Leg 1,2: 28.02.2011 - 4.03.2011

8 Water Chemistry
by Linda Baldewein and Hannah Gies

8.1 Introduction
Chemical Analysis of seawater provides a lot of information about processes
and properties of the ocean, as the primary productivity and the distribution
of elements and their different species. Most of the analyses require large and
sensitive instruments and thus cannot be done directly on the research vessel.
However, they have to be prepared to avoid errors due to contamination or
disintegration of matter.
The taken samples were not analyzed in a lab, hence this report will only introduce the methods applied to conserve the samples and how the further examination proceeds.
On the cruise water was taken at the following locations 8.1, the depths from
where the water originates are given as well.
Date
12.04.13

Stop/Time
1 - 1, 7:44

Location
53◦ 50.47′ N,
8◦ 5.9′E

Depth Prepared for
2.5m, Chlorophyll
7m,
analysis
8m

Comments
Water
depth:10m,
Chlorophyll maximum expected at
7m
Chlorophyll,
Water depth:56.5m,
nutrient and Chlorophyll maxiDIC analysis mum expected at
15m
Chlorophyll,
Water depth:57.2m,
nutrient and Chlorophyll maxiDIC analysis mum expected at
12m

12.04.13

1 - 5, 14:01

54◦ 8.39′ N,
7◦ 54.73′E

15m,
52m

13.04.13

10
13:05

1, 54◦ 8.69′ N,
7◦ 52.20′E

12m,
25m

Table 8.1: Sampling Sites
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Figure 8.1: Sampling Sites

8.2 Instruments and Methods
The taken water samples were to be analyzed for Chlorophyll, Nutrients, Dissolved Inorganic Carbon (DIC) and Alkalinity. However, a ship does not offer
the capacities to do the evaluation of the samples directly on board. Thus, only
the preparation of the water was done in the wet lab of the research vessel,
further assessment of the water could be done at the AWI. Already while filling
water from the Rosette of the CTD system it has to be ensured that the samples are not contaminated by remnants of earlier investigations, so the bottles
are rinsed with some milliliters of seawater. Two liters were taken from each
depth, enough to prepare specimens for each analysis and rinse the respective
instrument, if necessary.

Figure 8.2: Water from the rosette is filled into a sampling bottle

14

Heincke Cruise HE-349

Leg 1,2: 28.02.2011 - 4.03.2011

8.2.1 Chlorophyll
The concentration of chlorophyll in the water is an indicator for the amount of
phytoplankton in the respective water depth.
The organisms are caught in a filter, which is then frozen and preserved for
further analysis via photometry.
The filtering is done directly on board: A vacuum pump is connected to an
appliance, which could support up to five cones: Between the cone and its
mount a filter membrane is implemented. Its grid size is chosen to be 0.8µm,
small enough to catch single cells.
The cone is filled with 250ml of the sample. 8.3 The vacuum pump is adjusted
to a pressure of 200mbar, as more might damage the cells.

Figure 8.3: set-up for Chlorophyll filtering
Once the water has passed through the filter, the cone is removed. A brownish
film covers the membrane 8.4 , which is carefully picked up and placed in a
small plastic storage reservoir. The sample then gets frozen until it is needed
for examination.
The membrane was expected to have the thickest cover at the depth at which
the CTD showed the highest concentration of chlorophyll. However, most debris
was found on the filter, which was rinsed with water from the lowest depth.
This observation can be explained regarding that the filter does not only catch
phytoplankton but all particulate matter whose size exceeds 0.8µm. Close to
the seafloor, a lot of sediment is dispersed which results in a dense film on the
membrane.
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Figure 8.4: the membrane after filtering
In the lab, the filter is placed in a mixture of acetone, silicon spheres and
a solvent. Vibration at high frequencies enables the acetone and the silica
spheres to destroy the filter membrane and the cell walls of algae. The resulting
fluid is treated in a centrifuge, thus the silicone and remnants of the filter are
deposited. The overlying fluid is extracted and put into a photometer, where
the concentration of chlorophyll is determined. Several kinds of chlorophyll
exist, most often only chlorophyll A concentrations are reported. This type of
chlorophyll is unstable at lower pH, thus the sample is treated with acid and
again analyzed in the photometer. The difference in chlorophyll concentration
is the amount of chlorophyll A.

