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Introduction

This Supporting Information file contains one supporting text resource (Text S1), nine
supporting figures (Figures S1 to S9), three supporting tables (Table S1 to S3), and information
on three supporting data sets (Data Sets S1, S2, and S3). These data sets are openly available
from https://doi.org/10.1594/PANGAEA.922606. This Supporting Information file contains 23
references.

The text resource “Text S1” presents an additional comparative analysis of the three datasets that
were part of the main study (- interlinked with Figures S8 and S9 and Data Set S2).

“Figure S1” shows schematic landscape section of the two sample gradients. “Figure S2”
presents water isotope data in a common &'®0-82H plot, along with available local meteoric
water lines, rain data, and OIPC averages. “Figure S3” presents monthly rain water isotope
composition from INPA’s meteorological station in Reserva Ducke, Manaus, Brazil. “Figure S4”
presents molecular data of subsets of non-indicative molecular formulae (compare to Figure 4 of
main text). “Figure S5” present data for all indicative and non-indicative subsets of formulae for
a general comparison of diversity, molecular groups, formula classes, and DOM indices. “Figure
S6” and “Figure S7” show the overlap in formulae between ecosystems in terms of compound
class and molecular group. “Figure S8” shows the result of a Venn analysis of the three datasets
(see “Text S17), and “Figure S9” shows a related cluster analysis for general similarity among
individual samples of all three datasets.

“Table S1” includes all the environmental data obtained for each sample. “Table S2” is a
compilation of the derived DOM indices that were used for chemical description of DOM
samples with references for each index. “Table S3” summarizes the structural information
obtained for nine potential whitesand Rio Negro markers from PubChem.

“Data Set S1”, an .xIsx file, contains the crosstab of all molecular formulae used for the analyses
throughout the main manuscript, the DOM index data, ecosystem averages, ecosystem
fingerprint assignments, Rio Negro marker overlap, and evaluation of structural data from
PubChem. “Data Set S2”, also an .xlsx file, contains the merged crosstab that was used for a
general dataset comparison of whitesand DOM and openly available Rio Negro datasets. “Data
Set S3” is a .docx file containing the list of structure suggestions for nine potential whitesand Rio
Negro markers from PubChem, including the structural formulae (which are not provided in
“Data Set S17).

Data sets are available from the Pangaea Data Publisher via the following link:
https://doi.org/10.1594/PANGAEA.922606
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Supplementary Table S1. Combined data of samples described in this study. All samples were taken in 2017. Greyed entries denote

problematic data (see additional comments below table). Abbreviations: EC, electrical conductivity; F14C, Fraction Modern; A14C,

correction accounting for decay between sample collection and measurement; EE, extraction efficiency based on DOC of samples and

SPE extracts.

ID

PR11
PR10

PR9
PR8
PR7
PT6
PR6
PP1
PP2
RA
P2
P4
P5
P6
P7
RC

* Reserva Cuieiras: In piezometers, water level below the surface at sampling (daily mean, hourly data), in wells: maximum depth. Reserva Campina: piezometers, max. depth. ™
n.d., not determined due to the limited amount of extract. # Value likely influenced by 1“C-dead contaminant signal. #* Calculated based on the formula d-excess = 62H — 8* 5180

Group

Plateau
Valley

Valley
Valley
Valley
Valley
Plateau
Plateau
Plateau
Valley
Upland
Upland
Upland
Upland
Upland
Upland

(Dansgaard, 1964).

Specifier
Intermediate
Upland-like
Upland-like
Upland-like
Intermediate
Intermediate

Date

11/01
10/31

10/31
10/31
10/31
10/31
11/01
11/01
11/01
10/31
11/02
11/02
11/02
11/02
11/02
11/02

Type
Piez.
Piez.
Piez.
Piez.
Piez.
Piez.
Piez.
Well
Well
River
Piez.
Piez.
Piez.
Piez.
Piez.

River

Depth”

[m]
0.96"
n.d.

