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Introduction

Arctic fjord systems are characterized by their dynamic interactions with the ocean,
atmosphere, and cryosphere, which play a major role in carbon cycling as well as glacier
stability. Increased sea ice loss, warming ocean temperatures, and increased glacial
meltwater due to climate change are having an impact on Arctic fjord systems by affecting
flow patterns, stratification, and biogeochemical processes within these systems. Thus,
Arctic fjords are becoming increasingly valuable for studying how physical factors and
carbon dynamics are interrelated in high-latitude systems (Aguilar-Vega et al., 2025).

The Petermann fjord, in northwestern Greenland, is a place of particular interest
because it is part of the largest remaining floating ice tongue in Greenland. The fjord has
complex circulation due to three main factors: the inflow of warm Atlantic waters, subglacial
discharge, and sills/bathymetric constraints, all of which impact how much freshwater is
melted from glaciers and how stable those glaciers are. These same three factors also
impact the carbonate chemistry and CO, exchange processes, as well as the overall carbon
cycling processes that occur in the fjord, due to the effects of freshwater inputs, biological
activity, and sedimentary processes (Prakash et al., 2025).

The motivation behind this work is that arctic fjords and water bodies in high-latitude
regions are more sensitive to climate change than those near the equator. The reason is that
cold waters have a higher capacity to dissolve Coz(atm)’ so like soda, polar oceans absorb

more CO,. This increased CO, uptake enhances ocean acidification in these regions, which
leads to a greater decrease in seawater pH compared to lower latitudes. So, high-latitude
marine environments are particularly sensitive to changes in carbonate chemistry and
acidification processes.

Also, field observations from Arctic fjords show strong variations in seawater chemistry,
especially in pH and total alkalinity (Gattuso et al., 2023; Fransson et al., 2020; Henson et al.,
2023). Measurements from 2019 indicate that Petermann Fjord, along with the Nares Strait
and Lincoln Sea, has relatively high alkalinity (2000-2150 umol kg~') and stable pH values
(8.05-8.25). In contrast, the nearby Sherard Osborn Fjord shows much lower alkalinity (1150-
1250 umol kg™) and lower pH (7.80-8.00) (Fig. 1). Sherard Osborn Fjord surface water
experiences very low salinity (10-15) due to freshwater input and relatively high temperatures
(up to 4°C). These conditions reduce buffering capacity and make the system more sensitive
to acidification. On the other hand, Petermann Fjord does not show such extreme variations
in salinity and temperature, suggesting a more stable marine environment with a stronger
ability to resist pH changes (Jakobsson et al., 2019).

This contrast leads to an important question:
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Why does Petermann Fjord maintain higher alkalinity and a more stable pH compared to
nearby fjords?

High alkalinity means that the system has a strong buffering potential, allowing itto resist
acidification. One possible explanation is the interaction between seawater and carbonate-
rich sediments. Under acidic conditions, carbonate minerals can dissolve and release
bicarbonate into the water, increasing alkalinity and stabilizing pH. However, in natural
environments, many processes occur atthe same time, making it difficultto isolate the effect
of sediments (Lehmann & Bach, 2025; Middelburg et al., 2020; Renforth & Henderson, 2017).

To overcome this, this study uses controlled laboratory experiments to simulate
acidification. By gradually lowering pH and monitoring alkalinity and ion chemistry, the role
of sediment-water interactions can be directly investigated.

Thus, this study attempts to fill these gaps in knowledge by researching the relationships
between physical processes, carbonate chemistry, and sedimentary dynamics in Petermann
Fjord through a combination of water column and sediment-based observations in order to
gain a better understanding of the factors that control carbon cycling and how these
processes will function with continued climate change within a northern Greenland fjord
system. Through this approach, it also aims to explain the potentially higher buffering
capacity observed in Petermann Fjord and to improve understanding of how Arctic fjords
respond to ocean acidification.
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Figure 1. Underway pH and total alkalinity measurements (at constant salinity 35) from the ship's surface intake system;
cruise track indicated by black line (Jakobsson et al., 2019)
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Literature Review

Greenland fjords provide critical environments to study ocean circulation, ice dynamics,
and biogeochemical processes at high-latitudes. In situ observations in Petermann Fjord by
Johnson et al. (Johnson et al., 2011) provided a fundamental understanding of the fjord’s
hydrography. They found that relatively warm Atlantic waters periodically cross the sill at the
mouth of the fjord and provide sufficient heat to drive high basal melt rates beneath the ice
shelf. Importantly, the studies revealed a complex circulation structure within the fjord with
substantial lateral variation in both the in-flow and out-flow of water mass, as well as
significant amounts of glacial meltwater at intermediate water depths. A subsequent study
by Stranne et al. (Stranne et al., 2021) found that Petermann Fjord is distinctly weakly
stratified, primarily because the fjord remains open throughout the year, and thus able to
continuously exchange waters with the open ocean. In contrast to most Arctic fjords, which
remain locked by sea ice during the summer months, the open nature of Petermann Fjord
prevents the formation of a warm surface layer.

Subsequent modeling studies have shown that both ocean forcing and sub-glacial
freshwater input are critical to the ice-ocean interaction at such ice shelves. Prakash et al.
(Prakash et al., 2025) demonstrated that the sub-glacial discharge promotes enhanced
turbulent mixing beneath ice shelf and increases melt rate; with a threshold, sub-glacial
discharge has a greater control on ice shelf loss than ocean temperature. Also, Cai et al. (Cai
et al., 2017) showed that increasing ocean temperature causes a corresponding increase in
basal melt rates, with a significant enhancement by sub-glacial runoff. Gadi et al. (Gadi et
al., 2023) specifically highlighted the importance of grounding zone dynamics and
processes, wherein ice shelf grounding zone experiences tidally controlled influx of warm
seawaterinto areas whereice is grounded. Thisresults in increased melt rates and enhanced
sensitivity of glaciers to ocean warming.

In addition to physical parameters, Arctic fjords also exhibit highly dynamic carbon
cycling processes influenced by freshwater, sea ice, and biota. A new study by Aguilar-Vega
et al. (Aguilar-Vega et al., 2025) in the Svalbard fjords reveals that sea-ice melt introduces
dissolved and particulate organic carbon which is rapidly photo-chemically and microbially
processed and rapidly remineralized and converted to C0O,. Another study by Cantoni et al.
(Cantoni et al.,, 2020) shows how glacial freshwater alters seawater concentration and
increases atmospheric CO, uptake while lowering the carbonate saturation state of surface
waters, promoting ocean acidification. Seasonal variations in fjord systems further depend
on changes in freshwater input affecting sea-ice carbonate chemistry and its buffering
capacity, which in turn is affected by the mineralogy of terrestrial input and sea-ice
conditions (Fransson et al., 2020). A study by Legge et al. (Legge et al., 2017) presents
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detailed seasonally resolved measurements of Dissolved Inorganic Carbon (DIC) showing
that winter mixing and summer biotic uptake are strong controls on DIC concentrations.

Carbon in Greenland fjords is spatially heterogeneous and is strongly regulated by
physicalforcing. A new study by Akhoudas et al. (Akhoudas et al., 2025) showed that summer
CO, variability in Petermann Fjord is controlled by a dynamic interplay between stratification,
freshwater input and biological uptake, resulting in the fjord acting as a significant summer
C0, sink mainly regulated by biological processes. The carbon budget of fjords has also been
studied through long-term sediment records, showing a strong link between sea ice and fjord
dynamics. This link is furthermore supported by studies of past sea ice conditions, showing
that the formation of ice arches in Nares Strait controls sea ice extent, productivity and the
stability of the Petermann ice tongue, as demonstrated by Detlef et al. (Detlef et al., 2021).
However, modern proxy-based studies on Arctic fjords, such as those by Ribeiro et al.
(Ribeiro et al., 2017) and Limoges et al. (Limoges et al., 2018), highlight the complex nature
of fjord environments and the shortcomings of using proxies to reconstruct past
environmental conditions.

Carbonate chemistry and alkalinity generation are key components of Arctic carbon
cycling. Lehmann et al. (Lehmann & Bach, 2025) found that small amounts of carbonates
can even dominate alkalinity production and affect CO, fluxes strongly depending on
weathering pathway. However, these carbonate chemistry and alkalinity cycles are
significantly modulated by processes associated with glacial processes such as sediment
production and sediment delivery to coastal regions. Hogan et al. (Hogan et al., 2020)
showed that the sediment flux and erosion in Petermann Fjord are predominantly governed
by ice dynamic forcing. However, Wang et al. (Wang et al., 2024) found that enhanced
sediment delivery associated with the advance of glacial fronts leads to increased burial of
organic carbon on the Greenland margin. Importantly, rapid weathering of deposited glacial
sediments was found to be a significant source of ocean alkalinity (Scholz et al., 2025),
potentially acting as a negative climate feedback enhancing atmospheric €O, uptake.

The geochemical processes associated with the carbonate evolving systems in fjords
have been significantly affected by local conditions as shown by work done by
Adalsteinsdottir et al. (Adalsteinsdéttir et al., 2025). As an example, water interacting with
rocks can produce highly alkaline waters (e.g., lkaite crystal formation), and therefore the
lithological or elemental composition of rocks located in these fjords has the potential to
greatly influence the water chemistry of the fjord. Recent scientific observations made by
Gattuso and colleagues (Gattuso et al., 2023) showed that even though Arctic fjords
experience considerable seasonal variability, they will continue to be long-term sinks of CO,
within the context of Arctic climate change, however, uncertainties exist concerning the
amount of CaC0; in polar oceans. Henson and colleagues (Henson et al., 2023) speculate
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based upon their more extensive, integrated analyses that additional glacial meltwater
inputs will contribute further to acidification via processes such as decreasing alkalinity
and/or increasing upwelling of CO,-rich waters. Finally, the method used to measure
variability in the carbonate evolving systems has been discussed by Mejia et al. (Mejia et al.,
2025) who provide examples of how incorrect selection of proxy methods can introduce
errors and biases into the construction of historical ocean conditions, demonstrating the
significance of using multiple proxy methods when creating multi-proxy analyses.

Sedimentary processes allow a key look at both carbon cycling and environmental
change in sedimentary systems. Early diagenetic processes greatly affect how sediment is
composed (changes in sediment composition) and pore water chemistry, frequently
obscuring primary signals created during deposition (signals deposited as sediment)
(Meinhardt et al., 2016). Several approaches have developed models for determining
mechanisms of sedimentary processes through modeling such as MEDUSA (Munhoven,
2021), by including the mechanisms for diffusion, bioturbation and redox reactions.
Empirically studied organic matter will differ greatly depending on both source and
environmental factors. For example, Karlsson et al. (Karlsson et al., 2015) provide two
different examples for degradation pathways produced with marine vs terrestrial organic
material. Bridier et al. (Bridier et al., 2019) provide information on organic matter transfer and
how quality and transfer of organic materials change seasonally and with freshening of
coastal waters. In addition, Kim et al. (2025) show that organic carbon sources exhibit spatial
variability throughout open fjord systems that are driven by both glacial melting/run-off and
ocean current patterns.

Further research highlights the intricate nature of early diagenetic and biogeochemical
phenomenain Arctic sediment. The research of Chen et al. (Chen etal., 2017) illustrated that
dissolved organic matter and pore water chemistry are substantially contributed by microbial
degradation above sulfate-methane transition zone. Redox-driven reactions further impact
sediment biogeochemistry and benthic fluxes as well as trace metal dynamics (Cukrov et al.,
2024). At large ecosystem scales, altered plankton community structure may change carbon
export efficiency and the biological pump (Sheward et al., 2024), while abrupt permafrost
thaw processes may mobilize vast amounts of labile carbon, enhancingits redistribution and
degradation across Arctic systems (Grewer, 2017).

Carbon burial efficiency in Arctic fjords is influenced by the interplay of physical forcing,
biological processes and sediment dynamics. Knies et al. (Knies et al., 2025) found that
deglaciation and reductions in sea ice can initially promote productivity but over time,
increasing levels of stratification will lead to decreased levels of nutrient influx and increased
rates of remineralisation, resulting in reductions in carbon burial efficiency. Additionally,
coupled mineral-carbon processes alter these dynamics since processes such as silicate
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weathering and reverse weathering control alkalinity and €O, fluxes (Hong et al., 2025) while
the production of clays within fjord sediments can serve as a long-term sink for dissolved
silica; thus having implications for wider biogeochemical cycling (Dillan et al., 2025).

There have been many studies on how individual components affect the function of
Arctic fjord systems. For example, the physical studies (Johnson et al., 2011; Prakash et al.,
2025; Cai et al., 2017; Gadi et al., 2023) have looked at factors such as ocean circulation,
glacier melt and ice/ocean interaction to help determine what influences glacier stability
through the process of basal melting. At the same time, studies that focus on C0O, cycling in
fjords (Aguilar-Vega et al., 2025; Cantoni et al., 2020) have emphasized the role of freshwater
from melting glaciers, biology, and seasonal changes as regulating factors for CO, dynamics;
most of the data is from fjords that are not located in Greenland. The sedimentological
studies (Meinhardt et al., 2016; Hong et al., 2025) have focused on how mineral reactions,
early diagenetic processes, and alkalinity contribute to constraining the chemistry of pore
water and regulating CO, cycling.

Most of these processes have been studied separately and there is very little
understanding as to how they work together as one integrated system. Of particular concern
isthe combined effectthat changing ocean circulation, increasing meltwater flow into fjords,
and sediment deposition has on the C0O, and alkalinity chemistry of the seawater in Valby
Fjord. Furthermore, because early diagenetic processes and minerals that weather quickly
regulate the alkalinity and buffering capacity of seawater, these types of processes have
seldom been incorporated into this observational work on fjords. This lack of integration has
led to considerable uncertainty about how Arctic fjord systems will respond to the
consequences of the changing climate.

The present study addresses this gap with laboratory experiments designed to evaluate
sediment/water interactions, the release of ions from the sediments to the seawater, and
how sediment stored ions regulate seawater chemistry and alkalinity as those sediment
stores are affected by changing environmental conditions.

Case Study Location

GEOEO2024 Expedition: The North of Greenland Earth-Ocean-Ecosystem Observatory
Expedition

The GEOEO2024 expedition was carried out onboard the Swedish icebreaker Oden
between August 6 and September 17, 2024 (Fig. 2). The expedition started and ended at
Pituffik Space Base in northwest Greenland. Its main goal was to study the marine
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environment of the northern Greenland Ice Sheet, including previously unexplored areas
such as Victoria Fjord and the outlet of the Ostenfeld Glacier.

The Greenland Ice Sheet is currently the largest contributor to global sea-level rise. The
northern part alone contains ice equivalent to about 93cm of global sea level. Therefore,
understanding its behavior is important for predicting future climate and ocean changes.

Petermann Fjord

and Nares Strait Region
90N goeN

Glacier

Greenland -
Petermann Fjord
Location

50 100 km

Ritlffik Space Base  60°W

Figure 2. Expedition track between 7 August and 17 September; AF: Aleqatsiaq Fjord, NB: Newman Bugt, PF: Petermann
Fjord, SOF: Sherard Osborn Fjord, VF: Victoria Fjord (Jakobsson et al., 2019)

This thesis focuses specifically on Petermann Fjord, where sediment multi-core (MC)
samples were collected during the expedition (Fig. 3). Three MCs were sampled from this
region:

1. GE24-34-MC3 & MC4

a. GE24-34-MC3 was used for pore water and carbonate analysis
2. GE24-37-MC1
3. GE24-38-MC1

The focus of this study is on core GE24-38-MC1, which was used for the incubation
experiment.
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Figure 3. Locations of multi-core stations with porewater sampling (GEOEO Shipboard Scientific Party, 2024)

Incubation System and Method

A laboratory incubation system (Figs. 4 & 5) was developed to enable automated
sampling and continuous monitoring of early diagenetic reactions in seafloor sediments
under controlled in-situ pressure and temperature conditions. The system integrates a
customized flow-through incubator (Vinci Technologies) with two automated fluid samplers
(Shimadzu Corporation), enabling long-term experiments with minimal manual intervention.

The experimental setup operates within a temperature range from approximately 4 °C to
room temperature and can sustain pressures up to 250 bar, thereby reproducing
environmental conditions relevant to seafloor environments. Fluid circulation is driven by a
dual-cylinder positive-displacement pump that delivers modified seawater through the
system at controlled flow rates ranging from 10™* to 5 mL min . The dual-cylinder
configuration ensures pulse-free fluid injection, which is critical for maintaining stable
geochemical conditions during long incubation experiments.
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The flow system consists of six independent flow-through cell assemblies (referred to as
incubators in the thesis). Each assembly contains two 25 cm long Hastelloy tubes (inner
diameter: 2.54 cm; referred to as sandpacks/positions in the thesis) connected to a visual
cell equipped with a sapphire glass window, allowing measurements of in-situ pH values
through the near infrared technology. The pressure inside each flow-through cell assembly is
regulated by back-pressure regulators (BPRs), enabling independent pressure control for
each experimental unit.

To maintain stable experimental temperatures, the entire flow-through incubator is
installed inside a refrigerator. The cabinet also provides a dark environment, which is
necessary because the pH sensor used in the system is sensitive to light exposure.

Downstream of the sandpacks, twelve fluid sampling ports are installed and connected
to the automated sampling units. Each sampler is equipped with two two-position valves and
one six-position valve, which manage the sequential collection of samples from the ports,
dilution of the collected fluid, and rinsing of the sampling lines. Valve switching and fluid
injection are synchronized with the incubator flow system to ensure proper circulation and
accurate sample collection.

Fluid samples collected by the automated samplers are subsequently analyzed using
dual-column ion chromatography (IC) for the determination of major cations and anions. In
addition to chemical analysis, a pH sensor is installed in the visual cell in between the two
Hastelloy tubes, allowing continuous monitoring of these parameters during the incubation
experiments.

The automated sampling system is designed for unattended operation. A complete
sampling cycle requires 17.10 minutes per sample, and a full daily sequence of 12 samples
takes about 3.5 hours. Sampling can be initiated either locally in the laboratory or remotely
via a programmed control script, which executes the sampling sequence automatically
without human intervention. However, after the sampling cycle is completed, laboratory
personnel must manually retrieve the samples, close the sample vial lids, weigh the
samples, and store them in a refrigerator for preservation prior to analysis.

To simulate realistic laboratory conditions, the pressure was maintained at 102 bar and
the temperature at approximately 5-8 °C. Of the 12 sandpacks prepared, six were selected
for sampling: four containing sediment slurry and two containing only seawater, which
served as control sandpacks.
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Figure 5. Incubation system setup: (a) dual-piston syringe pump, refrigerator, and backup pressure cylinders; (b) close-up
of backup pressure cylinder; (c) fraction collector for automated sampling

System Preparation, Operational Considerations, and Hastelloy
Sandpack Assembly

Proper preparation of the flow-through cells is necessary to ensure reliable, leak-free
operation. When cleaning or assembling the cylindrical metal sandpack holders, a small
amount of high-vacuum grease (DOW Corning) must be applied to the black washer located
beneath the filter. This improves sealing performance and prevents leakage during high-
pressure operation. Nitrogen gas (N,) was used to pressurize the back-pressure regulators
(BPRs) and switch on/off the various valves within the system.

The Hastelloy sandpack consists of a cylindrical column with an inner diameter of 25.4
mm (1 inch) and a nominal sample length of 25 cm (250 mm) (Fig. 6). This design provides a
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controlled environment for packing the sample and conducting flow experiments under well-
defined conditions.

One end cap is placed at each end of the sandpack. The end cap is held into the
sandpack and tightened onto the sample by a tightening cap. This system allows the user to
compress the sample by tightening the tightening cap (6mm free range per cap). As a result,
the effective sample length can be varied between a maximum of 250 mm and a minimum of
238 mm.

A Hastelloy sintered metal disc filter is installed at both ends of the sandpack. Each filter
has a diameter of 20 mm and a thickness of 5 mm. The filter is held inside a filter holder,
which simplifies both assembly and disassembly. The filter holder is screwed inside the end
cap, ensuring a secure and stable positioning of the filter within the system. The mesh size of
the filter is not fixed in advance but is determined experimentally. Several mesh sizes below
1 um are tested prior to operation to identify the most suitable option that prevents particle
loss while maintaining good flow and minimizing clogging.

In addition, each end cap is equipped with a PT100 temperature probe, which is inserted
and held inside the end cap structure. One probe is installed per end cap, allowing
temperature measurements at both ends of the sandpack. This setup enables monitoring of
temperature conditions along the system during experiments and helps identify any
temperature variations that may affect the results.

Overall, the assembly of the Hastelloy sandpack involves installing the filters into their
holders, screwing the holders into the end caps, positioning the end caps at both ends of the
packed column, inserting the temperature probes, and tightening the caps to achieve the
desired level of compression and sealing. This configuration ensures a stable, adjustable,
and well-monitored system for experimental use.
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Figure 6. Hastelloy Sandpack Assembly

Initial Pressurization of the Back-Pressure Regulators (BPRs) to the
Desired Pressure

When operating the incubation system for the first time, the following startup sequence
must be performed to raise the pressure of the back-pressure regulators if the desired
pressure is over 50 bar:

1. Open the valve of the BPR mounted on the chamber wall.

2. Open the gas supply from the N, tank that has a constant output pressure of 50
bar.

3. Open the valve of the gas booster and adjust the piston volume inside the gas
booster to reach a pressure higher than 50 bar (i.e., the output pressure of the N»
tank).

4. Watch the pressure of BPR untilit reaches the desired value.

5. Switch off the valve between the gas booster and BPR once it reaches the desired
pressure.

6. Close the cylinder valve.
7. Close the gas supply from the N, tank.

8. Close the valve of the gas booster.
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9.

Ventthe BPR by opening the three-way vent valve if the pressure is higher than the
desired value.

Daily Incubation Sampling Procedure

To initiate the daily automated sampling sequence:

1.

2.

5.

Open the LabSolutions software.
Select Instrument 1.

Create a new batch folder, open it within the LabSolutions interface, and save the
batch file.

Verify in the Vinci control software that the pump is running and that the pressure
in all sandpacks is maintained at 102 bar, which is the pressure at the water depth
of 1020 m for core MC-38.

Start the batch run to begin the automated sampling process.

Fig. 7 illustrates the schematic configuration of the sample collection and dilution

process used in the automated system. This diagram includes all 6 incubators, while in this

experiment, only incubators 1 to 3 were operated, which are connected to one of the fraction
collectors (FCV1).

Dilution Pump Upper

Option Box

CBM

FCV Loop Wash

ﬁ FRC-10 Upper \
Computer
\ Med Labsolutions
\ Multy

FCV Loop Upper

FRC-10 Lower
FCV Loop Wash

OptionBox | /

CBM

Dilution Pump Lower

Figure 7. Schematic diagram of the sample dilution process
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Monitoring the Incubation System

The incubation system was monitored using the VINC/ Software, which displays a
schematic overview of the experimental setup.

The software interface provides real-time information (Fig. 8), including:
e Sandpack configuration
e Flow-through cells
e Temperature and pressure within each sandpack
e Back pressure values
e Pump status

e Cylinder pressure, etc.

