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Abstract: This study examined seawater toxicity at five concentrated seawater discharge sites in Korea using a
goldfish scale-based in vitro bioassay system to examine the toxic effects of waste seawater from seawater
desalination on aquatic animals. Goldfish were anesthetized and normal scales were removed to allow for scale
regeneration. On day 14, the goldfish were anesthetized again, and the regenerating scales were removed. We then
examined the influence of discharged seawater samples on osteoclasts and osteoblasts in regenerating scales using
tartrate-resistant acid phosphatase (TRAP) and alkaline phosphatase (ALP) as markers of osteoclast and osteoblast.
Scales were first incubated for 6 h in Leibovitz’s L-15 medium supplemented with seawater samples (diluted 10
times with L-15 medium). The effect of exposure to seawater on osteoclasts and osteoblasts was then assessed and
compared to surface seawater samples sourced from Tsukumo bay (Noto Peninsula, Ishikawa Prefecture, Japan) as
a control. We then measured TRAP and ALP activities in all samples from five seawater discharge sites. Our results
showed that the diluted seawater samples from the five discharge sites did not influence TRAP and ALP activity as
compared with diluted control seawater samples. Therefore, the results of this scale-based bioassay system permit
us to conclude that discharged seawater samples did not exert toxic effects under the present conditions.
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Introduction

To protect against water shortage, the Gijang
desalination facility (Fig. 1) was
completed in August 2014. It was designed to
supply 1.5 million households in the Busan area
with fresh water. Since marine areas near this
facility contain active fish farms, the impact of the
desalinization facility on the marine environment
has been assessed via diffusion modelling of waste
seawater. In addition, a preliminary assessment of
the marine toxicity risk of waste seawater was
recently conducted (Lee et al, 2017). However,
despite attempts to improve its environmental
impact, the facility was shut down in January
2018, since it was only 11 km away from the Kori
Nuclear Power Plant, and faced considerable
opposition from residents and environmental
groups
contamination.

seawater

concerned about radioactive

In preparation for the facility to become
operational, the present study was performed to
further investigate the concentration of waste in
seawater that was purified using reverse osmosis
membranes for desalination. To do so, we
conducted a bioassay using fish scales (i.e., used as
bone models) (Suzuki et al, 2000; Suzuki and
Hattori, 2002) to investigate the effect of
desalinated seawater on the marine ecosystem.
This assessment is critical, since some pollutants
such as polycyclic aromatic hydrocarbons (PAHs)
and heavy metals have been found to cause
abnormal bone metabolism in fish (Malekpouri et
al, 2011; Fernandez et al, 2018; Suzuki et al,
2022; Tarasco et al.,, 2022).

Fish scales are calcified organs that are
important for calcium storage. In fish, and
especially freshwater fish inhabiting low calcium
environments, plasma calcium levels are
maintained at approximately 10 mg/dl using
calcium stored in the scales (Suzuki et al, 2008;
Suzuki et al, 2016a). Moreover, fish scales are

equipped with both bone-resorptive cells

(osteoclasts) as well as bone-forming cells
(osteoblasts) (Suzuki et al, 2008; Suzuki et al,
2016a; Hirayama et al., 2023). Given the physical
properties and biological significance of fish
scales, we have developed a scale-based in vitro
bioassay system to evaluate seawater pollution
(Suzuki et al, 2016b; Zanaty et al, 2019). In a
previous study, we used this system to test
seawater from the Suez Canal that was
contaminated with PAHs (Suzuki et al,, 2016b). In
that study, we found that osteoblastic activity was
reduced when seawater diluted 500 times was
added to the culture medium. However, we did not
observe a difference in osteoclastic activity under
these conditions (Suzuki et al.,, 2016b).

With this background, the purpose of the
present study was to use the fish scale bioassay
system to estimate the effect of waste seawater
discharged from the Gijang seawater desalination
facility on fish bones.

Materials and Methods
Animals:

Male goldfish (Carassius auratus) (n = 6) were
purchased from a commercial fish supplier
(Higashikawa Fish Farm, Yamatokoriyama, Japan).
These fish were used for the scale in vitro assay (n
= 6 for osteoclastic activity; n = 6 for osteoblastic
activity).