0.24"
0.15"
1.12"
n.d.
1.86"
39.0
35.0
0
2.4
1.5
1.5
15
1.5
0

pH
4.2
4.2
3.6
3.6
3.6
3.9
4.5
4.5
4.7
4.3
3.6
3.9
3.8
3.6
3.6
3.6

EC
[uS/cm]
14
16

54
50
50
29
11
12
10
14
55
40
43
50
52
54

DOC
[mg/L]
0.89
2.31

37.0
34.1
37.5
313
1.80
0.54
0.56
6.29
36.9
28.2
30.4
45.7
38.5
46.4

&%H
[%o]
-26.8
-24.2

-20.2
-16.6
-29.8
-26.4
-24.6
-26.6
-28.9
-23.3
-7.2
-18.2
-15.9
-15.9
-17.6
-16.4

820
[%e]
-5.03
-4.50

-3.96
-3.61
-5.11
-4.61
-4.84
-4.96
-4.86
-4.44
-2.75
-3.77
-3.69
-3.67
-3.77
-3.79

d-excess
[%o]**
13.44
11.8

11.48
12.28
11.08
10.48
14.12
13.08
9.98
12.22
14.8
11.96
13.62
13.46
12.56
13.92

Fi4C
n.d.**
0.974#
1.055
1.056
1.055
1.021
o
od
e
1.035
1.063
1.055
1.072
1.079
1.074
1.070

AYC
[%o]

-33.6#
46.8
47.0
46.1
123

26.4
53.8
46.4
63.6
70.5
64.7
61.7

Cal. Age
[years]

(2026)*
2009
2009
2009
2016

2013
2008
2009
2006
2004
2005
2006

EE
[%]
6
63

71
80
72
33
22
42
20
80
60
72
73
63
79
62
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Supplementary Table S2. Molecular indices calculated from FT-MS data.

Index
H/C
o/C
DBE
Almod
DBE/C

DBE-O

NOSC

CHO

CHNO

CHOS

CHNOS

BC

PP

HU

UA

PEP

SFA

SUG

Prefix (BC, PP)
Prefix (PP, HU, UA)

Explanation

Atomic ratio of hydrogen to carbon in a molecular formula
Atomic ratio of oxygen to carbon in a molecular formula
Double Bond Equivalents

Aromaticity index

Carbon-normalized DBE

Oxygen-corrected DBE (sometimes half oxygen number)

Nominal Oxidation State of Carbon

Formulae containing only oxygen besides C and H

Formulae containing additional nitrogen

Formulae containing additional sulfur

Formulae containing nitrogen and sulfur

Polycyclic, condensed aromates, such as “Black Carbon“
Polyphenols

Highly unsaturated compounds

Unsaturated aliphatics

Unsaturated, O- and N-containing compound, such as peptides
Saturated, O-containing compound, such as fatty acids
Very high O content, such as sugars

»Iw“ —very low molec. weight, ,,hw“ — higher molec. weight

,or“—rich in oxygen, ,,op“ — poor in oxygen

Calculation/ definition
H/C

o/C
1+0.5*(2*C-H+N+P)

[1+C-0.5*0-5-0.5*(N+P+H)]/C-0.5*O-N-5-P

DBE/C

DBE-O; sometimes also DBE-0.5*0

4-[(4*C+1*H-3*N-2*0-2*S)/C]

Count formulae

Almod 2 0.66

0.5 2 Almod < 0.66

Almod > 0.5; H/C <1.5; 0/C< 0.9
1.5>2H/C<2;0/C<0.9;N=0
1.5>H/C<2;0/C<0.9;,N>0

H/C>2; 0/C<0.9

0/C=0.9

Additional constraint: C< 15 or 2 15
Additional constraint: 0O/C >0.5 or < 0.5

Reference of use

Kew et al., 2017; Kim et al., 2003

Koch and Dittmar, 2016, 2006

Lavonen et al., 2015; Roth et al., 2013

Herzsprung et al., 2014; Raeke et al.,
2017; Roth et al., 2013

Riedel et al., 2013; see also Boye et al.,
2017; Kroll et al., 2011

Many classes used, e.g. Pomerantz et
al., 2011; Zhurov et al., 2013

Modified from Santl-Temkiv et al.,
2013; other examples are given in e.g.
D’Andrilli et al., 2015; Kellerman et al.,
2014; Rossel et al., 2016; Seidel et al.,
2014; Simon et al., 2019
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Supplementary Table S3. Structural features based on PubChem (search conducted on 28th May 2020) for
nine specific Rio Negro markers (see Figure 5) also found in WSE-DOM. Average = Sum of respective feature
across structures/ Number of structures. Row color gradients indicate low (green) to high (red) values. WSE, marker

common to upland and valley WSEs; UPL, marker enriched in upland WSE; w, with; w/o, without.

