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Water masses circulation and residence time in the surface seawater in the global ocean
based on radiocaesium
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1. Kanazawa University, Institute of Nature and Environmental Technology, 2. University of Tsukuba, Center
for Research in Isotopes and Environmental Dynamics

Introduction

137Cs is regarded as one of the most abundant artificial radionuclides in the ocean because of its long half-life
(30.17 yr) and large fission yield that originates from large-scale atmospheric weapons tests. Atmospheric
nuclear weapons tests occurred from 1945 to 1980. During 1945 to 1963, the large scale atmospheric nuclear
weapons tests were conducted by the United States. In 1963, the Partial Nuclear Test Ban Treaty was signed
and these tests in the atmosphere by the United States and Soviet Union, and Great Britain conducted the
underground. However, France continued the atmospheric test until 1974 and China until 1980. In addition,
137Cs has been released into the Pacific Ocean by local fallout from ground tests on Bikini Atoll in the Marshall
Islands between 1946 and 1958 by the United States (e.g., UNSCEAR 2000; Aoyama et al., 2006; Aoyama,
2010; Inomata, 2010). The FINPS accident is also recognized as a large source of 3’Cs. On the 11th of March
2011, large amounts of 3’Cs were released into the western North Pacific Ocean by atmospheric deposition and
direct discharge of liquid-contaminated stagnant water from the FLNPS because of the extraordinary earthquake
and the subsequent giant tsunami (IAEA, 2015; UNSCEAR, 2013). In this study, we present the following new
insights:

1. The distribution of 3’Cs in the mixed layer in the global ocean.

2. Behaviour of ¥7Cs in the surface mixed layer in the global ocean.

3. Mass balance.

Methods

The 37Cs concentration data were obtained from the HAMGIobal2021: Historical Artificial radioactivity
database in Marine environment, Global integrated version 2021; this database includes data measured from
1956 to 2021 (Aoyama, 2021). This new database contains a total of 56,447 datapoints corresponding to ¥Cs
measured in surface waters (0-20 m) in the global ocean between 1956 and 2021. The global ocean was divided
into 37 boxes.

Results

The ¥7Cs deposition as of 1st January 1970, with twoxtwo minutes resolution, is estimated to be 874+90 PBq.
In 1970, due to the minor contribution of atmospheric deposition, the 1¥’Cs inventory in the surface mixed layer
in the global ocean was estimated to be 184+26 PBq. This suggests that 68% of the 13’Cs deposited into the
surface seawater in the global ocean (577+60 PBq) had already been transported below the surface mixed layer
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on a decadal timescale. The *¥7Cs inventory increased slightly and reached a maximum (214+11 PBq) in 1980.
The increased '3’Cs inventory was due to the discharged '3’Cs from the reprocessing plants: Sellafield and La
Hague. Then, the '3’Cs inventory decreased, and the value in 2010, immediately before the FINPS accident,
was estimated to be 37.2+3.6 PBq. The relative contributions in the South Pacific Ocean, Indian Ocean, and
Atlantic Ocean to the 137Cs inventory in the surface mixed layer in the global ocean increased gradually. In
2011, the ¥’Cs inventory increased to 50.7+7.3 PBq, in which the FINPS-derived *3'Cs accounted for 15.5+3.9
PBqg.

The 3’Cs derived from the large scale weapons tests and FINPS accident were released into the almost same
region in the western North Pacific Ocean. The %¥’Cs transported eastward along with Kuroshio and its
extension and coast of the America with 1-2 years timescale, and then transported to southward and northward.
In the southward transported part, seawater with higher 3’Cs activity concentration transported to southward
associated with the Pacific subtropical gyre and subducted in the subtropical North Pacific Ocean and
equatorial Pacific Ocean. The seawater with high 137Cs activity concentrations entered the Indian Ocean over
the 2-3 decades. Then, *¥’Cs was transported into the South and Central Atlantic Ocean over a period of 3-4
decades. On the other hands, northward transported seawater along with the North America continent with 1-2
years timescale, transported westward to 6-8 years. Part of the seawater would be transported into the Arctic
Ocean. The seawater entrained into the subtropical mode water in the North Pacific Ocean were transported
westward in the subsurface layer and entered into the Eastern China Sea and the Japan Sea with 2-3 years.

