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Supplementary Text: Web application setup

For the setup of the web application for the calculation of the bulk nodule Th-230 activity for

public use (https://jevolz.shinyapps.io/Nodule alpha_radiation/), we used the shiny package

for R Studio. The calculation is based on the assumption that the nodule is spheroid-shaped
(Supplementary Fig. S5). The total volume of the nodule (V,,,4.:¢) iS dependent on the

nodule height (h) and equatorial diameter (d) chosen by the user of the web application:
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The surface area of the nodule (S,,,4uie), Which is assumed to be an oblate spheroid (h<d), is

given by:

1 h? 1+
Snodule = ET[dZ + nzln (TZ) (2)

where e is the eccentricity:
e=1-z (3)

The Th-230 activity is highest at the surface of the nodule with the activity A, (Bg/g) and

decreases exponentially with depth z into the nodule with the half-value depth HVD and the

decay constant § = % to a background activity A4;,. in the interior of the nodule. Assuming

that the Th-230-rich layer is thin in comparison with the nodule size (HVD<<d,h), the Th-230
distribution is treated as 1-dimensional and the integrated excess activity per unit of surface

area Iy 5o Of the nodule is:

oo _ HVD
lexcsa = Jy (Ao = Aine)DBD e~F2dz = (Ag — Aynt)DBD 1225 (4)

where DBD is dry bulk density. With the same assumption of a thin Th-230-rich layer, the

total excess Th-230 inventory (Ioxctotq1) iN the nodule is approximated as:

Iexc,total = Iexc,sa * dnodule (5)

The total Th-230 inventory of the nodule is the sum of the background (1,,4) and the excess
activity:

Inoaute = lexcrotar T Ing = lexcsa * Snodute + Aine * DBD * Vioquie (6)

And the bulk nodule average activity (Aj,) of Th-230 is:
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https://jevolz.shinyapps.io/Nodule_alpha_radiation/

Inodule _ Iexc,sa*snodule + A
- int
Vnodule*DBD Vnodule¥xDBD

(7)

Apuik =

Supplementary Text: Radon accumulation in dependency of the nodule size

From the results of the Rn-222 emanation experiments shown in Fig. 3, we determined a
linear Rn-222 concentration increase rate (a) [Bq L™ d*] in the chamber. In the next step, we
calculated the Rn-222 emanation rate (E) [Bq cm d] from each nodule (Table S3) using the
surface of the nodule (S,,4u1e; €quation (2)) and the total gas volume in the experimental

setup (V;o¢) Of 2.02 L, corrected for the volume of the nodule (V,,oquie; €quation (1)):

g = 9 Weor=Vnodute) (8)

Snodule

If nodules are stored dry with a packing factor F and porosity ¢ (¢ = 1 — F), Rn-222 will

accumulate in the pore space with the decay constant (1) over time (t) with:

A= ESnodute (1—®) (1 _ e—)lt) (9)

AVnodulte @

With a 50,000 ton cargo of dry nodules, Rn-222 will accumulate in the pore space of:

@ 3
50000 =* DBED(1-9) m (10)

or about 22,000 m? for an assumed packing factor F of 0.6 and a nodule dry bulk density of
1.5 g cm3. We performed the calculation of the Rn-222 activity (4) accumulated in this
volume of air for different nodule sizes (d = 20- 80 mm) representative for the size range of
nodules found in the CCZ* (Supplementary Table S4). With regards to mining operations,
we assume that the Rn-222 emanation does not greatly change due to crushing of nodules.
Depending on the initial nodule size and the surface emanation rate, different Rn-222
concentrations are reached after one half-life of 3.8 days (Supplementary Table S4), which

represents roughly the transit time to the nearest harbour.



Supplementary Tables

Table S1: Detailed station information for the study sites of the presented study in the
different exploration areas for polymetallic nodules. The geographical position and water
depth for SO268-119 represent the start of the dredge track.

. . . Lat Long Water

Exploration area  Cruise  Station Gear depth
N W [m]

German BGR S0O268 119 Dredge 11.863° 117.015° 4122.2
German BGR S0239 60 Boxcorer 11.807° 117.55° 43245
IOM Joint Org. S0O239 88 Boxcorer 11.079° 119.659° 44329
Belgian GSR S0239 119 Boxcorer 13.859° 123.253° 4516.2
French IFREMER S0239 180 Boxcorer 14.042° 130.136° 4936.4
APEI3 S0239 195 Boxcorer 18.796° 128.362° 4833.4




Table S2: Summary of extracted published radioisotope datasets from historical studies performed with polymetallic nodules from
the Clarion-Clipperton Zone (CCZ) in the NE Pacific Ocean as part of the Deep Ocean Mining Environmental Study (DOMES),
Manganese Nodule Project (MANOP) and the Korea Deep Ocean Study (KODOS).