S & & & ¢ & ¢ ¢ 8

T/ LT | LT | £| X | | £
Formula “ “ “ “ © “ © © 85
Ecosystem UPL WSE UPL UPL WSE UPL WSE UPL UPL
Indices based on molecular formula
Molecular group BC BC BC BC PP BC PP
Mass [Da] 221 233 249 264 265 323 ---
DBE 8 9 9 9 8 14 (16 (16 14
Almop 071 075 073 071 053 0.78 071 066 0.59
o/C 0.60 055 064 073 058 041 038 041 055
H/C 0.60 0.55 055 055 [0.83 0.57 0.64 0.70
Hits (PubChem) 108 40 16 5 9% 20 18 18 7

PubChem: Fused rings

Average per molecule 1.88 228 1.69 140 158 245 (328 261 1.71
Hits > one ring [%] 76 - 63 - 52 -- 56 -
Hits > two rings [%] 1 40 6 0 6 40 61 44 14
PubChem: Aromatic rings

Average per molecule 0.92 095 1.06 - 0.96

Hits > one ring [%] --- 20 14

Hits > two rings (%] 0o o o0 0 o0 5

PubChem: Quinone-like rings

Average per molecule - 0.05 --- 0.05 - 0.06 -
Total hits [%] Tz s IEG 5. 11 6/ 0
PubChem: Oxygen heterocycles

Average per molecule 0.87 135 069 120 0.64 1.65 [2.06 089 043
Hits > zero rings [%] 68 90 56 8 52 95 89 50 29
Hits > one ring [%] 19 45 13 40 10 70 72 17 14
Hits w pyran-like ring(s) [%] 29 45 25 40 20 15 50 28 0
Hits w furan-like ring(s) [%] 30 50 19 20 18 70 39 17 14
Hits w other O-heterocycle(s) [%] -- 19 20 17 20 22 --
PubChem: Specific scaffolds/ substructures

Hits w chromene unit(s) [%] 13 0 19 0 1 0 11 0 0
Hits w naphthalene unit(s) [%] 26 48 19 0 16 10 28 11 0

Hits w benzoic acid/ phenol unit(s) [%] 16 - 31 20 - 28 67 -

Hits w benzofuran unit(s) [%] 14 20 13 --- 2 22 29
PubChem: Functional groups (average per molecule)

Double bonds 323 355 350 320 3.61 6.05 839 839 657
Carboxyl (COOH) 072 080 106 1.40 097 (020 028 161 [1.86
Hydroxyl (OH), w/o carboxyl 1.21 - 0.81 0.60 1.58 ----
Carbonyl (C=0), w/o carboxyl 202 225 263 260 -- 256 194 3.00
Methyl (Me), w/o methoxy 001 015 006 O 025 O 006 028 071
Methoxy (MeO) 005 008 006 0O 048 0 022 011 0.29

Lactone (carboxyl ring condensation) 0.57 0.80 0.31 0.80 -- 0.67 -0.71
Ether (COC), w/o methoxy & lactone 0.65 0.83 081 0.80 0.96 --- 1.14
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Supplementary Figure S1. Schematic landscape sections of the two sampled whitesand
ecosystems with sample locations along transects. a) Upland WSE Campina forest transect at
Reserva Campina. b) Elevated plateau with intersected riparian valley WSE at Reserva Cuieiras.
Note differences in scale.
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Supplementary Figure S2. Water isotope data in relative delta notation against predicted
average precipitation by OIPC (blue open diamond at plot origin; OIPC 3.0 estimate, see
methods) in water samples taken in October/ November 2017. Black dotted line: Local meteoric
water line (LMWL) constructed from data collected monthly by the INPA climatology station,
located in the Adolpho Ducke Forest Reserve, Manaus, Brazil (data 08/15 - 02/17): &°H =
8.343*3®0 + 13.362 (r = 0.99, n = 19). Four selected rain datapoints from October and
November 2015 and 2016 are shown as blue crossed diamonds. Blue dotted line: LMWL
constructed from monthly 8%H and 80 in precipitation at IAEA/ WMO (International Atomic
Energy Agency/ World Meteorological Organization) station in Manaus, Brazil, by Zhang et al.,
(2009), data from 1965 — 1990: §°H = 8.14*5'80 + 12.96 (r = 0.98, n = 186).



105

106
107
108
109

110

20 J2015 2016 2017
10 A g o ==
—~ 0
oo
< = = =
Q -10 - o
= <
w O O O
= -20 - 0
=S
‘-_/_30 ]
I
Do 40 4
O 20
-50 | Od?H (%) Manaus <D>
< d180 (%) Manaus
'60 T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Month

5180 (%o VSMOW)