B FrC - Main) - a x
% Qut Windows Historical Collection  Help -5 x

Flow Through Cells M2 Sas Bosster __I—_I—_Iﬁﬁﬁ
Valves Data Logging | __ FT13ka0:] 83 M1 | y__ PT23 (e :| 181 EB | r):| 482 55 I PT 83 1t - ar)
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File Name:

Controls

CYLINDER A CYLINDER B

PRESSURE A
)

Process Tank Process — Tank

- [ccroin] e -- PT 11 (an):[ g e g

Historical Collect

Figure 8. VINCI software interface showing incubation system layout

Automated Sampling Procedure

Automated sampling is controlled through a computer-based interface. We have made
a small modification within the sampling procedure to circumvent an issue of
communication between the Shimadzu LabSolution software and the fraction collector. A
custom-made routine "Auto-clicker" was made to detect the window "Start Data Acquisition"
and click the "yes" button on the window.
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To initialize the automated data acquisition system:
1. Navigate to the desktop of the control computer.
2. Openthe Auto-Clicker application.
3. Locate the command labeled “Start Data Acquisition.”

4. After configuring the necessary settings, select “Start Monitoring” in the window
titled “Auto Enter Key for Selected Window.”

This initialization step only needs to be performed once and does not require repetition
prior to each daily sampling cycle.

Thus, after this, before each daily sampling cycle began, a pop-up confirmation window
appeared in the control software indicating that the automated sampling script was active
(Fig. 9). Once automatically confirmed, the system proceeded with the programmed
sampling sequence.

" Auto Enter Key for Selected Window = [m] X

Select a window to monitor and automatically press Enter:

Start Data Acquisition

Refresh Window List

Stop Monitoring
Log

[14:28:07] & Window list refreshed.

[14:28:41] » Monitoring started for: 'Start Data Acquisition’
[14:28:42] < Enter key sent to window.
[14:46:06) Enter key sent to wi
[15:03:29] Enter key sent to wi
[ ]
[
[
[

15:20:52] 2 Enter key sent to wir V.
15:38:15] - Enter key sent to window.
15:55:38] < Enter key sent to window.
16:13:03] ' Enter key sent to window.

Figure 9. Remote sampling script activation window

Trial Incubation Experiments (Silica Gel Test)

Prior to initiating the main incubation experiments, a series of trial incubation
experiments was conducted to evaluate the operational stability and performance of the
flow-through incubation system. These preliminary tests used silica gel as a synthetic porous
medium to simulate sediment within the sandpacks and allowed assessment of fluid flow
behavior, sampling procedures, tracer transport, pressure stability, and analytical
performance.

Preparation of the Incubators and Silica Gel Medium

Before the experiment began, both the upper and lower sandpacks were depressurized
so that the incubators could be removed from the refrigerator cabinet. The internal
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components were then rinsed thoroughly with Milli-Q water to eliminate any residual solutes.
After cleaning, the sandpacks were filled with laboratory-prepared silica gel, which served as
an artificial sediment matrix. The silica gel powder has a density of 2 g/cm3 and a particle size
of 63um.

Initially, only Incubator 2 was filled with the silica gel mixture, and sampling was started
from both sandpacks associated with that incubator. During the first sampling runs, an
experimental error in the preparation procedure was identified and corrected. Subsequently,
the remaining sandpacks were filled with a newly prepared silica gel mixture following the
corrected protocol.

Silica Gel Preparation and Porosity Determination

The experimental design required preparing silica gel with a known porosity and volume
corresponding to the internal capacity of the incubator sandpacks. Each incubator has an
internal volume of approximately 126.68 mL. Because each incubator contains two
sandpacks, approximately 260 mL of silica gel mixture was required per incubator.

To prepare the silica gel mixture, 1 L of X1000 diluted IAPSO seawater standard was first
produced by mixing 1 g of IAPSO standard seawater with 999 g of MQ water, yielding a final
mass of 1000.55 g. From this solution, 219.85 g was combined with 112.43 g of silica powder
(Si0,), resulting in a total mass of 332.28 g. The silica gel powder has a density of 2 g/cms,
while seawater (IAPSO) has a density is 1030 kg/m3 =1.03 g/cm3.

The porosity of the prepared mixture was calculated as:

¢ — I‘//void

total
_ 21345 0.792 ~ 79.2%
T 26967 o7 7R

Thus, the silica gel mixture had an approximate porosity of 79%.

To correct this issue, the columns were flushed with MQ water to remove the background
chloride originating from the IAPSO solution. After flushing, the tracer solution containing
chloride (eg, NaCl, KCL, or a mixture of both) could be introduced into the system to initiate
the BTC experiment.

Breakthrough Curve (BTC) Experimental Design

Chloride (Cl7) was selected as a conservative tracer to monitor solute transport through
the silica gel column and evaluate flow behavior within the incubators.
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The BTC experiment required collecting 26 samples over a total duration of 260 minutes.
This sampling duration corresponds to the combined volume of the two sandpacks (130 mL

each), assuming a constant flow rate of 1 mL min~".

Samples were collected every 10 minutes, yielding 26 samples (260 + 10). In practice, 28
samples were collected in total; however, the first and last samples were discarded to flush
residual liquid present in the PEEK tubing coils, ensuring that only representative samples
from the sandpacks were analyzed.

The 10-minute sampling interval was chosen because the fraction collector must
deposit each sample into a specific vial position. At the time of the experiment, the system
could not perform fully automated sequential sampling into predefined vial positions. As a
result, individual sampling runs had to be manually initiated every 10 minutes. Automation
of batch sampling was planned for later experiments once the automatic sampling system
was implemented.

Flow Rate and Sampling Volume Tests

During the trial experiments, the stability of the pressure within the sandpacks was also
monitored. Pressure fluctuations in the background when no sample was taken were
generally within £10 bar. Initially, the flow rate was setto 1 mL min~", but it was later reduced
to 0.2 mL min~" to better simulate experimental conditions and extend residence time within
the sandpacks.

Measurements showed that the sample volume collected (~1.7 mL) remained nearly
constant despite the reduction in flow rate. This behavior reflects principles similar to Darcy-
type flow, where the pressure gradient rather than absolute flow rate primarily governs the
sampling mechanism. Consequently, the system maintained the target sampling volume
without requiring extensive recalibration.

Preparing Additional Silica Gel Columns

After the IAPSO solution had been completely flushed from the system, additional silica
gel mixtures were prepared for Incubators 1 and 3, this time using MQ water instead of IAPSO
to avoid background chloride contamination.

To produce sufficient material for two incubators, the proportions of the previous mixture
were doubled. Consequently, 439.7 g of MQ water (density = 1 g/cm?®) was mixed with 224.86
g of silica powder (5i0,), yielding a total mass of 664.56 g and a porosity identical to the
previous preparation:

439.7

— — ~ .69
b = ze575 = 0796 ~ 79.6%
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Before filling in the incubators, 10 mL of the MQ solution used in the mixture was
collected with a syringe, filtered, and added to an ion chromatography (IC) run to verify
background solute concentrations.

lon Chromatography (IC) Analysis

All collected samples were analyzed using dual-channel ion chromatography (IC-dual).
Multiple analytical batches were performed to process the samples and calibration
standards (Table 1). The analytical sequences included standard solutions, MQ blank, IAPSO
control standard, and samples collected from the sandpacks.

Batch Date Batch
No.
1 26-May First set of standards (1 rep of levels A & C=14), 1 IAPSO X1000 (2 rep), SP3(1-14) (2 rep), second set of
standards (levels A & C=14) (1 rep)

2 2-Jun First set of standards (1 rep of levels A & C=14), 1 IAPSO X1000 (2 rep), Clean Room MQ (2 rep), Silica Gel
MQ (2 rep), SP3 (15-31) (2 rep), SP4 (1-16) (2 rep), second set of standards (levels A & C=14) (1 rep)
3 10-Jun First set of standards (1 rep of levels A & C=14), 1 IAPSO X1000 (2 rep), Silica Gel MQ (2 rep), SP4 (1-16) (2

rep), second set of standards (levels A & C=14) (1 rep)
Table 1. List of silica gel test sample batches analyzed by ion chromatography (IC); levels A&C = levels of anion and cation
standard; SP3&4 = sandpack 3 and 4.

Incubation Experiment

Cleaning Procedures Prior to Main Experiments

After completion of the silica gel test, all grease-containing components of the incubator
system, particularly the filters and sealing elements, were thoroughly cleaned to prevent
contamination in subsequent experiments. Cleaning was performed under a fume hood
using Isopropanol (IPA) as an organic solvent. The solvent was applied to laboratory tissues
and used to wipe the surfaces of the relevant components.

This cleaning step was essential before beginning the thesis incubation experiments
involving natural sediment samples, where contamination could significantly affect
geochemical measurements.

Sandpack Filling and Experimental Setup

For the incubation experiment, six sandpacks from three incubators (of twelve available
sandpacks) were used. Two incubators were filled with sediment slurries from Petermann’s
fjord to provide replicate experimental conditions, while the third incubator served as a
control containing only seawater. The use of replicates allowed for improved reliability and
comparison of experimental results.

The configuration of the incubators was as follows (Fig. 10):
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1. Incubator 1: Both the upper and lower sandpacks were filled with a mixture of
sediment collected from different depths and undiluted IAPSO standard
seawater. The visual observation cell was also filled with undiluted IAPSO
solution.

2. Incubator 2: Both sandpacks contained the same sediment-IAPSO mixture,
while the visual cell (equipped with the pH sensor) was filled with undiluted
IAPSO solution.

3. Incubator 3 (Control): Both sandpacks contained only IAPSO seawater, and the
visual cell was also filled with undiluted IAPSO.

To achieve the target porosity of 0.79, each sediment-filled sandpack required a mixture
containing 99.375 g of freeze-dried sediment and 95 mL of IAPSO seawater. The particle
density of the sediment was assumed to be 2.5 g cm™. After filling the sandpacks, a small
portion of the remaining mixture was filtered and analyzed to determine the system's initial
geochemical composition.

Flow Through Cells X2 Sas Bouster

Data Logging

Figure 10. Configuration of sandpacks (brown for sediment-containing SP & blue for control SP), pH sensor (orange), and
flow direction (blue arrows) in the Vinci software interface

Reason for Using IAPSO Instead of the Actual Seawater from the Site

The main limitation of using the collected seawater from the study site is the restricted
volume available, which is approximately 1.5 L. This limited amount may not be sufficient for
extended incubation experiments. As an alternative, IAPSO standard seawater can be used,
for which approximately 10L was available in the laboratory. Unlike the collected seawater,
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the use of IAPSO is not restricted by sample volume and therefore provides greater flexibility
for extended experiments or repeated runs.

Leakage Checking Before Starting the Experiment

Before initiating the incubation scenario, the incubator system was pressurized and left
running over the weekend to allow sufficient time to detect any potential leaks in the system.
This precaution ensured that the setup was stable before starting the automated sampling
seqguence.

After the weekend, the incubators were inspected for leakage. A leak was detected in the
lower sandpack of Incubator 3 (control sandpack), and the issue was investigated further to
identify the cause. In addition, the pressure in the visual cell of Incubator 1 appeared to be
unstable and showed a slight decline. The system was monitored further to determine
whether the pressure would stabilize.

Initial Pressure Set-up in the Incubators

For the experiment, the pressure in all sandpacks was set to 102 bar, corresponding to
the approximate hydrostatic pressure at the depth represented by the studied environment.

Experimental Scenarios and Acidification

The incubation experiment was conducted in several stages to evaluate the geochemical
response of the sediment-water system under progressively more acidic conditions. Three
main phases were implemented:

1. Background sampling (initial conditions)

- Seawater pH: 8.3

- Experiment start date: 24 October 2025

- No chemical modification was applied to the inlet solution.
2. First acidification scenario

- TargetpH:7.4

- Scenario start date: 27 November 2025
3. Second acidification scenario

- TargetpH: 6.0

- Scenario start date: 16 February 2026
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Because approximately 1.5 L of acidified solution was required for the first acidification
scenario, the inlet solution was prepared gradually in three batches of 0.5 L as the supply
decreased.

The seawater used in the experiment was IAPSO standard seawater, which was acidified
using double-distilled high grade 37% Hydrochloric acid (HC!). Hydrochloric acid was
selected because chloride ions are relatively inert in seawater systems, minimizing
interference with the geochemical reactions being studied. pH of the IAPSO was adjusted by
slowing adding HClinto the flask, while measuring pH simultaneously.

Preparation of Acidified IAPSO Solution

First Acidification Scenario (pH 7.4)

The initial pH of 7.4 was selected to simulate moderately acidified marine conditions,
representing a transitional state between natural seawater (28.1-8.3) and more extreme
acidification scenarios. This intermediate value allows the system to respond progressively,
enabling clearer observation of buffering processes, carbonate dissolution kinetics, and the
evolution of alkalinity under controlled acidification.

Acidification was performed incrementally to carefully monitor pH changes. First, 100mL
of IAPSO was poured into a plastic beaker, and its pH was measured. Concentrated HClwas
then added dropwise, with each drop corresponding to approximately 1uL. After each
addition, the pH was measured. To maintain a controlled dilution series, 100mL of additional
IAPSO was added at each step (Table 2). This stepwise approach allowed accurate tracking
of the pH evolution as the solution volume increased.

Intotal, 1.5 liters of acidified IAPSO seawater (pH = 7.4) were prepared, produced in three
separate batches of 0.5 liters each (Tables 2, 3, and 4).
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No. | IAPSO volume pH Drops of acid Note
(ml) Before adding After adding used
HCl HCL
1 100 8.088 7.260 3 Adding 100mL IAPSO
2 200 7.741 7.283 4 each time
3 300 7.648 7.546 1
4 400 7.719 7.483 3
5 500 7.662 7.410 5
Total 16 drops, each
Tul
Table 2. Acid volumes used in the preparation of the first 0.5 L of acidified IAPSO solution (pH 7.4)
No. | IAPSO volume pH Drops of acid Note
(ml) Before adding After adding used
HCl HCL
1 100 8.102 7.794 2 Adding 100mLIAPSO
2 200 _ 7.380 3 each time
3 300 _ 7.485 3
4 400 _ 7.371 5
5 500 _ 7.445 2
Total 15 drops, each
Tul
Table 3. Acid volumes used in the preparation of the second 0.5 L of acidified IAPSO solution (pH 7.4)
No. | IAPSO volume pH Drops of acid Note
(ml) Before adding After adding used
HCl HCl
1 100 8.099 6.42 1(=10ul) Adding 100mLl IAPSO
2 200 _ 6.72 1(=3ul) each time, Temp=21.2°C
3 300 _ 7.12 0
4 400 _ 7.38 0
5 500 _ 7.404 1(=3ul)
Total 16 drops

Table 4. Acid volumes used in the preparation of the third 0.5 L of acidified IAPSO solution (pH 7.4)

Introducing the Acidified Solution into the Incubation System

To introduce the acidified IAPSO into the system, the following procedure was followed:
1. The valves were closed, and the pump was stopped.

2. The inlet container located outside the incubation refrigerator was rinsed with a
small amount of the prepared acidified solution.

3. The container was then filled with the acidified IAPSO.
4. The valves were reopened, and the pump was restarted.

Sampling began the following day (27 November 2025) after the new inlet conditions
were stabilized.
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Second Acidification Scenario (pH 6)

On 16 February 2026, the inlet solution was further acidified to pH 6 to simulate more

extreme acidification conditions (Table 5).

No. | IAPSO volume pH Drops of acid Note
(ml) Before After adding used
adding HCL HCl
1 420 8.18 6.98 10(=5ul each Adding 100mLIAPSO each
drop) time, Temp=21.2°C
2 500 _ 6.060 2
3 600 _ 6.000 4
Total 16 drops=80ul
acid

Table 5. Acid volumes used in the preparation of the second acidification scenario (pH 6.0)

Sampling Methodology

The sampling strategy was designed to obtain daily geochemical measurements of the
outlet water from the incubation system. The plan involved sampling six consecutive days
per week. Each day, six samples were collected from different sampling ports corresponding
to the sixsandpacks in the incubation system. Therefore, a total of 36 samples per week were
analyzed.

Vials were prepared in advance. On Fridays, additional vials were placed in the rack to
enable remote sampling on Sundays.

Samples were subsequently diluted X1000 prior to analysis using ion chromatography
(IC).

Sample Weighing and Evaporation Control

Before sampling, empty vials (without caps) were weighed using a precision balance
(accuracy 0.000X g). After sample collection, the vials were weighed again to determine the
exact volume of collected liquid. This procedure allowed evaluation of variations in sample
volume caused by the fraction collector dilution process or unstable pressure conditions.

To minimize evaporation, all samples were stored in a refrigerator immediately after
collection. Also, Sampling was avoided on Saturdays to minimize evaporation effects. But
samples collected on Sundays remained overnight in the fraction collector, which
sometimes resulted in slightly lower measured weights due to evaporation.

Adjustments to Sampling Frequency

Based on previous observations, ion concentrations measured on Sundays and
Tuesdays were consistently higher than on other days.
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The elevated Sunday values could be explained by accumulation during Saturday, when

no sampling occurred. However, the reason for the elevated Tuesday concentrations
remained unclear.

To investigate this phenomenon, the sampling strategy was modified for several batches:

e Some batches were diluted X500 instead of X1000 to evaluate the effect of dilution
on measured concentrations.

e For certain batches (11-13), the sampling schedule was changed from daily
sampling to sampling every other day.

These adjustments were implemented to determine whether sampling frequency
influenced measured ion concentrations.

Sampling Order
Sampling followed a fixed sequence to maintain consistency:
1. Sandpack 2 — Sampling port 12
2. Sandpack 1 — Sampling port 11
3. Sandpack 4 — Sampling port 22
4. Sandpack 3 — Sampling port 21
5. Sandpack 6 — Sampling port 32
6. Sandpack 5 — Sampling port 31

LabSolutions Sampling Software

Sampling was performed using the LabSolutions software by creating a Realtime Batch
for each sampling day (Fig. 11).
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When the sampling sequence begins, the software displays the active batch and current
sampling progress (Fig. 12). Each sampling round (from each port) takes 17.10 minutes.
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35




Because the first sample collected from each port contains residual liquid from the
sampling loop, it was discarded. Therefore, the sampling batch included 12 sampling rows,
where the first replicate of each sample was directed to waste (Fig. 13).

Folder: C:\LabSolutions\Data\System 1\Nezhla master project\2026Mar15_GEOEO_MC38
Analysis Name | Sample ID | Sample Type Method File Data File Report Format File Data Comment Fraction Vessel
1 MC38 098 0:Unknown 0s2_autovalveswitchlcm | 0260315_MC38_098lcd | ions\System\DEFAULT lsr 98-99
2 M 2 0:Unknown o0s2_autovalveswitch lcm 20260315_MC38_2lcd | ions\System\DEFAULT lsr 2-99
MC38 099 0:Unknown os1_autovalveswitchlem | 0260315_MC38_099Jcd | ions\System\DEFAULT lsr 99-99
4 MC38 1 0:Unknown os1_autovalveswitch lem 20260315_MC38_1lcd ions\System\DEFAULT lsr 1-99
5 MC38 096 0:Unknown os4_autovalveswitch lcm 0260315_MC38_096Jcd | ions\System\DEFAULT lsr 96-99
6 MC38 4 0:Unknown os4_autovalveswitch lem 20260315_MC38_4Jcd | ions\System\DEFAULT Isr 499
7 MC38 097 0:Unknown o0s3_autovalveswitch lcm 0260315_MC38_097lcd | ions\System\DEFAULT lsr 97-99
MC38 3 0:Unknown o0s3_autovalveswitch lcm 20260315_MC38_3lcd | ions\System\DEFAULT Isr 399
MC38 034 0:Unknown os6_autovalveswitchlem | 0260315_MC38_094Jcd | ions\System\DEFAULT Isr 94-99
0 MC38 6 0:Unknown 0s6_autovalveswitch lem 20260315_MC38_6Jcd | ions\System\DEFAULT lsr 6-99
1 MC38 095 0:Unknown 0s5_autovalveswitch lcm 0260315_MC38_095Jcd | ions\System\DEFAULT lsr 95-99
12 MC38 5 0:Unknown 0s5_autovalveswitch lcm 20260315_MC38_5lcd | ions\System\DEFAULT lsr 5-99

Figure 13. Incubator sampling batch configuration

Dual-Column lon Chromatography (IC) Analysis

lon concentrations in the incubation samples were measured using a dual-column ion

chromatography (IC) system, which allows simultaneous analysis of anions and cations (Fig.
14). The analytical workflow consisted of several stages, including sample dilution, batch
preparation, system preparation, calibration, chromatographic analysis, and post-run data
processing.

Figure 14. Dual-column ion chromatography (IC) system
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IC Flow Chart

The dual-column IC system operates through continuous circulation of eluents and
sample through multiple components.

Fig. 15 illustrates a dual-channel ion chromatography (IC) system that measures anions
and cations from the same sample at the same time. After the sample is injected by the
autosampler, it is carried by two separate eluent streams controlled by two pumps: one for
anions and one for cations. The flow is split into two independent channels, allowing
simultaneous analysis.

In the anion channel, the sample passes through a pre-column, separation column, and
suppressor before reaching a conductivity detector. In the cation channel, the sample goes
through a cation column and is directly detected by a separate conductivity cell. Both signals
are recorded separately, and the remaining flow from both channels is directed to waste.

DUAL MODE ANIONS + CATIONS
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to waste
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Figure 15. Flow diagram of the dual-column IC system

|IC System Preparation

Before starting sample analysis, the IC system must be properly prepared and stabilized.
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System Startup Procedure

1.

2.

Fill the eluent bottles with diluted eluents
Fill the autosampler rinse bottle with fresh MQ water
Wake the instrument by pressing the sleep button.
Press the purge button on both pumps:
o Pump A (anion channel)
o Pump B (cation channel)
Reset the eluent volume level in the software
Close the purge valve after purging.
Turn on the column oven in the RealtimeAnalysis software and set it to ~40 °C.
Check that the suppressoris on

Activate the pumps in the software

During operation, the system pressure should stabilize at:

Finally, the autosampler is purged, and the system is allowed to stabilize for at least one

Pump A (anion channel): 50-52 bar

Pump B (cation channel): 35-37 bar

hour before running samples.

Detailed information about how to start the IC (checklist before running) is provided in

the Supplementary Materials.

Sample Dilution and Batch Preparation

Prior to IC analysis, allincubation samples were diluted X1000 using MQ water to ensure

that ion concentrations fell within the calibration range of the instrument.

Sample Dilution Procedure

Each diluted sample was prepared in a 50mL Falcon tube according to the following

ratio:

Stock concentration _ Total Weight (gr)

Dilution factor (D.E.) = =
lution factor (D.F.) Final Concentration Sample or Std (gr)
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50 mL

After dilution, the solutions were transferred into IC vials and placed in the autosampler
rack.

|C Batch Structure

The maximum capacity of a single IC batch is 41 sample injections, including replicates.
Each analytical batch contained the following sequence (Fig. 16):

1. First set of 14 standard levels
- 8 levels of IV-59 anion standard
- 6 levels of MU-4 cation standard
2. control standard (IAPSO X1000)
3. 36incubation samples
- Each 10 samples, 2 replicates
4. Second set of 14 standard levels
- 8 levels of IV-59 anion standard
- 6 levels of MU-4 cation standard

To monitor analytical precision, replicate measurements were incorporated into the
batch design. Although each vial could theoretically be analyzed twice, only one replicate per
sample was typically measured due to limited eluent availability. However, duplicate
analyses were performed every 10 samples to estimate measurement reproducibility.