8.2.2 Nutrients
In the lab it is possible to examine the water sample with respect to Nitrite,
Nitrate, Silicate, Phosphate and Ammonium. Nutrients are a biolimiting factor and hence interesting to compare to the amount of phytoplankton in the
respective depths. Already concentrations of a few µmol/l can be traced.
First, the sample is filtered already on board to remove any particulate matter.
A plastic syringe is first rinsed with the sample water to erase remnants of
earlier preparations. It is then filled with the sample and a syringe filter unit
with a grid size of 0.2 µm is attached to its tip 8.5. Now, the water is pressed
through the membrane. The first droplets are still only for the drain to avoid
contaminations.
Some milliliters are filled into a plastic test tube to be stored in a cooled environment until needed for further analysis.
For each nutrient a certain color reagent is added, the mixture can then be very
precisely analyzed by photometry.
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Figure 8.5: syringe with attached filter unit

8.2.3 Dissolved Organic Carbon

The term dissolved Inorganic Carbon (DIC) comprises the concentrations of
dissolved Carbon Dioxide, Carbonic Acid, Bicarbonate and Carbonate. Which
species is dominant, depends on the pH: Seawater has a pH between 7.5 and
8.5; in this range bicarbonate ions are the dominant species. As the pH increases, the equilibrium changes towards carbonate. With increasing pH, the
concentration of carbonic acid rises; carbonate is hardly present at all. This
parameter plays an important role in examinations related to the pH of aqueous
systems and the carbon flux in the ocean.
Again, the sample has to be prepared the same way as described for nutrients
with the difference that the water is not stored in plastic test tubes, but in
small glass bottles. They have to be filled completely without gas intrusions to
avoid exchange with air.
In the laboratory, the sample is treated with sulfuric acid to drive the equilibrium towards carbon dioxide. The gas is separated from the solution and lead
into a color reagent (a mixture of caustic soda, phenolphthalein and water).
This liquid has a pink color in basic to neutral conditions, but once its pH decreases it turns more and more clear. As CO2 is dissolved in the fluid it reacts
to form carbonic acid resulting in a drop of the pH of the fluid. Depending on
the amount of CO2 , the coloration of the fluid varies. Analysis via photometry
enables to conclude the amount of DIC in seawater in a range between 700 µ
mol and 2400 µmol.
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8.3 Expected results
Even though the samples were not further analyzed, one would expect to observe certain patterns: The trend of chlorophyll concentrations is already measured by the CTD directly. Even though this measurement is not very precise,
it already gives an implication in which depth-range the chlorophyll rate is
highest. (table8.1)
At this depth, the DIC concentration should be small compared to the value
measured in water originating from the surface. Towards the seafloor the value
might decrease again due to CO2 resulting from the decomposition of algae.
Also, nutrients should have the lowest concentration at the depth of the chlorophyll maximum. As DIC, their amount is again increasing in lower depths.
How the different depth profiles differ between the different locations is, however, hard to estimate.

Figure 8.6: expected depth profile
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9 Multinet and Plankton Sampling
by Linda Baldewein, Hannah Gies

9.1 Theoretical background
With the multinet (Fig. 9.1) one can collect samples of organisms living in the
water column. As the net has a very fine mesh, the organisms most likely found
are phytoplankton and zooplankton. Phytoplankton is a photosynthetic organism that produces organic matter out of inorganic compounds. It is a primary
producer and therefore at the bottom of the food chain. Zooplankton grazes on
phytoplankton as the first primary consumer. Zooplankton is heterotrophic,
meaning it feeds on organic carbon. Both phytoplankton and zooplankton live
in a variety of marine settings throughout the world and can be found in large
quantities in the pelagic zone of the North Sea. The multinet was used to determine which classes of phytoplankton and zooplankton can be found in the
North Sea.