Water Depth - Depth ) 538 Th.230 Ra-226 Pa-231 Th-232

Site Sample ID Lt ONg depth ’:iz(::me min  max Data source
N W [m] [mm] [mm] [Ba/g] [Ba/g]l [Ba/g]l [Ba/g]l [Ba/g]

DOMES A RP8OC75-47-16-1-1T1  09.04° 151.19° 4948 top 0 0.245 n.a. 7.97 2.88 0.70 0.11

DOMES A RP80OC75-47-16-1-1T2  09.04° 151.19° 4948 top 0.245 0.53 n.a. 3.70 2.57 0.17 0.10

DOMES A RP8OC75-47-16-1-1T3  09.04° 151.19° 4948 top 0.53 0.855 n.a. 2.23 2.23 n.a. 0.09

DOMES A RP80OC75-47-16-1-1T4  09.04° 151.19° 4948 top 0.855 1.16 n.a. 1.19 1.29 n.a. 0.08

DOMES A RP8OC75-47-16-1-1T5 09.04° 151.19° 4948 top 1.16 1.48 n.a. 0.70 0.77 n.a. 0.09

DOMES A RP80OC75-47-16-1-1T6  09.04° 151.19° 4948 top 1.48 1.84 n.a. 0.24 0.38 n.a. 0.06

DOMES A RP8OC75-47-16-1-1T7  09.04° 151.19° 4948 top 1.84 2.28 n.a. 0.24 0.30 n.a. 0.07

DOMES A RP80OC75-47-16-1-1T8  09.04° 151.19° 4948 top 15 15.2 n.a. 0.24 0.24 n.a. 0.07

DOMES A RP80OC75-47-16-1-1B1  09.04° 151.19° 4948 bottom O 0.235 n.a. 1.61 14.80 0.11 0.04

DOMES A RP80OC75-47-16-1-1B2  09.04° 151.19° 4948 bottom 0.235 0.36 n.a. 2.27 11.42 n.a. 0.12

DOMES A RP80OC75-47-16-1-1B3  09.04° 151.19° 4948 bottom  0.36 0.7 n.a. 1.82 7.58 n.a. 0.18

DOMES A RP80OC75-47-16-1-1B4 09.04° 151.19° 4948 bottom 0.7 0.85 n.a. 1.09 5.05 n.a. 0.13 Krishnaswami

DOMES A RP80OC75-47-16-1-1B5 09.04° 151.19° 4948 bottom  0.85 1 n.a. 0.61 3.75 n.a. 0.13 and Cochran

DOMES A RP80OC75-47-16-1-2T1  09.04° 151.19° 4948 top 0 0.106 n.a. 14.98 2.73 1.59 0.13 (1978)

DOMES A RP80OC75-47-16-1-2T2  09.04° 151.19° 4948 top 0.106 0.232 n.a. 9.55 2.68 0.73 0.14

DOMES A RP80OC75-47-16-1-2T3  09.04° 151.19° 4948 top 0.232 0.352 n.a. 7.80 3.30 0.37 0.16

DOMES A RP80OC75-47-16-1-2T4  09.04° 151.19° 4948 top 0.352 0.535 na. 3.15 2.07 0.10 0.13

DOMES A RP80OC75-47-16-1-2T5 09.04° 151.19° 4948 top 0.535 0.713 n.a. 1.39 1.41 n.a. 0.12

DOMES A RP80OC75-47-16-1-2T6  09.04° 151.19° 4948 top 0.713 0.939 n.a. 0.51 0.94 n.a. 0.12

DOMES A RP80OC75-47-16-1-2T7  09.04° 151.19° 4948 top 0939 1.2 n.a. 0.48 0.75 n.a. 0.11

DOMES A RP80OC75-47-16-1-2T8  09.04° 151.19° 4948 top 1.21 1.4 n.a. 0.41 0.72 n.a. 0.13

DOMES A RP80OC75-47-16-1-2B1  09.04° 151.19° 4948 bottom O 0.179 n.a. 1.59 17.58 0.11 0.06