Detailed information about setting up a Quick Batch in the IC is provided in the
Supplementary Materials.
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Figure 16. Example IC batch layout in Quick Batch interface (incubation batch setup)

Calibration Standards and Control Standard Preparation

Two certified standards were selected for calibration (Table 6). Fresh anion and cation
standard solutions were prepared monthly to maintain stable peak shapes and ensure
reliable calibration curves. In addition, the control standard used was the IAPSO standard
seawater, an artificial seawater standard.

natural water

STD Analyte Concentration (ppm, pug/mL, mg/kg, mg/L, or Volume Matrix
name equivalent units) (ml)
IV-stock- Br, Cl, F, NO3, NO.,, 1000 125
59 PO, SO,
CRM- Ca, Mg, K, Na 1000 100 2%
MU-4 HNO;
STD Analyte Concentration (ppm, pg/mL, mg/kg, mg/L, Volume Matrix
name or equivalent units) (ml)
IAPSO Multi-elements in Variable, see certificate Seawater

Table 6. Characteristics of IC calibration standards (IV-stock-59 and CRM-MU-4) and control standard (IAPSO)

Calibration Standards Preparation

Calibration solutions were prepared through serial dilution from the stock standards to
produce multiple concentration levels.

Fourteen calibration levels were generated:

40



As shown in Table 7, these levels covered a wide concentration range to ensure accurate

8 levels for anions

6 levels for cations

calibration across expected sample concentrations.

Level No. Level Level Final conc. (ppm) | Stock used (ppm) D.F. Std (gr) | Tot. Weight (g)
Initials
14 c14 MU4_10_ppm 10 MU-4 (1000 ppm) X100 0.5 50
13 C13 MU4_2_ppm 2 MU-4 (1000 ppm) X500 0.1 50
12 C12 MU4_1_ppm 1 MU-4 (1000 ppm) X1000 0.05 50
11 C11 MU4_0.5_ppm 0.5 MU-4 (1000 ppm) X2000 0.025 50
10 C10 MU4_0.004_ppm 0.004 C13 (2 ppm) X500 (250,000) 5 50
9 C9 MU4_0.0001_ppm 0.0001 C12 (1 ppm) X10000 (10,000,000) 5 50
Level No. Level Level Final conc. (ppm) | Stock used (ppm) D.F. Std (gr) | Tot. Weight (g)
Initials
8 A8 MU4_10_ppm 20 1V-59 (1000 ppm) x50 1 50
7 A7 IV59_10_ppm 10 1V-59 (1000 ppm) X100 0.5 50
6 A6 IV59_5_ppm 5) 1V-59 (1000 ppm) X200 0.25 50
5 A5 IV59_2_ppm 2 1V-59 (1000 ppm) X500 0.1 50
4 A4 IV59_1_ppm 1 1IV-59 (1000 ppm) X1000 0.05 50
S A3 IV59_0.4_ppm 0.4 A5 (2 ppm) X5 (2500) 10 50
2 A2 IV59_0.05_ppm 0.05 A4 (1 ppm) %20 (20000) 2.5 50
1 A1l MQ_blank 0 MQ Blank - 0 50

Table 7. Dilution scheme for calibration standards prepared from CRM-MU-4 and IV-stock-59 (1000 ppm)

Eachtime a new series of standards is prepared, the corresponding concentrations must
be updated in the IC post-run calibration method to ensure accurate calibration. This
process is carried out using Excel, where the correct dilution factors and resulting ion
concentrations for the newly prepared standards are calculated. The calculated true
concentrations, derived from the dilution scheme, are then entered into the post-run method
to generate an accurate calibration curve for the batch analysis.

Control Standard Preparation

A diluted seawater control standard (IAPSO X1000) was prepared monthly and included
in each batch to check measurement consistency. The standard was diluted step by step, as
shown in Table 8.

No. | Name of the Std prepared | Type of std. (ppm) | MustbeD.F. | Std (ml) | MQ (ml) | Tot. Vol. (ml)
1 IAPSO X1 Pure IAPSO std. X1 5 0 5
2 IAPSO X10 (1): Pure IAPSO std. X10 5 45 50
3 IAPSO X100 (2): IAPSO X10 X100 5 45 50
4 IAPSO X1000 (3): IAPSO X100 X1000 5 45 50

Table 8. Serial dilution scheme for preparation of the IAPSO (X1000) control standard

Eluent Preparation

Separate eluents were used for anion and cation analyses. Each eluent preparation was
typically sufficient for about four full batch runs on the IC.
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Cation Eluent

The cation eluent consisted of oxalic acid solution.
Preparation steps:

1. Weigh 2.2508 g of oxalic acid.

2. Dissolve in MQ water.

3. Adjust the final volume to 1000mL.

This produces a 0.5mM oxalic acid solution. The solution was mixed using a magnetic
stirrer without heating.

Anion Eluent
The anion eluent consisted of a carbonate-bicarbonate buffer solution.
Preparation steps:
1. Weigh 10.08 g sodium bicarbonate (NaHCO3)
2. Weigh 0.64 g of sodium carbonate (Na,C053)
3. Add MQ water to reach 1000mL
4. Heatthe solution to 80 °C while stirring to ensure complete dissolution

For IC analysis, the concentrated solutions were filtered, stored in the refrigerator, and
diluted before each run. The dilution was prepared in 2L bottles by mixing 200mL of the
concentrate with 1800mL of Milli-Q water. Fig. 17 shows the eluent containers used for
refrigerated storage.

Figure 17. IC cation (red) and anion (blue) eluent containers for storage and preparation
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IC System Capacity and Eluent Consumption

The IC system has specific operational limitations that determine batch size and eluent
usage:

Each run requires approximately 22 minutes

Each run includes 3 minutes of pretreatment

Total time per replication: 25 minutes

Each replicate consumes approximately 25mL of eluent because eluent flow is 1
mL/min

Therefore:
e A complete batch can analyze 80 replicates without stabilization
e With stabilization steps included, 78 replicates can be analyzed

e FEach eluent reservoir contains 2000mL, with 100mL always left to cover the
intake probes

IC Analytical Method and Post-Run Calibration

All IC analyses were performed using the analytical method anion_cation_SA2_nezhla.
The SA2 column was used for both anion and cation measurements within the dual-column
IC system. The main operating parameters included a flow rate of 1 mL min™* and a total run
time of approximately 25 minutes per injection, including the pretreatment stage.
Ammonium (NH,*) and lithium (Li*) were excluded from the quantification method because
these ions are not included in the CRM-MU-4 cation calibration standard used in this study.

After completion of each analytical batch, the chromatographic data were processed
using a post-run calibration procedure. This procedure ensured accurate identification of ion
peaks and the generation of calibration curves for quantitative analysis. The calibration
process began by selecting a representative anion standard level from the IV-59 standard
series, which in most cases was the 2ppm level. The chromatographic peaks were assigned,
and the corresponding retention times were copied from the lower-left table of the software
interface to the quantification table in the lower-right panel. The method was then saved as
a quantification method, labeled with the date (for example, 20250630_quant).

Subsequently, a suitable cation standard level from the MU-4 standard series was
selected. The previously saved quantification method was loaded, the cation peaks were
assigned, and their corresponding retention times were transferred to the quantification
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table in the same manner. The method was then saved again so that the quantification file
contained retention times for both anions and cations. This updated method was then used
to complete the calibration procedure for the entire batch.

Once the batch had been processed, calibration curves were generated individually for
eachion. For cations, a linear regression model was applied, whereas anions were calibrated
using a quadratic regression model. As a result, calibration for each batch involved two
regression steps: linear regression for cations and quadratic regression for anions.

In IC, each ion is characterized by a specific retention time, which allows it to be
identified within the chromatogram. However, if the sample dilution factor is not appropriate,
the resulting chromatographic peaks may become too large and overlap with neighboring
peaks. This can complicate peak identification and negatively affect calibration accuracy. In
such cases; the batch may need to be rerun using a corrected dilution factor. If only a limited
number of samples are affected, it may still be possible to resolve the issue by adjusting the
retention time window used for peak identification.

This adjustment involves comparing the retention time of the ion in the calibration
standard used for the batch with the retention times observed in the problematic sample
chromatogram. The retention time closest to the standard value is selected as the correct
peak for that ion. Once the appropriate peak has been identified, the calibration procedure
can be repeated to obtain reliable ion concentrations. Selecting the retention time closest to
the calibration standard is important because choosing a value that deviates significantly
from the standard could cause incorrect peak assignments in other samples, preventing the
software from exporting valid concentration values. A typical anion chromatogram, showing
the retention times and order of anion peaks, is presented in Fig. 18.
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Figure 18. Representative anion chromatogram showing peak order and retention times

Detailed information about the post-run calibration is provided in the Supplementary
Materials.

Evaluation of IC Data Accuracy

The reliability of IC measurements was assessed using three approaches:
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e Sample replicates within each batch
e Control standard (IAPSO X1000) included in every batch
e Blank samples to detect contamination or background signals

These quality control measures ensured the accuracy and reproducibility of the ion
concentration data obtained from the incubation experiment.

Other Analytical Methods

pH Sensor Calibration

The pH measurements in this study were carried out using a PICO-pH module
(PyroScience), which is an optical pH sensor system based on fluorescence measurements
rather than a conventional glass electrode. The system consists of three main parts: (1) a pH-
sensitive sensor spot containing a fluorescent dye, (2) an optical fiber or rod that transfers
light signals, and (3) the PICO-pH readout module that processes the signal.

The sensor works by illuminating the pH-sensitive dye with red light (620 nm). In
response, the dye emits near-infrared fluorescence (760 nm), and the intensity and lifetime
of this emitted light change depending on the proton concentration (H*) in the surrounding
solution. The optical signal is transmitted through the optical fiber to the PICO-pH module,
where it is converted into a pH value after calibration.

One advantage of this system is that the measurements can be performed contactlessly
through transparent vessel walls, making it highly suitable for sealed or high-pressure
experimental setups. The module also includes connections for an external Pt100
temperature sensor, allowing automatic temperature compensation during measurements.
In addition, the instrument contains internal sensors for monitoring temperature, pressure,
and humidity within the module.

Calibration of the pH sensor was performed during the trial phase using a two-point
calibration method recommended for optical pH sensors. Unlike conventional glass
electrodes, which are calibrated with several buffer solutions, the optical sensor was
calibrated using two reference conditions: one highly acidic solution (approximately pH 2)
and one highly basic solution (approximately pH 10-11). These two calibration points force
the fluorescent indicator dye into its fully protonated and fully deprotonated states, defining
the complete response range of the sensor. The instrument then uses the fluorescence
response from these reference points to generate a calibration curve and convert the
measured optical signal into pH values during the experiments.
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Buffer solutions with different pH values were prepared according to the experimental
protocol (Buffer Reference Center, 2026). Before measuring the pH of these solutions, the
laboratory pH meter was calibrated using three commercial standard buffers with pH values
of 4.01, 7.00, and 9.21 (Fig. 19). To reproduce the experimental temperature conditions, the
sensor probe and buffer solutions were placed in the refrigerator and allowed to equilibrate
to approximately 4 °C. Once the probe temperature reached 4 °C, calibration measurements
were performed sequentially using the three buffer solutions (pH 2, 4, and 7). Because buffer
pH values depend on temperature, the target calibration values were adjusted according to
the temperature-dependent correction provided in the buffer documentation. The adjusted
calibration values used at approximately 5 °C are shown in Table 9.

pH Buffer pH (25 °C) Temperature correction Adjusted pH at~5 °C

2 2.00 +0.01 2.01
4 4.01 -0.01 4.00
7 7.00 +0.09 7.09

Table 9. Temperature-adjusted pH calibration values at 5 °C

Once calibrated, the pH of the prepared solutions was measured:

e 0.12 M HCl solution, produced by dissolving 1 mL of concentrated HCl in 99 mL
of Atlantic IAPSO seawater

e 0.105 M NaOH solution, produced by dissolving 4.2147 g NaOH powder in 1 L of
MQ water

The prepared solutions were sequentially introduced into the sensor system inside the
incubator to perform calibration. The calibration procedure was completed successfully, and
the sensor showed stable readings under the experimental temperature conditions.

For the incubation experiment, an acidic HCl solution was prepared by adding two drops
of 37% HCI (approximately 2 X 100puL) to the undiluted IAPSO solution within the visual cell.
This adjustment established the desired acidic starting conditions by lowering the pH to
approximately 2. The solution was then offset by one calibration point. The resulting HCL
solution had a measured pH of 2.78 at 21.4 °C.
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Figure 19. Calibration of the pH meter and measurement of prepared solution pH

Total Alkalinity (TA) Measurements

The total alkalinity of some samples was determined using an auto-titrator system
operated with the Tiamo software, which enables automated, sequential measurements
(Fig. 20). The system provides outputs for three key parameters: pH, volume of added HCl
(mL HCL 4/5), and alkalinity (Alk_45, mmol L™").

Prior to sample analysis, the instrument was calibrated using pH buffer solutions (pH 4
and pH 7). To ensure that no residual acid remained in the probe from previous runs, three
IAPSO X50 control solutions (0.6 mL IAPSO + 29.4 mL MQ) were measured before starting the
calibration. In addition, IAPSO control measurements were included at the beginning,
middle, and end of each batch for each sandpack to monitor analytical stability. Two
additionalreference solutions (Borate X50 and X200) were also analyzed as part of the quality
control procedure, as borate serves as an alkalinity standard.

All samples and IAPSO control solutions were pre-diluted (X50) one day prior to analysis
and stored in a refrigerator. This step was essential to prevent particle settling, which could
negatively affect measurement accuracy if samples were left at room temperature overnight.
Before analysis, the samples were removed from the refrigerator and allowed to equilibrate
to room temperature for a few hours.

The auto-titrator has a total capacity of 24 positions per run (Fig. 20), allocated as
follows:

e Three positions for MQ rinse solutions (positions 22-24)

e Two positions for pH buffer calibration (pH 4 and 7) (positions 1 and 2)
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e Nineteen positions for IAPSO controls and samples (positions 3-21)

ForTA, 32 samples per sandpack (Total = 192) were measured. Sample dilution aimed at
a final volume of 30 mL, while minimizing sample consumption. Among the tested dilution
factors, X50 dilution (0.6 mL sample + 29.4 mL MQ) was selected as optimal, as it provided

reliable results with minimal sample usage. Table 10 summarizes the tested dilution
schemes.

Solution Composition D.F.
0.5mLIAPSO +29.5mL MQ X60
0.6mL IAPSO +29.4mL MQ X50 The best
0.75mL IAPSO +29.25mL MQ X40
1 mLIAPSO +29 mL MQ X30
1.5mL IAPSO +28.5mL MQ X20
3mLIAPSO +27mL MQ X10

Table 10. Evaluated dilution schemes for auto-titrator alkalinity measurements of incubation samples

Figure 20. Auto-titrator device and sample setup

Sediment Preparation and Analysis

Freeze-Drying and Homogenization

In order to choose which multi-core from Petermann fjord to incubate (MC-37, MC-38,

and MC-34), sediments from all stations were freeze-dried and homogenized to be analyzed
for their carbon content.

For this purpose, | used the Peterman Fjord wet core sediments kept in the fridge (Fig.
21). Wet sediment samples were first placed in plastic bags and weighed (eg, 58.35 g
excluding the bag). The samples were then frozen in a freezer before being transferred to the
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freeze-dryer, as freezing is necessary to allow sublimation of ice under vacuum conditions
(Fig. 22).

Following freeze-drying, the sediments were gently homogenized by hand rather than
mechanically ground, to preserve particle structure while ensuring adequate mixing. Each
bag of sediment was then weighed, and specific amounts were taken from each depth
interval to prepare a representative mixture.

g -

Figure 22. Freeze-drying of sediment samples

Carbonate Content Analysis and Sediment Selection

To determine which sediment samples should be used for the incubation experiment,
carbonate and total organic carbon (TOC) measurements were performed on sediments
from three coring stations (MC-34, MC-37, and MC-38). These cores were collected from
different locations in the study area (Fig. 3).

The purpose of this analysis was to determine whether a mixed sediment sample
representing the Petermann Fjord could be prepared. If all cores showed similar carbonate

49



levels, sediments from all cores would be combined. However, if only one core contained
elevated carbonate concentrations, that core would be used exclusively.

The results indicated that Core MC-38 was the most suitable source. Therefore,
sediments from all depths of MC-38 were mixed to create a representative sample for the
experiment.

Because each sandpack can contain approximately 130 mL, filling four sandpacks
required a total sediment mixture volume of 520 mL. To ensure that the experimental material
represented the vertical variability of the core, sediments from different depth intervals were
combined proportionally according to the available material at each depth. The final mixture
contained a total of 397.5 g of sediment, distributed across the different depth intervals as
summarized in Table 11.

No. Depth(cm) Sed.Weight(gr) Weightto mix

From To
1 0 1 7.65 7.5
2 1 2 11.14 7.5
3 2 3 10.19 7.5
4 3 4 8.8 7.5
5 4 5 7.98 7.5
6 5 10 51.74 37.5
7 10 15 49.71 37.5
8 15 20 47.04 37.5
9 20 25 49.7 37.5
10 25 30 51.38 37.5
11 30 35 57.26 37.5
12 35 40 131.47 37.5
13 40 45 78 37.5
14 45 50 77.83 37.5
15 50 53 38.64 22.5

Total Weight: 678.5 397.5

Unit: gr Gr

Table 11. Sediment mass distribution by depth used to prepare a representative mixture of core MC-38 for the incubation
experiment

Scanning Electron Microscopy (SEM) Analysis

Sample Preparation

Sediment samples were also examined using Scanning Electron Microscopy (SEM) to
investigate grain morphology and surface characteristics. Prior to analysis, sediment thin
sections were coated with a thin conductive layer of gold, typically approximately 10nm
thick, to prevent charging during electron beam exposure.
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Two types of samples were prepared for SEM analysis:
1. Sediment thin sections, mounted on plates.

2. Loose sediment grains, placed on black carbon tape and subsequently gold-
coated.

Imaging Conditions

SEM imaging was performed using several detector configurations:
1. Backscattered Electron Detector (BSD)
2. Secondary Electron Detector (SED)
3. Combined BSD-SED imaging

A specialized topography imaging mode was also used to enhance surface relief features
of the sediment particles.

One potential issue during SEM imaging is electron charging, which occurs when
electrons accumulate on poorly conductive sample surfaces. Charging can produce
excessively bright or distorted images. To mitigate this effect, the vacuum level in the
chamber can be slightly reduced, allowing increased moisture in the chamber atmosphere.
However, this approach represents a compromise, as higher moisture levels may alsoreduce
image clarity.

Samples Investigated

Eight samples were selected for SEM observation. These included both terrestrial (T) (Fig.
23) and water column (W) materials:

e T16
e T18
e T19
e T20
e T23

e Fjord sediments
o W78

e Seaicesample
e Dustinice
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Figure 23. Locations of terrestrial and sea ice sampling stations (GEOEO Shipboard Scientific Party, 2024)

Post-Experiment Sediment Processing and Pore Water Extraction

Following the completion of the experiment, two plexiglass columns were prepared with
the intention of collecting undisturbed sediment cores. However, upon opening the first
sandpack, the sediment was observed to be highly water-saturated and lacked sufficient
structural integrity for intact core sampling. Consequently, the original plan was modified.
The sediment was carefully extruded from the sandpack and transferred directly into Falcon
tubes. During this process, sediment was gradually pushed out from one end of the sandpack
and collected from the opposite end. Samples were collected in Falcon tubes, labeled, and
weighed. The top and bottom orientations of each sample were marked on the tubes to
preserve core directionality. Porewater samples were extracted using rhizones (Fig. 24). Table
12 provides all information about the collected samples. All materials used during sediment
handling and sampling were acid-washed to minimize contamination.

The high water content observed, particularly in sample SP1_3, suggested uneven
sediment packing within the sandpack, possibly due to preferential flow paths or fractures
that allowed water accumulation.
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Date Sandpack  Sample ID Description / Treatment

26-Mar-26 = Sandpack1 @ SP1_1 Pore water extracted using rhizon (IC analysis); sed iment freeze-dried
SP1.2 Pore water extracted using rhizon (IC analysis); sediment freeze-dried
SP1_3 Rhizon extraction not feasible due to high water content; overlying water

collected, filtered, and transferred into two 15 mL acid-washed Falcon
tubes for IC analysis; sediment freeze-dried

SP1 4 Sediment freeze-dried (no pore water extraction)
27-Mar-26 = Sandpack2 @ SP2_0 Overlying water collected upon opening; filtered and analyzed by IC
SP2_1 Pore water extracted using rhizon (IC analysis); sediment freeze-dried
SP2 2 Pore water extracted using rhizon (IC analysis); sediment freeze-dried
31-Mar-26 = Sandpack4  SP4_1 Freeze-dried sediment
SP4_2 Freeze-dried sediment
SP4_3 Pore water extracted using rhizon (IC analysis); sediment freeze-dried
Sandpack5 SP5 Water sample collected in 50 mL Falcon tube (IC analysis)
Sandpack6 SP6 Water sample collected in 50 mL Falcon tube (IC analysis)
2-Apr-26 Sandpack3 SP3_1 Sediment freeze-dried (additional sampling)
SP3_2 Pore water extracted using rhizon (IC analysis); sediment freeze-dried

Table 12. Summary of samples collected from each sandpack and their subsequent processing

Figure 24. Post-experiment sediment processing: porewater extraction

Results & Discussion

Trial Incubation Experiments (Silica Gel Test) Results

Post-Run Analytical Issues

During the post-run IC analysis of the silica gel samples, calibration problems were
encountered due to the very high ion concentrations in the samples (mainly Na, Cl, and SO4).
These concentrations exceeded the calibration range of the standards, causing significant
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deviations in retention times. The excessively large peaks indicated that higher sample
dilution factor was necessary before performing IC analysis.

For anions, the peaks for chloride and sulfate were significantly larger than those of the
calibration standards (eg, the 1 ppm IV59 standard) and the control solution (IAPSO X1000)
(Figs. 25 & 26). For cations, the sodium peak exceeded the highest calibration standard (20
ppm CRM-MUA4) and, in some cases, overlapped with the retention time of potassium (K*),
leading to misidentification of peaks. These issues demonstrated the importance of applying
an appropriate sample dilution factor prior to analysis.
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Figure 25. Anion peaks (Cl "and SO427 in the samples are significantly larger than in the calibration standard (1 ppm_IV59)
and control (IAPSO X1000)
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Figure 26. Comparison of Na *peak magnitude relative to calibration standards, illustrating excess of calibration range and
analytical potential interference

Fig.26 illustrates the magnitude of the sodium (Na*) peaks observed in the samples
compared with the highest concentration level of the cation standard (20 ppm CRM-MUA4)
and the control standard IAPSOX1000. The Na* peak in the samples is approximately twice
the area of the 20ppm standard, indicating that the sodium concentration exceeds the
instrument's calibration range. When the Na® peak becomes excessively large, it may
broaden or shift into the retention time window typically associated with potassium (K*). As
a result, the system may incorrectly identify part of the Na* signal as a K* peak, leading to
inaccurate quantification and erroneous analytical results. This issue clearly demonstrates
the importance of applying an appropriate dilution factor prior to IC analysis.

