
	175
	173
	5
	5697
	100
	4582
	159
	1115
	142

	BW14/E1
	6048
	128
	188
	4
	4996
	69
	4422
	96
	575
	81

	BW14/E2
	4634
	116
	144
	4
	4209
	60
	3664
	88
	545
	81

	BW14/N1
	6884
	136
	214
	4
	5983
	79
	5086
	99
	897
	81

	BW14/N2
	5606
	134
	175
	4
	5064
	72
	4364
	99
	701
	87

	BW16/SE1
	4220
	195
	131
	6
	3293
	83
	2854
	72
	439
	11

	BW16/SE2
	3683
	149
	115
	5
	3479
	87
	3016
	76
	464
	12

	BW16/NO1
	6773
	208
	211
	6
	5760
	116
	4993
	100
	767
	15

	BW16/NO2
	3440
	146
	107
	5
	2558
	73
	2217
	63
	341
	10

	mean
	6982
	
	217
	
	[bookmark: _GoBack]6465
	
	5381
	
	1084
	

	Fallout
	5889
	
	183
	
	11611
	
	7609
	
	4002
	