DOMES A RP80OC75-47-16-1-2B2  09.04° 151.19° 4948 bottom 0.179 0.264 n.a. 1.72 16.83 0.09 0.13

DOMES A RP80OC75-47-16-1-2B3  09.04° 151.19° 4948 bottom 0.264 0.515 n.a. 0.96 0.00 n.a. 0.13

DOMES A RP80OC75-47-16-1-2B4  09.04° 151.19° 4948 bottom 0.515 1.03 n.a. 0.46 5.93 n.a. 0.13




Water Depth Depth

Site Sample 1D Lat Long  genth Z'icéi ue mmn max U238 Th230 Ra226 Pa231 Th232
N W [m] [mm] [mm] [Ba/g] [Ba/g] [Ba/g]l [Ba/g] [Ba/g]

DOMES A RP8OC75-47-16-1-2B5  09.04° 151.19° 4948 bottom 122 1.4 na. 0.3 3.48 n.a. 0.06

DOMES A RP8OC75-47-16-1A1  09.04° 151.19° 4948  top 0 0073 na. 1420 na n.a. 0.16

DOMES A RP8OC75-47-16-1A2  09.04° 151.19° 4948  top 0.073 0.107 na 1040 na. n.a. 0.16

DOMES A RP8OC75-47-16-1A3  09.04° 151.19° 4948  top 0.107 0.162 n.a. 838 n.a. 0.84 0.12

DOMES A RP8OC75-47-16-1A4  09.04° 151.19° 4948  top 0.162 0224 na  7.73 na. 0.63 0.14

DOMES A RP8OC75-47-16-1A5  09.04° 151.19° 4948  top 0.224 0256 na.  7.77 n.a. n.a. 0.15

DOMES A RP8OC75-47-16-1A6  09.04° 151.19° 4948  top 0.256 0.306 na.  6.97 n.a. 0.48 0.14

DOMES A RP8OC75-47-16-1A7  09.04° 151.19° 4948  top 0.306 0358 na 662 n.a. 0.45 0.12 Krishnaswami et

DOMES A RP8OC75-47-16-1A8 09.04° 151.19° 4948 top 0.358 043 na. 6.28 n.a. 0.38 0.13 al. (1982)

DOMES A RP8OC75-47-16-1A9  09.04° 151.19° 4948  top 043 0482 na 568 n.a. n.a. 0.14

DOMES A RP8OC75-47-16-1A10  09.04° 151.19° 4948  top 0.482 0544 na. 527 n.a. n.a. 0.13

DOMES A RP8OC75-47-16-1A11  09.04° 151.19° 4948  top 0.544 0637 na  3.77 n.a. n.a. 0.12

DOMES A RP8OC75-47-16-1A12  09.04° 151.19° 4948  top 0.637 0701 na.  3.35 n.a. n.a. 0.13

DOMES A RP8OC75-47-16-1A13  09.04° 151.19° 4948  top 0.701 0756 n.a.  3.88 n.a. n.a. 0.20

DOMES A RP8OC75-47-16-1A14  09.04° 151.19° 4948  top 0.756 176 na.  1.32 n.a. n.a. 0.12

DOMES B RP8OC75-55-56-1-KT1  11.81° 137.41° 4800  top 0.05 na.  7.78 n.a. n.a. n.a.

DOMES B RP8OC75-55-56-1-KT2  11.81° 137.41° 4800 top 0.15 na.  0.35 n.a. n.a. n.a.

DOMES B RP8OC75-55-56-1-KT3  11.81° 137.41° 4800 top 0.25 na.  0.04 n.a. n.a. n.a. gs‘rjckﬁea?ld%o)

DOMES B RP8OC75-55-56-1-KB1  11.81° 137.41° 4800 bottom 0.05 na. 0.9 n.a. n.a. n.a.

DOMES B RP8OC75-55-56-1-KB2  11.81° 137.41° 4800 bottom 0.15 na.  0.03 n.a. n.a. n.a.