Figure 9.1: The multinet
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9.2 Instruments used
9.2.1 Description of multinet
For plankton sampling of the North Sea a multinet was used. The multinet is
a device containing five different nets that can sample solid matter at different
depths, thus giving an overview of the life found at different layers in the water
column. The multinet is made of:
• An upper steel frame to which the nets are connected, containing gripping
mechanisms for the springs, the springs and the motor to release the
spring,
• five nets with a mesh size of 64µm,
• four steel cables to connect the upper steel frame to the lower steel frame
and to give stability to the multinet,
• five beakers to collect the sampled plankton, where one side of each beaker
has a very fine grained net (mesh size < 64µm) to be able to remove excess
water from the net,
• a lower steel frame (Fig. 9.2) to which the beakers and the bottom part of
the net are attached by steel rings and tape,
• a deck control unit (Fig. 9.3) to release the individual nets at the desired
depth,
• and a cable connecting the deck control unit with the motor.

Figure 9.2: The lower steel frame of the multinet
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Figure 9.3: Deck control unit of multinet

9.2.2 Functioning mechanism of multinet
In the multinet five nets of the same length are fixed on top of each other.
The attachments of the nets to the upper steel frame have different lengths
forming a staggered arrangement to facilitate the release of the nets and prevent
an entanglement of the nets. The nets are labeled from 1 to 5 to prevent a
confusion of which sample belongs to which depth. Net 1 is the net fixed
highest in the mechanism and the net released first, generally making it the
net of the sample containing the organisms from the lowest region in the water
column. The springs are compressed mechanically, which closes the nets in a
way that their top parts form squares. This form prevents an entanglement of
the nets in their closed state. The net is connected to a winch on the side of the
ship via a shackle. It is then lowered into the water. When the motor is switched
on, pressing a button on the deck control unit lets the motor turn a cylindrical
bolt, which has nails fixed onto it. The first nail releases the uppermost spring,
resulting in the opening of the first net. When the release button is pressed a
second time, the second nail releases the second spring. Then, the second net
opens. Due to the fixation of the nets in the upper steel frame, when the second
net is opened, the first is sealed off from the water column. Once all desired
nets are closed, the multinet is heaved on board of the ship by the winch.

9.2.3 Preparation of multinet
To prepare the instrument for its use on the ship, the nets have to be zipped by
a zipper to the attachment of the nets on the upper steel frame. Afterwards the
lower part of the net is fixed to the lower steel frame by a steel ring. This process
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Date

Gear

Action

HE398/
010-2
HE398/
010-2

Time PositionLat PositionLon Depth
[m]
◦
◦
13.04.2013 13:22 54 8.62’ 7
52.13’ 57.2
N
E
13.04.2013 13:25 54 ◦ 8.60’ 7 ◦ 52.12’ 56.8
N
E