Implications

Figure: Distribution of *3Cs deposition in 1 January 1970 and '¥’Cs transport route in the surface seawater of
the global ocean deduced. Circles are location of the nuclear reprocessing plants, Chernobyl, and FINPS.

For more details:

Inomata, Y. M. Aoyama. Evaluating the transport of surface seawater from 1956 to 2021 using 137Cs deposited
in the global ocean as a chemical tracer. Earth Syst. Sci. Data, 15, 1969-2007, 2023.
https://doi.org/10.5194/essd-15-1969-2023.
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study in Beijing and Baoding, China
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2 School of Civil Engineering, Architecture and Environment, Hubei University of Technology
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4State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of
Environmental Sciences

SInstitute of Medical, Pharmaceutical and Health Sciences, Kanazawa University

1. Introduction

Air pollution poses a global threat to public health. Especially, PM2s, O3, SO, and NOx are criteria air
pollutants. Short- and/or long-term exposure to these pollutants is associated with multiple health outcomes
such as respiratory diseases and cardiovascular illnesses, which highlights the importance of constant
monitoring on human exposure. Beijing-Tianjin-Hebei region is a heavily polluted area in China. However,
personal air pollution exposure has been poorly reported on the local residents, which requires investigation for
protecting public health. Personal sampling is the accuratest but costful method for determining exposure level.
Considering that individual exposure is impacted by multiple environmental and individual factors, it is feasible
to clarify its determinants and estimate each single exposure event based on the predicting model. In this study,
we conducted a seasonal monitoring and modelling on personal air pollution exposure of office workers in
Beijing and Baoding, which could provide a reference for future work of modelling personal exposure and
targeted suggestions on air pollution exposure control for public health protection.

2. Methods

Fourteen female office workers were recruited in Beijing and Baoding, who were healthy, non-smoking and
without occupational exposure. Daily sampling was conducted by each subject in continuous 10 days in
summer, autumn and winter in 2019. PM2s and gas pollutants (O3, SO2, NOx and NO;) were collected and
experimentally analyzed. Daily time-location-activity patterns were recorded including exposure-related
behaviors. Ambient pollutants concentrations and meteorological conditions were obtained from the nearest
monitoring stations. Determinants of each air pollutant were clarified by a linear mixed effect model. The
sensitivity of models was examined by excluding the outlier data.

3. Results and discussions

The valid samples of PM.s, NO2, NO and O3 (with a concentration higher than the LOQ) accounted for 99% (n
= 293), 87% (n = 259), 58% (n = 174) and 44% (n = 132), respectively, of the total measurements. The SO
concentration in 94% samples was lower than the LOQ, which might be attributed to the strict control measures
taken by the Chinese government. The median (IQR) concentrations of PM2s, NO2, NO and O3z were 31.4
(31.3), 36.5 (53.6), 68.7 (129) and 17.3 (18.0) ug/mé3, respectively, during the entire period. The concentration
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levels of 8% and 17% of the total personal measurements were higher than the respective Chinese National
Ambient Air Quality Standards of PMzs (75 ng/m?3) and NO2 (80 ng/m?3), respectively, especially in autumn and
winter. NO2, NO and Os showed a significant seasonal order of winter > autumn > summer (p < 0.05). In
contrast, the personal PMs level was the highest in autumn, followed by winter and summer, while the
concentration difference was only significant between those in summer and autumn (p < 0.05). Through a
comparison limited to the general indoor population, we found a decreasing trend in personal exposure to PMy 5
in Beijing, which might reflect the effectiveness of air pollution control measures implemented in Beijing and
its surrounding area.