DOMES C RP8OC75-57-58-1-1T1  15.33° 125.91° 4551  top 0 0.038 na 1208  2.42 1.12 0.11

DOMES C RP8OC75-57-58-1-1T2  15.33° 125.91° 4551  top 0.038 0129 na 950 3.18 0.81 0.13

DOMES C RP8OC75-57-58-1-1T3  15.33° 125.91° 4551  top 0.129 0238 na 650 3.00 0.34 0.16

DOMES C RP8OC75-57-58-1-1T4  15.33° 12591° 4551  top 0.238 0347 na 333 2.58 0.12 0.13 g;'jfggsmnm'

DOMES C RP8OC75-57-58-1-1T5  15.33° 125.91° 4551  top 0.347 0447 na.  1.59 1.97 n.a. 0.11 (1978)

DOMES C RP8OC75-57-58-1-1T6  15.33° 125.91° 4551  top 0.447 0576 na. 149 1.75 n.a. 0.12

DOMES C RP8OC75-57-58-1-1T7  15.33° 125.91° 4551  top 0.714 0845 na. 041 1.06 n.a. 0.07

DOMES C RP8OC75-57-58-1-1B1 15.33° 125.91° 4551  bottom O 042 na 066 5.67 0.06 0.02




Water

Depth Depth

Site Sample ID Lat Long depth 's\'i?ji“'e min max U-238 Th-230 Ra-226 Pa-231 Th-232
N W [m] [mm] [mm] [Ba/g] [Ba/gl [Bag/g] [Ba/g]l  [Ba/g]
DOMES C RP8OC75-57-58-1-1B2  15.33° 125.91° 4551  bottom 0.42 0.91 n.a. n.a. 5.27 n.a. n.a.
DOMES C RP80OC75-57-58-1-1B3  15.33° 125.91° 4551  bottom 0.91 1.13 n.a. 0.08 2.13 n.a. 0.03
DOMES C RP8OC75-57-58-1-1B4  15.33° 125.91° 4551  bottom 1.13 1.35 n.a. 0.09 1.03 n.a. 0.04
DOMES C RP80OC75-57-58-1-1B5 15.33° 125.91° 4551  bottom 1.35 1.56 n.a. 0.08 n.a. n.a. 0.04
DOMES C RP8OC75-57-58-1-1B6  15.33° 125.91° 4551  bottom 1.56 1.75 n.a. n.a. 0.58 n.a. n.a.
MANOP S Mn7601-20-2 11.07° 140.05° 4722  top 0 3 1.23 12.08 3.50 8.50 2.18
MANOP S Mn7601-20-2 11.07° 140.05° 4722  top 3 7 1.02 4.12 2.47 2.10 1.57
MANOP S Mn7601-20-2 11.07° 140.05° 4722  top 7 12 0.97 2.03 10.13 10.68 1.38
MANOP S Mn7601-20-2 11.07° 140.05° 4722  top 12 13 0.73 2.65 1.00 3.18 2.13
MANOP S Mn7601-20-2 11.07° 140.05° 4722  top 13 15 0.70 9.60 9.60 1.72 1.13
MANOP S Mn7601-20-2 11.07° 140.05° 4722  top 15 17 0.63 5.75 5.75 0.57 0.95
MANOP S Mn7601-20-2 11.07° 140.05° 4722  top 22 28 0.50 1.65 1.65 0.35 0.77
MANOP S K7905-54BC-1-M1 11.02° 140.09° 4905 top 0 1 n.a. 5.95 3.27 n.a. 0.06
MANOP S K7905-62BC-1-M1 11.03° 140.10° 4906 top 0 2.1 n.a. 5.47 8.78 n.a. 0.07
MANOP S K7905-66BC-1-M1 11.02° 140.10° 4906  top 0 14 n.a. 16.77 2.28 n.a. 0.22
MANOP S K7905-75BC-1-M1 11.02° 140.09° 4913 top 0 3.5 n.a. 4.73 4.93 n.a. 0.07
MANOP S K7905-91BC-1-M1 11.02° 140.10° 4908 top 0 4.2 n.a. 5.73 3.57 n.a. 0.08
MANOP S K7905-101BC-1-M1 11.02° 140.08° 4924  top 0 15 n.a. 2.92 2.55 n.a. 0.04
MANOP S K7905-104BC-1-M1 11.02° 140.09° 4914 top 0 2.7 n.a. 5.38 10.43 n.a. 0.08
MANOP S K7905-54BC-1-M2 11.02° 140.09° 4905 bottom O 1 n.a. 7.15 9.77 n.a. 0.09
MANOP S K7905-62BC-1-M2 11.03° 140.10° 4906  bottom O 6.5 n.a. 11.88 29.38 n.a. 0.33
MANOP S K7905-66BC-1-M2 11.02° 140.10° 4906  bottom O 1.7 n.a. 7.90 11.77 n.a. 0.10
MANOP S K7905-75BC-1-M2 11.02° 140.09° 4913  bottom O 2.2 n.a. 2.28 9.27 n.a. 0.04
MANOP S K7905-91BC-1-M2 11.02° 140.10° 4908  bottom O 6.5 n.a. 3.28 4.68 n.a. 0.05
MANOP S K7905-101BC-1-M2 11.02° 140.08° 4924  pottom O 15 n.a. 5.00 10.82 n.a. 0.08
MANOP S K7905-104BC-1-M2 11.02° 140.09° 4914  bottom O 6.1 n.a. 5.15 13.55 n.a. 0.27
MANOP S K7905-75BC 11.00° 140.00° 4900 top 0 0.093 0.10 13.88 5.68 0.80 0.15
MANOP S K7905-75BC 11.00° 140.00° 4900 top 0.093 1.64 0.10 7.37 4.62 0.15 0.17