Supplementary Figure S3. Water isotope data from INPA’s meteorological station at Reserva Ducke,
north of Manaus, over the course of the year (data coverage: 08/15 — 02/17; n=19). Grey shading marks
2016; from 01/2016 — 01/2017. Water is isotopically light during the wet season (February - May), and
becomes heavy in the dry season, peaking from July- September.
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Supplementary Figure S4. Subsets of non-informative molecular formulae (not related
uniquely to one of the three biogeochemical environments but common to two or three). Left
column panels (a, d, and g) show the average (and max) mass spectrum of each sample set. Mid
column panels (b, e, and h) show the formula subsets in chemical space (Van Krevelen plot):
each molecular formula is represented by a dot according to its atomic ratios of hydrogen (H/C)
and oxygen to carbon (O/C; see additional grouping into formula classes and respective numbers
of formulae in legends. See also Figure 4 in the main text. Top row shows dominant formulae in
whitesand ecosystem samples (“WSE specs”) as opposed to the plateau environment. The middle
row shows common formulae (i.e., non-significant differences in ion abundance across all three
biogeochemical environments; “Non-specific”’). The bottom row plots showing formulae shared
between whitesand ecosystem samples (“WSE common”).
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Supplementary Figure S5. Overview of all subsets of molecular formulae, showing results of
the comparison among samples from all three biogeochemical environments (a — d) and the WSE
sites (Upland and Valley samples) only (d — h). Names of subsets relate to data shown in Figure
4 and Figure S4. Venn diagrams show significantly (Pearson, p < 0.05) enriched formulae of
each subset. Panels b — d (and f — h) show differences among subsets in terms of b/ f) number of
formulae classified into molecular groups (BC, polycyclic, condensed aromates, such as “Black
Carbon”; PP, polyphenols; HU, highly unsaturated; UA, unsaturated aliphatics; SUG, very high
O content, such as sugars; PEP, unsaturated, O- and N-containing, such as peptides), ¢/ Q)
number of formulae classified into formula classes (CHO, formulae containing only C, H and O
atoms; CHNO/ CHOS/ CHNOQOS, formulae containing one N or two N atoms, one S atom, or both
N and S atoms), and d/ h) DOM indices, based on ion-abundance weighted averages across
samples of each subset (m/z, molecular weight as mass to charge-ratio; H/C, atomic ratio of
hydrogen to oxygen; O/C, atomic ratio of oxygen to carbon; DBE, double bond equivalents;
Almod, Aromaticity index; NOSC, nominal oxidation state of carbons).
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Supplementary Figure S6. Venn diagrams showing the overlap between molecular formulae
between subsets of DOM samples, for a) all formulae (*including CHNOS formulae), b)
formulae containing only carbon, hydrogen and oxygen atoms, ¢) formulae containing one or
two N atoms, and d) formulae containing an S atom. Overlap between sample sets is highest in

CHO formulae and lowest in CHNO and CHOS formulae.

a) Black carbon b) Polyphenols c) Highly unsaturated

Valley
523

total n = 546 totai n = 1379 total n = 2799

Supplementary Figure S7. Venn diagrams showing the overlap between molecular formulae
between subsets of DOM samples, for a) formulae classified as “black-carbon”-like, b)
polyphenol-like, and “highly unsaturated”. For molecular group definitions, see Table S2. Valley
and upland samples are highly similar in terms of formulae present, but their intensity differs
(see Figure 4, and Figures s4 and S5). The plateau samples are poor in black-carbon and
polyphenol-like formulae but are similarly rich in “highly unsaturated” compounds.
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Supplementary Figure S8. Venn diagram showing the overlap in terms of molecular formulae
in the three different FT-MS datasets (A, red, Rio Negro and two tributaries, Simon et al., 2019;
B, yellow, Rio Negro and lakes alongside the river, Gonsior et al., 2016; and C, blue, whitesand
area dataset, this study).Panels show different sets of molecular formulae: a) whole set of
molecular formulae; *asterisk: 70 CHONS formulae not included in panels ¢ and d).b) Only
formulae without Nitrogen or Sulfur atoms, c) Only formulae containing one or two N atoms, d)
Only formulae containing a Sulfur atom.
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Supplementary Figure S9. Result of the cluster analysis taking into account all formulae
present in each measurement of the three datasets under study across the mass range m/z 180 —
800 (number of formulae = 7500). lon abundance information was omitted to reduce instrument-
specific effects (such as tuning, ionization, etc.). Clusters: a) Samples from this study; b) data
from Gonsior et al. (2016); c) data from Simon et al. (2019). Clustering was conducted in R
Studio by function vegdist (with Bray-Curtis dissimilarity) of vegan package in R Studio and
hclust (with Ward linkage, “ward.d2”) of stats package. Groundwater/ headstream DOM from
whitesand areas (a) is most dissimilar from river DOM (b, c). Spatial variability among sample
sets is more pronounced in the groundwater dataset (a), probably due to lower heterogeneity in
aquatic settings (mixing, etc.). However, even headwater streams differ strongly (RA, RC) from
river samples (b, c), hence suggesting compositional changes during downstream transport.
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Supplementary Text S1. General comparison of published Rio Negro DOM data sets.

