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1 INTRODUCTION

1.1 WHY TO STUDY DISSOLVED ORGANIC MATTER?



Figure 1 A schematic illustration of microbial loop (circled) and its relationship to the
classical plankton food chain. The left and right columns represent heterotrophs
and autotrophs, respectively. DOM is released to water column from all trophic
levels e.g., via excretion and lysis. Modified from Fenchel 1988.



1.2 DOM STRUCTURE AND REACTIVITY

1.3 DECOMPOSITION OF DOM



1.3.1 PHOTOCHEMICAL DECOMPOSITION





2 OBJECTIVES



3 MATERIAL AND METHODS

3.1 WATER SAMPLE COLLECTION

3.1.1 BALTIC SEA



Figure 2 Sampling sites in the Baltic Sea and the Lake Pääjärvi (LP; III). The large-scale
salinity transect (III): (AS) Arkona Sea; (GB) Gotland Basin; (GoF) Gulf of Finland;
(Hki) Helsinki; (NB) Neva Bay; and the small-scale salinity transect (I): (A1) Ajax 1;
(Lå) Långskär (II); (Sf) Storfjärden; and (Pj) Pojo Bay.

3.1.2 LAKE PÄÄJÄRVI

3.1.3 BIG RIVERS



Figure 3 Globally big rivers studied in this thesis: (A) St. Lawrence; (B) Mississippi; (C)
Amazon; (D) Paraná; (E) Danube; (F)  Lena;   (G) Yangtze; (H) Mekong; (I)
Ganges-Brahmaputra; and (J) Congo. Dots and triangles show sampling locations
in the rivers and in the salinity transect (range of 0-31) of St. Lawrence River
Estuary, respectively.



3.2 SUMMARY OF METHODS

3.3 NUTRIENT TREATMENT EXPERIMENTS: FACTORS
CONTROLLING BACTERIAL GROWTH (I)
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3.4 IRRADIATION EXPERIMENTS

3.4.1 IN SITU EXPERIMENT IN THE BALTIC SEA (I)

3.4.2 IN SITU EXPERIMENT IN THE LAKE PÄÄJÄRVI (III)



3.4.3 STUDIES ON NON-LABILE DOM (II-IV)

Table 2 Pre-treatment and irradiation conditions (details in II-IV). NL = non-labile; BB =
bacterial biomass; - not used in article.

II III IV
Focus of the study NL-DON NL-DOM NL-DOC
Study site Baltic Sea Baltic Sea,

Lake Pääjärvi
Ten big rivers, St.
Lawrence Estuary

Pre-treatment Sample filtrate 0.2-μm + 10-μm GF/F 1-μm
Duration 6 d 4-37 d 40 d months
Temperature (°C) 10 22-24 5
Dark vs light Light:dark cycle

under PAR
Dark Dark

Nutrient addition PO4
3- - -

Irradiation Source of radiation Sun Suntest Suntest
Sample volume (mL) 220 170 12
Duration 12 d 46-71 h 39-43 h
Temperature (°C) 12-15 5 21
Parameters followed See Table 1 DIC, NH4

+, BB DIC

3.4.3.1 Photomineralization of DON to ammonium (III)



3.4.3.2 Photomineralization of DOC to DIC (III, IV)

3.4.3.3 Photoproduction of labile substrates supporting hetero- and
autotrophs (II, III)



3.5 OPTICAL MODELLING OF PHOTOREACTION
RATES

3.6 CONTAMINATION PRECAUTIONS



4 RESULTS AND DISCUSSION

4.1 FACTORS CONTROLLING BACTERIAL GROWTH



4.2 PHOTOTRANSFORMATION OF DOM



4.3 APPARENT QUANTUM YIELDS



Figure 4 Apparent quantum yield spectra for the photoreactions studied in II-IV and from the
literature. The photoreactions presented in the panels: (A) photoproduction of NH4

+

and labile N; (B) photomineralization of DOC to DIC; and (C) photoproduction of
labile DOM supporting bacterial biomass. Note the logarithmic scale on y-axis.



4.4 SEASONALITY



4.5 SALINITY



4.6 PHOTOREACTION RATES



Figure 5 Sum of seasonal photoproduction rates of (a) NH4
+, (b) DIC, and (c) labile

substrates supporting bacterial biomass over the entire water column (Fig. 7 in III).
Error bars describe the standard deviation of the methods (details in III).



Table 3 Annual photoproduction of DIC from riverine CDOM flux, and the area and distance
required for photomineralization of riverine DOC flux (mean ± SD; details in IV).

River Photoproduction of
DIC

Photomineralization
area for DOC

Photomineralization
distance for DOC

Tg C yr-1 103 km2 km
Amazon 6.98 ± 1.08 4 286 ± 1 096     1 652 ± 422
Congo 3.04 ± 0.49 1 899 ± 318 1 099 ± 184
Danube 0.08 ± 0.02 91 ± 38 240 ± 100
Ganges-Brahmaputra 0.13 ± 0.06 194 ± 115 351 ± 209
Lena 1.36 ± 0.24 2 186 ± 533 1 180 ± 288
Mekong 0.13 ± 0.04 141 ± 46 299 ± 99
Mississippi 0.24 ± 0.05 130 ± 26 287 ± 58
Paraná 0.23 ± 0.05 270 ± 89 415 ± 136
St. Lawrence 0.07 ± 0.01 76 ± 19 221 ± 54
Yangtze 0.23 ± 0.07 352 ± 209 474 ± 282
Total 12.48 ± 2.10 9 624 ± 2 489 Median 383 ± 160



4.6.1 COMPARISON BETWEEN MEASURED (IN SITU) AND
MODELLED RATES

4.7 ENVIRONMENTAL RELEVANCE OF DOM
PHOTOCHEMISTRY







5 CONCLUSIONS
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