Data source

Moore et al.
(1981)

Moore (1984)

Huh and Ku
(1984)




_ Lat  Long 2O \oquie DSPN DePINyosg T30 Ra226 Pa231 Th2s2
Site Sample ID epth side min max Data source
N w [m] [mm] [mm] [Ba/g] [Ba/g] [Ba/g]l [Ba/g]  [Ba/g]
MANOP S K7905-75BC 11.00° 140.00° 4900 top 164 235 013 150 177 005 022
MANOP S K7905-75BC 11.00° 140.00° 4900  top 235 285 008 000 096 001 0.0
MANOP S K7905-75BC 11.00° 140.00° 4900  top 285 58 010 011 023 002  0.13
MANOP S K7905-75BC 11.00° 140.00° 4900  top 58 885 006 007 013 001  0.06
MANOP S K7905-75BC 11.00° 140.00° 4900  top 885 128 005 014 013 002 0.6
MANOP S K7905-75BC 11.00° 140.00° 4900 bottom 0 0056 na. 450 1442 016  na
MANOP S K7905-75BC 11.00° 140.00° 4900 bottom 0056 0122 na 870 1898 028  0.15
MANOP S K7905-75BC 11.00° 140.00° 4900 botom 0122 0356 na. 578 2085 012  0.32
MANOP S K7905-75BC 11.00° 140.00° 4900 bottom 0356 123 na 198 1237 003 0.5
MANOP S K7905-75BC 11.00° 140.00° 4900 botom 123 423 009 087 370 00l 019
MANOP S K7905-75BC 11.00° 140.00° 4900 bottom 423 923 008 023 051 001 013
MANOP S K7905-75BC 11.00° 140.00° 4900 botom 923 152 004 009 011 000 005
MANOP S K7905-47BC 11.00° 140.00° 4900 top 0 02 006 3367 375 110  0.87
MANOP S K7905-47BC 11.00° 140.00° 4900  top 02 08 009 757 540 063 026
MANOP S K7905-47BC 11.00° 140.00° 4900  top 09 17 009 522 278 011  0.39
MANOP S K7905-47BC 11.00° 140.00° 4900  top 17 57 007 016 135 006 0.9
MANOP S K7905-47BC 11.00° 140.00° 4900 top 57 105 008 08 099 004 023
MANOP S K7905-47BC 11.00° 140.00° 4900 bottom 0 07 011 103 1383 012 012
MANOP S K7905-47BC 11.00° 140.00° 4900 bottom 07 1.8 011 024 448 002  0.20
MANOP S K7905-47BC 11.00° 140.00° 4900 botom 1.8 38 008 018 122 003 016
MANOP S K7905-47BC 11.00° 140.00° 4900 bottom 3.8 7.8 005 025 052 002 0.2
MANOP S K7905-47BC 11.00° 140.00° 4900 botom 7.8 126 006 070 078 004 019
MANOPR  RAMA 1-15BC 30.00° 158.00° 5800  top 0 019 019 6362 457 083 1.2
MANOPR  RAMA 1-15BC 30.00° 158.00° 5800 top 019 031 018 3768 325 064  0.87
MANOPR  RAMA 1-15BC 30.00° 158.00° 5800  top 031 049 014 1862 312 014  1.04
MANOPR  RAMA 1-15BC 30.00° 158.00° 5800 top 049 077 012 248 217  na 0.86
MANOPR  RAMA 1-15BC 30.00° 158.00° 5800  top 077 11 017 074 18  na 0.94
MANOPR  RAMA 1-15BC 30.00° 158.00° 5800  top 11 18 015 033 160  na 0.72