Calibration Curve Evaluation

During the calibration process, the anions, particularly chloride (Cl7), exhibited a
quadratic calibration relationship rather than a linear one. Recalibration confirmed that a
quadratic regression model provided a significantly better fit for the chloride calibration
points compared with a linear model.

In contrast, the calibration curves for cations remained linear across the measured
concentration range, indicating that linear regression was appropriate for quantifying these
analytes.

55



Overall, the results demonstrate that quadratic regression is more suitable for anion
calibration, especially for chloride, whereas linear regression adequately describes the
response of cations. Fig. 27 below illustrates the differences between the linear and
quadratic calibration fits for Cl.

B Calibration Curve View @ Compound () Groun

1
H

Figure 27. Calibration curve for Cl "using linear and quadratic fitting

Breakthrough Curve (BTC) Results

Each sampling event collected approximately 1.7 mL of fluid, while the fraction collector
introduced an additional volume of Milli-Q water into the sample vials, resulting in slight
dilution of the collected samples prior to IC analysis. Although, in principle, the measured
concentrations should be corrected using a dilution factor, this was not applied in the final
calculations due to the non-constant nature of dilution over time. Variations in sample mass
suggest that fluctuations in pressure influenced flow rates and led to inconsistent amounts
of water entering the vials. While the dilution factor could potentially be estimated
(backcalculated) using chloride (Cl7) as a conservative tracer (using the formula below), this
approach was not pursued here and would require further methodological validation.

[Element]s,,  [Element]sy
DF — [Cllsp

back calculation: [Element] apso + [Element]cqco, = X [Cl];apso

Chloride concentrations measured in samples from Incubator 2 (Sandpacks 3 & 4) were
used to construct the BTC curves. The resulting concentration profiles showed the gradual
displacement of the tracer solution and the flushing behavior of the silica gel column.

Table 13 presents the sampling details for the silica gel test, including the dates, exact
times, and the calibrated chloride (Cl) concentrations for SP3 and SP4.
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Time of starting sampling

Incubator 2
No
Date
Sandpack 3 Sandpack 4
No linear ClConc. Quadratic Cl Conc. No sample Linear Clconc. Quadratic ClConc.
sample name
(umol) (umol) name (pmol) (pmol)
0 0 IAPSO X1000 570 558
blank
1 1 11:36:41 722 672
3 2 12:03:09 719 671
5 3 13:33:12 625 601
7 4 13:57:18 541 535
9 5 14:23:20 500 501
11 6 14:44:47 484 488
13 7 15:08:05 455 462
20-
15 8 15:29:57 356 373
May
17 9 15:49:31 247 267
19 10 16:08:32 173 191
21 11 16:27:22 112 126
23 12 16:46:40 87 98
25 13 17:06:07 65 74
27 14 17:26:00 47 54
29 15 17:45:21 40 46
31 16 10:44:09 13 16 16 10:34:43 10 11
33 17 11:38:13 27 31 17 11:25:31 482 485
35 18 12:20:59 48 55 18 12:11:32 434 444
38 19 13:23:16 44 51 19 13:13:52 307 326
40 Isliy 20 14:04:09 45 52 20 13:54:42 247 267
42 21 14:49:17 28 32 21 14:36:37 234 255
44 22 15:34:35 46 53 22 15:25:12 246 267
47 23 16:37:39 54 62 23 16:28:15 322 342
50 24 17:39:13 73 83 24 17:29:51 432 443
52 Isliy 25 14:57:11 70 80 25 14:47:47 458 466
53 26 12:03:51 63 72 26 11:54:27 407 420
55 27 12:49:06 34 39 27 12:39:42 179 198
57 28 13:40:53 26 30 28 13:31:28 139 155
59 29 14:19:23 23 27 29 14:09:04 114 128
61 30 14:56:56 29 34 30 14:47:33 103 116
63 31 15:34:32 17 20 31 15:25:09 90 102
31 16

47 samples in total

Table 13. Sampling scheme for the silica gel test experiment
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Fig. 28 shows the Cl concentrations in the two sandpacks, SP3 and SP4. Both sandpacks
follow a similar overall pattern, including the same rises and drops. However, Cl
concentrations in SP4 (the upper sandpack) are generally higher than in SP3 (the lower one),
with more pronounced fluctuations.

This difference may be due to the sampling sequence: SP4 is sampled first, which could
result in higher measured Cl concentrations, while SP3 is sampled afterwards and shows
lower values.
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Figure 28. Incubator stability test results (BTC)

Incubator Stability Results

The silica gel test experiment ran for approximately four days, during which the silica gel
mixture containing X1000 diluted IAPSO seawater was flushed with deionized MQ water for
approximately 17 hours. Sampling was performed from all three incubators.

As observed in Fig. 29, the results showed that the silica gel initially released elevated
concentrations of Na* and S0, (with Mg?* also present), which decreased over time but
remained detectable after prolonged flushing. In contrast, Cl” and Br~ were primarily derived
from the IAPSO solution, with Br~ being almost completely removed after ~3 hours. Elevated
Ca?* and K* concentrations were also observed in the effluent, exceeding levels in both the
silica gel and IAPSO solution, indicating additional sources or release mechanisms within
the system. The horizontal dashed lines indicate the solute concentrations of the X1000
diluted IAPSO, while the vertical dashed lines mark the times at which fluid flow was paused.
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Figure 29. Results of a 4-day flushing experiment with silica gel mixture and diluted IAPSO solution, showing ion behavior
during flushing

pH Sensor Stability

A separate 2.5-day stability test was conducted to evaluate the performance of the pH
sensor during continuous operation. The results indicated good stability of the sensor signal
over the duration of the experiment, confirming that the sensor could reliably monitor pH

during long-term incubations (Fig. 30).
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Figure 30. pH sensor stability test over 2.5 days

Incubation Results

Six samples were collected daily from the incubation system over a 145-day period, from
24 October 2025 to 17 March 2026, yielding a total of 654 samples (22 batches). But
anion/cation IC results are reported only up to the end of batch 19, corresponding to a total
of 576 samples collected by 27 February.

Sample Weights

To monitor sampling consistency and quantify the actual collected volumes, all
sampling vials were weighed prior to sampling each day and reweighed after sample
collection. This procedure allowed accurate tracking of the volume of diluted sample
dispensed into each vial, providing a basis for evaluating variability between sampling
positions and incorporating these differences into data interpretation and hypothesis
development.

Fig. 31 illustrates the variation in sample weights over the 145 days. Notably, lower
weight values correspond to samples collected on Sundays and weighed on Mondays,
reflecting increased evaporation due to extended residence time in the fraction collector. On
average, each sample had a volume of approximately 1.7mL.

A slight decreasing trend in sample weight is observed over time (indicated by the linear
trend line), which may be attributed to gradual pressure loss within the sandpacks towards
the end of the experiment. A gap around day ~50 corresponds to a four-day interruption in
sampling caused by maintenance and replacement of a broken pump component, while the
pump itself remained in operation throughout the experiment. Additionally, the absence of
low-weight (Sunday) data points between days 67 and 89 reflects a temporary shift to a
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reduced sampling frequency (three days per week), during which Sunday sampling was
excluded.

Sample weights were also plotted against Cl concentration; however, no clear
correlation was observed, possibly indicating that additional factors, such as pressure, play
a significant role. The figure is not included here.
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Figure 31. Sample weight changes over the experimental period

During each sampling cycle, 1.7 mL of sample was dispensed into the incubation vial
over a total period of 17.10 minutes. The sampling valve switched on at 0.1 min and switched
off at 14.4 min, changing from position 1 (sampling sequence) to position 0 (loop-wash
sequence directed to waste). Therefore, the valve remained open for 14.3 minutes,
representing the effective sampling period during which water from the incubation system
was collected.

The amount of water discharged to waste during this interval was measured as 1.33 g,
whichis the same as the undiluted sample collected prior to dilution by the fraction collector.
Dividing this value by the 14.3 min sampling duration yields a flow rate of approximately 0.093
mL/min.

3 ,
Flowrate = 123 = 0.093 ml/min

The difference between the total collected sample volume (1.7 mL) and the measured
water going to waste (1.33 mL) corresponds to approximately 0.37 mL, which is the amount
of MQ dispensed in the sample by the fraction collector. Consequently, the dilution
accounted for approximately 21.8% of the total collected sample volume.
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0.37
Sample dilution = 17 x 100 = 21.8%

Sample Weight by Sampling Position

Fig. 32 presents the variation in sample weights for each individual sandpack over the
course of the experiment. Consistent with the overall trend, most positions exhibit only minor
decreases in sample weight over time. However, the reduction appears to be slightly more

pronounced in sediment-containing sandpacks, suggesting that these systems may have
been more sensitive to small fluctuations in pressure conditions.

Overall, the observed trends highlight the importance of maintaining stable pressure
conditions and consistent sampling protocols to ensure reliable and comparable results
across the duration of long-term incubation experiments.
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Figure 32. Sample weight variations by position over the experimental period

Incubation Parameters (Pressure, Flow, and Temperature)

Pressure (P)

Fig. 33 presents the pressure data recorded by the incubation system throughout the
experimental period. Pump pressures are represented by P1A_P and P1B_P, corresponding
to cylinders A and B, respectively (Fig. 5a). Pressure within the individual sandpacks is
monitored by sensors (Fig. 8): PT_11_Value (Sandpack 1), PT_12_Value (Sandpack 2),
PT_21_Value (Sandpack 3), PT_22_Value (Sandpack 4), PT_31_Value (Sandpack 5), and
PT_32_Value (Sandpack 6).

Cylinder B ceased functioning in mid-December. As a result, cylinder A was manually
refilled on a daily basis for the remaining period of the experiment. Despite this limitation,
cylinder A maintained a relatively stable pressure throughout the experiment, with slightly
decreasing pressure from February to March in the sandpacks due to a calibration issue with
cylinder A. Therefore, manual adjustment of cylinder A pressure was done. Pressure was
restored to approximately 102 bar.

Pressure fluctuations were more pronounced in the upper sandpacks, likely due to
sediment accumulation and partial clogging within the sediment matrix. The sediment acted
as a filter barrier, reducing permeability and restricting fluid flow, which made pressure
transmission and replenishment through these sections more difficult. As a result, localized
pressure drops and more variable pressure sighals were observed in the upper sandpacks.
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Time Series — Custom Subplots (optional Y-limits)
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Figure 33. Incubation parameters: pressure in pump cylinders and sandpacks
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Flow (Q)

Flow rates for both pump cylinders are presented in Fig. 34. P1A_Q represents the flow
rate in cylinder A, while P1B_Q represents the flow rate in cylinder B. As observed in the data,
flow from cylinder B ceased in mid-December, corresponding to its mechanical failure.

Negative flow values are observed in the plots, which indicate the direction of flow
towards the sandpacks. This sign convention reflects the operational setup of the system
rather than an actual reversal of flow.

Time Series — Custom Subplots (optional Y-limits)
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Figure 34. Incubation parameters: flow rates in pump cylinders A and B

Temperature (T)

Temperature measurements for all sandpacks are shown in Fig. 35. Throughout the
experiment, temperatures were generally maintained within a range of approximately 5to 8
°C, indicating relatively stable thermal conditions.

Each incubator is equipped with multiple temperature sensors. For example, TE_13
corresponds to the temperature of the visual cell within the system. The presence of multiple
sensors allows for the monitoring of temperature variations across different components of
the setup.

The minimum temperature was slightly higher at the beginning of the experiment and
was later reduced as part of an intentional adjustment to the experimental conditions
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Time Series — Custom Subplots (optional Y-limits)
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Figure 35. Incubation parameters: temperature in all incubators
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Anions and Cations

This section presents the temporal and spatial evolution of major dissolved ions (Cl~,
S04,*7, Na*, K*, Mg**, and Ca**) measured throughout the incubation experiment using ion
chromatography. In total, 576 samples were analyzed across 19 IC batches for their major
anion and cation concentrations. The analysis includes both absolute concentrations and
normalized ion ratios to better distinguish between physical transport effects (eg, dilution
and flow variations) and geochemical processes occurring within the sandpacks. Particular
emphasis is placed on chloride-normalized ratios (eg, Ca/Cl), as Cl” behaves conservatively
and provides a reliable reference for interpreting relative changes in solute composition. The
results are evaluated across different sandpack positions and experimental phases,
including changes in inlet fluid pH, to assess processes such as mineral dissolution and the
overall geochemical response of the system under controlled acidification scenarios.

Concentrations Over the Experiment Period

Most ions showed an overall decreasing trend throughout the experiment. This decline
is particularly pronounced in the early stages and gradually stabilizes during the first
acidification scenario. In the second acidification scenario, beginning around day 116, most
ions, including Cl~, S0,%~, Na*, and Mg?*, show a renewed decline. This pattern is less
evident for Ca®* and K due to irregular fluctuations and disturbances in their trends.

Certain anions, such as bromide (Br~ and NO3~), were not detected in all batches due to
the high dilution factor.

Concentrations for Each Position Over the Experiment Period

Fig. 36 presents a comparison of the major anions (Cl”, S0,*7) and cations (Na*, K*,
Mg?*, Ca**) across all sandpacks over time.

Overall, all ions illustrate a decreasing concentration trend in each sandpack. The
decline is initially steep (showing flushing out of salts), followed by a more gradual decrease
(first acidification scenario), and then a secondary increase in slope towards the end of the
experiment (second acidification scenario). This latter change coincides with the reduction
of inlet IAPSO pH from 7.4 to 6, indicating a strong geochemical response to acidification.
Moreover, sediment-containing sandpacks show lower concentrations of most ions than
control sandpacks, which is a sign of fluid-sediment interaction happening.

In addition, compared to other cations and even anions, K* and Ca?** show unusual
behavior, with irregular and hard-to-explain fluctuations. This may be due to limitations of
the IC device in accurately measuring these ions.
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The original (unrefined) version of Fig. 36 is provided in the supplementary materials.
Short-term sharp drops observed across allions and positions correspond to brief periods of
unstable pump performance, which temporarily affected flow conditions and sampling
consistency.
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Figure 36. lon concentrations by position over time

Normalizing the Results with Cl

Absolute ion concentrations alone do not provide a fully reliable basis for interpretation
due to dilution effects and flow variations. Therefore, normalization against a conservative
(inert) tracer is required. Chloride (CI") was selected for this purpose, as it behaves
conservatively in the system.

By expressing ion concentrations as ratios relative to chloride (eg, Ca/Cl), variations due
to dilution are erased, allowing clearer identification of geochemical processes. Initial
observations showed that such normalized ratios exhibit more stable and interpretable
trends compared to raw concentration data.

lon/Cl Ratio

The ion/Clratios for all major ions throughout the experiment are shown below (Fig. 37).
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Figure 37. lon/Cl " ratios over the experimental period

Ca/Cl Ratio for Each Position

The Ca/Cl ratio is used as a key indicator of geochemical processes, particularly
carbonate dissolution. Since Cl” is assumed to be conservative, variations in the Ca/Cl ratio
directly reflect changes in calcium concentration.

In the figures below (Fig. 38), sediment-containing sandpacks are compared with their
corresponding seawater-filled control sandpacks to better isolate sediment-driven
processes. Specifically:

e Upper sediment sandpacks (2 & 4) are compared with the upper control
sandpack (6)
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e Lowersedimentsandpacks (1 & 3) are compared with the lower control sandpack

(5)

This comparison provides a clearer understanding of system behavior than raw
concentration plots alone.

The normalized results show significant fluctuations, so the overall trend is not very
reliable. When a trendline is plotted for each sandpack, there seems to be a slight increase,
but this cannot be trusted because the data varies so much.

There are a couple of possible reasons for this. First, the IC device may not be very
precise when measuring calcium (Ca?*). Second, there could be some contamination in the
system, likely coming from the sandpack filters or non-acid-washed incubation sampling
vials.

Another important pointis that even the control sandpacks show similar fluctuations as
the sediment sandpacks. This is unusual and raises the question of why Ca?* concentration
changes so much when there is no sediment present to interact with.

Finally, as it will be mentioned in the next section, Ca?** showed one of the highest
replicate errors (after K*), which suggests that its measurements from the IC may not be very
accurate. This also indicates that the IC is not sensitive enough to detect small changes in
Ca?*, whereas alkalinity measurements from the auto-titrator are more accurate and

reliable.
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IC Data Accuracy Results

As mentioned previously, replicates, control standards, and blanks were used to assess
the accuracy of the analytical results.

Replicate Error

To ensure reliable concentration measurements, duplicate analyses (replicates) were
performed for every 10 samples instead of a single run. For each pair of replicates, the
average (Ave), standard deviation (SD), and coefficient of variation (CV) were calculated in
Excel according to the following formula:

SD

The Supplementary Materials section contains a detailed table (Table 19) with
concentrations of major anions and cations for each replicate, along with the calculated
parameters (Ave, SD, CV) for each sample pair.

The CV reflects the relative dispersion of the data and provides insight into measurement
precision and potential outliers. Based on the results, the majority of replicate
measurements exhibited CV values below 10%, which is generally considered acceptable.

Fig. 39 illustrates the relationship between average concentration and standard
deviation (SD) for each ion. Since CV is defined as the ratio of SD to the average value, these
plots effectively represent the variation in CV and thus the relative dispersion of the data.

Replicates exhibiting a concentration difference greater than 0.5 mmol/kg of water
were reanalysed, and the updated values replaced the original data in the plots. It should be
noted that this threshold is expressed in mmol/kg of water, with concentrations reported
on a water-mass basis following an appropriate correction (dividing by 1.03, which is the
density of seawater) to ensure consistency between solution and water mass units.

In total, 42 replicate pairs were analyzed across 19 batches. Among these:

e Potassium (K): 7 replicates exhibited CV values greater than 10% (i.e., 16.7% of
replicates)

e Calcium (Ca): 4 replicates exceeded the 10% CV threshold (i.e., 9.5% of
replicates)

These samples were subsequently remeasured. The results indicate that potassium
measurements show relatively high uncertainty, while calcium measurements are
somewhat variable and require careful handling.
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To improve accuracy, calcium may be reanalyzed using an alternative method, such as
ICP or with an adjusted dilution factor in IC. However, potassium data appear unreliable
under the current conditions and should be interpreted with caution.

Apart from K (and to a lesser extent Ca), all other anion and cation measurements
demonstrated good precision and can be considered reliable.

Coefficient of variation (%) for all ions
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Figure 39. Coefficient of variation (CV) for each ion, indicating replicate error. Cl, SO4, and Na have a CV<1%.

Control Standard Error

A thousand times dilution of the IAPSO standard was used as a control in every batch.
Table 14 presents the concentrations of major cations and anions in each batch for
IAPSOX1000, calculated using both linear and quadratic calibration methods. As is evident,
the concentrations obtained from linear and quadratic calibrations are very similar, with only

minor differences.

76



Batch No.  Calibration F Cl NO2 Br NO3 PO4 S04 Na K Mg Ca

1 Linear 0 552.599 0 0 0 0 28662  468.11 10751 53.033  12.484

Quadratic 0 54623 0 0 0 0 29212 468067 10995 53.45  12.004

2 Linear 0 552,656 0 0 0 0  28.628 468.251 13.433 53.435 13.338

Quadratic 0 546234 0 0 0 0 29147 468568 13197 53.081 12.394

3 Linear 0 545567 0 0 0 0  28.691 468244 10357 52795 12237

Quadratic 0 540.088 0 0 0 0 29202 468.845 10.432 52393 11569

4 Linear 0 549.998 0 0 0 0 28.658 468.863  10.72  52.403  13.428

Quadratic 0 544.05 0 0 0 0 29126 469.545 10783 52.245  12.695

5 Linear 0 549482 0 0 0 0 2887 469.889 11.194 5323  13.298

Quadratic 0 543424 0 0 0 0 29367 470365 11285 53.16  12.582

6 Linear 0 550618 0 0 0 0 2873 469725 1066 52294 12.587

Quadratic 0 544567 0 0 0 0 29221 470217 10817 52.412  11.82

78&8 Linear 0 547.593 0 0 1241 0 289 470407 10398 53.312 12.523
Quadratic 0 541776 0 0 1298 0 29568 471.053 10433 53.088 11.76

9 Linear 0 552.125 0 0 1258 0 28.78  469.101 10.608 52.119  12.646

g Quadratic 0 545763 0 0 1312 0 29428 469.84 10.677 51.947 11.525
g 10 Linear 0 548.033 0 0 1247 0 28888 470525 1041  51.989  12.625
Q Quadratic 0 542225 0 0 1302 O 29573 470.401 10.681  52.236  11.804
% 11&12 Linear 0.736  547.787 0 0 0 0 28.958  469.817 10.212 52.516 12.276
Quadratic 789 541762 0 0 0 0 29654 470.429 1029 51.735 11.406

13 Linear 0.707  551.81 0 0 1117 0 28.817 465617 10.456 52.137 12.784

Quadratic 075 546091 0 0 1156 0  29.161 465.603 10561 51752  12.339

14 Linear 0.741 552.721 0 0 0 0 282 464195 10441 52.104 12.605
Quadratic 785 546 989 0 0 0 0 28584 464.323 10.512 52304 11.964
15 Linear 0.674  552.154 0 0 0 0 28.477 464.944 10.933 51.806 12.936
Quadratic 4714 546459 0 0 0 0 2879 464981 11.039 51.897 12.397
16 Linear 0 547.879 0 0 1.4 0 2839  464.849 10237 52275 12.632
Quadratic 0 542663 0 0 1453 0 28799 46493 10163 52702 12.061
17 Linear 0 547.033 0 0 1363 0 284  469.827 10.145 51.983  12.854
Quadratic 0 541353 0 0 142 0 28988 470299 10391 5218  12.348
18 Linear 0 551.076 0 0 1347 0 28561 470437 12.552 5242  12.314
Quadratic 0 544678 0 0 1404 0 29165 470.888 12.72 52.186 11.721
19 Linear 0 551787 0 0 1368 0 28614 469.638 10.242 52.205  12.52
Quadratic 0 545.456 0 0 1421 0 29168 470117 1034 51.385 11.926

Table 14. Measured ion concentrations in the IAPSO (X1000) control standard across IC batches

The summary of the IAPSO measurements across all 19 batches, including average,
standard deviation (SD), and coefficient of variation (CV), is presented in Table 15. For the
calculation of these parameters, linear calibration results were used for cations, and
quadratic calibration results were used for anions.
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Parameter F cl NO3 SO4 Na K Mg Ca

Average | 933 | 576.251 | 1.346 | 30.879 | 495.728 | 11.452 | 55.521 | 13.472

sD 0.030 2.068 0.092 | 0.279 2.073 0.854 0.489 0.349

3.234 | 0.359 6.821 | 0.903 0.418 7.458 | 0.881 2.589
Table 15. Statistical parameters calculated for the IAPSO (X1000) control standard

CV (%)

The results indicate that CV values are very good for all ions. Notably:

e Potassium (K™), like the sample replicates, shows relatively higher variability,
suggesting that IC measurements of K are less precise.

e Nitrite (NO,), Bromide (Br~), and Phosphate (P043~) are absent in IAPSO, so no
meaningful CV can be calculated for them.

e Fluoride (F™) and nitrate (NO32_) concentrations are negligible in all batches;
therefore, their CV values are not reliable.

e Important anions consistently present across all batches are chloride (Cl™) and
sulfate (S0,%7).

