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1 Introduction and Goal of the Project

The analysis of compounds from seawater usually requires enrichment steps as ma-
rine concentrations are usually orders of magnitudes below the detection limits of
analytical methods. For the fortification of polar substances from water, such as or-
ganic P compounds, solid phase extraction is often utilized, in which the compound
of interest is enriched at the solid phase and subsequently eluted through a small

volume of solvent.

However, for seawater samples efficient enrichment of the analyte onto the solid
phase is often disturbed due to the seawater matrix, i.e, inorganic salts and analyte
compete for the binding sites at the solid phase. Therefore, enrichment methods
are often limited to water samples with very low salinity and, thus, for a number of

polar substances it is not possible to assess the very low marine concentrations.

marine water sample

matrix reduction through

electrodialyses / reverse osmosis

fortification

LC-MS/MS  spectroscopic

Hp /
GC-MS/MS methods Rl

Figure 1: Basic steps during sample preparation for the analysis of polar compounds
from marine water including an upstream step for the reduction of the seawater
matrix through electrodialysis / reverse osmosis.

Therefore, an upstream step during sample preparation is desirable, in which
inorganic salts are reduced to increase the efficiency of subsequent enrichment
and purification steps so that current analytical techniques can be more effi-
ciently exploited (Figure 1). In particular, it is a crucial step for the analysis of
organic P compounds by GC- and LC-MS/MS which is the overall goal of this
research. However, a desalting method might be also of interest for other analyti-

cal methods such as for the analysis of the dissolved organic P pool or dissolved
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organic matter (Vetter et al., 2007; Koprivnjak et al., 2009; Young and Ingall, 2010).

Electrodialysis is a method to reduce the electrolyte concentration from water
through the arrangement of cation and anion exchange membranes through which
an electrical current is directed. It is often used in combination with reverse
osmosis for subsequent concentration of the sample volume and was shown to be
successfully applied for the analysis of dissolved organic matter (Vetter et al., 2007,
Koprivnjak et al., 2009) or dissolved organic phosphorous from seawater (Young
and Ingall, 2010).

The goal of this project was to implement an electrodialysis method for the reduction
of inorganic salts in seawater, which can later be expanded to include a reverse osmo-
sis step. Within this project we are aiming to set up a laboratory scale electrodialysis
facility and to investigate the influence of pH and salinity of the sample water on the
electrodialysis process. Moreover, retention of the bulk paramters dissolved organic
phosphorus (DOP), dissolved organic carbon (DOC) and dissolved organic nitrogen
(DON) during electrodialysis was investigated. Sufficient retention of compounds
during electrodialysis was monitored through analysis of current target compounds,
i.e., glyphosate, its metabolite aminomethylphosphonic acid (AMPA) and glufos-
inate, methyl phosphonic acid (MPhn) as well as a number of organophosphate

pesticides.

2 Material and Methods

2.1 Operation of the Electrodialysis Facility

The electrodialysis facility was purchased from the company Deukum Gmbh (Frick-
enhausen) and was operated as described in Wirth et al., (submitted). During the
inital experimental phase, electrodialysis was conducted using artifical sea water to
enable preparation of water samples of defined conductivities. In the later stage
Baltic Sea coastal water samples were used which were obtained from the Heiligen-
damm pier (54°08’46.7°N, 11°50’36.1"E) between March and September 2018.
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2.2 Determination of the bulk parameters and target com-

pounds

The experimental procedures for the determination of DOP, DON and DOC,
glyphosate, AMPA, glufosinate, MPn and organosphophate pesticides were per-
formed as described in Wirth et al., (submitted). Basically, the analysis of
glyphosate and AMPA were conducted as described in Skeff et al. (2015) with mod-
ifications; organosphosphate pesticides were determined as described in Habedank

et al. (2017) and MPn as described in Lohrer et al., (in preparation).