_ Lat  Long 2O \oquie DSPN DePINyosg T30 Ra226 Pa231 Th2s2
Site Sample ID epth side min max Data source
N w [m] [mm] [mm] [Ba/g] [Ba/g] [Ba/g]l [Ba/g]  [Ba/g]

MANOPR  RAMA 1-15BC 30.00° 158.00° 5800 top 18 48 011 038 045 002 023
MANOPR  RAMA 1-15BC 30.00° 158.00° 5800 top 48 9 012 000 021  na

MANOPR  RAMA 1-15BC 30.00° 158.00° 5800 top 9 13 012 028 005 na 0.20
MANOPR  RAMA 1-15BC 30.00° 158.00° 5800 bottom 0 005 na 1593 7.83 035  0.90
MANOPR  RAMA 1-15BC 30.00° 158.00° 5800 bottom 005 01  na 1263 697 027 114
MANOPR  RAMA 1-15BC 30.00° 158.00° 5800 botom 0.1 ~ 018 017 798 653 005 138
MANOPR  RAMA 1-15BC 30.00° 158.00° 5800 bottom 018 096 012 128 678 000  0.71
MANOPR  RAMA 1-15BC 30.00° 158.00° 5800 bottom 096 3 008 014 067  na 0.27
MANOPR  RAMA 1-15BC 30.00° 158.00° 5800 bottom 3 7 000 018 016  na 0.29
MANOPR  RAMA 1-15BC 30.00° 158.00° 5800 bottom 7 11 018 016 026  na 0.23
MANOPR  RAMA 1-18BC 30.00° 158.00° 5800  top 0 004 018 4568 292 273  1.29
MANOPR  RAMA 1-18BC 30.00° 158.00° 5800  top 004 01 017 3035 357 149 127
MANOPR  RAMA 1-18BC 30.00° 158.00° 5800  top 01 03 015 1358 233 032 116
MANOPR  RAMA 1-18BC 30.00° 158.00° 5800 top 03 18 012 134 228 00l  0.89
MANOPR  RAMA 1-18BC 30.00° 158.00° 5800 top 18 53 012 012 054 001 021
MANOPR  RAMA 1-18BC 30.00° 158.00° 5800  top 53 10 014 015 021 001 021
MANOPR  RAMA 1-18BC 30.00° 158.00° 5800 bottom 0 018 017 4163 883 225  0.88
MANOPR  RAMA 1-18BC 30.00° 158.00° 5800 bottom 018 038 012 1150 677 041  0.82
MANOPR  RAMA 1-18BC 30.00° 158.00° 5800 bottom 038 29 008 012 126 001 021
MANOPR  RAMA 1-18BC 30.00° 158.00° 5800 botom 2.9 7 010 010 012 000  0.19
MANOPR  RAMA 1-20BC 30.00° 158.00° 5800  top 0 004 015 4345 305 178  1.20
MANOPR  RAMA 1-20BC 30.00° 158.00° 5800  top 004 024 015 2610 277 078  1.05
MANOPR  RAMA 1-20BC 30.00° 158.00° 5800  top 024 12 011 403 212 009  0.64
MANOPR  RAMA 1-20BC 30.00° 158.00° 5800 top 12 22 011 029 002 002 063
MANOPR  RAMA 1-20BC 30.00° 158.00° 5800  top 22 62 007 009 022 na 0.14
MANOPR  RAMA 1-20BC 30.00° 158.00° 5800 top 62 10 009 011 011 001  0.26
MANOPR  RAMA 1-20BC 30.00° 158.00° 5800 bottom 0 044 013 592 547 014 117
MANOPR  RAMA 1-20BC 30.00° 158.00° 5800 bottom 044 09 012 057 532 003 097




Water Depth Depth

Site Sample ID Lat Long depth ,s\,i%ium min max U238 Th-230 Ra-226 Pa-231 Th-232 Data source
N w [m] [mm] [mm] [Ba/g] [Ba/g] [Ba/g]l [Ba/g]l  [Ba/g]