Ambient air pollution is a major exposure source for the general population. Nevertheless, the correlation
coefficients (r) between the personal and ambient exposure levels were inconsistent among all subjects, ranging
from -0.01 to 0.46, 0.01 to 0.45 and -0.47 to 0.60 for PM2s, NO2 and Os, respectively. The results indicated that
the contribution of the ambient concentration to air pollutants on personal exposure was heterogeneous and
impacted by other indicators, such as the transportation mode, life patterns and meteorological conditions.
Potential influencing factors were screened and used to establish the final model. Ambient pollutants
concentration, dwelling time and air conditioner using in workplace and in-traffic time impacted the personal
exposure levels of PM2s, NO,, NO and O3 with different extent. Among the total models, Marginal R square
(Rm?) and conditional R square (R¢?) ranged from 0.120 (PM2s) to 0.414 (NO;) and from 0.423 (NO) to 0.546
(NO>), respectively. After excluding outliers, the Rm? and R¢? values of each model increased to 0.135 (PMa.s)
to 0.608 (NO-) and 0.520 (NO) to 0.687 (NO,), respectively, except for the Rn? value of the NO model which
decreased to 0.140. In general, the key indicators and their effects were similar among the personal exposure
models before and after excluding outliers, except for NO,. It was indicated that the measurements with
extreme concentration values might be related to special pollution events, which could not be explained based
on the current variables and requires further investigation.

4. Conclusions

In this study, repeated measurements were conducted of the personal exposure to typical air pollutants in a
group of office workers living in the heavily polluted cities of Beijing and Baoding, China. Based on the results,
8% and 17% of the measurements exceeded the Chinese National Ambient Air Quality Standards for PM. s and
NO;, respectively. Personal PM2s5, NO2, NO and Oz exposure showed significant seasonal trends which were
higher in autumn and winter than those in summer. Our study bridged the gap in the available data of personal
exposure to air pollution obtained on in recent years in the BTH region. Through a comparison to previous
reports, we found a decreasing trend in personal PM.s exposure in a typical indoor population in Beijing,
indicating the effectiveness of air pollution control measures implemented in the BTH region. The personal
PMa2s, NO2 and Ogs levels were generally lower than the ambient concentrations except for the PM2s and NO;
levels in summer and winter, respectively. The modelling results showed that the traffic time, transport mode,
dwelling time at the workplace, ambient pollution, and temperature were important determinants of personal
exposure to PM25, NO2 NO and Os. Therefore, although the associations between the ambient and personal air
pollutant concentrations were weak, air quality improvement in ambient and office environments still requires
notable attention.
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Introduction

The Erdenet mine, one of the largest copper-molybdenum ore mining and processing factories in Asia, exists in
northern Mongolia. Residual slag, so-called “white dust” derived from the ore processing is being discharged
into the nearby tailing pond. Combined with the dry and windy climate in the spring and autumn, such land use
change is creating an additional source of anthropogenic windblown dust and posing major threats to
surrounding environment and human health. Even though the spatial scale of the tailings pond can be
considered minimal compared to the vast extent of natural dust sources (e.g., the Gobi and Taklimakan deserts),
it can be a significant point source of anthropogenic dust contaminated with elevated concentrations of heavy
metals. To precisely evaluate dust plume affected areas, coordinated observation by satellite remote sensing and
ground-based in-situ measurement can be an effective approach. Here, we report our first attempt to
characterize highly localized emission of anthropogenic dust from Erdent mine by applying the dust RGB
detection algorithm on Himawari-8 data. In addition, the supposed plume of dust found in the imagery was
validated using the coordinated in-situ measurement on the ground.

