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Abstract: Ships, in particular cargo ships, use dirty residual oil with high concentrations of impurities as fuel. 
As a result, particulate matter from ship chimney contains high concentrations of trace elements including 
iron, cobalt, copper, phosphorus and nickel. Some of these chemicals could provide nutrients such as 
phosphorus and iron to marine phytoplankton, which may stimulate primary productivity and thus cool the 
climate. On the other hand, ship emitted particulate matter also contain chemicals that may be toxic to 
plankton, such as copper. Therefore, a key question to answer is what is the overall impact of ship emitted 
particulate matter on marine phytoplankton? Or can such particles actually help to stimulate primary 
productivity)? An additional question is can the predicted increase in international shipping in the future 
help to combat global warming? To answer these questions, we need to quantify the amount and 
speciation of different chemicals and more importantly their bioavailability. It is also important to know how 
the bioavailability of ship emitted particulate matter changes during atmospheric transport. However, there 
is no such information available.  

The objectives of this project are: (1) To quantify the speciation and solubility of trace elements in 
particulate matter from ship emissions; (2) To determine how the solubility of trace elements change during 
simulated atmospheric processing, (3) to quantify the bioavailability of treated and untreated ship emitted 
particulate matter, i.e., the biological response of algae with and without bacteria; and (4) to elucidate the 
factors controlling the bioavailability.   

To achieve these objectives, a number of modern analytical chemistry and biological techniques will be 
employed including inductively coupled plasma mass spectrometer, synchrotron based spectroscopy, ion 
Chromatography and gene expression. The new data will be fed to global models through collaborations in 
the US, Japan and Australia to estimate the contribution of ship emissions to the global budgets of soluble 
trace elements, particularly to the global ocean. Such data will be used in an earth system model to study 
the climatic impact of ship emitted particulate matter in the present and the future.  

The PhD student will be given extensive training in generic skills, via a formal training programme 
within the CENTRA consortium. He/she will also be given extensive training in analytical chemistry 
techniques in the University of Birmingham and biological techniques in the University of Warwick. 
Depending on the progress, he/she may also be able to learn global modeling in collaborative institutions 
and apply the resultant data to a global model himself/herself, further enhance the skill set. 
 
Methods: 

In this project, ship emitted particulate matter will be collected during scientific cruises. Some of the 
samples will be exposed to acidic gases such as SO2 and HNO3 gases to simulate the aging of particulate 
matter during transport. The student will employ traditional and modern analytical techniques such as ICP-
MS and long path length liquid waveguide capillary cell-spectrophotometry, synchrotron based 
spectroscopy to determine the chemical composition and speciation of trace elements in aged and 
untreated samples. He/she will also employ a series of aerosol chemical analysis techniques including IC, 
OC/EC analyzer, and GC-MS to determine the chemical compositions of aerosol samples. These 
experiments will be done at the University of Birmingham.  

In addition, the growth rate of T. pseudonana will be quantified after culturing with treated and 
untreated samples. Modern genetic technology will be used to elucidate the uptake mechanisms of different 
metals from ship emitted particulate matter. To evaluate the effects of bacteria on the metal uptake, T. 
pseudonana cells will also be co-cultured with siderophore producing strains of marine bacteria. These 
experiments will be done at the University of Warwick. 

 
 
 
 

Applicants should apply 
via http://www.birmingham.ac.uk/postgraduate/courses/research/gees/environmental-health-risk-
mgt.aspx 

 

where they should click on ‘Apply now’ and choose the option ‘PhD in Department of Division of 
Environmental Health and Risk Management’ and give the PhD title in the ‘Funding details’ section of the 
online application. 
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