MANOP R RAMA 1-20BC 30.00° 158.00° 5800 bottom 0.9 1.9 0.15 0.23 3.40 0.02 1.02

MANOP R RAMA 1-20BC 30.00° 158.00° 5800  bottom 1.9 4 009 027 1.02 0.00 0.32

MANOP R RAMA 1-20BC 30.00° 158.00° 5800 bottom 4 8 0.18 0.16 0.20 0.00 0.27

MANOP R RAMA 1-20BC 30.00° 158.00° 5800 bottom 8 12 0.16 0.26 0.18 n.a. 0.36

MANOP H PLUTO-3-6SBC 06.50° 093.00° 3570 top 0 n.a. 0.13 1.42 0.01 0.00

MANOP H PLUTO-3-6SBC 06.50° 093.00° 3570 top 3 0.07 0.34 2.00 0.01 0.01

MANOP H PLUTO-3-6SBC 06.50° 093.00° 3570 top 6 10 0.06 0.14 0.61 0.00 0.02

MANOP H PLUTO-3-6SBC 06.50° 093.00° 3570 bottom 0 1 006  0.29 2.05 0.02 0.01

MANOP H PLUTO-3-6SBC 06.50° 093.00° 3570 bottom 4 10 006 011 0.49 0.00 0.02

MANOP H VULCAN 1-378C 06.50° 093.00° 3570 top 0 5 005 0.58 2.00 0.01 0.01

MANOP H VULCAN 1-378C 06.50° 093.00° 3570 top 5 10 0.04 023 1.10 0.06 0.01

MANOP H VULCAN 1-378C 06.50° 093.00° 3570 top 10 14 005 0.8 0.44 0.01 0.01

MANOP H VULCAN 1-378C 06.50° 093.00° 3570 top 14 24 0.06 0.10 0.16 0.00 0.02

MANOP H VULCAN 1-378C 06.50° 093.00° 3570 bottom 0 35 0.08 017 0.54 0.01 0.00

MANOP H VULCAN 1-378C 06.50° 093.00° 3570 bottom 3.5 6 0.06 0.14 0.21 0.01 0.00

MANOP H VULCAN 1-378C 06.50° 093.00° 3570 bottom 6 8 003 013 0.18 0.01 0.00

MANOP H VULCAN 1-378C 06.50° 093.00° 3570  bottom 8 10 0.06  0.24 0.17 0.01 0.01

MANOP H VULCAN 1-378C 06.50° 093.00° 3570 bottom 10 14 0.07 013 0.14 0.01 0.00

MANOP H VULCAN 1-378C 06.50° 093.00° 3570 bottom 14 19 0.09  0.14 0.11 0.01 0.01

MANOP H VULCAN 1-378C 06.50° 093.00° 3570 bottom 0 35 0.08 017 0.54 0.01 0.00

KODOS89-15 MN-89-15 09.33° 152.67° 5212  top 0 0.173 na. 1050  na. n.a. n.a.

KODOS89-15 MN-89-15 09.33° 152.67° 5212 top 0.173 0.322 na. 3.80 n.a. n.a. n.a.

KODOS89-15 MN-89-15 09.33° 152.67° 5212  top 0.322 0425 na. 2.33 n.a. n.a. n.a.

KODOS89-15 MN-89-15 09.33° 152.67° 5212 top 0425 0481 na. 0.65 n.a. n.a. n.a. Moon et al.

KODOS89-15 MN-89-15 09.33° 152.67° 5212 bottom 0 0.075 na. 6.05 n.a. n.a. n.a. (1994)

KODOS89-15 MN-89-15 09.33° 152.67° 5212 bottom 0.075 0.205 n.a. 6.35 n.a. n.a. n.a.

KODOS89-15 MN-89-15 09.33° 152.67° 5212 bottom 0.205 0.285 n.a. 4.53 n.a. n.a. n.a.

KODOS89-15 MN-89-15 09.33° 152.67° 5212 bottom 0.285 0.373 n.a. 2.15 n.a. n.a. n.a.
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site sample 1D Lat  Long \é\éa;ﬁ: Nodue Depth - Deptn 238 Th-230 Ra226 Pa231 Th-232 e cource
N w [m] [mm] [mm] [Ba/g] [Ba/g] [Ba/g]l [Ba/g]  [Ba/g]

KODOS89-15 MN-89-15 09.33° 152.67° 5212 bottom 0373 0427 na. 198  na n.a. n.a.

KODOS89-15 MN-89-15 09.33° 152.67° 5212  bottom 0.427 0.546 n.a. 2.12 n.a. n.a. n.a.
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Table S3: Rn-222 emanation rates (E) determined for the different nodules (n=4) used

for the experiment.