Methods

The high temporal resolution (10-min) data of the Advanced Himawari Imager (AHI) onboard Himawari-8
geostationary satellite was used to generate RGB images based on the algorithm used for detecting natural dust
phenomenon. The mass and number concentration of the particles were measured in-situ at two leeward
locations (train station at 49°3'38.00"N, 104° 9'51.00"E, ~ 3 km southeast of the tailings pond, and
meteorological station at 49°1'38"N, 104°2'42"E, ~ 8 km southwest from the tailings pond) using an optical
particle counter (PS2, Shinyei Technology Co.Ltd) and two PM2.5 sensors.
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Results

A streak of magenta-colored areas—suggested to be areas covered by dense dust clouds—can be identified in
the images. The supposed dust plumes extended from the exact point of coordinate 49°5'30.00"N,
104°6'60.00"E of the tailings pond and stretched towards the south-easterly direction (Figure 1). The direction
of the plume was in accordance with the predominant north-westerly high wind speeds reported on the ground.
The PM25 mass and coarse particle number concentrations measured at the train station, the point directly
leeward and on the south-eastern side of the tailings pond, indicated the same overall temporal patterns
(Figure.2), consistent with the occurence of the magenta area of dust RGB imagery. Thus, the results clearly
demonstrated that Himarawari-8 dust RGB imagery can sensitively capture and resolve the spatiotemporal
evolution of white dust plumes, originating from a point source as small as the tailing pond.

There was a total of 35 known white dust events since the installation of the in-situ optical particle counter at
the nearby ground measurement sites in this study, and dust RGB image was able to clearly detect 12 white dust
plumes out of 35 cases (34%). If those partially obstructed by cloud cover are included, nearly 50% of all
known white dust cases were successfully detected. Therefore, the dust RGB component extracted from
Himawari-8 is demonstrated to be effective in studying the most susceptible areas surrounding the highly
localized anthropogenic dust source such as the mine tailing pond.

Implications

This study successfully demonstrated the spatiotemporal dispersion of anthropogenic dust generated from the
Erdenet mine for the first time and found that the actual extent of the plume stretches over a wider region than
previously predicted. Such research approach is highly compatible with a region such as Mongolia,
characterized by a vast land and small population, and expected to contribute further to track environmental
changes in the country by identifying previously unknown dust sources.
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Figure 1. Dust RGB composite images extracted during white dust outbreaks on November 6 (a) and 11 (b),
2020, December 4 (c) and 5 (d), 2021. Tailings pond is shown as a red pentagon.

Figure 2. Particle concentrations measured at leeward locations during the white dust outbreak on November 6
(a) and 11 (b), 2020, and December 4 (c) and 5 (d), 2021. The blue and red lines show PM2.5 mass and number
concentration of coarse particles (Dp > 15 pm) at the train station, respectively. The green line (a and b) shows
PM2.5 mass at the meteorological station. Sections shaded by gray colour present the periods of white dust
outbreak detected by dust RGB images (Figure 1).

For more details:
Batbold, C., Yumimoto, K., Chonokhuu, S., Byambaa, B., Avirmed, B., Ganbat, S., Kaneyasu, N., Matsumi,

Y., Yasunari, T.J., Taniguchi, K., Hasebe, N., Fukushi, K. and Matsuki, A., 2022, Spatiotemporal Dispersion of
Local-Scale Dust from the Erdenet Mine in Mongolia Detected by Himawari-8 Geostationary
Satellite, SOLA, 2022, 18, 225-230, doi.org/10.2151/s0la.2022-036.
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Kouhei KURODA, Nobuo SUZUKI: Studies on the role of calcitonin in the reproductive physiology of
goldfish

Background

Calcitonin (CT) is a peptide hormone consisting of 32 amino acid residues involved in calcium (Ca)
metabolism. In mammals, it decreases plasma Ca concentration by suppressing osteoclast activity, and similar
function is also observed in fish. CT is secreted by C cells of the thyroid gland in mammals and by the
ultimobranchial Grand (UBG) in non-mammalian vertebrates.