This study was conducted in strict accordance
with the ethical
University. All experiments were performed under
anesthesia to minimize pain and discomfort to
animal subjects.

guidelines of Kanazawa

Effect of waste seawater on scale osteoclastic and
osteoblastic activity:

Surface seawater samples were collected from five
locations near the waste seawater discharge site of
the Gijang seawater desalination facility (Table 1,
Fig. 2) in October 2016. The effect of waste
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Fig. 1: Gijang seawater desalination facility.

Site 3 Site 4

Site 1
50 m

Fig. 2: Sample site locations. Site 5 is near the wastewater discharge outlet. In addition, seawater samples were

also taken from other points (i.e., Sites 1, 2, 3, and 4) within 100 m of Site 5.



Table 1: Latitude and longitude of sampling sites

Sampling sites Latitude Longitude
1 35°13'37.08"N 129°14'29.47"E
2 35°13'30.63"N 129°14'37.53"E
3 35°13'30.64"N 129°14'29.44"E
4 35°13'37.12"N 129°14'37.35"E
5 35°13'34.68"N 129°14'32.54"E

seawater samples on the osteoclasts and

osteoblasts of goldfish scales was then examined.

For the bioassay, goldfish were first
anesthetized using 0.03% ethyl 3-aminobenzoate-
methanesulfonic acid salt (Sigma-Aldrich, Inc., St.
Louis, MO, USA). Then, normally developed scales
from both sides of the body were removed to
permit scale regeneration. Fourteen days after
scale removal, goldfish were anesthetized again so
that the regenerating scales could be collected.
The regenerating scales were then used to
examine the effect of different seawater samples
on osteoclasts and osteoblasts using tartrate-
resistant acid phosphatase (TRAP) and alkaline
phosphatase (ALP) as markers for osteoclast and
osteoblast, respectively (Suzuki et al, 2000;
Suzuki and Hattori, 2002). To do so, collected
scales were added, one per well to the plate in
Leibovitz’s L-15 medium (Phenol Red-free,
Invitrogen, Grand Island, NY, USA) containing a
1%  penicillin-streptomycin (ICN
Biomedicals, Inc., Aurora, OH, USA) supplemented
with seawater samples (diluted 10 times in L-15
medium) and then incubated for 6 h. The effect of
seawater sample exposure on osteoblasts and
osteoclasts was then compared with exposure to a
surface seawater control sample collected from
(Noto

mixture

Tsukumo bay Peninsula, Ishikawa

Prefecture, Japan).

For analyses of TRAP or ALP activities, we
prepared 5 sites for collecting scales (analytical
sites) on each of right and left sides of one
goldfish’ body. Twelve scales were collected from

each of the analytical sites. Six of them were tested
for TRAP activity and the remaining 6 scales were
tested for ALP activity. The average value of the
TRAP or ALP activities of the 6 scales was
considered the values of TRAP or ALP activities on
each of analytical sites. For each goldfish, the
scales from the 5 left analytical sites were treated
with waste seawater for 6 h (experimental groups;
n = 5), while those from the 5 right sides of the
body were untreated (the control groups; n = 5).
Six goldfish were used for the analyses of TRAP or
ALP activities. Accordingly, the sample numbers
for each of experimental and control groups were
30 in both analyses of TRAP and ALP activities.
Measurement of TRAP and ALP activities was
conducted as previously described (Suzuki et al,
2009).

The method for measuring TRAP and ALP
activities was as follows. After the medium in each
well was aspirated with 8 series of pipettes, each
scale was washed with phosphate buffer solution.
Then, an aliquot of 100 pl acid buffer (0.1 M
sodium acetate, including 20 mM tartrate,
adjusted to pH 5.3) or alkaline buffer (100 mM
Tris-HCl, adjusted to pH 9.5; 1 mM MgCl;) was
added to each well of a 96-well plate. This
microplate was then immediately frozen at -80°C
and kept at -20°C until further analysis. Later, the
plate was thawed and an aliquot of 100 pl of 20
mM para-nitrophenyl phosphate in an acid or
alkaline buffer was added to each well of the
microplate. The plate was then incubated at
23°C for 20 min under shaking conditions. After
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Fig. 3: Influence of waste seawater samples on scale osteoclastic activity as measured using the fish scale
bioassay system. We found no effect of waste seawater on osteoclasts under the present conditions. All results
(n = 6) are expressed as mean * standard error. Cont.: control group; Exp.: Experimental group.

incubation, the reaction was stopped by adding 50
ul of 3N NaOH. Next, 150 ul of a colored solution
was transferred to the wells of the plate, and the
absorbance of each well was measured at 405 nm.
These absorbance values were then converted into
the amount of para-nitrophenol (pNP) produced
using a standard curve for pNP. After measuring
both TRAP and ALP activities, the area of each
scale was measured using NIH Image]. Finally,
TRAP and ALP activities were normalized to the
surface area (mm?2) and enzyme reaction time
(hour) of each scale (Suzuki et al.,, 2009).