A CV below 5% is considered excellent, while a CV below 10% is acceptable. Based on
the data:

e Excellent CV (<5%): Cl (0.4%), SO4 (0.9%), Na (0.4%), Mg (0.9%), Ca (2.6%)
e Good CV (<10%): K (7.5%)

Overall, the IAPSO control standard demonstrates excellent reproducibility for most
major ions, with K* being the only ion showing moderate variability.

Blank Error

In each batch, two blanks were run, one at the beginning of the first set of standards and
one at the beginning of the second set. Since the blanks consisted of Milli-Q water, no ions
were expected to be present. However, a small calcium (Ca) peak was consistently observed
in all blank chromatograms. To account for this, the measured blank Ca concentration was
subtracted from the Ca concentrations in all samples to obtain the true Ca values.

The other ions did not show observable peaks in the blanks; however, magnesium (Mg)
and Sodium (Na) occasionally exhibited a negligible signal that was too small to be
considered in the calculations. For Mg, the blank error was < 0.3 mmol/kg of water, while for
Na it was < 0.7 mmol/kg of water.

As linear calibration performed better for cations in the post-run analysis, since the
second set of standards was used for calibration, the Ca concentration from the blank in the
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second standard set (linear calibration) was subtracted from all Ca measurements in the
incubation samples. The table below (Table 16) summarizes the blank Ca concentrations for
each batch.

Batch No. Calibration Ca concentration in the blank (2" set of standards)
(mmol/kg of water)

1 Linear 2.343
Quadratic 2.249

2 Linear 3.383
Quadratic 3.134

3 Linear 2.141
Quadratic 2.019

4 Linear 2.302
Quadratic 2.17

5 Linear 2.22
Quadratic 2.094

6 Linear 0.947
Quadratic 0.886

7&8 Linear 1.756
Quadratic 1.644

9 Linear 2.034
Quadratic 1.846

10 Linear 1.708
Quadratic 1.623

11&12 Linear 2.743
Quadratic 2.54

13 Linear 2.819
Quadratic 2.717

14 Linear 2.596
Quadratic 2.458

15 Linear 2.247
Quadratic 2.149

16 Linear 1.103
Quadratic 1.05

17 Linear 2.247
Quadratic 2.149

18 Linear 1.65
Quadratic 1.567

19 Linear 1.708
Quadratic 1.623

Table 16. Blank calcium (Ca) concentrations measured for each IC batch
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Monitoring Milli-Q blanks allowed us to identify potential sources of contamination.
Subsequent investigations indicated that the primary source of blank Ca was contamination
from the IC vials, with approximately half of the observed Ca originating from factory-
manufactured IC vials. Nevertheless, blank subtraction was applied to all samples
regardless of the source of contamination.

Following this discovery, additional IC tests were performed to evaluate potential
contamination from all containers and tools involved in sample handling, including
incubation vials, IC vials, Falcon tubes, transfer pipettes, and standards, essentially all items
that came into contact with the diluted samples. These tests further indicated that factory-
manufactured Falcon tubes contributed measurable contamination, primarily from Ca and,
to alesserextent, NO,™ and K. Therefore, Falcon tubes must be pre-treated prior to use, either
by overnight rinsing with Milli-Q water or by acid washing, to minimize contamination during
sample preparation and dilution.

pH and Total Alkalinity (TA)

pH and TA are fundamental parameters for understanding geochemical processes in
aquatic systems, particularly in studies of ocean acidification and sediment-water
interactions. While pH reflects the instantaneous acidity of the system, TA represents its
buffering capacity against acidification. In this study, both parameters were monitored to
evaluate how carbonate-rich sediments respond to controlled decreases in pH and how
effectively they buffer the system over time.

To achieve this, continuous pH monitoring was combined with discrete TA
measurements from samples collected across all sandpacks. This dual approach allows for
a comprehensive assessment of both short-term chemical variability and long-term
buffering processes within the incubation system.

pH Sensor Measurements

The pH sensor, embedded in the second incubator, continuously recorded pH values at
30-second intervals throughout the experiment. Prior to the start of sampling, the sensorwas
carefully calibrated to ensure measurement accuracy. Due to the high temporal resolution
and the resulting large dataset, a customized MATLAB routine was used to process and
visualize the data.

The resulting pH plot (Fig. 40) illustrates the temporal evolution of pH over the course of
the experiment. It captures both the imposed acidification scenarios and the system's
response.
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Figure 40. pH measurements over the experimental period

Auto-Titrator TA Measurements

For TA determination, some samples from each sampling position were analyzed using
an auto-titrator. To ensure analytical reliability, 40 IAPSO control standards (X50 dilution)
were measured at the beginning, middle, and end of batches. The average normalized
alkalinity value obtained was 0.00708 meq/l, with a standard deviation of 0.0002 and a
coefficient of variation (CV) of 3.1477%, indicating high precision and reproducibility.

The TA results (Fig. 41) show distinct differences between sediment-containing and
control sandpacks. The sediment-containing sandpacks display a gradualincrease in TA over
time, whereas the control sandpacks remain comparatively stable, indicating limited
geochemical interaction. This contrast highlights the role of active water-sediment
interactions in driving alkalinity changes within the sediment-filled ones.

However, after approximately day 120, the trends in the control sandpacks begin to
diverge, suggesting the presence of anomalies within the system. The underlying causes of
these deviations remain unclear but may be linked to experimental factors such as pressure
instability or other operational fluctuations. These disturbances could also explain the
occurrence of outliers observed in the sediment-containing sandpacks (SP1 and SP2). A
small number of outliers were identified, likely arising from sampling or instrumental
variability, and were excluded from the analysis as they do not align with the overall trends.
In Fig. 41, arrows mark these omitted values, with their corresponding measurements
indicated.

Despite the lowered pH conditions, the continued increase in TA indicates that the
system is persistently adjusting to the imposed acidic input. This response reflects ongoing
geochemical buffering processes, suggesting that sediment-water interactions remain
active and responsive under acidified conditions.
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Figure 41. Total alkalinity/Chloride trends in sandpacks

Sediment Analysis Results Before and After the Incubation Experiment

Sediment samples from the three cores collected during the GEOEO2024 Expedition
were analyzed to determine their geochemical composition and mineralogical
characteristics prior to the incubation experiments. The analyses included carbon and
nitrogen measurements, mineralogical characterization, and microscopic observations.

Pre-Experiment Sediment

Carbon and Nitrogen (C/N) Results

All three sediment cores were analyzed for their carbon-to-nitrogen (C/N) ratios. The
results indicated relatively high carbon contents within the samples, suggesting the
presence of substantial amounts of carbonate minerals. This observation was supported
during the preparation of samples for total organic carbon (TOC) analysis, where the addition
of acid produced vigorous gas release, consistent with carbonate dissolution.

Amongthe three investigated cores, core MC-38 exhibited the highest carbonate content
according to measurements obtained using the elemental analyzer (EA). Based on these
results, this core was selected as the primary sediment source for the incubation
experiments. The relationship between the C/N ratio and sediment depth is illustrated in Fig.
42.
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Elemental Analyzer Results
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Figure 42. Carbon and nitrogen (C/N) results measured by the elemental analyzer (EA)

Total Carbon, Total Nitrogen, and Total Organic Carbon

Measurements of total carbon (TC), total nitrogen (TN), and total organic carbon (TOC)
were performed using an isotope ratio mass spectrometry system. Prior to TOC analysis,
carbonate removal was required to isolate the organic carbon fraction.

Toremove carbonate minerals, 10 g of sediment was treated with 10% Hydrochloric acid
(HCl). Under normal conditions, approximately 100uL of acid is sufficient for this procedure.
However, because the sediments contained a high concentration of carbonates, the acid
was added gradually in two stages to control the intense gas release that occurred during the

reaction.

The procedure involved the following steps:

1.

2.

3.

4.

Addition of 50uL of 10% HCl to the sample.
Drying of the sample in an oven for approximately 1 hour.
Addition of another 50uL of acid.

Overnight drying in the oven to ensure complete removal of carbonates.

After the acid treatment and drying steps were completed, the samples were analyzed
for TOC using the analytical instrument (IRMS). Results are shown in Fig. 43.
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Figure 43. Total carbon, total nitrogen, and total organic carbon results measured by IRMS

Mineralogical Composition (XRD Results)

The mineralogical composition of core MC-38 was investigated using X-ray diffraction
(XRD) at two depth intervals: the surface layer (5-6 cm) and a deeper interval (37-40 cm)
(Table 17). The results indicate that the sediments comprise a mixture of silicate and
carbonate minerals, including quartz, feldspars, clay minerals, amphibole, and carbonates
such as calcite and dolomite.

Calcite and dolomite were particularly abundant, consistent with the high carbonate
content identified in the carbon analysis. Overall, the mineral assemblages were relatively
similar between the surface and deeper layers, although some variation in carbonate
abundance was observed, with slightly higher carbonate content at depth.
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Theseresults provide importantinsight into the buffering capacity of the sediments. Both
carbonate and silicate minerals are present, but carbonate minerals (calcite and dolomite)
constitute a major fraction of the sediment. In both depth intervals, calcite and dolomite
together often exceed the abundance of individual silicate phases such as quartz, feldspars,
and clay minerals, indicating that carbonates are the dominant reactive component.

The high abundance of calcite and dolomite suggests a strong buffering capacity against
pH changes. These carbonate minerals readily dissolve under acidic conditions, releasing
carbonate species that help neutralize acidity and stabilize pH. The consistent presence of
these minerals throughout the core indicates that buffering potential is strong across both
surface and deeper sediments, with deeper layers potentially exhibiting slightly enhanced
buffering due to higher carbonate content (Bibi et al., 2026; Cetiner et al., 2025; Sulpis et al.,

2021).

In contrast, the silicate minerals, quartz, feldspars, and clay minerals, contribute less to
short-term buffering due to their slower weathering rates. Although present in notable
amounts, silicates are distributed across multiple mineral phases rather than concentrated
in a highly reactive form like carbonates. Because silica was not directly measured in this
study, the role of silicate weathering is inferred from established geochemical knowledge
rather than experimental observations (Brantley et al., 2023; Trapp-Mdller et al., 2025).

In summary, the mineralogical composition indicates that carbonate minerals might be
the primary control on sediment buffering capacity, while silicate minerals would play a
secondary, longer-term role. All reported abundances are expressed as weight percentages
(Wt%).
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3 g () 0 8 5 = Yo
> o o & = = ;”: = ] =3 c
Sample S s ) ) ) = = o g )
= = s = =4 3 = o S = 3
w o = o F = o 5 & N
3 o -] @ ‘3
38MC 5-10cm (Tiwan) 9.1 10.9 6.5 17.3 6.8 19.2 3.6 1.9 1.9 8.2 14.7
38MC 15-20cm (Tiwan) 11 4.2 3.3 234 5.3 19.7 3.3 1.6 2.8 8.6 16.7
38MC 35-40cm (Tiwan) 6.2 10.5 10.3 24.5 2.4 245 2.2 0.4 3.1 2.6 131
126
GE24-38-MC a (5-6¢m) (wt%) 8.5 8.5
(Estonia) (Pragioctase) | 0 | (Plagioctase) | 10 | 48| 19 | 32 | (Micasiliteriite- 156 | 143
smectite)
10.1
GE24-38-MC b (37-40cm) (wt%) 7.2 7.2
(Estonia) (Plagioctase) | ® | (plagioctase) | 229 | 4| 222 | VT (Micasititesitite- 125 | 122
smectite)

Table 17. X-ray diffraction (XRD) results for the incubated sediment core MC-38 (before the experiment)
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Scanning Electron Microscopy (SEM) Observations

Scanning electron microscopy was used to investigate the morphology and elemental
composition of sediment particles. Observations included both terrestrial sediment
samples and materials derived from the water column or sea ice (Fig. 44).

Terrestrial Sediment Samples

Several terrestrial sediment samples were examined:

T16
This sample displayed strong biogenic characteristics, suggesting the presence of
biologically derived siliceous particles.

T18

The sample contained high concentrations of Si, Al, and Mg, together with smaller
amounts of Fe, Ca, and Na. The dominance of Si and Al suggests a mineral assemblage rich
in aluminosilicate minerals, likely associated with clay minerals or feldspars. The particles
showed a crushed texture, and the overall morphology indicated a predominantly non-
biogenic origin, although some elongated particles were observed.

T19
This sample contained abundant biogenic structures, including elongated silicate
particles resembling diatom fragments and spherical bodies resembling spore-like particles.

T20

The sample showed high concentrations of Si and Al, with aluminum occurring at
approximately twice the concentration of magnesium. This again suggests the dominance of
aluminosilicate minerals, with some contribution from magnesium silicates. The particles
were cohesive and fragmented, indicating possible physical weathering processes. Quartz
grains were also identified, and some areas appeared cemented, indicating locally
compacted material.

723

This sample also exhibited biogenic characteristics, including elongated siliceous
particles and spherical microstructures. The sediment particles appeared dispersed and
fragmented.

Fjord Sediment

The fjord sediment sample contained predominantly silicate particles, with high
concentrations of Si, O, and Al. Minor amounts of Ca, Mg, and K were also detected, along
with trace amounts of Fe and CLl. Biogenic particles were rare or sparsely distributed.
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Water Column and Ice-Associated Samples

Additional samples derived from the water column and ice environments were also
analyzed.

W78 (Water Column Sample)

This sample was highly dispersed and dominated by Si and O, indicating the presence of
silicate particles. Minor amounts of Na and Cl were detected, likely representing seawater
salt residues. Trace levels of Mg and Al were also observed.

Sea lce Sample

The sea ice sample contained abundant biogenic particles, including numerous
spherical bodies and siliceous structures. Elemental analysis showed high concentrations
of Si and O, with significant amounts of Al and Mg, and smaller amounts of K and Fe.

DustinlIce

The dust sample displayed more fragmented and crushed particles than the sea ice
sample. The elemental composition depicted high concentrations of Si and O, together with
elevated Al and K. Moderate amounts of Fe were also present. Compared with the other
samples, the dust particles showed a particularly high aluminum content.
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Tinag.

Figure 44. SEM images of terrestrial, water column, and ice-associated samples
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Post-experiment sediment

Post-Sediment Pore Water Analysis

As described in Table 12 in the section Post-Experiment Sediment Processing and Pore
Water Extraction, selected pore water (PW) samples were collected for IC analysis. The
results are presented as Ca/Cl ratios for each sampling position in Fig. 38, while the ratios of
the remaining ions relative to Cl are provided in the Supplementary Materials section.

Mineralogical Composition (XRD Results)

In the XRD analysis, LS (lower sandpack) and US (upper sandpack) represent incubated
sediments from incubator 1, while MC-38 corresponds to samples of the unincubated
sediment (Fig. 45). The results show no significant change in carbonate mineral content
before and after the experiment, but decrease in abundance of Ca-bearing silicate minerals.
Especially, anorthite and amphibole are depleted in the lower sandpack relative to both the
upper sandpack and the unincubated sediment (Fig. 45 and Table 18). This pattern indicates
that silicate mineral dissolution, rather than carbonates, buffers the induced acidification in
this experiment.
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Figure 45. XRD mineral abundance (after the experiment)
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38MC 35-40cm (Tiwan) 6.2 10.5 10.3 24.5 2.4 24.5 2.2 0.4 3.1 2.6 131
12.6
GE24-38-MC a (5-6¢cm) (wWt%) 8.5 8.5
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Table 18. X-ray diffraction (XRD) results for the incubated sediment core MC-38 (after the experiment)

Discussions and Conclusion

In the thesis, | show that sediments from Petermann Fjord have high potential to buffer
ocean pH even under foreseeable future ocean acidification.

pH and TA are closely linked through the carbonate system, but they represent
fundamentally different aspects of agqueous chemistry. pH reflects the concentration of
hydrogen ions (H*), while alkalinity represents the system's capacity to neutralize acids,
primarily controlled by carbonate species such as bicarbonate (HC0O3;™) and carbonate
(CO3%7) (Middelburg et al., 2024). The buffering capacity of the system can be defined as the
total quantity of cations released (not limited to Ca), expressed as:

_dc
~ d(pH)

where f is the buffering capacity, dC is the amount of acid or base added, and d(pH) is
the resulting change in pH. This relationship shows that systems with higher alkalinity exhibit

B

greater resistance to pH fluctuations.

Within carbonate systems, this relationship is controlled by equilibrium reactions such
as (Lerman & Mackenzie, 2018):

COZ + H20 - H2C03 g HC03_ + H*

CaCO3; + CO, + H,0 — Ca** + 2HCO3~

90



As CO, increases, pH decreases due to the formation of H* ions. At the same time, the
dissolution of carbonate minerals such as calcite and dolomite generates bicarbonate,
which increases alkalinity and enhances the buffering of the system.

In this study, controlled acidification of IAPSO seawater simulated ocean acidification
conditions. The continuous pH measurements show the imposed decrease in pH, while TA
data reveal the system's buffering response (van de Velde et al., 2025). This increase in TA
acts as a feedback mechanism, buffering the system and moderating further pH changes
(Renforth & Henderson, 2017).

The combined analysis of pH and TA demonstrates that ocean acidification conditions
were successfully reproduced under controlled laboratory settings. pH served as the primary
controlled variable, while TA reflected the system's geochemical response.

As is observable in Fig. 46, the highest TA values in incubator 1 were observed in the
bottom sandpack (SP1), where freshly acidified fluid first enters the system. At this stage, the
fluid is most chemically reactive, promoting intense carbonate/silicate dissolution and rapid
alkalinity generation. As the fluid moves upwards through the system, it becomes
progressively buffered, reducing its reactivity and limiting further carbonate/silicate
dissolution. Consequently, the upper sandpack (SP2) exhibits lower TAvalues, in some cases
approaching those of the control sandpacks. This demonstrates that buffering is not uniform
but dynamically controlled by flow-driven reaction history (Amiri et al., 2026).

Inincubator 2 (Fig. 46), the trend initially mirrors that of incubator 1 up to the midpoint of
the experiment. However, a notable shift occurs afterwards: the upper and lower sandpacks
appear to reverse roles, with the upper sandpack exhibiting higher TA values and the lower
showing reduced TA. The underlying cause of this reversal is uncertain. It may be related to
sediment heterogeneity, possibly due to fractures observed in the sandpacks upon post-
experimental inspection. As this behavior is not observed in incubator 1, it is unlikely to be
driven by system-wide factors such as pressure instability or other parameters common to
both incubators.
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Figure 46. Alkalinity/Clin incubators 1 and 2

But overall, disregarding this reversal, the TA plot reveals that sandpacks follow
consistent trends in pairs (Fig. 47):

e Upper sandpacks: SP2 & SP4
e Bottom sandpacks: SP1 & SP3

e Control sandpacks: SP5 & SP6
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This paired behavior, in sediment-containing sandpacks, reflects the influence of system
configuration, particularly the upward flow direction, sampling order, and the sequence of
fluid—sediment interaction.
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Figure 47. Alkalinity/Clin upper and bottom sandpacks

Another thing is that although samples are collected sequentially during a sampling
cycle (approximately 3.5 hours in total, with ~17 minutes per position), the numbering of
samples can be misleading when interpreted in a geochemical context. For example, what is
labeled “sample 1” may be perceived as the earliest or least-reacted sample; however, due
to the upward-flow configuration, this is not necessarily the case. In reality, the fluid reaching
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the upper sandpacks has already passed through and interacted with the lower sandpacks
prior to sampling. This means that, despite being collected earlier in the sequence, these
samples may represent fluid that has undergone more extensive geochemical reaction.

Therefore, the apparent order of sampling does not correspond to the reaction history of
the fluid. Instead, fluid composition is primarily controlled by its pathway through the
system. As acidic seawater flows upwards, it first reacts with sediments in the bottom
sandpacks, where dissolution is most intense, and then continues towards the upper
sandpacks in a progressively buffered state. Consequently, differences in TA and ion
concentrations between sandpacks are governed by reaction progress along the flow path
rather than the chronological order of sample collection within a sampling cycle.

In flow-through systems such as this, geochemical gradients naturally develop along the
flow path, with reaction intensity decreasing upwards as the fluid becomes progressively
buffered.

Comparing both pH and TA plot (Fig. 48) reveals that the initial fluctuation in pH (grey
shaded area) is most likely caused by system adjustment as a result of seawater flushing of
residual salts, as supported by a concurrent drop in Ca concentration (Fig. 36). This is
followed by a partial recovery in pH, indicating that buffering processes become active,
which suggests that the system is not passive.

In the first acidification scenario (inflow pH = 7.4, yellow shaded area), the increase in
pH following the initial drop coincides with arise in TA, indicating active buffering, most likely
driven by carbonate/silicate dissolution within the sediments. Despite the inflow being
acidified, the measured pH gradually increases over time rather than decreasing. This
counterintuitive behavior can only be explained by a buffering process, specifically
Carbonate/silicate dissolution from the sediments, which consumes acidity, releases
alkalinity, and raises pH. This provides the strongest evidence of buffering, particularly since
the control sandpacks do not exhibit this behavior (ie, no corresponding increase in TA). After
reaching a maximum value, pH begins to decline again, marking a transition towards steady-
state conditions. At this stage, the continuous input of acid starts to exceed the reaction rates
of mineral dissolution, leading to a gradual decrease in pH.

In the second acidification scenario (inflow pH = 6, orange shaded area), the system is
even pushed further. Carbonate/silicate dissolution continues to increase TA, but this
increase is not sufficient to counterbalance the higher acidity, leading to an overall decrease
in pH under sustained low-pH conditions. Although Carbonate/silicate dissolution remains
active and contributes to alkalinity production, it cannot keep pace with the continuous
protoninputdue to kinetic limitations. As a result, the system cannot fully buffer the imposed
acidity at these low pH levels. Under these conditions, proton supply exceeds the rate of

94



mineral dissolution, and the system's behavior becomes primarily controlled by reaction
kinetics rather than buffering.

Moreover, XRD analyses of the incubated core reveal no significant change in carbonate
mineral content before and after the experiment, whereas a measurable decrease is
observed in Ca-bearing silicate minerals. This pattern indicates that silicate mineral
dissolution, rather than carbonate dissolution, is the dominant process buffering the
induced acidification.

Taken together, these findings underscore the critical role of flow dynamics and
sediment-water interactions in shaping geochemical gradients within the system. The
results demonstrate that dissolution of Ca-bearing silicate minerals can substantially
enhance total alkalinity (TA) and contribute to pH stabilization, highlighting the importance
of sedimentary processes as a natural mitigation mechanism against ocean acidification.