Our laboratory has previously reported the existence of two types of CTs, type | and type Il (CTI and
CTII), in goldfish: CT1 has been isolated from UBG and its amino acid sequence has been determined, and the
structure of CTII has been determined from genomic DNA.

Regarding the physiological dynamics of CT, previous reports have shown that (1) there is a correlation
between plasma CT levels and plasma Ca concentration, and between plasma CT levels and GSI (gonadal
weight to body weight ratio) only in female goldfish, (2) CT levels increase markedly before ovulation in eels
and salmonids, and (3) plasma CT levels are significantly increased in goldfish and salmonids during the
breeding season only in females, suggesting that CT may play a role in reproductive physiology. However, the
reproductive physiological roles of CTIl and CTII have not yet been reported. In this study, we conducted two
experiments to elucidate the differences in CT secretion patterns between males and females during the
breeding season and the respective roles of the two types of CTs in reproductive physiology.

Experiment 1

In the first experiment, we quantified the expression levels of CTI, CTII, and CaSR in the UBG of female
goldfish during mating season, as well as biochemical parameters such as plasma CT and plasma Ca
concentrations, and examined their relevance to reproductive physiology. CaSR is a G-protein coupled receptor
that senses extracellular Ca ion concentrations, and its function of sensing elevated Ca concentrations and
promoting CT secretion from UBG may provide a clue to the relationship between CT and Ca concentrations.

The secretion of estrogen (E2: estradiol), which peaks in female goldfish during mating season, is another
factor that promotes CT secretion and must be taken into account when considering the relationship between
reproductive physiology and CT. In fish, E2 is known to promote osteoclast activity in scales. In the second
experiment, we focused on scales as a target of CT and analyzed the mRNA expression of CTl and CTll in
scales. In addition, we analyzed the effect of E2 on CT mRNA expression.

Experiment 2

Male and female goldfish with developed gonads were used as experimental material. The blood of
anesthetized goldfish were collected with a heparinized syringe, then centrifuged at 2500 x g for 10 minutes to
obtain plasma, which was used to measure plasma CT and plasma Ca concentrations; CT concentration was
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measured by ELISA based on the method of Suzuki, (2001), and Ca concentration was measured using a
commercially available kit. The goldfish were then dissected and the gonads and UBG were set aside. The
gonads were weighed to calculate GSI (gonad weight/body weight x 100); from UBG, total RNA was prepared
using a kit, followed by cDNA synthesis, and amplification was analyzed using a real-time PCR system.

Both plasma CT and plasma Ca concentrations were significantly higher in females than in males.
Similarly, the expression of CaSR in UBG was higher in females. On the other hand, the expression of CTI and
CTIl in UBG was not significantly different between males and females. We also examined the correlation
between the expression levels of CTl and CTII and the plasma CT and plasma Ca concentrations and GSI,
respectively, and found significant correlations only in females for CTI expression and plasma CT
concentration, CTII expression and plasma CT concentration, plasma CT concentration and plasma Ca
concentration, and plasma CT concentration and GSI, but not in males.

The results of the CaSR expression analysis suggest that female goldfish may be more sensitive than
males to changes in blood Ca concentrations. High CaSR expression in females during mating season may help
to regulate Ca concentrations elevated by E2. In UBG, the expression of the two CTmRNAS was similar in
males and females, suggesting that they are stored in similar amounts as proteins. However, due to the CaSR-
mediated secretion enhancement mechanism, the amount of CT released into the blood is also expected to be
higher in females with higher CaSR expression than in males.

Experiment 3

The expression levels of CTIl and CTII in scales were analyzed by quantitative PCR after isolation of total
RNA and synthesis of cDNA from crushed goldfish scales according to the method described above. To
evaluate the effect of E2 on CT expression, we used regenerated goldfish scales that had been debrided and
allowed to regenerate for 14 days. The regenerated scales were pre-incubated in L-15 medium for 1 hour at
15°C, then incubated in L-15 medium containing E2 for 6 hours, immersed in RNA later, and stored at -80°C.
Later, CTmRNA expression was analyzed according to the method described above.