Multinet

HE398/
010-2
HE398/
014-2
HE398/
014-2

13.04.2013 13:29 54 ◦ 8.59’ 7 ◦
N
E
◦
14.04.2013 10:07 54 8.50’ 7 ◦
N
E
◦
14.04.2013 10:10 54 8.51’ 7 ◦
N
E

52.11’ 57.1

Multinet

in
the
water
on
ground/
max
depth
on deck

54.69’ 55.3

Multiple
net
Multiple
net

HE398/
014-2

14.04.2013 10:14 54 ◦ 8.53’ 7 ◦
N
E

54.84’ 54.9

54.75’ 54.4

Multinet

Multiple
net

in
the
water
on
ground/
max
depth
on deck

Table 9.1: Stationlist of multinet deployment
is tedious, because the nets have to be aligned in the same direction without
entangling it. One trick is to always align the same corner of the net to the
same position on the steel ring. Once all nets are fixed to the lower steel frame,
the net is lifted by the winch into an upright position in the air to check the
orientation of the nets. If any nets were fixed incorrectly, e.g. if they are twisted
from top to bottom by 180, the steel ring is opened, the net is moved into the
correct position and fixed again by the ring. Afterwards the net is lowered back
onto the ship. Sometime before the deployment of the instrument, the beakers
are screwed into the net by a holding mechanism. One has to pay attention to
attach the fine grained net in a position where it is facing to the outside of the
steel frame, so that excess water can be released easily and the filling level of
the beaker can be seen. The deck control unit has to be connected to the cable,
that is fixed on the multinet and the motor of the net has to be switched on
shortly before the deployment.

9.3 Data Collection methods; general methods
The multinet was deployed at stations 10-2 and 14-2 after the use of the CTD.
The excerpt of the station book for the multinet is given in table 9.1. The
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Station
10-2
10-2
10-2
14-2
14-2
14-2

Net
1
2
3
1
2
3

Depth of releasing the net
ground to 25m
25m to 7m
7m to sea surface
ground to 30m
30m to 10m
10m to sea surface

Table 9.2: Releasing depths of nets

CTD contains a fluorometer, which measures the fluorescence in the water,
an indicator of the chlorophyll concentration. During the veering of the CTD
to the maximum depth, a graph on the control monitor of the CTD displayed
the measured fluorescence data as a function of depth. The release points for
the different nets were chosen at depths of rapid temperature changes, which
almost correlated with chlorophyll minima/maxima, to collect plankton living
in different water bodies. The depths at which the nets were closed are given
in table 9.2.

From the maximum depth upwards the net was heaved to the depths where
nets were closed. At the correct depth the net was closed by pressing the button
on the control unit. This closed the first net, which sampled organisms from
the maximum depth until the depth where the net was closed. Then the net
was heaved upwards until the next chosen depth for closing a net was reached
and the mechanism was released again. These steps were repeated until the
last net was released and the net was heaved on deck of the ship. The net was
then rinsed with sea water to move all the collected organisms into the beaker.
Afterwards, the beakers containing the samples of the nets were screwed off
the metal frame of the multinet and poured into small containers (Fig. 9.4)
which were labeled with the corresponding net number. Any fish in the sample
were released back into the sea. The containers were shook to homogeneously
mix the sample before a sample of the nets content was taken with a pipette
and placed onto a Petri dish. The sample was qualitatively studied under the
microscope and present species recorded. Pictures of selected species were
taken with a camera mounted to the microscope at magnifications between 2
and 3.5. The maximum magnification of the microscope was 5.
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Figure 9.4: Sample is poured from beaker into smaller container

9.4 Results and Discussion
9.4.1 Species found at station 10-2
At station 10-2 the following species were found:
Net 1 (Fig. 9.5):
• Diatoms (a lot)
• Copepods (few)
• Cnidaria larvae

Figure 9.5: Sample of station 10-2 net 1: Diatoms and copepods
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Net 2:
• Diatoms (majority of organisms)
• Copepods (Colonoids)
• Polycheata larvae
Net 3 (Fig. 9.6):
• Polycheata (e.g. Nereis sp.), also in larvae form
• Copepods (Colonoids)
• Diatoms

Figure 9.6: Sample of station 10-2 net 3: A polycheata, a jellyfish and a
copepod

9.4.2 Species found at station 14-2
At station 14-2 the following species were found:
Net 1:
• Diatoms (a lot)
• Copepods (several)
• Polychaeta (Nereis sp.)
• Nauplius larvae (a young calanoid copepod)
Net 2:

Heincke Cruise HE-349

25

Version: May 12, 2013

9 Multinet and Plankton Sampling

• Diatoms
• Copepods
• Polycheata (Protodrilus sp.)
• Cnidaria (Hydractinia echinata (planula))
• a fish, either a baby eel or more likely a trumpet fish (Fig. 9.7), which was
released back to sea