3 Results and Discussion

3.1 Set up of the system

The basic electrodialysis facility consists of three reservoir tanks which contain the
diluate stream, concentrate (ion receiving) stream and electrode rinse (Figure 2),
an electrodialysis membrane stack of type quadro, circulation pumps and a voltage
regulator. Since November 2017 the system is in use. It was further equipped with
conductivity meters for each reservoir and additionally for each reservoir steel sheets
were integrated to reduce turbulence and, thus, to allow processing of low volume

water samples (2 to 3 1).

conductivity meters

L]

——Reservoir 3: electrode rinse
Reservoir 2: concentrate (brine) stream
Reservoir 1: diluate (sample) stream

Figure 2: Electrodialysis facility (Deukum GmbH) additionally equipped with con-
ductivity meters and steel sheets to reduce turbulence. Fotograph: M. Sievers/IOW

System parameters such as the limiting current density were experimentally deter-
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mined (Sievers, 2018). The results presented in the following are obtained from the
Master Thesis Sievers (2018) and the manuscript Wirth et al., (submitted) which is

submitted for peer review publication.

3.2 Recovery of DOP, DOC and DON

The bulk parameters DOP, DOC and DON were analyzed after conducting elec-
trodialysis of a Baltic Sea coastal water sample (Heiligendamm pier, Figure 3).
Basically, DOP recoveries were higher during electrodialysis than those for DOC
and DON. DOP was retained by almost 100% until a salinity of about 1.5 and re-
duced to about 90% recovery at the final salinity of 0.1. However, DOC and DON
recoveries reduced yet in the early stage of electrodialysis to a final recovery of about
50% at a salinity of 0.1 (Wirth et al., submitted).
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Figure 3: Recoveries of the bulk parameters DOP, DOC and DON after electrodial-
ysis of a Baltic Sea coastal water sample from the Heiligendamm pier (Wirth et al.,
submitted).

Analysis of the influence of sample salinity, electric current (data not shown) and
pH on the recovery of DOP, DOC and DON revealed that, overall, the degree of
desalination and, thus, final conductivity of the diluate stream in the first place
determines the retention of the bulk organic matter. Therefore, higher recoveries
can be obtained if electrodialysis is terminated at higher conductivities. Surprisingly,
pH adjustment to pH 4 and pH 10 did not influence DOC and DON recoveries; for
DOP the obtained results are not valid (data not shown) (Sievers, 2018).
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3.3 Retention of target analytes

A number of compounds were tested to study if their retention in the utilized elec-
trodialysis system is determined by their chemical properties, such as the logKow .
Therefore, the chosen analytes cover a broad range of logKoy, and, moreover, com-
prise compounds which are in current research focus such as glyphosate, its metabo-

lite AMPA and glufosinate, MPhn and organophosphate pesticides (Figure 4).
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Figure 4: Recoveries of target analytes during electrodialysis until salinity of 0.1 of
a Baltic Sea coastal water sample (Heiligendamm pier) versus their logKow. Gly:
glyphosate, MePhn: methyl phosphonic acid (Wirth et al., submitted).

As a result highest recovery of target analytes can be expected in the logKoy, range
from about 0 to 2.5. Retention of analytes with higher logKoy, thus hydrophobic
compounds, is reduced presumably due to their adsorption in the electrodialysis
system; retention of substances with logKoy below 0, thus hydrophilic and ionic
compounds, reduced due to their loss over the electrodialysis membrane during
deionization. Detailed and further discussion on this can be obtained from Wirth
et al., (submitted).

Retention of the target analytes glyphosate, AMPA, glufosinate and MPhn were
analyzed in more detail as those are in current focus of further method development
for their analysis in seawater. Glyphosate, AMPA and glufosinate were largely
retained until a salinity of about 2 with recoveries ranging from 80 to 90%
which then exponentially reduced to about 20 to 60% at the final salinity of 0.1
(Figure 5). This is discussed in more detail in Wirth et al., (submitted). The re-
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sults for MPhn are currently compiled for publication (Lohrer et al., in preparation).
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Figure 5: Recovery of glyphosate, AMPA and glufosinate after electrodialysis of a
Baltic Sea coastal water sample (Heiligendamm pier, Wirth et al., submitted).

Finally, highest recovery for glyphosate, AMPA and glufosinate in the sample water
is obtained if electrodialysis is terminated at a final salinity of 2. For the overall
experimental procedure for their analysis, which includes subsequent experimental
steps after electrodialysis, this implies that high recovery of these analytes and thus,
low detection limits can be assumed if the following experimental steps, i.e., solid

phase extraction, are non-sensitive to a sample salinity of 2.
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