The quantitative PCR results showed that CTI was not expressed in the scales, but only CTIl was
expressed. The expression levels were not significantly different between males and females. On the other
hand, the expression of CTII in E2-treated scales was significantly higher than in the control.

These results suggest that CTI produced by UBG and CTII produced by scales in both male and female
goldfish scales permanently suppress osteoclast activity, while CTII expression from scales is temporarily
enhanced in addition to CT1 expression from UBG during the mating season when E2 secretion peaks in
females. This role of CTI1 is likely due to its role in the mating cycle. This role of CTIl may be a defense
mechanism in female scales during mating season to prevent excessive Ca release by E2 and to avoid structural
weakening of their scales.

Conclusions

In female goldfish during the mating season, the increase in blood Ca concentration due to increased
osteoclast activity in scales associated with peak E2 secretion is sensed by higher CaSR expression in the UBG
(mainly type 1), which regulates blood Ca concentration. In addition, only CTII is expressed in scales, and its
expression is enhanced by E2, helping to inhibit excessive Ca leaching from scales during the breeding season.
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Ryoya KAWAMURA, Nobuo SUZUKI: Physiological and ecological study of red clawed crab, Chiromantes

haematocheir

Background

The red-clawed crab Chiromantes haematocheir (DE HAAN) (Figure 1) is a crustacean belonging to the
decapod family Crassulaceae, and
inhabits coasts and forests from
mainland to southwest Islands in Japan.
Adults of the Red-clawed crab live in
forests, but they have a unique life
history in which they temporarily live in
the sea during the growth process from
the zoea and megalopa stages until they
become juvenile crabs. On the other

hand, Tsukumo Bay in Noto Town,

Ishikawa Prefecture has a long coastline

and a drowning valley topography with | Figure 1.
Photograph of male red—clawed crab, Chiromantes

forests near the sea. Therefore, in this haematocheir collected in the coastal forests of Tsukumo bay.

study, I focused on the physiological

and ecological characteristics of the

larvae of the Red-clawed crab inhabiting Tsukumo Bay, Noto Peninsula.

Methods

I collected female red-clawed crabs that laid eggs on the coast of Tsukumo Bay, Noto Peninsula. Zoea

larvae were obtained by artificially letting offspring of the crabs. Subsequently, the zoea larvae were placed in
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a petri dish, and artificially reared by feeding S-type rotifers, until megalopa larvae were reared. Larvae were
sampled during the rearing period and placed in RNAlater for cryopreservation. Total RNA was extracted from
the sampled larvae, reverse transcription was performed, and gPCR was performed to analyze the gene
expression of the red-clawed crab larvae.

Expression analysis used Na*/K*-ATPase: nka, which is known to be involved in osmotic regulation. The
sequence of nka was determined by RNAseq analysis. On the other hand, research on rhythm was also carried
out along with ecological surveys. | set up a trap in Tsukumo Bay and investigated the return pattern of
megalopa larvae in comparison with the tidal rhythm. To further investigate the intrinsic rhythm, the clock

genes perl and timeless were sequenced from RNAseq data and expressed by gPCR.

Results and Discussion

In this study, | first focused on the osmoregulatory function. The salt tolerance of newly released zoea
larvae in captivity was investigated, and it was found that the zoea larvae immediately adapted into hypersaline
environment after hatching, and that the salinity range of 9 to 33 PSU does not affect their survival. Therefore,
I investigated the changes in nka expression levels during the developmental process from zoea larvae to
megalopa larvae by gPCR method. The expression level of nka tended to be lower in megalopa larvae than in
zoea larvae. It is expected that megalopa larvae have reduced adaptability to seawater, and may be related to
megalopa larvae returning to shore.