Figure 9.7: Fish found in net 2 of station 14-2
Net 3:
• Polycheata (Protodrilus sp., Polydora sp., Phyllodoce sp.)
• Copepods and copepod larvae
• Diatoms (a lot)

9.4.3 Description of classes
Bacillariophycae (Diatoms): The diatom species found in the samples were
most likely Odontella sinensis (up to 220µm in size), Eucampia zodiacus (length
of chains 150 − 400µm, single cell 25 − 75µm), Leptocylindrus danicus (form long
straight chains of up to 200µm). In general the size range of single cells is
14 − 400µm, but diatoms usually form chain like colonies that are linked mechanically. Diatoms are phototrophic organisms, so they are primary producers, which are the most important food source for many zooplankton species.
The habitat is the intertidal benthos and the epipelagic zone in regions of cold
and temperate waters like the North Sea. Reproduction occurs mostly asexually by mitotic devision, but also sexual reproduction is possible. The brownish
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color of diatoms is caused by the pigments chlorophyll, carotinoids and fucoxanthin. Diatoms bloom in spring, but the extent of the bloom is limited by the
availability of SiO2 in the water column (Larink & Westheide, 2006 [1]).
Cnidaria: The species most likely found in the nets are Hydractinia echinata
(planula) (length 250µm), which are a larvae. Cnidaria are medusa. Their larvae
disperse in the water column, after they develop from eggs. The larvae, which
are also called planulae, are planktotrophic as well as lecithotrophic, which
means that larvae feed on the yoke of their egg. A special characteristic of
Cnidaria is that they only consist of two epithelial layers (Larink & Westheide,
2006 [1]).
Annelida, Polychaeta (Fig. 9.8): Possible species detected in the multinet
samples are Anaitides (1.8mm size), Nereis sp. ( 700µm size), Pomatoceros triqueter (larvae, 110µm size), Protodrilus sp. (pelagic larva, 700µm), Polydora sp.
(1.1mm length), Phyllodoce sp. ( 250µm diameter). The class of organisms of
segmented worms contains more than 9000 individual species. The orders
found were Phyllodocida, Nereididae and Terebellidae. Phyllodocida are paddle
worms. Terebellidae live in tubes and under stones. In general, Polychaeta live
in the pelagic zone (Larink & Westheide, 2006 [1]).

Figure 9.8: Polycheata
Copepoda (Copepods): Identified orders of copepods were Calanoid and their
larvae Calanoid nauplius. Copepods are a crustacean taxon, which is very
abundant in the pelagical parts of the world oceans. The Calanoida are the
most abundant coepod order, which outnumber all other marine zooplankton
species. The Calanoida represent up to 70% of all marine zooplankton biomass,
making this single order to the most important primary consumer in the pelagical zone. The size of copepods ranges from 0.5 to 5 mm (Calanoida 1.5mm).
Copepods have eggs. The larvae have six different developmental naupilus
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stages. Copepods drift in the water column and feed continuously by moving
their head appendages at a speed of several hundred times per second, which
creates a current that moves the food to their mouths. At night they move to
the surface for feeding, because at that time the surface is relatively predator
free. During the day they drift downward in the water column to avoid predators. If danger is perceived by the organisms they jump with a very high speed
upwards to escape (Larink & Westheide, 2006 [1]).

9.4.4 Discussion and conclusion
Comparing the results of the found species, one sees that at both stations
where samples were taken in all depth ranges one can find diatoms and copepods. Those two classes make up the majority of all organisms visible under the
microscope. Unfortunately, the microscope used to characterize the samples
had only a maximum magnification of 5, so many organisms were not visible.
Therefore, a generalization of the organisms found as being representative of
the organisms living in the water column is not possible. Furthermore, the
multinet was only deployed at two different locations, so one cannot conclude
from the results to the general setup of the pelagic organisms in the North Sea.
No surprising class of organisms was detected, as all those organisms live in
the pelagic zone of the sea. The analysis of the water samples only gave an
overview of what kind of phytoplankton and zooplankton one can potentially
find in the North Sea.
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