However, the buffering capacity of the sediments is not unlimited. While effective under
moderate acidification, it weakens and may ultimately be overwhelmed under more intense
acidification scenarios. Nevertheless, sediments from Petermann Fjord demonstrate a clear
ability to buffer and mitigate ocean acidification under the conditions tested. The observed
gradual but persistent increase in TA throughout the experiment further indicates that Ca
release via mineral dissolution is an ongoing process. This continuous response suggests
that the system is dynamically adjusting towards a new geochemical equilibrium; however,
this adjustment remains kinetically constrained, with reaction rates limiting the speed and
extent of buffering.

Because the unincubated sediment was rich in carbonates, we expected carbonate
weathering to occur more rapidly than silicate weathering as carbonate minerals generally
exhibit faster dissolution kinetics. Previous work by Lehmann et al. (Lehmann et al., 2023)
shows that carbonate weathering typically dominates solute production due to its high
reactivity even in systems containing abundant silicate minerals. Based on this expectation,
carbonate phases were anticipated to show earlier or more pronounced alteration than
silicate minerals. However, our results do not support this assumption. No measurable
alteration of carbonate minerals was detected whereas clear weathering signatures were
observed in silicate phases specifically amphibole and anorthite. This suggests that, under
the specific hydrochemical conditions of our experiment and the Petermann Fjord setting,
silicate weathering happened earlier or was more detectable than carbonate dissolution.

This observation is consistent with findings from Liu et al. (Liu et al., 2012) who
demonstrated that Ca-feldspar dissolution can represent a major source of solutes in
Greenland meltwaters. Their results indicate that silicate weathering may contribute
significantly to geochemical fluxes in subglacial environments and in some cases may be
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comparable to or even exceed carbonate-derived solutes. This supports our interpretation
that silicate minerals can undergo measurable alteration even when carbonate phases
appear unreactive over similar timescales.

Urra’s study (Urra A, 2019) demonstrates that chemical weathering beneath the
Greenland Ice Sheet is often dominated by silicate mineral dissolution rather than carbonate
weathering. Unlike smaller glacial systems where carbonate dissolution can be dominant
due to its rapid kinetics the Greenland Ice Sheet is primarily underlain by carbonate-poor
crystalline bedrock which promotes silicate weathering pathways. Their study also highlights
that subglacial meltwaters are typically enriched in Na and K which are key indicators of
silicate mineral breakdown. In contrast, contributions of Ca and Mg from carbonates are
relatively limited in most catchments. In addition, longer subglacial water residence times in
large ice sheet systems can enhance silicate weathering despite its slower reaction rates,
allowing it to become the dominant geochemical process.

Finally, these findings support our experimental results from Petermann Fjord where
silicate minerals showed detectable alteration while carbonate phases remained
unchanged. This suggests that silicate weathering may play a more active or earlier role than
carbonate dissolution under the conditions simulated in our study, consistent with
observations from other Greenland Ice Sheet environments.
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Figure 48. Comparing pH and TA

Recommendations for Future Improvements

To improve data quality and reduce contamination in future experiments, several
procedural adjustments are recommended.

First, all sample containers, including IC vials, vial caps, incubation vials, and Falcon
tubes, should be thoroughly cleaned prior to use. Either Milli-Q rinsing or acid washing (using
nitric acid) is recommended. Experimental tests indicated that a significant portion of the
calcium contamination observed in blanks originated from insufficiently cleaned IC vials as
well as Falcon tubes. Initially, the contamination was attributed to potential issues with the
MQ water system; however, comparative tests confirmed that the primary source was the
vials and Falcon tubes themselves. Both MQ-rinsed and acid-washed vials were found to
effectively reduce background contamination and improve chromatogram quality.
Nevertheless, an overnight soaking step is strongly recommended to ensure thorough
cleaning and minimize residual contamination.

In addition, improved pressure regulation within the sandpack system is recommended.
More stable and controlled pressure conditions would enhance experimental consistency
and reduce potential variability in flow and sampling, ultimately leading to more reliable
results.
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IC dual analysis anions/cations — Checklist before run

[1] Wake up instrument /turn on oven (if necessary)

e [f the status lights on the autosampler and
pump
are orange, press the SLEEP button on both
parts

e Checkinthe RealtimeAnalysis software if the
oven is turned on (=yellow) and set to 40C. If
not, turn on the oven on via the Oven On
button in the software.

Valve 1 Status
&y |
oy

| \eo/

Valve 1 Name

A-Anion

OvenTemperature

[400 /40 |C

[2] Check that the suppressor is on.

e On the conductivity detector, press the
button twice until SUP 7 ON/OFF appears on
the screen and check that it says ON.

e If not, press 1 and confirm with

[COD-10A VP s e

URN OFF SUPPRESSOR,
FOR SILICA METHOD!!!

[3] Empty waste container (if necessary)

e Anion/cation eluent can be emptied into the
sink.

[4] Prepare and install eluent

e Nevertop off eluent, always make a new one.

e Use respective holder bottle for eluent cap
during change, wear gloves when touching
tubes/filters.

e Eluentbottles and dilution plasticware are
color-coded: red for cations, blue for
anions. Don’t mix!

e Dilute concentrate from R322 fridge:
1800ml MilliQ water + 200ml concentrate
(plastic measuring cylinder) directly in the
reservoir

e reset eluent level in software

e click the mobile phase icon, and reset the
level for Pump A and B in the respective tab
of the opening window

Pump A

785 mL
12mM NaHCO3 +0...

Pump B

809 ml
25mM C2H204
Pump C
389 ml
Water

[5] Change rinse water for autosampler (MilliQ)

4 Line holders |

Pump A PumpB PUmpC  Autosampler
Compasition Remaininglml] Capadity[ml] Reset

@ Mobile Phase A(A):  12mM NaHCO3 + 0.6mM NaZ 785 [ 2000 [a] ]

103




Make sure to fill the bottle sufficiently

[6] Prime & start pumps

On pump A and B: Open pump waste valve,
press purge button on pump. PURGING LINE
will show on the screen.

Close valve (hand-tight) when purging is
done.

Start pumps in software and check if
pressure is 50-52 bar for pump A and 35-37
for pump B. (check sample log for recent
values for your method)

[7] Purge autosampler

e Press purge button in the software

[8] Let system stabilize for at least one hour.
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IC dual anion/cation analysis — setting up a batch

In Realtime Analysis, click the a
QuickBatch Icon in the left taskbar k. A
or in the middle of the window. Quick Batch JY/ Guck Batch...
File New X
To do a standard run with a
calibration curve with appropriate (O New File
levels for anions and cations in © From Template
seawater/marine sediment, WVSAD ariors cations il 12 levels. |
choose From template and +::|SA2_anions_cations_cal_14_levels

SA2 anions_cations_cal _12_levels. SA3_anions_cations_cal_14_levels

|| Training template 1

Quick Batch
] — ] | K
Batch Setting R
MemndFig:I anion_cation_SA2_nezhia.lom 'i I = — — — — — p— Plate Type
(9)(19 ) (49)(69)(69)(79)(89)(99) Sample Rack S
Data File Name: (Auto Filename) LN AN - N 4 p
— —~ = < - Tray Name
Report: (JReport Output Y Settings... [(8)(18)(28 48) (68 )(68)(78)(88) (98 1 <>
7) 37)(47)(57)(67) (77)(87) (97) Sl
Sample Type:  [7] Unknown v 25 / pe= N = AR O I standard
\ [ Unknown
Sample Name:  MU4_C14 () Auto-increment(001,002,.. | (6 3 46 ) 76)(86)(96) °
N A A" Y s e O/ Control
Sample ID: () Auto-increment(001,002,.. |
R 5) 45) )(75)(85)(95) ot
S g A NI=[r[a)
4) 4) ( Sample Area Selecti
Vial umber: sat 14 3] - End 14 : 44 Ji(E ; 74)(84)(94 Al
jmtesctommes 1 43)(53)(63)(73)(83)(93) el B ‘
Injection: Repetitions 1 = Volume 500 uL =S === = ===
42)(62)(62)(72)(82)(92
31)(41)(61)(61)(71)(81)(91)
30 )(40)(50)(60)(70)(80)(90)
Batch Table AddRow | DeleteRow | Delete Al Rows Batch Queue
Folder: C:\LabSoluions\Data\2024-04
|_Editor Sample Name Sample Type | Method File. Leveltt Volume Data Comment
0 5 TSandardl) [ C\LsbSolions Data\Methods\anion cation SA2nezhla om T 500
1 L2 1:Standard C:\LabSoktions\Data \Methods \anion_cation_SA2_nezhla kom 2 500
2 V59_A3 1:Standard Cil _cation_SA2_nezhla jcm 3 500
3 V59_A4 rderd | ¢ \Data\Mh _cation_SA2_nezhlalem 4 500
5 4 IV59_AS :Standard C:\LabSolutions nezhlalem 5 500
6 5 1V59_A6 andard C\LabS Standard(l) nezhlalem 6 500
7 6 IV59_A7 andard C:\LabSol ne: lem 7. 500
g 7 V59_A8 andard C:\LabSokions nezhialom 500
£ B MU4_CS 1:Standard C 0 Standard  nezhlaom 500
s MU4_C1 T:Standard C\LabSoktions\D) _nezhlacm i 500
10 MU4_C1 1Standard C : Standard nezhlalom 1 500
i} MU4 C1. 1:Standard CL \ nezhlajcm 1 500
12 MU4_C1 1:Standard C\L A1 nezhla lem 1 500
13 [MUaCl T:Sandard CL CIOSR2_nezhla lom 1 500

|7|ILngJ Can:dl Help

[1] | Click onthe Save a:. 4 on and save the batch in the current month’s folder
(YYYYY-MM), using the name format YYYYMMDD_operator_analysistype_sampleset, €.8.
202503011_Julia_an_cat_Baltic_porewater.
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(2]

Check settings for the run: Method File — make sure it is an anion/cation method
and for the right type of vials (matching the rack shown in the quick batch), the
current standard method is anion_cation_SA2-nezhla.lcm; Data File Name —
(AutoFilename)

(3]

Now write for each sample after each other

e  Sample type: Unknown (=sample), Standard (standard used for calibration), control (blank or working
standard, not used for calibration)

e  Sample name: use a short but still identifiable name (check autoincrement if you add several
samples atonce, e.g. S_001, S_002,...)

e Note: The automatic filename will be created from the batch name plus SampleName plus the running
number of the sample in the current batch run e.g. 2025031 1_Julia_an_cat_Baltic_porewater_S1_01.

e  Sample Tray: 1 (no need to change)

. Vial Number: note that the vial counting starts with 0. The vial number on the (physical) sample rack is
located on the bottom left of the vial. The software automatically moves on to the next free vial, the
overview on the right shows you the samples/standards that you already entered in the color of the
respective type (Unknown, s )-

o Number of samples: usually 1, unless you enter several ones at the same time and use autoincrement for
names

o Repetitions: you can choose to do replicate measurements of your samples from the same vial (2 for 1.5ml
vials, more for 4ml, depending on filling height), but consider to rather spread out replicates (e.g. run
$1,82,S3, S1, §2,S3, §1,S2,S3 instead of S1,51,51,52,S52,52,S3,S3,S3 to avoid any bias due to potential
instrument drift etc. during the run.

o Volume: 500ulis the standard injection.

[4]

After entering all information for the current sample, click Add to Batch Table [4]
and one line (or several lines in case of repetitions) will show up in the Batch Table
[5]. You can also make edits or add/delete rows in the Batch Table after adding your
sample.

(6]

One edit you have to make when using the calibration curve template is adding
more standards sets:

The template has one set of the calibration curve at the beginning, add one set at
the end and one in the middle of your run.

Note that the Sample Type of the first standard has to be Standard(l) [=initialize
calibration curve], all other standards are Sample Type Standard [=add calibration
level]. Anions and cations are one calibration curve, so only the first anion standard
is Standard(l), all cation standards are type Add standard.

You can either do that here in the QuickBatch or change to the RealtimeBatch view
(see point 8).

Right-click on the row where you want to place the standards, choose InsertRow
and repeat until you have enough rows. Mark the standard rows, right-click and
choose CopyRow and then PasteRow in the new empty lines.

[7]

After adding all your samples and making necessary edits, save 2 batchwith and
either click Start to start directly or Cancel to start the batch at a later time.
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(8]

(Optional) To make edits and start the batch from the RealTimeBatch mode:
go to RealtimeBatch, either by double-clicking on the icon in the left taskbar or by
changing to the tab below the instrument status.

94 Data Acouisi | #: Restime 8 _ |

[8b]

In the RealtimeBatch view, open your batch using File 2 Open in the top taskbar.
Make any necessary edits and check if all is correct.

[8c]

-]
Start the batch using the icon in thefEE¥bar: o+ theleftor inthetop taskbar.

[11]

Since you have several sets of standards distributed over the batch, the software will ask you
Standard(l) is not specified. Do you specify Standard(l)? several times. The answer is always No.

[12]

Before starting the batch, the Shutdown window
will pop-up, asking you to decide on the instrument
state after the end of the run.
Choose

- Degassing Unit Off

- LC Pump Off

(important to not run out of eluent after the run)
- LC detector off

) Power Off after shutdown

Confirm with OK to start batch.
C= ][ o e

[12]

You can follow the acquisition progress and batch progress in the DataAcquisition
tab.

The function BatchQueue (top taskbar -
Acquisition = BatchQueue) shows you

782mL

the estimated time and eluent use for your
run.

[13]

Write all relevant parameters of your run in the excel file Sample log
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(in folder C://LabSolutions/_Documentation/, should be open on-screen) and save
it.
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IC dual analysis anions/cations - Quantification and Calibi @ @

After your analySiS run Open the ’\,]] LabSolutions Main (System Administrator) - O X
)

File View Window Help

PostRun part of LabSolutions:

@ ?

=» Go tothe LabSolutions Start
Window and chose Postrun on

the left side, and then Postrun in It rimerts

the middle of the window again.

Data Analysis Tools

Step 1: VISUAL CHECK AND QUANTIFICATION METHOD

[1] | Startinthetab DataAnalysis

= Ddakldysisl !;?

Data Analysis

2] Start by looking at an anion standard (IV59): double click on the in the file explorer or

drag it to the data analysis window.

@ & S istraton - [Data Analys - 20350630, Nezhla, SA2 Avi Cat IVS_M_18icd
{cliEle Edt Yiew Method Layout Tools Window Help tOp taskbar
36 % ok BR[O 7 e AL R B 1| Sample- and
lx A= — d -
[ wan | |Fodes CDD=TOA=conductivity detector g D Crromalogram Vien anatysisimfo
e thod File Name]
Data Analysis Data folder (YYYY-MM): ussem vanbiersy 23 BSST
{00 1A ca] Tie 0808 Tten .00 Laention
Filename choose from list or click open 26 o 4 | [0rignel Method Fie Name]
1 20250630, Nezhla SA2 Ani_Cat VS9_AB.22 svmbo* /\ /\U g N ,é chromatcjgram channe/li(amons) A N
L L £ 4 . . 5 € "
7% i 3 & 52 Hare]
f % veg_aa
2
[2 ) 2o 30 ra <o €0 70 Ee) %0 100 1o 120 150 140 150 160 170 180 w0 md [5anpk D]
o) B M itensty - 1.031,34
= e ™ ¥ {acquied by|
Tzuzsossn),mem oot T ) Tre 0948 m System Admrist slor
8 20250630 Nezhla, — ‘\
i3 200506 2] Dato pouted]
2060 Nt 542 9 | { ‘ | = . L anan
13 20250630, Nezhla SA2 \ / 1\ Chromatogram channel 2 (cations)
(8 20250630 Nezhla 542, o o ~ Sl S\ o % [Senel Type)
5 — B = T Contict
13 20250630_Nezhia, o \,
8 20250630 Nezhla, 10 20 £ £ 50 €0 70 [ 50 o o 120 130 1o 180 160 1o 180 Mo e [Comment]
2 20250630_Nezhta, X
13 20250630_Nezhlo_ (] T & Resuts View - Compound Table T O MahodView- Compound T Tl B
B PeakTable Compound Group Calbration Curve Integraton Identfication Quanttatve Compound Group Performance Custom QC Check Retenton Index
L.: o# Nome | Ret. Time Area Helght Conc. Unat. Poakti || 1D# Channel| Ret. T{ Conc.(1) | Con | Con| Con| Conc.(7] Conc| Conc.(3)| Conc.(10f Conc.(11) | Conc.(12)|Conc (13C:
ALt F 3597|_ 21971] _ 7332]  0000|mo/L__[COD-TOA-Ghl_| EE| 01 281/212[559 106 [ 264 | 526.23| 1055 | Mo Used | Nt Used | Mot Usod | Mot Used Tt Usod| &
o 20N Lo WS o 5453 15603]  1430] 0000[umoUL_[CODGA-Ont 54551 O[ 15(11.3] 30/569] 141 | 263095654 Not Used | Not Used | Not Used | o Used Nt Used | &
2 20250630 Nezhla SA2 Ani Cat IVS9 A3 03 WOz | 6296 9585] 767] 0000 oL [COD-10A-On1 6257 0[.16[877[23.11438 105 | 218.164357] Net Used | Net Used | ot Used | Nt Use | Nt Used | &
[ 53| 6664|  45|  0000/umoL_|COD-TA-Gnl 75%] 0[067505(133252/698] 12562608 Nk Used | Nt Used | Mot Used | ot Used | it Usod | &
o [NO3- 8.485 8663 534, 0.000[umol/L_ [CDD-10A-Cnt 8487 0] 0.86(651[17.11325 811/ 161.86/323.2 Nok Used | Not Used | Not Used | Not Used | Not Used|
Max ntensty Date Aoqured: FO4- [ 11960]  3960]  161]  OO00[moll _[CDD-10A-Chi NS 0[056[425[11.2121.2]529] _10568]2110] Not Used| Not Used| ot Used| Not Used]| Not Used [ K
g ot 06 14547 11049 410] 0000 /umolL__[COD-TOA-Grl 14 561 0[056[ £2110] 21]523 1047|2086 Not Used | Not Used | Mot Used | Nt Used | Nt Used |
Level 2 Na 4 370509 33649 0.000 | umol/L. COD-10A - Cn2 3952| Mot Used | Not [Not [Not ' Not | Not ‘Not Used [Not U 47 9| 243 474 839
Sampie Name. 5.021 187143 1777 0.000[umol/L __|CDD-10A-Ch2 4941 Not Used | Not [Not [Not "Not | Not Not Used [Not U 28 53 143] 279 528
Sample ID: 0 Nopedks T1.821| Mok Used | Not [Nt [Not | Not | Not |Nok Used ot U] 45 85| 2 23] 85
Commet: 16.219] Mot Used | Not [Not [Not | Not | Not [Not Used |Not U 27| 52| 139 272 516
Result View Method View table
| Comparison |

] <o 100

[cawraton | | R[S ol 0t poe cammm
Toggle between type of files listed

u [EE

|z,

chromatograms, methods, batches,

[8] | Checkifthe peaksinchannel 1
look comparable to those on
the standard diagram.
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uslem
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Water dip o8 ‘ 8‘ i o
00 from injection j\¢ /\¢/<¢, & i v _ao ¥ /-%\ v
: T T L T T
. F__ClL NO, Br NOs PO, SO,
T T T T T T T T
10 20 30 a0 50 0

) R T R R R )

[4] | The ResultViewtable on the left shows you the retention times, areas and concentrations
of the peaks in your run and as which compounds the method identified it (based on the

settings in the run method), while the MethodView table on the right shows you the

settings in the method (here tab Compound for both).

D ¢ Resulls View - Compound Table [6 B Method View - Compound T able SaView | # Edt
Peak Table ll Compoundll Group ~ Calibration Curve Integration Identification Quantitative fiCompound ll Group Performance Custom QC Check Retention Index

ID# Channel 5 Conc. [ Unit | _1D# | Name Channel _ il Conc.(1)| Con| Con| Con|Conc. (7] Conc| Conc..(9)| Cone..(10] Conc (1) | Conc (12) | Cone (12

F- [COD-10A-Gn1 2332|0000 [umol/L 3 [CDD-10A-Ch1 3539 2.81|212559| 106. | 264.|_528.23 | 1055 | Not Used | Not Used | Not Used | Mot Used | Not Used

G- ICDD-10A -Chi 1430 0.000 | mol/L a- CDD-10A -Ch1 5.455) | 15[11.3] 30[56.9|141.] 283.09/565.4| Not Used| Not Used| NotUsed| NotUsed| Not Used

[NO2- ICOD-10A -Ch1 767| 0.000 |ymol/L [NO2- CDD-10A - Ch1 6.297 11.16/8.77/23.1{438/ 109.| 218.16/435.7| Not Used| Not Used| NotUsed| NotUsed| Not Used

Br- ICOD-10A - Chi 456| 0.000 | mol/L Br- CDD-10A - Ch1 7.535) 0]/ 067]5.05/13.3{25.2/6.94| 1256/250.8| Not Used| Not Used| NotUsed| NotUsed| Not Used

WNO3 COD-10A-Ch1 663 | 534 0.000 | umol/! [NO3- CDD-10A -Ch1 8487 1 0.86(6.51/117.1/132.5/81.1| 161.86/3232| Not Used| Not Used | Not Use Not Used | Not Used

| [ CDD-10A-Ch1 161 0.000 | pmol/1 PO4- CDD-10A -Ch1 11.973) 1 0.56/4.25{11.2/21.2|1529| 105.68{211.0| Not Used | Not Used | Not Usex Not Used | Not Used

CDD-10A-Ch1 410 0.000 [umol/L 4 CDD-10A -Ch1 14 561 1056[ 42/11.0] 21/523] 104.47|208.6| Not Used| Not Used| Not Used Not Used | Not Used

2+ CDD-10A-Ch2 M9BY 370509 39849)  0.000)umoll _ | [8 i DD-10A-Ch2 Not Used | Not |Not [Not | Not | Not |Not Used Not U 47 3 2% 474|898

- DD-10A-Ch2_ 5021 17779| _ 0.000 umol/ S K DD-10A-Ch2 6 Not Used | Not [Not [Not | Not | Not [Not Used [Not U 28( 53] 14 279 528

[10  WNopeakisdetected. == === == 10 Mg DD-10A-Ch2 Not Used | Not [Not |Not | Not | Not [Not Used [Not U 45| 85| 2 438 8§

il a DD-10A-Ch2 | 16.717] 8456] 183]_0.000[umol/L 11 Ca DD-10A-Ch2 | 16.213) Not Used| Not |Not |Not | Not | Not |Not Used |Not U 27 52 129 272 516

] [

Result View Method View table

(5]

Click through the Result View table to check if all anion peaks are identified correctly
and peak sizes/shapes seem reasonable (ignore the cation peaks for now).

(6]

Update the retention times of your anion peaks
(usually there should be no large deviations from the
standard_run times): click on the Method View
Table and copy the anion part of the retention time
column from Results View Table into the Method View
Table.

wne.(4) Conc

131.5801 2
78.351
54.3413 i
31.2875 {
403134 i
26.3241 4
26.0277| 5

[7]

Click View to freeze the compound table, then save
the new parameters in a quantification method: In the
top taskbar, go to File > Save Method as and save it
as YYYYMMDD quant in the same folder as your
data.

