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Sea ice is a special element of the marine environment in high-latitude seas. The freezing process of sea ice is also a
process of continuous salt removal from seawater, in which the salinity below the sea surface increases. In the rapid melting
process of sea ice, melted water with a low salinity is mixed with surface seawater, thus reducing the salinity. However,
because of the differences in seawater quality and dynamic conditions in different frozen sea areas, the influences of the
seawater freezing-melting process on the salinity of surface water vary greatly. In this paper, the Bohai Sea, which is an
icy sea at the lowest latitude in the Northern Hemisphere, estuaries, artificial islands, flat coastal regions, sea regions with
ice floes, and other sea regions with different hydrodynamic conditions were selected as the monitoring regions to monitor
water quality in three freezing stages: prefreezing, postfreezing, and postmelting stages through field sampling. The water
quality data in Liaodong Bay, the northeastern part of the Bohai Sea with the most severe pollution (from eutrophication
caused by high concentration nutrients) in the freezing-melting process, were monitored. The content of inorganic nitrogen
increased first and then decreased, whereas the content of petroleum hydrocarbons decreased first and then increased. The
study provides the basic data and theoretical support for the water quality assessment of the Bohai Sea ice area.

INTRODUCTION

The Bohai Sea is an icy sea at the lowest latitude in the North-
ern Hemisphere and is the only icy sea in China. The Bohai Sea
has a freeze-up period of three to four months every winter, and
sea ice usually covers 1/3 of the total area of the Bohai Sea,
including its entire coast. In recent years, the pollution of eutroph-
ication by high concentration nutrients in the Bohai Sea has
become increasingly serious. It is worth noting that sea regions
with severe ice conditions are always coinciding with sea regions
with poor water quality and heavy pollution; this has been widely
studied in research on water quality assessment and pollution
transportation. Because of the weaker water exchange capacity
and the decrease of the density and primary productivity of phyto-
plankton in cold temperatures during winter, the contents of inor-
ganic nitrogen and active phosphate in the frozen sea increased
significantly compared with those in other seasons. By contrast,
the contribution of sea ice to nutrient concentration variation in
under-ice seawater during the ice period should be demonstrated.
The migration of pollutants in the ice-water media during the
freezing and melting process of seawater has an important impact
on marine ecosystems. The precipitation of ice crystals during
the freezing process in winter and the release of pollutants in
ice during the melting phase in spring increase the concentrations
of seawater pollutants. Therefore, it is necessary to evaluate the
influences of sea ice on seawater pollutants for pollution control
in the Bohai Sea, particularly Liaodong Bay in the northernmost
region. However, related influencing mechanisms and observation
techniques should be further improved.
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Existing analysis and evaluation of nutrients in Liaodong Bay
were mainly based on the field observation data (Wu et al., 2012;
Yu et al., 2016). The distribution of nutrients is greatly affected
by runoff in coastal waters, whereas onshore sea regions are sig-
nificantly affected by marine biochemical processes (Qu et al.,
2006). Severe eutrophication mainly occurs in the Daliaohe Estu-
ary, Liaohe Estuary, and coastal waters. In addition, the above sea
areas show significant differences in the distribution of nutrients
and interannual changes in the degree of eutrophication (Chen
et al., 2017). However, as a special natural environmental feature
of Liaodong Bay, sea ice has not been considered as an important
influencing factor of seawater nutrients. Xu et al. (2003) analyzed
26 water quality indicators of smooth ice, piled ice, and stranded
ice on the west bank of Liaodong Bay in accordance with three
industrial standards and found that the total salt content, chloride
content, and sulfate content were 1.4 to 16.6 times higher than
corresponding industrial standard values. However, they did not
explore the influences of the above pollutants on seawater qual-
ity. Zhao et al. (2008) simulated the effects of sea ice desalination
on the salinity of seawater in the Bohai Sea and found that the
exploitation and utilization of sea ice as a water resource would
increase the salinity of seawater. The current driving force in var-
ious sea regions determines the diffusion of salts. In Bayuquan
in Liaodong Bay, the water exchange capacity is the weakest, so
the salts are not easy to diffuse, followed by Huludao Island.
Changxing Island is adjacent to the open sea and has deep water
and the strongest water exchange capacity, so salts there are easily
diluted. Li et al. (1997) analyzed the crystal structure and stor-
age conditions of ice samples in Liaodong Bay and explored their
relationships with chlorophyll in seawater and under ice.

From December 2019 to March 2020, we monitored the sea-
water quality at several sites along the coastline of Liaodong Bay
before and after freezing. These selected monitoring sites included
the sea areas near estuaries and ports. The measurement param-
eters included water temperature, salinity, pH, dissolved oxygen
(DO), chemical oxygen demand (COD), nitrogen, and phospho-
rus, among others. These monitoring parameters were directly
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