Statistical analyses:

All results are expressed as mean + SEM (n = 6).
The statistical significance of differences in mean
values was assessed using paired t-tests, and the
significance level selected was p < 0.05.

Results

Effect of waste seawater samples on scale
osteoclastic activity:

Data regarding osteoclastic activity are indicated
in Figure 3. We evaluated the effect of waste
seawater samples on osteoclasts using scales
from six goldfish. Our results showed that waste
seawater did not influence osteoclast activity in

any of the individuals under the present

conditions.

Effect of waste seawater samples on scale
osteoblastic activity:

Data regarding osteoblastic activity are indicated
in Figure 4. As for the osteoclasts, we found that
waste seawater did not affect the osteoblasts
under the present conditions.

Discussion

The present study indicated that waste seawater
discharged from the seawater desalination facility
was non-toxic to osteoclasts and osteoblasts
sourced from goldfish scales.

Goldfish scales are known to be highly
sensitive to environmental contaminants. For
example, the osteoclasts of goldfish have been
found to be highly sensitive to heavy metals such
as cadmium (Cd) and gadolinium (Gd) (Suzuki et
al., 2004; Suzuki et al, 2019). Cd at concentrations
as low as 1013 M suppressed TRAP activity
following 6 h of incubation (Suzuki et al, 2004).
Similarly, osteoclast activity was found to be
reduced at concentrations of Gd as low as 10-13 M

Gd under similar incubation conditions (Suzuki et
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Fig. 4: Influence of waste seawater samples on scale osteoblastic activity as measured using the fish scale
bioassay system. We found no effect of waste seawater on osteoblasts under the present conditions. All results
(n = 6) are expressed as mean * standard error. Cont.: control group; Exp.: Experimental group.

al, 2019). Moreover, in another study of mercury,
methylmercury (MeHg) was found to be more
toxic to goldfish scales than inorganic mercury
(InHg) (Suzuki et al., 2004; Suzuki et al, 2011).
Thus, after 6 h of incubation, MeHg (10-8 M)
treatments significantly suppressed TRAP activity
(Suzuki et al, 2004), while InHg exhibited similar
inhibition at concentrations ranging from 10-5 to
10-3 M under similar incubation conditions
(Suzuki et al, 2011). In addition to the PAHs
described in the Introduction, goldfish scales are
also known to be highly sensitive to the marine
pollutant  tributyltin  (TBT), an aquatic
environmental pollutant originally used as a
biocide in anti-fouling paint (Suzuki et al, 2006).
In the same study, we also found that ALP activity
significantly decreased from the control values
following treatment with TBT treatments (i.e., at
concentrations from 10-10 to 10-5 M) after 6 h of
incubation (Suzuki et al., 2006).

As described above, heavy metals such as Cd,
Gd, MeHg, and InHg are known to exert negative
effects on osteoclasts. In contrast, PAHs and TBTs
decrease osteoblast activity even after as little as 6
h of incubation. In this study, we found that waste
showed no toxic effects

seawater samples

identified by the fish scale bioassay system.
Therefore, we conclude that these waste solutions
do not contain toxic quantities of any of these
compounds. Our results indicate that the seawater
desalination facility may exert only a minimal
impact on the marine environment, and the
resumption of its original purpose can be resumed
in the future.

Conclusion

We examined the potential toxic influence of
waste-concentrated seawater from a Korean
seawater desalination facility on the aquatic
animals. Specifically, we used an in vitro goldfish
scale-based bioassay system to examine the
toxicity of waste seawater sourced from five sites
near where waste seawater is discharged to the
seashore. We found no differences between
experimental and groups, and we
therefore conclude that waste seawater samples

control

do not exert toxic effects under the present
conditions.
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