3 Postrun Analysis (System Administrator) - [Data Analysis -
|l Eite] Edit View Method Layout Tools Window Hel
4 ¥ Open DataFile.

% Close Data File
T | SaveDataFile
Da i3 SaveData File As..

% Save Data and Method File
[} 77 Load Method Parameters.
3 Saye Method As..

Ctil+0

Ctriss

(8]

Now open a cation standard (MU4): double click on th
to the data analysis window.

e

in the file explorer or drag it
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T Postrun Analysis (System Administrator) - [Data Analysis - 20250630 Nezhia SA2 Ani Cat MU4_C12 12kd]

o X
il Fle Edt View Method Layout Tooks Window Help 1ol
vin & B0 > fr P
iz
Folder: Q@ | [ ChomaogamView
[Method Fie Mame]
C:LabSoltors Data\202506 usten Mo ntensey - 10,821
i [CO0-T0A Chi, 3 7 Tme 0365 ien. 000 R0 o
N g g, . 0ignal Methed Fik Name]
I ¥ ™ e | 2206 ancn_cs Nehia
chromatogram channel 1 (anions)
254 [Sampie Name|
MU4C12
g [sangie D]
oo 1o 2o 0 4o S0 €0 7o 80 90 185 s 136 16 e  @e Wo  We W6 6o Hs 25 ma
em Vaxitensty 998648 [hcquiedby]
TO0-T0E ThY T 3 & L Siioni Atmrishelct
\ LA St = Date Acured)
159 | " ate Accyi
A | saiima ¥ | savamssa0r
25 Chromatogram channel 2 (cations) BamebTwel
[ 20250630, Nezhla SA2 / X % [Camment]
[ 20250630 Nezhla_SA2 Ani_Cat_VS9_A1_15 010 2o 30 49 80 60 70 80 89 168 18 136 138 W0 180 188 178 188 180 20 210  mn
3 20250630 Nezhls_SA2_Ani_Cat MU4 C14 14 B & Aseuls View - Compound Tabe 5 O MerodView  Compaund Tabk EaView (@ Edt
2 20250630_Nezhla_SA2_Ani_Cat_MU4_C13_13 | oo - e Coapousd oo -
R oo B a2 A Gk M G2 R2 peakT: mpound Goup_Calbration Curve Integratondentficaton _Quanttatve Grouw _performance Custom_GC Check_ Retention index
[ 20250630 Nezhla_SA2_Ani_Cat MU4 C11.11 Aca L ol :’ Con| 0-5;)3 C;;: l‘;mum [ Conc (1 0;:::: c«:b!n c.‘u;(:d
| 20250630_Nezhl_SA2_Ani_Cat MU4_C10_10 5 5 | 0 263 ]
11220250630 Nezhle 542 Ani Cat MUS €8 09 ) 218 161435
- |CDD1_| 7535 0] 067/5051133[252[654| 1256/2508]
[NOT_(CDD1 | 8487 0] 086[651/17.1/325] 11| 1616[ 323.2] Net Uned
s o A e o R ]
Sample Type: 504 [COD-1 [ 14561| 0| 056| £2(110| 21[523| 104.47|2086| Not Used |
Leve [Nas 1COD-1 | 3.952| Mot Uoed| Mot Us [Not [Not | Mot | Nt [Nck Used [lot U 47,
Sarphe Name K CDD-1 4941] Not Used | Not Us [Not [Not [Not | Not [Not Used [Not U’
Sampls ID: | 276064 T 0 Mg [CDD-1 | 11821 ot Used| Nt Us [Not [Not | Net | Mot |Nok Used [Not U]
Comment: 16643 181412 ) 1 Co~1COD1T [ 16.219] Mot Used | Not Us [Not [Not | Not | Not [Not Used [Not U

o o 100
Comparison M EES)

dit View Method Layout Tools Window Help
pen Data File... Ctrl+0
Close Data File

Load the quantification method you .
[9] | just made based on the anion standard: -
File - Load Method Parameters 0z
(YYYYMMDD_quant)

Save Data File Ctrl+S
Save Data File As...
Save Data and Method File

[ Load Method Parameters...
%] Save Method As...

[9] | Checkifthe peaksinchannel 2 look
compa-rable to those on the standard
diagram.

s

e

i
T E R A A

Mg

B R AR IR T PR 1

Result View Method View table

(10]

T & Resuls View - Compound Table B ¢ Method View - Compound T able 63 Viewl| ? Edit
Peak Table fJComoound BGroup  Calibration Curve Integration ificatic Q
IDH_| Name Channel | Ret. Time Channel onc(12)
Ig_ 5 ;13:2 gzg—— Eggtg: : : eed T Postrun Analysis (System Administrator) - [Data Analysis -
E NO2- CDD-10A-Ct 62% CDD-10A-Ch1 jot Use sed {l{Fite] Edt View Method Layout Tools Window Hel
|4 Br- CDD-10A-Ct 7534 CDD-10A-Ch1 lot Usex lsed 4 ¥ Qpen Data File... [
E NO3- CDD-10A-Cr 485 D-104-Ch1 6 ot Use ised 1% Close Data ile
PO: CDD-10A-Ct 1.960] 386K 3 D-10A-Ch1 ).5614.25/11.2]2 ot Used | Not Used kA Save Data File Cutes
7 5 COD-10A-Ct 11049 7 E DD-10A - 6| 42(110] 2 ot Used | Not Usec Sl Sove Dot i .
E Foo-10A-C X 370509 X E . 108 - Mot Used | Not |Not [Not | Not | Not 7. 89, 4
0D-10A-Ch2 021 187143 17779] 0000 umol/L E K 541)8 Not Used | Not [Not [Not | Not | Not 7. 2
[10 s detected 110 Mg 11.821 Mot Used ot _[Not | Not | Not 44. 8!
il a DD-10A -Ch2 16.717] 8456] 183 0.000 [mol/L. |11 Ca Not Used | Not [Not [Not | Not | Not 27. 51
[

Repeat steps [4] - [7] with the cation peaks: check peak identification, copy and save
retention times and save method (same name as before)

[11]
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B <> Method View - Compound Table 6dView [@ Edit
Integration Identification Quantitative Compound Group Performance Custom QC Check ~Retention Index

ID# | Name| Channel| Ret. Time | Conc_(1)| Conc.(2) | Conc.(3)] Conc.(4) |Conc.(5)] Conc.(| Conc.(7) | Conc.(|Conc.(9)| Conc.(10) | Conc.(11)| Conc.(12)| Conc.(13) | Conc.(14)
F- CDD-1 4024 0 281 21.24 55.99 1062| 2647 528.23|1055.02| Not Used| MNot Used| NotUsed| NotUsed| NotUsed| Not Used
Cl- CDD-1 5.626 0 15 11.3¢ 30 56.91| 141.86 283.09| 565.4| NotUsed| NotUsed| NotUsed| NotUsed| NotUsed| Not Used
NO2- |CDD-1 6.519 0 1.16 8.77 23.12 43.86] 109.32 218.16| 435.71| Not Used| NotUsed| NotUsed| NotUsed| NotUsed| Not Used
Br- CDD-1 7.827 67 5.05 1331 2525 6.94 125.6| 250.87) Not Used| Not Used| NotUsed| NotUsed| NotUsed| Not Used
NO3- |CDD-1 8.848 86 6.51 17.16 3254| 8111 161.86| 323.28| Not Used| Not Used| NotUsed| NotUsed| Mot Used| Not Used
PO4- |CDD-1 12.000 .56 425 12| 2125| 5296 105.68| 211.07) Not Used| MNotUsed| NotUsed| MNotUsed| NotUsed| Not Used
7 S04- |CDD-1 14.500 56 42 11.07 21| 5235 104.47| 208.65| Not Used| Not Usex Not Usex Not Used |  Not Used Not Used
8 Na+ |CDD-’ 3.95; lot Used Not Used | Not Usex lot Used |Not Used |Not Use lot Used | Not Use 47 24. 474 89. 904.1
9 CDD- 494 lot Used |  Not Used | Not Usex lot Used |Not Used |Not Use lot Used | Not Use 28 5. 14, 279 524 531.6
10 Mg |CDD- 11.82 lot Used |  Not Used | Not Usex lot Used |Not Used |Not Use ot Used | Not Use 45 8! 2 448 8 855.2
11 |Ca CDD- 16.21 lot Used |  Not Used | Not Used lot Used [Not Used |Not Use jot Used | Not Use 27 5. 13 272 51 5186

Note that the concentration in the method view table are based on the dilutions of the
standards as specified in the notes for Standard preparation. If you have used different
dilutions or want to adjust the concentration of the standards based on your individual
dilutions (e.g. weighing check), do that here in the Method View table. Remember to

save the method after that!!

[12]

Normally you do not have to change any other
method parameters. However, if your salt level in
the samples is high, you might get in the range
where the Na/Cl-calibration curve gets non-linear
(peak areas >300 000, ca 300uM Cl). In this case
create a second quantification method be used
for Na/Cl concentration.

After all other adjustments to the method and
saving it, go to tab Quantification in the MethodView
table, click and change the Curve Fit Type from
Linear to Quadratic. Click View and save the (2"
method as (YYYYMMDD_quant_2).

B <> Method View - Quantitative Parameters

| 7 T

Integration Identification Compound Group Performance Custom QCCheck Retention Index

Quantitative Method: (i ol
External Standard ¥ )
() Format of Concentration

Calculated by: Oarea  OHeight Decimal Digits () Significant

Calibration Curve z Dig

#ofCal. Levels: 14 = (sample Information. ..

Curve Fit Type: Grouping Type:

Not Used v

Zero: Force Through v

Weighting Method:  None v

[Joffset Correction: 1 3

X Axis Calb. Curve: (O Conc. © Area/Height

Step 2: POSTRUN BATCH

(1]

Once you have saved your quantification method, proceed to the Postrun Batch tab (via

Posirun Baich
tab or taskbar) to apply these changes to all files in the run. M

- File Edit View Batch Jools Window Help

oo EROEE 7 1w esn==:5[] [3]
= =
Folder: g | fec 2202305
Postrun | Vialt? | Tray Name | Sample Name | Sample ID | ini_ Volume || Sample Type || Levelts Method File Data File
G abscksione\Dwia \a023 09 it i i blank 82 Control 0 65\20230529_quantlm || 20230525 blank _011cd
= z T V535 1000 _Td [ 3 W 62120230525 quant lom | 5524 x1000_1 Oticd |
Modifi 2 1 [V5%atd_x1000_14d T:Standard 1 ds\20230929_quantlom ||| 5%td x1000_1yd_02kcd
820230928 Thea_samples_Asko_quant I[2}Dz;-v 2 1 i - ETm s ar s iod
1 20230926_Thes_samples_Asko 023-1 : ! e T 3
— - 2023-0° 2 i |IV59std_x1000_54 1:Standard | d2\20230929_guantiom ||| 59td_x1000_54_06icd
 Julia_std_check 2023-0 2 i |V59std_x1000_104 20230925 1§73 Standerd | 65\20230929_quantiom §| 9std_x1000_104_07scd
g~ 2023-0 2 ] 1V59std _x1000_10 20230525 17 Standard 05120230329 quantlom_| | Sstd_x1000_104_08cd
iy S5 2 T [1V59std 1000_104 20230925 1 : 120230525 _quant lom_| 53
E— 2 2 1 11V5Sstd_x1000_25u 20230525 2 \20230829_guant lcm
'_course_Aské_samples_quant 2023-0 2 1 [V59std_x1000_25 20230925 201 Standard_ 4" ds\20230929_quant lcm
_course_Asko_samples 2023-0 2 1 1V59std_x1000_2501 20230925 2§71 Standar 4 65\20230329_quantlcm || Setd_x1000_25u_02icd
iR e thes 20230 2 ] [1V59std_x1000_50,4 20230929 5 1:Standara 5 62\20230829_quanticm || S=d_x1000_504_011cd
V27 ] 2 1 [1V59std 1000_50,4 20230929 5§ 7:Standard & 85\20230929_quantom || 9etd_x1000_50d_02icd
-std_chec 2 ] 20230925 5§ 1:Stendard = 65120230525 _quantlom
11 20230920 Julie_calcurve_quant 2023-0 2 1 20230929 7§ 1:Standard € 6s120230329_quant lom
1 20230920_Julia_calcurve 2023-0° 2 1 20230529 7§ 1:Standarc @ ds\20230525_guant lcm
£20230920_Jul Shad 2023- 2 1 20230929 74 1:Standerd €] 6\20230929_quantlom
120;3‘79'03 sk check 0230 2 1 20230529 7ol 1-Siandard 7 6\20230529_quantlem
£)20230919_Julia_Baltic_testsample 2023-0 3 i 20230525 O -Siendard m 3 52120230525, quart lom ||
curve_Battic_testsample_quant 2023-0 2 1 20230928 10§ 1:Standard 7| 80\20230828_quantlom
curve_Battic_testsample 20230 : 1 VS <100 2205 1S Y 020528 oo J 5500 100, 1 10
1 1V59std_x1000_1ud 1 Standard [ _auant lem 0 x1000_1_11icd
i 20250918 Jula_check RY 229 2 T [1VS38d_x1000_ 1 20230925 e 1 65120230529 quantlom | | 5% x1000_14_12)cd
(4120230914 Julia_calcurve_Halland_semples 2023-0° 3 1 |S1_x100_104 20230928 70 0:Uniknown 0l ds\20230825_quanticm || 9_S1_x100_104_13cd

(2]
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Open the batch from your run (doubleclick in file explorer) and save it as
batchname_quantin the same folder.

(3]

Replace the run method by your

(4]

Check your standards in the batch: all standards to be used for calibration should have
Sample Type Standard, and only the first standard should have sample type Standard(l) [=
initialize calibration curve] (only first standard in batch, no matter if anion/cation)

(5]

Start the batch run (maybe you will have to close some open file in the Data Analysis tab —
if you get software message “The file is read closed”))

(6]

If you get the question (several times) “Do you specify Standard(l)?”, answer with no.

(7]

If you created a 2" method for high Na/Cl concentrations, you will have to run the batch a
second time with this method. In this case, it is best to create a second batch file
(_quant2). When exporting results (step 4), make sure the batch creating the correct results
has been run last (parameters applied to same data files)

Step 3: CALIBRATION

(1]

To check the calibration curves for your run, go to tab Calibration Curve

(via tab or taskbar) Ly Calibration ...

(2]

Open your quantification method YYYYMMDD_quant (from the file explorer, tab =, thod)

ikiok il

(3]

The method contains one calibration curve per anion/cation: ID 1-7 are anions (F, Cl,
NO2, Br, NO3, PO,4, SO,) and ID 8-11 are cations (Na, K, Mg, Ca). The table below the curve
shows only the levels used for the respective compound.
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38 Postrn Ay Byston Admatrator - Cobration Cove - 20230526 aion_a_Neahia o]
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Check the quality of your calibration curve
It should be linear, with an R2>0.99

RSD for each level should be <3 % (lowest level plus PO4 can be a bit higher)

In case the salt levels of your samples are in a range the Cl/Na calibration is non-linear and you have
created a second quantification method in step 2 ( YYYYMMDD_quant)and run the postrun batch (step 3),
your calibration curve for Cl will look like that. The same quality criteria as for the linear curve apply, but the
quadratic fit will not work as well for the other compounds, so feel free to ignore the remaining curves.

[4]

O Calbwaton Curve View @ Compound O Grow —
2 - L]
Ye=aX"2+bXec
Cone 2=-1 75335010
| brooessoa
0
ss¢ R°2» 09999408
R =0.999704
RSS = 16641226+001
00§
Extemal Standard
Calb Curve Quadiaic
o] = Zero Force Theough
Weght None
/ Offset Comection OF
4004
s Mean RF : 7.150030e-004
/ RF SD: 2851773004
350 RF RSD - 39884762
g Date Processed - 6/10/2025 12437 PM
300
2504
2004
7
150 .//
7
100 /
S04
100000 200000 300000 400000 S00000 600000 700000 Area
Level| Conc Mean Aca SD ZRSD. Arcal Aa2 —
] 1938 | 16804550002 FRAECIT] | 518
15 2015 1.953506e+001 | 0969435 2001 2029
] 13100] _78381876+001 | 059325 13085 13156
) 243791 72610002002 0502081 34257 34501
EXl 64576 3 87047204002 0539365 64303 64850
14185 763635 9 32042204002 0552638 167978, 163294
.09 358312|30845036+003 0860843 356131 360453
8 %654 786131 44661096003 0570011 7803581 786671
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Step 4: EXPORT DATA ()

{4l LabSolutions Main (System Administrator) - (] X
=> Switch to LabSolutions Browser: e
Data Analysis Tools
[1] Go to the LabSolutions start window and Ly '
chose Postrun on the left side, and then Iebrumerts
Browser in the middle of the window.

[2] | Inthe left taskbar, chose QuantBrowser. Ill','i
[3]

15 Browser (Sysedlle 4 R - o x

JiBEe £dt iew Method Process Data Layout Jooks Window Help

2 ) [Daad 7 |pescera Y@aivedlw
e e T e e e Yo

Go to the correct data folder, double-click on your postrun batch to open it in the browser

(you might need to close the batch or individual files in Postrun)
[4] | Right-click on the table and click on DataType A

from the menu to chose what to display and Cory e

export (samples, standards, all data) CopyntieTgle L e

Select All }8::3 |
Eull Path 89.6

[4] | To export your data to excel, go to File 2>

Export Quantitative Results in the taskbar
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Q Browser (System Administrator) - [Quant Browser - 20250609_qu
i@.ﬁila: Edit View Method Process Data Layout Tools Wi

H | New Methed File Ctri+N
¥ Open Method File... Ctrl+0

* Close Method File
UL-' Save Method File Ctrl+S

) Save Method File As...

Load from Batch File...
Close All Data Files

| Export Quantitative Results...

Export Quantitative Result(ASCIl Conversion) b4

[5] | Inthe menu that opens, chose the following
settings:

Export to
(®) Copy to Clipboard
O Output File:

Items to Output
O Al Ttems (®) summary outputitems | Conc. v
(D) Items Displayed on the Screen

IDs to Output
@ Al IDs
() Designate IDs:
Delimiter
Tab ~

ot | [ e

[6] | Open an excel file in the export folder, paste
in the reSUltS and save it as » ThisPC » Local Disk(C:) » LabSolutions » Data » ExcelExport »
YYYYMMDD_yourname_batchname_identfier.

[7] | Remember to multiply your results with the dilution factor used and consider saving relevant
metadata (calibration data, comments on the run etc) in the excel file.

Never blindly trust the numbers in the exported file, always take your time to take a look at the
chromatograms as well and double-check if peaks are correctly identified and well-integrated,
that peak shapes are good and results seems reasonable with respect to the visual peak size.
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Fig. 36. lon concentrations by position over time with outliers
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Figure 36. lon concentrations by position over time
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Fig. 38. The lon/Cl ratios for all major ions at different positions
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® S04/Cl Pre-IAPSO
140



2- Sodium (Na*)

0.900

0.890

0.880

0.870

0.860

0.850

Conc. (umole/kg of water)

0.840

0.830

0.900

0.890

0.880

0.870

0.860

0.850

0.840

Conc. (umole/kg of water)

0.830

0 20

s o

0 20

40

40

Na/Cl (SP2)

60 80
Number of sampling days

100

Na/Cl (SP1)

60 80
Number of sampling days

121

100

120

120

Na/Cl_SP6

—o—Na/Cl_SP2
® Na/Cl Post-PW
® Na/Cl Pre-IAPSO

140
Na/Cl_SP5
—@—Na/Cl_SP1
® Na/Cl Post-PW
® Na/Cl Pre-IAPSO
140



0.900

0.890

0.880

0.870

0.860

0.850

Conc. (umole/kg of water)

0.840

0.830

0.900

0.890

0.880

0.870

0.860

0.850

0.840

Conc. (umole/kg of water)

0.830

NP

0 20

S

40

40

Na/Cl (SP4)

60 80 100
Number of sampling days
Na/Cl (SP3)

60 80
Number of sampling days

122

100

120

120

Na/Cl_SP6
—o— Na/Cl_SP4
® Na/Cl Post-Pw
® Na/Cl Pre-IAPSO

140
Na/Cl_SP5
—0—Na/Cl_SP3
® Na/Cl Post-PW
® Na/Cl Pre-IAPSO
140



3- Potassium (K™)

0.040
0.035
0.030
0.025
0.020

0.015

Conc. (umole/kg of water)

0.010

0.040

0.035

0.030

0.025

0.020 o

0.015

Conc. (umole/kg of water)

0.010

0.040

0.035

0.030

0.025

0.020 e

0.015

Conc. (umole/kg of water)

0.010

40

40

40

K/Cl (SP2)

60 80
Number of sampling days

K/Cl (SP1)

60 80

Number of sampling days

K/Cl (SP4)

60 80

Number of sampling days

123

100

100

100

120

120

u.

120

K/Cl_SP6
—o—K/Cl_SP2
® K/Cl Post-PW
® K/Cl Pre-IAPSO

140

K/Cl_SP5
—@—K/Cl_SP1
® K/Cl Post-PW
® K/Cl Pre-IAPSO

140

K/Cl_SP6
—@—K/Cl_SP4
® K/Cl Post-PW
® K/Cl Pre-IAPSO

140



0.040

0.035

0.030

0.025

0.020

0.015

Conc. (umole/kg of water)

0.010

20

40

K/Cl (SP3)

4- Magnesium (Mgz_)

0.110

0.105

0.100

0.095

Conc. (umole/kg of water)

0.090

0.110

0.105

0.100

0.095

Conc. (umole/kg of water)

0.090

20

20

40

40

60 80 100
Number of sampling days
Mg/Cl (SP2)
60 80 100
Number of sampling days
Mg/Cl (SP1)
60 80 100

Number of sampling days

124

w[&.