Measured nodule

Rn-222 emanation

dimensions

d h E
[mm] [mm] [Bg cm2d]
25 10 0.070
40 20 0.072
70 55 0.096
100 90 0.101

Table S4: Rn-222 concentrations [Bq L™] in the pore space after one half-life (3.8 days)
storage, depending on the initial nodule size and the surface emanation rate (E). Here,
we assume a range of nodule sizes with uniform eccentricity (e = 0.6) and min. and
max. surface emanation rates of 0.07 and 0.101 Bg cm? d, respectively, according to
the results of the emanation experiment (cp. Table S3).

Nodule dimensions

Rn-222 concentration

d h E=0.07 E=0.101
(mm] [mm] (Bq L] (Bq L]
20 16 939 1354
30 24 626 903
40 32 469 677
50 40 375 542
60 48 313 451
70 56 268 387
80 64 235 339
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Supplementary Figures
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Fig. S1: Overview map of the Clarion-Clipperton Zone (CCZ) with different exploration
areas for polymetallic nodules. Blue: German BGR (Bundesanstalt fiir Geowissenschaften
und Rohstoffe/Federal Institute for Geosciences and Natural Resources) area; yellow: IOM
(Interoceanmetal) Joint Organization area; green: Belgian GSR (Global Sea Mineral
Resources NV) area; red: French IFREMER (Institut francais de recherche pour I'exploitation
de la mer) area; grey: Area of Particular Environmental Interest (APEI) No. 3, which is
excluded of any mining activities. Black and white dots indicate the stations where the
polymetallic nodules were retrieved during RV SONNE cruises SO239 and SO268,
respectively. For detailed station information see Supplementary Table S1. Maps were
created with QGIS3.4.4 'Madeira' using the map shapefile for the exploration areas provided
by the ISA.
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Fig. S2: Polymetallic nodules investigated in this study and retrieved during RV
SONNE cruises S0O239 and SO268 from different areas for the exploration of
polymetallic nodules in the CCZ (see Supplementary Fig. S1). Nodules used for the
measurement of Radon emanation are marked (*). For detailed station information see
Supplementary Table S1.
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Fig. S3: Gamma spectra of (A) the uranium reference material RGU-1 (400 ppm
uranium with daughters in full equilibrium) and (B) a sample from the surface of a
polymetallic nodule from the IOM area (S0239-88-s, cp. Supplementary Table S1,
Supplementary Fig. S2). (C) Direct comparison of the spectra of the surface nodule sample
S0239-88-s and the RGU-1 reference material. Both gamma spectra were normalized to the
same counting time and sample mass, and counted in the same detector. While some decay
products indicating the presence of uranium in the sample are missing in the surface nodule
sample SO239-88-s, uranium-series daughters in the nodule exceed the activity of the
uranium ore sample. Activities up to five times higher have been reported previously for
Th-230 on the surface of nodules™, corresponding to the radiation emitted by uranium ores
well in excess of 2000 ppm (0,2 % uranium by mass). For Pa-231, gamma line 402 keV was
evaluated according to Geibert et al. (2001)*° but the peak is barely visible in the spectrum.
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Fig. S4: Anticipated components of an industrial deep-sea polymetallic mining setup.
A commercial mining system for polymetallic nodules is expected to consist of a nodule
collector vehicle at the seafloor, which is connected to a mining platform at the sea surface
via a vertical riser system, a discharge system at some depth in the water column and an ore
transfer from the mining platform to a bulk carrier for the transport of ore to the shore-based
metallurgical processing plant”~’. Residuals from the mining slurry are expected to include
bottom seawater, sediments and nodule fines, which are released back into the ocean as a
discharge plume®*°. Modified after Hein et al. (2020).
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Fig. S5: lllustration of a spheroid-shaped nodule as basic assumption for the
calculation of the bulk nodule Th-230 activity. The calculation includes the nodule height
(h), equatorial diameter (d), Th-230 activity at the nodule surface (4,), Th-230 activity in the
interior of the nodule (4;,,;), half-value depth (HVD) and the dry bulk density (DBD). The
Th-230 activity decreases from high values in the outer nodule layer (red, thickness
exaggerated for clarity) exponentially with depth z into the interior of the nodule. The Th-230
activities chosen for 4, and A4;,,; are extracted from new nodule radioisotope data presented
as part of this study and from published datasets (Fig. 2; Supplementary Table S2). The
calculation is publicly accessible with adjustable input parameters via the web application:
https://jevolz.shinyapps.io/Nodule alpha_radiation/.
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