Data from blackwater samples of the two datasets (Gonsior et al., 2016; Simon et al., 2019)
were merged with data from both whitesand areas to assess the degree of overlap between
datasets and environments. Initial formula numbers were 5119 (this study), 4958 (Gonsior et al.,
2016) and 3561 (Simon et al., 2019). Scan ranges differed slightly (m/z 120 — 1000, 180 — 800,
150 — 800), same as the range of detected signals (m/z 120 — 801, 180 — 799, 154 — 661), sample
flow rates (7 pul/min, 2, 2), accumulation/ inlet times (100 ms, 200-500, 200), scan number (300,
500, 500) and presumably C concentration during electrospray ionization (ESI) in negative mode
(20 mg/L in this study and in Simon et al. 2019, but not clearly stated in Gonsior et al. 2016).
Similar to the chosen ionization mode (ESI negative), resolution at m/z 400 was in the same
order of magnitude (480k, 500k, 500k). Besides site and lab effects, accumulation time has to be
regarded as the main factor of variation under these otherwise similar measurement conditions
(Hawkes et al., 2016; Simon et al., 2018).

We used the whole lists of detected formulae across Rio Negro samples (formulae detected
at least once) of both studies, yielding a total of 24 additional blackwater DOM measurements
(Gonsior et al. (2016): 18 measurements of ten sampling stations; Simon et al. (2019): six
measurements from six sampling stations including two Rio Negro tributaries). We used the data
as downloaded. To bring datasets into comparable format, we removed 1) formulae detected
below m/z 180 and above m/z 800 (to account for different scan ranges), 2) formulae containing
P atoms or two S atoms or three to four N atoms (32 formulae with N3 excluded in Gonsior et al.
2016; 57 P, two S2 and twelve N3-4 formulae excluded in Simon et al. 2019). The remaining
lists of each dataset were then merged by molecular formula and compared by Venn diagrams

(overlap in terms of formula populations). Individual samples were compared by cluster analysis.
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For the latter, the data were compiled to one crosstab and transformed to presence/ absence
format. The clustering was achieved through combination of function vegdist of R package
vegan (with Bray-Curtis dissimilarity) and hclust of R package stats (with Ward linkage for
agglomeration, “ward.d2”).

The merged master list contained 7500 molecular formulae that represent an updated
inventory of the Rio Negro watershed DOM spectrum (Data Set S2). A Venn analysis of the
whole dataset revealed a common set of 2091 formulae (Figure S8) and major numbers of unique
formulae in each dataset (common: ~28% of all formulae; specific to this study: 22%; spec.
Gonsior et al. 2016, ~21%; spec. Simon et al. 2019, ~6%). The similarity in CHO formulae was a
little higher compared to the total set of formulae (35%; 16%; 21%; 3%) whereas in terms of the
CHNO formulae, similarity was lower than based on the total set (24%; 24%; 25%; 5%). Clear
differences among sample sets became evident in case of CHOS formulae, with no single
formula being part of all three sets and most sulfur formulae being found in dataset C (whitesand
data set).

The comparison of datasets revealed that nitrogen- and especially sulfur containing
formulae clearly differentiate the three datasets considered in this study. Although both types of
formulae may be affected by anoxic conditions, and also by changes in the connectivity of
riparian systems (Boye et al., 2017; Peyton Smith et al., 2017; Lynch et al., 2019), such
differences may also be due to instrumental effects as heteroatom-containing formulae are harder
to resolve and are often detected only at low ion abundance. Sulfur-containing formulae may
also originate from contamination, by e.g. sulfonic acids.

The differentiation in terms of CHO, CHNO and especially CHOS formulae was also

revealed by cluster analysis based on presence and absence of formulae in individual samples
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(Figure S9). In general, the three datasets were clearly separated, and river samples were more
similar to another than to any type of WSE-DOM. Although covering large spatial gradients, the
both river datasets were strongly uniform in their molecular composition as compared to the soil
water samples which showed stronger variation at a much narrower spatial scale. Samples from a
suite of channels separated by river islands (cluster b; Gonsior et al. 2016), were astonishingly
similar to each other besides the large spatial extent covered, as compared to Rio Negro and
tributary samples (cluster ¢; Simon et al. 2019) and headwaters (cluster a, this study) that were
more dissimilar. This likely reflects a more homogenized aquatic DOM pool as compared to soil

environments (Kellerman et al., 2015; Lynch et al., 2019).
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