120

120

120

K/Cl_SP5
—@—K/Cl_SP3
® K/Cl Post-PW
® K/Cl Pre-IAPSO

140
Mg/Cl_SP6
—0— Mg/Cl_SP2
® Mg/Cl Post-PW
® Mg/Cl Post-IAPSO
140

Mg/Cl_SP5
—@— Mg/Cl_SP1
® Mg/Cl Post-PW
® Mg/Cl Post-IAPSO

140



0.110

0.105

0.100

0.095

Conc. (umole/kg of water)

0.090

0.110

0.105

0.100

0.095

Conc. (umole/kg of water)

0.090

o

40

40

Mg/Cl (SP4)

60 80

Number of sampling days

100

Mg/Cl (SP3)

60 80

Number of sampling days

125

100

120

120

Mg/Cl_SP6
—0— Mg/Cl_SP4
® Mg/Cl Post-PW
® Mg/Cl Post-IAPSO

140
Mg/Cl_SP5
—0— Mg/Cl_SP3
® Mg/Cl Post-PW
® Mg/Cl Post-IAPSO
140



Table 19. Replicate measurement error

a s04 Na Mg ca a 504 Na K Mg ca
line | Quad | Lin | Quad | Line | Quad | Lin | Quad | Lin | Quad | Lin | Quad |, | ¢ | ¢y | ave | 5D | cv | Ave | sD | cv | ave | so | o | ave | b | ov | ave | 0 | v
ar ratic ear ratic ar ratic ear ratic ear ratic ear ratic

Inc_ 890. 815.4 43, 44.09 713. 713.4 14. 14.53 81. 82.19 18. 18.16 815. 0.1 0.0 44, 0.0 0.02 713. 0.1 0.0 14. 0.1 0.94 80. 0.9 11 18. 0.8 4.5

10 951 92 34 2 845 73 221 9 605 4 868 2 359 33 16 080 12 8 728 17 16 357 36 7 692 13 32 048 20 3

nc_ | 8%0. 8152 | 43. 4406 | 713. 7132 | 14. 1481 | 79. 8035 | 17. 16.57

10 583 26 316 7 611 4 493 6 778 7 228 8

Inc_ 483. 485.4 26. 26.51 412. 412.1 8.7 8.922 47. 48.11 10. 10.50 485. 0.0 0.0 26. 0.0 0.20 412. 0.3 0.0 7.6 1.0 14.2 47. 0.0 0.0 11. 0.1 1.7
Batch 1 20 832 56 004 1 148 54 2 " 733 4 929 6 527 70 15 564 53 0 466 17 77 36 87 30 753 20 41 121 92 22
(x1000) e | 483 4855 | 26 2661 | 412. 4127 | 65 - 47. 4815 | 11 10.87

20 989 97 107 7 783 88 49 B 772 4 312 5

Inc_ 413. 420.9 22. 22.50 359. 359.7 7.0 7191 39. 40.27 9.2 8.869 420. 0.0 0.0 22. 0.0 0.12 358. 0.7 0.2 7.6 0.5 7.56 39. 0.1 0.3 9.1 0.0 0.7

30 215 13 063 5 701 39 29 : 947 3 29 g 851 63 15 478 27 2 978 2 02 04 75 2 87 21 03 57 72 92

Inc 413. 420.7 22. 358. 358.2 8.1 39. 9.0

30_ 08 88 009 s 254 93 79 goce 706 coee 84 &zD

nc_ | 675. 6498 | 34 3552 | 563.  564.1 12. 1307 | 61 6142 | 13 1235 | 649. 00 00 35 00 006 563 00 00 14 16 116 62 03 04 14 08 63

46 898 36 916 3 067 6 826 8 821 1 286 1 857 20 03 546 23 5 057 10 02 511 85 09 123 02 86 183 97 21

Inc 675. 649.8 34. 35.56 563. 564.1 16. 16.50 62. 62.02 15. 14.02

%6 948 77 961 9 047 39 195 9 425 3 079 5

e | 42 4570 | 24 2497 | 3% 390 | 88 oo f 45,00 | 1L 1092 | 457 00 00 24 00 000 392 23 06 74 13 186 46 08 19 1L 05 52
Batch 2 56 345 07 52 7 17 29 39 . 227 ) 763 9 001 06 01 976 01 4 554 84 07 52 87 12 116 89 28 177 86 43
(X1000)

Inc_ 452. 456.9 24. 24.97 394. 394.8 6.0 6.188 47. 46.68 10. 9836

56 331 % 519 5 938 2 65 005 7 591

Inc_ 397. 406.5 21. 21.68 346. 346.0 11. 11.36 38. 38.01 9.7 9.012 406. 0.0 0.0 21. 0.0 0.08 346. 0.3 0.0 9.5 1.6 17.0 39. 0.7 19 9.4 0.2 2.8

66 653 05 284 9 362 35 142 2 276 1 06 . 481 24 06 672 18 1 040 23 93 18 24 69 052 75 86 39 67 29

Inc 397. 4064 | 21. 2165 | 345. 3453 | 7.8 39. 3955 | 9.1

667 601 57 25 4 717 87 93 Sost 827 3 72 BEB

nc_ | 510 5000 [ 27. 2829 | 430. 4394 | 98 ... | 48 4837 | 10 1015 | so9. 02 00 28 00 000 43. 00 00 94 03 338 48 04 08 100 01 17

82 341 26 8 9 169 07 15 : 749 3 743 2 238 12 42 301 02 7 250 81 18 9 21 1 329 21 70 939 9% 87

inc_ | s10.  s004 [ 27. 2830 | 439, 4395 | 91 oo | 47 4753 | 11 10.52

82 818 5 805 3 331 71 73 - 908 7 134 4

mc_ | 383 350 | 19 1985 | 303 3025 | 59 | 3 335 | 81 _ . |35 01 00 15 00 021 303 00 00 59 00 08 3B 00 02 84 02 34
Batch 3 92 796 45 489 7 478 % 28 : 78 8 83 : 234 89 53 814 43 7 426 52 17 80 52 0 863 83 45 78 95 80
(X1000)

Inc_ 344, 355.4 19. 19.77 303. 302.4 6.0 B 33. 33.67 8.7 R

92 19 23 404 1 374 9 32 946 3 73

nc_ | 409. 4169 | 21 2226 | 354 3535 | 80 6F 4. 3979 | 0. oo |47 00 00 22 00 022 35 03 01 74 05 79 4. 02 05 99 01 19

102 235 5 855 2 107 32 11 g 108 1 137 - 046 9 23 312 50 2 475 68 04 25 87 0 326 18 M 47 91 15

Inc_ 409. 417.1 21. 22.36 354. 354.2 6.8 40. 40.22 9.7

102 441 41 953 1 843 73 38 6888 | 54y 4 56 9217

e | 471 a7a2 | o5 2571 | 408. 4083 | 11.  11.88 | 46 4649 | 10. 1023 | 474, 00 00 25 00 002 409. 08 02 96 21 228 45 06 14 10, 01 12

118 703 73 29 2 496 87 815 4 638 5 829 1 m 03 01 718 06 3 334 38 05 20 % 23 977 62 39 698 32 29

Inc_ 471. 474.2 25. 25.72 410. 410.0 7.4 45, 45.17 10.

118 697 68 302 4 171 81 24 7468 1 315 5 EERE

Inc_ 283. 296.1 16. 16.44 255. 254.7 5.0 5126 27. 27.78 7.9 7.53 296. 0.0 0.0 16. 0.0 0.03 255. 0.1 0.0 5.1 0.0 0.42 28. 0.2 0.9 7.8 0.1 19
Batch 4 128 482 1 161 6 915 35 % - 872 1 76 : 164 53 18 441 05 0 756 59 62 18 22 0 141 69 54 2 53 49
(x1000) Inc_ 283. 296.2 16. 16.43 255. 254.4 5.1 55 28. 28.31 7.6 22

128 59 17 151 6 596 15 39 - 409 7 71 :

ne. | 420 a2 | 22 2281 | 365. 3654 | 85 oo | 41 4108 | 92 . 47. 00 00 2. 00 013 36 01 00 97 12 126 4. 02 06 93 01 12

138 451 18 433 5 943 02 23 - 214 5 33 : 202 17 04 846 31 4 086 43 39 56 33 38 499 85 87 48 15 30

nc. | 420 @71 | 22 2287 | 366 3656 | 10. 1105 | 41 4165 | 94 oo

138 415 85 494 6 228 89 989 4 784 4 63 -

inc_ | 466.  ae95 [ 25. gsag | 403 4030 | 85 o | 45 4530 | 10. 1010 | 469. 01 00 25, 00 007 403. 03 00 80 05 628 45 02 06 10 03 38
Batch 5 154 311 44 037 - 12 03 71 g 365 5 69 8 711 67 35 499 18 3 468 47 86 64 07 7 089 77 13 295 9% 42
(x1000) Inc_ 466. 469.8 25. 2551 | 403. 403.7 7.5 G 4. 44.75 9.8 EE

154 678 77 074 7 815 04 57 : 812 2 99 -

126




nc. | 262 2759 | 15 1555 | 237. 2368 | 46 ... | 2 2608 | 62 oo | 275 01 00 15 00 024 237 01 00 43 03 706 2 00 02 62 00 07
164 586 57 272 9 666 31 97 ' 118 1 67 . 777 80 65 521 39 8 804 38 58 87 10 6 053 65 49 23 44 07
nc_ | 262 2755 | 15 1548 | 237. 2371 | 40 25. 2595 | 6.1
164 223 % 197 2 941 06 77 41111 ggg 2 79 LRl
inc_ | 409. 4171 | 22 2253 | 35. 3563 B e | 3986 | 90 oo | 47 00 00 22 00 02 37 03 01 73 04 674 40 01 04 89 01 11
174 2 02 134 2 82 95 29 : 918 4 62 " 111 09 02 487 45 0 183 63 02 35 95 2 088 70 24 58 05 67
e | 409 a171 | 22 2244 | 357. 3571 | 6.8 40. 4020 | 88
174 238 19 045 2 546 24 4 6897 | y5g 4 53 27
nc_ | 454 4582 | 24 2458 | 392. 3924 | 85 s || 22 43.97 10. - 458. 00 00 24 00 006 392 00 00 86 00 05 43 01 03 10 01 17
190 075 41 159 4 696 95 9 : 873 4 602 : 287 46 10 601 17 9 658 38 10 34 43 4 735 39 17 789 87 29
nc_ | 454 4583 24, 2461 | 302 3924 | 86 oo | 43 43.69 10. 10.30
190 176 33 193 8 62 19 77 g 596 7 975 1
nc_ | 240 2531 | 13, 1411 | 219. 2181 | 38 L. | 2 2470 | 66 - 253, 01 00 14 00 000 218 01 00 38 00 029 24 00 00 67 00 13
Batch 6 200 244 77 855 5 024 42 78 : 646 7 14 - 295 18 46 116 01 7 907 17 53 67 12 7 660 13 55 04 %0 35
(X1000)
nc_ | 240 2534 | 13. 1“1 | 218 2179 | 38 o | 2 873 | 67 oo
200 478 12 857 7 79 09 55 673 3 93
nc_ | 424 4313 2. 2304 | 368. 3686 | 82 gaa | 40 209 | 95  gosg | 4L 02 00 23 00 003 369 00 00 85 03 439 4. 01 02 94 00 05
210 907 9 644 6 987 21 2 - 895 - 49 " 195 00 46 055 08 7 086 99 27 98 78 6 793 03 51 98 51 2
Inc 424, 4309 | 22. 2306 | 369. 3688 | 89 40. 4078 | 94
210 477 95 66 3 185 2 76 2100 69 5 46 8t
mc_ | 330 3430 [ 18 1908 | 294 2939 | 65 s || 22 3423 | 85 .| 3 01 00 19 00 010 29 02 00 64 01 191 34 01 03 82 02 34
226 053 38 63 6 907 77 79 ! 391 8 06 : 175 36 4 067 19 2 704 03 69 56 24 3 258 33 88 19 88 98
nc_ | 330 3433 18. 1904 | 294 2935 | 63 34, 3397 | 79
226 336 11 588 7 501 69 2 @8 g 3 31 Lkl
e | 2200 2349 | 12 1324 | 200 2003 | 37 am || 2 2288 | 58 ., | 255 00 00 13 00 002 201 01 00 36 00 08 2 03 16 59 01 20
236 745 72 917 7 482 61 2 : 986 1 08 - 034 61 26 251 03 6 349 33 66 93 31 9 621 65 14 32 24 82
e | 2200 2350 | 12. 1325 | 201 2000 | 36 22. 2215 | 6.0
Batch 788 236 867 95 924 4 215 93 62 3674 1 556 4 55 X2l
(X1000)
me. | 171 1910 a a 16.5 B 8 . 18 2T 21 Lo | 191 00 00 00 00 DI 65 00 00 00 00  #DI 18 00 35 21 00 06
246 97 9 7 69 74 18 09 47 00 0 v/l 77 05 33 00 0  v/ol 06 64 17 88 14 17
me. | 172 1902 16.5 17 22
e s ; 0 0 > 16.41 o 0 s 1734 = 2.061
nc_ | 305. 3189 | 16 17.30 | 270. 2697 | 5.2 som | 3 3001 | 79 .| 39 00 00 17 00 000 269 10 03 55 03 599 30 03 11 75 03 50
256 198 47 89 7 734 1 53 - 148 2 28 : 003 56 18 306 02 9 711 23 79 88 35 5 496 48 40 48 80 34
nc_ | 30s. 3190 [ 16 17.30 | 268.  267.6 | 5.9 30. 3070 | 7.1
256 312 59 883 4 687 58 23 5943 | gg3 4 68 6721
nc_ | 33 3477 | 18 1803 | 296 2957 | 63 can | 3 343 | 80 .| 3472 00 00 18 00 001 297 03 01 61 02 4535 34 02 08 79 01 15
268 187 49 485 - 79 07 79 - 421 1 73 : 739 10 03 932 02 1 168 78 27 02 77 9 712 91 37 49 25 66
nc_ | 33 3477 | 18 1893 | 297. 2964 | 58 35. 7.8
268 166 29 489 4 546 67 25 5863 | oy 3488 24 7:116
mc_ | 217 2309 | 12 1263 | 198 1976 | 38 .0 | 23 2329 | 57 .| 2L 00 00 12 00 000 198 04 02 40 02 503 2 06 30 60 03 53
Batch 9 278 005 31 323 1 973 56 74 : 28 6 52 " 015 84 36 632 01 8 541 33 18 80 06 7 590 90 54 78 26 56
(X1000)
me. | 217 2310 | 12 1263 | 198 197 | 42 .| 2L u8 | 64 o
278 169 98 325 3 108 92 85 9 1 03
nc_ | 419 . 2. 2289 | 365. 3647 | 88 am 41 4109 | 93 ..o | 47 00 00 22 00 009 36 01 00 91 03 35 4. 00 00 91 01 19
288 248 366 1 323 5 72 " 236 5 77 " 030 30 07 913 22 4 430 07 29 98 26 9 251 15 35 99 78 35
ne. | 419 4270 | 22 2293 | 365. 3649 | 95 41 4112 | 90 2
288 311 59 408 4 537 65 23 9585 | 265 3 21 8.209
e | 317 3305 | 17. 1814 | 282 2829 | 54 .o | 3L 3142 | 73 oo | 30 00 00 18 00 006 282 01 00 54 00 030 3. 00 02 75 01 19
304 357 29 698 8 797 88 49 - 268 6 87 - 600 71 21 159 11 1 617 81 64 33 16 4 30 72 30 36 49 7
Inc 317. 3306 | 17. 282. 2826 | 54 31 76
— 18.1 | al a
Batch 10 304 503 71 719 817 | 436 28 16 556 42 37 84 L
(x1000) e | 223 2376 | 12. 1329 | 203 2032 | 38 ... | 22 276 | 52 ,,. | 27 00 00 13 00 018 202 03 01 39 01 35 2. 04 20 56 04 71
314 644 61 858 5 054 72 2 - 647 3 65 : 665 04 02 20 25 9 745 10 53 71 39 0 11 64 06 70 05 3
me. | 223 2376 | 12 1324 | 202. 2026 | 41 23, 2369 | 6.0
314 652 69 907 5 435 53 1 22 574 5 75 SCCe
inc_ | 555 5487 | 29. 3023 | 473. 4741 10. 1038 | 53. D 11. 1058 | 548 01 00 30. 00 013 473 00 00 10 00 024 53 02 04 1L 00 07
Batch 340 894 11 525 2 519 78 308 7 645 : 392 1 864 52 28 24 &2 9 617 98 21 283 26 8 398 47 63 477 85 36
11812
(X500) inc_ | s%6. 5490 [ 29. 3031 | 473, 4743 10. 1033 | 53, 5236 11, 10.73
340 251 16 607 6 715 77 257 6 151 2 561 9

127



Inc_ 423. 431.0 23. 23.80 | 366. 366.1 8.3 Qe 42. 41.63 10. 9734 | 8L 02 00 23 00 014 366 00 00 7.9 04 577 42. 0.0 02 9.9 0.4 49
350 173 28 221 1 607 55 69 ’ 284 6 483 . 283 54 59 836 35 5 557 51 14 12 57 6 199 85 01 87 9% 66
Inc_ 423. 4315 23. 366. 366.0 7.4 42. 41.46 9.4
350 727 37 89 2% 506 53 55 7313 g 9 91 E82
Inc_ 911. 822.8 44. wa || 2= 730.6 16. e 82. 81.72 17. 1643 | 83. 02 00 45 00 010 725. 00 00 16. 04 278 82. 01 01 17. 0.2 15
360 459 05 696 : 2 % 954 : 844 1 656 4 048 43 30 706 46 1 108 92 13 495 59 3 723 21 47 382 74 76
Inc_ 912. 823.2 44 45.75 | 725. 7305 16. 16.15 82. 81.48 17. 15.92
360 168 91 787 2 016 07 036 6 601 1 108 1
Inc_ 382. 392.2 21. 2165 | 334 3345 7.9 o 37. T a6 s26 | 392 01 00 21 00 005 33 02 00 7.5 04 583 38. 10 26 96 1.0 10.
Batch 13 376 827 07 389 7 495 1 93 : 871 : : : 327 20 31 646 11 1 228 67 80 53 a 3 917 46 88 36 36 751
(x500) Inc 383. 392.4 21. 21.63 333, 333.9 7.1 i 39. 39.65 10. 10.29
376 08 47 367 5 961 78 12 : 963 8 672 7
Inc_ 523. 521.0 27. 2739 | 439. 440.0 11 11.73 50. 50.64 11. 1114 | s21. 00 00 27 00 015 439. 01 00 10. 09 915 50. 01 02 11. 0.2 2.4
394 329 04 023 3 956 17 652 1 449 3 743 4 015 11 02 437 83 9 797 60 36 675 78 7 343 07 12 458 85 87
Inc_ 523. 521.0 27. 439. 4396 9.6 50. 50.43 11. 10.60
394 355 26 109 2748 637 % 97 9763 | 236 1 173 2
Inc_ 455. 459.2 0 2433 388. 388.4 12. 12.39 44. 44.60 9.1 seop | 459 00 00 24 00 002 38 00 00 10. 14 131 47. 26 56 12. 33 27.
Batch 14 204 027 71 5 528 68 315 8 43 4 65 - 338 66 14 341 06 5 479 49 13 887 29 22 084 54 37 561 9% 033
(X500) Inc 455, 459.4 24. 24.34 388. 388.3 9.4 a5 49. 49.93 15. 15.15
204 172 04 012 7 43 7 58 : 738 1 956 7
Inc_ 922. 844.0 44. 44.82 729. 730.7 20. 20.42 82. 82.72 17. 1617 | 844. 00 00 44 00 012 729. 01 00 22. 21 942 81. 04 05 16. 0.6 3.6
214 312 2 283 2 456 58 293 5 44 9 027 9 027 07 01 766 56 6 260 97 27 404 1 0 982 58 59 425 03 68
Inc 922. 844.0 44. 4470 | 729. 7303 24. 24.67 81. 15.
04 33 33 171 9 063 63 514 1 YR ) 03
Inc_ 518. 516.9 27. 2745 | 438. 4382 9.4 o5 49. 49.67 10. 1038 | 516 00 00 27 00 012 437. 02 00 98 03 337 49. 01 02 10. 0.0 0.2
430 738 09 149 1 22 36 77 : 586 4 837 1 967 58 1 418 34 2 972 48 57 08 31 0 463 24 50 806 32 92
Inc_ 518. 517.0 27. 2738 | 437. 437.7 10. 10.23 49. 49.42 10. R
430 866 24 083 4 724 4 138 6 339 6 774 :
Inc_ 435. 4415 23. 2356 | 373. 373.8 83 A 42. 42.93 10. ogog | %1 00 00 23 00 006 373. 04 0.1 88 04 516 43. 08 19 10. 0.0 0.4
Batch 15 240 75 61 299 4 901 75 48 ’ 861 8 334 : 556 05 01 579 15 4 449 52 21 03 54 3 731 70 89 386 51 %
(X500)
Inc_ 435. 4415 23. 2359 | 372. 3729 9.2 oEm 44. 44.68 10. o5
240 738 5 329 4 997 71 57 601 2 437
Inc_ 890. 820.2 42. 43.41 707. 707.7 18. 18.39 80. W 20. 1941 | 80. 00 00 43 00 001 707. 01 00 17. 07 457 79. 08 11 18. 18 10.
450 644 06 984 2 455 89 224 5 34 ’ 234 8 228 22 03 406 06 5 575 19 17 428 97 0 457 84 12 373 61 132
Inc_ 890. 820.2 42. 4339 | 707. 708.0 16. 16.78 78. 78.70 16. 15.83
450 703 5 971 9 694 28 631 8 573 1 511 3
Inc_ 215. 2283 12. 12.51 194. 194.7 4.0 AGER 22. 22.22 5.6 s 228. 03 01 12. 00 023 195. 01 00 40 00 073 22. 00 03 6.9 13 18.
466 644 05 318 4 92 68 67 ’ 025 1 74 ! 702 97 74 544 30 9 098 78 91 38 30 1 093 68 08 80 06 705
Inc_ 216. 229.0 12. 1257 | 195. 195.1 4.0 22. 2235 8.2
Batch 16 266 427 99 377 4 276 23 08 AR g 7 85 LS
(x1000) Inc_ 392. 401.5 20. 2113 337. 337.0 7.6 25T 37. 38.11 8.7 288 401. 00 00 2L 00 010 33 02 00 75 01 175 38. 04 12 9.0 0.2 3.2
486 803 74 82 5 148 54 62 : 796 7 9% : 558 17 04 157 22 4 882 66 79 30 32 3 278 82 58 91 97 67
Inc_ 392. 401.5 20. 2117 | 336. 336.5 7.3 38. 39.08 9.3
486 769 a4 863 9 616 22 98 7482 1 759 8 88 E028
Inc_ 201. 214.8 11. 11.80 | 185. 184.2 37 a0m 20. 20.66 5.5 5317 | 24 00 00 11. 00 006 185 00 00 37 00 064 20. 00 01 5.7 0.1 25
502 68 21 541 6 074 38 55 : 577 2 73 : 795 26 12 814 08 8 128 54 29 31 24 3 545 32 56 22 49 95
Inc_ 201. 214.7 11. 11.82 185. 184.3 3.7 26 20. 20.59 5.8 sER
502 628 69 557 2 182 46 07 : 513 8 7 :
Inc_ 161. 172.9 9.3 og0s | 149 148.6 3.1 3988 16. e 43 an 173. 00 00 95 00 024 149. 00 00 3.1 00 061 16. 02 12 4.6 0.2 6.3
Batch 17 512 042 68 87 : 434 56 6 : 421 - 79 : 050 82 47 83 23 0 441 07 05 80 19 3 628 07 42 75 % 22
(x1000) 161, 173.1 9.3 149, 148.6 3.1 16. 16.90 49
Inc_ . b } ! ] ! b g i
512 199 31 42 956 448 7 99 3279 | g3 4 7 e
Inc_ 364. 3755 19. 20.03 319. 318.8 6.8 265 35. 35.44 9.3 s012 | 375 00 00 20 00 010 319. 01 00 68 00 006 35. 03 09 92 0.0 1.0
522 767 23 605 4 492 83 67 : 309 9 87 : 540 16 04 014 21 2 326 67 52 63 05 6 653 44 65 92 95 22
Inc_ 364. 3755 19. 19.99 | 319. 3185 6.8 35. 9.1
522 802 56 564 3 159 49 58 7027 1 g9y 3624 97 B2

128



129