On the other hand, traps for megalopa larvae were set up at multiple locations in Tsukumo Bay, and the
patterns of megalopa larvae returning to the shore were investigated. Therefore, | focused on the rhythm of red-
clawed crab larvae and examined it using multiple clock genes. As a result, it was found that zoea larvae have a
24-hour cycle expression rhythm for perl and timeless, suggesting that zoea larvae have an intrinsic rhythm. In
the future, 1 will be planning to investigate the relationship between tidal rhythms and changes in the
expression of clock genes.

From the above, it was found that there was a change in the osmoregulatory function during the larval
stage of the red-clawed crab, and that this change was accompanied by a change in the expression level of nka,
which is involved in osmoregulation. In addition, it is possible that the endogenous rhythm of red-clawed crab

larvae is related to the observed return to shore in the spring tide of megalopa larvae.
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Introduction

Paddy fields provide alternative wetland habitats for various wildlife
that once inhabited natural wetlands. While land consolidation led to
enhanced crop production and labor saving, such land use change has also
led to deterioration of semi-natural wetland habitats for various wildlife.
Frogs are among the most susceptible taxon to environmental changes
associated with land consolidation. Dryophytes japonicus (Japanese tree
frog) and Rana nigromaculata (black-spotted pond frog) are among the

most ubiquitous frogs in Japanese paddy fields, which are often used as Fig. 1 Map of study sites in the regional
indicators for paddy field biodiversity. In 2012, R. nigromaculata was survey in 2020 (red: conventional field;
listed as a Near Threatened (NT) species in the Ministry of the blue: natural field).

Environment, Japan’s red list, due to its population decline following land

consolidation or agricultural modernization.

To restore degraded paddy field biodiversity and to produce safe food, JA
Hakui and Hakui City government jointly promote natural farming
(agrochemical-free and fertilizer-free farming) in on Noto Peninsula. In this
study, we examined whether different farming practices and local
environmental factors affect the abundances and diets of two common frogs

in the paddy field landscape of Noto Peninsula. (b

Methods
Regional surveys — From June to August in 2020 and 2021, field surveys
were conducted fortnightly in 14 (2020) and 12 (2021) paddy fields (Fig. 1).

_ _ . Fig. 2 Map of study sites i
One natural and one conventional paddy field was selected from each region & Map of study sttes n

(a) Area Y and (b) Area N in

(i.e. block) for a total of seven blocks in 2020 and six blocks in 2021. At the  inter-areal  survey.
each paddy field, visual census for adult frogs was conducted by walking Orange: paddy fields; red:

surveyed levees; blue:
along two or three levees. The stomach contents of frogs were collected drainage channels.

using the regurgitation technique. Arthropods on rice plants and levees were

separately collected as measures of food availability for frogs. Data were analyzed using negative binomial
generalized linear mixed-effects models (GLMMs), with D. japonicus or R. nigromaculata abundance as a
response, 6 (2020) or 4 (2021) environmental variables as fixed factors, and levee length as a random factor.
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Inter-areal survey — To investigate effects of drainage channel ~ Table 1 The best generalized linear mixed-effects

. | candidates from the regional i
structure on the abundance of the two frog species, field surveys ~ mede! candidates from the regional surveys in

