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Abstract

Abstract

Distribution characteristics and concentration of trace elements in seawater play
a crucial role for investigation of marine ecosystem and global biogeochemistry.
Because their low concentration and complicated matrix, analysis of trace element in
seawater is a challenging field. Hence, the procedure of matrices separation, such as
co-precipitation, solvent extraction, and chelating-resin adsorption was applied for
analysis of trace level of elements in seawater in former studies, as well as there still
have their respective limitations in complicated manipulation, high reagent
consumption, and relatively high method blank. So developing some analytical
methods with low method blank, and low limit of detection, good precision and
accuracy is very important.

Polymer complexation-ultrafiltration (PC-UF) technique and inductively coupled
plasma mass spectrometry (ICP-MS) detection were combined for the speciation and
determination of trace elements in coastal and estuarine seawater. Afterwards, a
methods for studying the molecular size distribution characteristics of dissolved
organic matter-metal (DOM-M) complexes by UF-ICP-MS were developed and
applied in coastal and estuarine seawater, which provided technical support and
theoretical basis for the research on biogeochemistry of trace elements in seawater. At
last, gel permeation chromatography (GPC) and ICP-MS was studied to give a rapid
and accurate procedure for the measurement of complexation stability constant and
average coordination number of polyethylenimine groups participating in the complex
formation of polyethylenimine (PEI) with metal ions was proposed. The main
contents and results are as follows:

(1) A method using PC-UF for matrix separation and determination by ICP-MS
of trace elements in coastal and estuarine seawater has been developed. Metal ions
and PEI were combined together when pH was above 7.5, and the salinity of seawater
had no effect on the forming and the stability of the polymer-metal complex. The
addition of PEI in seawater at higher than 20 mg/L yielded to prominent recoveries
for all metal ions. The time for PEI binding with metal ions need to be longer than 25
min at room temperature to obtain better separation and recoveries, which suggest that
the binding time could be reduced when higher temperature is available. The
PEI-metal complex could be absolutely dissociated and eluted from the ultrafilter by

2.5 mL of 3% (V/v) nitric acid. Full quantitative data collection mode and internal

v



Abstract

standard calibration curve were used for ICP-MS measurement. Under the optimized
conditions, the relative standard deviations (RSDs) were lower than 9.3% (0.20 pg/L,
n=5), and the standard added recoveries were 78.7% (Ag) ~95.2% (Cu). Limits of
detection (LODs, 106) were from 1.2 (Cd) to 9.8 (Cu) ng/L. The developed method
has been applied to simultaneously determinate the metals in coastal and estuarine
seawater.

(2) A method using PC-UF for matrix separation and determination of 24
elements at trace level in coastal and estuarine seawater by ICP-MS has been
developed. Full quantitative data collection mode and internal standard calibration
curve were used for ICP-MS measurement. Under the optimized conditions, the RSDs
were in the range of 1.74% (Cd) and 7.34% (Eu) (0.02 ng/L~0.10 pg/L, n=3), and the
standard added recoveries were 72.8% (Ag) ~95.8% (Sm). LODs (10G6) were from
0.23 ng/L (Ho) to 13.9 ng/LL (Pb). The developed method has been applied to
simultaneously determinate the Rare Earth Elements (REEs) and metals in coastal and
estuarine seawater.

(3) A rapid and accurate procedure using gel permeation chromatography (GPC)
technique and ICP-MS for the measurement of complexation stability constant and
average coordination number of polyethylenimine (PEI) groups participating in the
complex formation of PEI with metal ions has been proposed. The method was
applied for the determination of the stability constant and average coordination
number of PEI and M” complex. Firstly, various initial concentration ratios of PEI
and M”" solution were prepared separately, and then mixed until the complexation
equilibrium were reached, at last, different M”" and PEI-M were separated and
determined by GPC-ICP-MS. With the help of chemical model inferred in the study,
complexation stability constants and average coordinating numbers of PEI-M could
be calculated. The effect of pH (4.1~5.3) on the equilibrium was investigated, which
showed that the complexation stability constants and average coordinating numbers
of PEI-M became larger as pH increased. This might due to the protonation of PEI
reduced as pH increased, then the ability of PEI complex with metals became
stronger.

(4) A method for studying on molecular size distribution characteristics of
DOM-M complexes in coastal and estuarine seawater by UF-ICP-MS was developed,
which had low blank, high sensitivity, good reproducibility, multi-sample handling,
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