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“After completing my bachelor in Environmental 
sciences at the University of Tübingen, I went 
on an internship & semester abroad in Hawaii. 
My interest in chemical oceanography really 
began there, during my time at a biogeochemical 
laboratory. I worked with a professor who 
researches phosphorus in the marine environ-
ment, and I also became interested in it. After 
I had returned to Europe, I discovered the 
Marine Sciences programme at Utrecht Univer-
sity and applied there. In 2017, I approached 
my supervisor Caroline Slomp, because I knew 
she was also working on phosphorus. She gave 
me a couple of research papers, and we devel-
oped the research project together.
Not a lot of people are aware of the role  
phosphorus plays in the marine environment. 
Phosphorus (P) is an important nutrient for 
phytoplankton in the oceans; it plays an essen-
tial role in their growth and biomass. Because 
of different anthropogenic activities, like waste 
water treatment or the use of fertilizer in 
agricultural practices, the amount of phos-
phorus entering the ocean has unnaturally 
increased: we are fertilizing the coastal ocean. 
By removing phosphorus from the water col-
umn and burying it in sediment, the coastal 
ocean can buffer some of the incoming phos-
phorus. The efficiency of this burial process 
depends in part on the rate of burial – but 
also on which form of phosphorus is buried.”

 Vivianite mineralization / “Now it gets 
a little technical. There are different forms in 
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which phosphorus can be buried. Traditionally, 
it was thought that phosphorus in marine 
environments is mainly retained in organic 
matter and in calcium phosphate minerals. 
While various forms of iron phosphates are 
found in coastal sediments, they are usually 
thought to be unstable upon burial or to be 
present only in low concentrations. This is the 
result of the abundant presence of sulphur  
in marine systems: most iron will react to 
form Fe-sulphide minerals such as pyrite and, 
therefore, there is no iron available to bind 
with phosphorus. 

Recently, Caroline’s team showed that this 
does not necessarily hold for low salinity 
coastal environments. They showed that in 
methane- and iron-rich sediments in the 
coastal zone of the Bothnian Sea, all sulphate 
may be quickly converted to iron sulphides 
close to the sediment-surface. In the deeper 
parts of the sediment where methane, organic 
matter and iron oxides are abundant, release 
of dissolved iron and phosphate to the pore-
waters can allow the formation and burial  
of iron-phosphate minerals such as vivianite. 
While this was convincingly demonstrated for 
one site, the question remained whether this 
process also occurs in other coastal systems.
To test this, I studied three different coastal 
systems, all three unnaturally enriched in 
nutrients and phosphorus but with varying 
salinity. One of my study sites is located in 
the urbanized Stockholm Archipelago in the 
coastal zone of the Baltic Sea. In the Stockholm 
area, which has an intermediate salinity, the 
loading of phosphorus is high due to waste 
water inputs. Sediment samples from Stock-
holm were already available, taken on an  
earlier cruise, but we chose this site because 
previous research indicated that the retention 
of phosphorus in the sediment was very high 
in this area.”

 Chesapeake Bay / “The two other 
study sites are located in the Chesapeake Bay, 
the biggest estuary of the United States. One 
study site is located in the main stem of the 
Bay, the other in a sub-estuary, a river that 
enters the Chesapeake Bay. I applied success-
fully for a contribution from the Olaf Schuiling 
fund to finance my field trip to Chesapeake Bay. 
As a result, I could take part in the sampling 
of the sediments from a boat, together with 
my second supervisor, Sairah Malkin who is at 
the University of Maryland. When the sediment 
cores come on board, they have to be processed 
straight away, something I hadn’t done before. 
We worked long hours, but I really appreciated Joëlle Kubeneck
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the opportunity that I could take my own 
samples, process them and make my own story. 
I love learning, and I really became fascinated 
by the sediments when I sliced my cores. You 
can see the different structures that are pres-
ent, you see methane bubbles in the sediment 
– it’s amazing.
Of course, there were some challenges. We 
went on a fieldwork in August, which was 
hurricane season and there was a storm, so 
instead of one week, the trip took two weeks. 
The samples we shipped to Utrecht were stuck 
in customs for several weeks. As you work 
with very sensitive samples, you want to keep 
them frozen and in anoxic conditions. When 
the material finally arrived, it was no longer 
frozen – but in the end it all worked out.”

 Salinity / “We actually found vivianite at 
the low salinity and the intermediate salinity 
sites, that is, the Chesapeake sub-estuary and 
Stockholm site, respectively. We also saw the 
sediment phosphorus content decline with 
an increase of salinity, directly related to the 
availability of iron (see figure). Iron is present 
at high concentrations at all three sites, but 
the form in which iron is stored differs per 
site, and this is related to the salinity. So iron  
is very important for storing and keeping  
phosphorus in the sediment. We also discovered 
that other metals, like manganese and  
magnesium, play an important role. A role  
for magnesium in vivianite formation is 
something new for the coastal ocean.
The next question then is how stable such 
iron phosphate minerals are under changing 
environmental conditions. Vivianite is a sen-
sitive mineral. For instance, it’s not stable when 
there is sulphide present. Because of sea level 
rise, there will be changes in the salinity of 
coastal areas. For the Baltic Sea, it is expected 
that salinity will decrease, which means that 
the conditions for phosphorus burial may 
improve and more vivianite will form. In 
Chesapeake Bay, in contrast, it is expected that 
the salinity will increase, and saline conditions 
will move inland. Phosphorus already bound 
in the sediment may then be liberated and 
enhance local eutrophication. Environmental 

management should take these changes in 
biogeochemical processes into account.”

I didn’t expect my research to be awarded 
with the Escherprijs. I worked on a very 
detailed question, it’s hard to get the environ-
mental significance out of it, I thought. So it 
was a surprise, a pleasant surprise. I received 
the news by e-mail on the day I started my 
PhD at the department of Environmental  
Systems Science of ETH Zürich. The coming 
years I will continue researching how stable 
vivianite is under changing conditions in  
different coastal systems, like the Wadden 
Sea, but also in mangroves and rice paddies. 
It is a beautiful mineral, and somehow  
I found the opportunity to continue my  
MSc-research on vivianite.”

Bjinse Dankert

The figure shows the amount of phosphorus (P) buried in the sediment at depth as a concentration. 
ET5.1 is the low salinity site (Choptank River), Strömmen the study site in the Stockholm Archipelago and 
CB2.2 the study site in the stem of the Chesapeake Bay. Per site, the amount of P and the composition/
forms in which P is buried changes. The study differentiated between exchangeable P (Ex-P), authigenic 
apatite (Authi Ca-P), detritial apatite (Det-P), organic P (Org-P) and Fe-bound P. Fe-bound P can consist 
out of Fe-oxide bound P and vivianite. This figure highlights that with an increasing salinity, the amount  
of Fe-bound P (and also vivianite) declines, leading to a general decline in the amount of P buried.
Illustration: Kubeneck et al. (in prep.)

A Scanned Electron Microscope (SEM) image of  
a vivianite crystal. This crystal was found in the 
Choptank River, a subestuary of the Chesapeake 
Bay, at eleven centimetres depth in the sediment.
Illustration: Kubeneck et al. (in prep.)
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