2020-2021.
were conducted fortnightly in two areas in 2021. The paddy fields — Z=o—— et
. . . . 2020| 6/27|Intercept+Channel depth
in Area Y are equipped with deep concrete drainage channels, T I T -
. . . . 2020| 7/25|Intercept
while the paddy fields in Area N have shallow clay drainage 2020]_8/9[intercept- Water depth
2020| 8/21fIntercept
channels (Fig. 2). We studied 11 paddy fields in Area Y and 18 2021] 6/26] Intercept
2021| 7/10(Intercept
paddy fields in Area N to match the total survey length of the 2021] 7/22] Intercept
2021 8/7|Intercept
levees between the two areas (1705 m in Area Y, 1710 m in Area e reepChane Cen
. . /25|Intercept+(Grass height)2-Channel de
N). At each paddy field, visual census for adult frogs was 50 R MO
. 2020| 7/25(Intercept+Grass height-Channel velocity
conducted by walking along three levees. Data were analyzed 2020 7/25] Intercept-+(Grass height)2-Channel velocity
2020 8/9|Intercept
using GLMMs. 2020[ 8/21 \ntercegt—channel depth
2021| 6/26|Intercept
2021 7/10(Intercept
2021| 7/22(Intercept+Farming system
ReSU|tS and DISCUSSIOH 2021| 8/7|Intercept+Farming system

The effects of farming practice on the abundance of R.
nigromaculata and H. japonica differed over the two years.
Natural cultivation had positive effect on the abundance of R.
nigromaculata in 2021 but not D. japonicus in both years (Table 1).
Furthermore, the diet composition of R. nigromaculata in a
specific period differed between natural and conventional paddy
fields; leafhoppers and ants represented the main diets in natural
fields, while spiders and hemipterans comprised the main diets in

conventional fields (Fig. 3; ANOSIM; p = 0.035). For the effects Fig. 3 Two-dimensional plot of non-metric

of mowing intensity on frog abundance, R. nigromaculata but not ~ multidimensional scaling (NMDS). The length
of blue arrows are proportional to the relative
contributions of diet components of £
July. However, such positive effect was not evident in 2021. nigromaculata. Orange sites: natural paddy
fields; green sites: conventional paddy fields.

D. japonicus were positively affected by levee grass height in late

Regarding the effects of drainage channel structure on the two
frogs, channel height and flow velocity had negative effects on the
Table 2 The best generalized linear mixed-effects

abundance of R. nigromaculata. In contrast, flow velocity and model candidates from the inter-areal survey in

water depth of drainage channels had positive effects on the 2021.
abundance of D. japonicus. In the inter-areal survey, the Species Variables ___
) ) o ] H. japonica Intercept+Channel material+Distance from
abundance of D. japonicus was positively affected by the velocity channel+Channel velocity
R. nigromaculata |Intercept

of drainage channel, material of drainage channel, and the distance
from a drainage channel (Table 2). Dryophytes japonicus was more abundant in Area Y with deep concrete
drainage channel relative to Area N with shallow clay drainage channel.

In sum, implementation of natural farming possibly benefit R. nigromaculata through bottom-up effects and
their abundance may be enhanced by extensive mowing. In contrast, there was no evidence that D. japonicus
were benefitted by natural cultivation. Concrete channelization of drainage systems had negative effects on R.
nigromaculata but had positive effects on D. japonicus, suggesting that R. nigromaculata would disappear
while D. japonicus become abundant following land consolidation.
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IR I LRE R E S E LB b2 B,

1 1% Olgoy ild MgCO3-nH,0O & CaCO3-nH,O @ IAP %iRE DB ¥ L L T/RL T3, CaCO;-
nH,O @ IAP (Z5E1THF9E D MHC R ICIZIT—E L. Kig~ DK R S e v o 72, Kl & TAP
O pflix 0.17 TH Y, BROFEEIZ KV, ZofRIRE I N T2 MHC OREMEE L T2
LERLTWS, —J, #kd o MgCO;-nH,O @ IAP 13, IEDKT & & b ichnL 72, HE L IAP
® pfEi% 0.00016 TH v, HEAMHBEZREL 72, Z OFEREIAHEDKIEDET & & bic AMC DA
FREEDEIMN S % & & & —3F 5, Olgoy i#fld MgCO;3-nH,O D IAP O RFERTFE (X AL D IARREE & 13
T L T30, ZDOfEIZDT 2R/

PR L FRICIRE D S W IF E AR E L
75Tz THUTRARBRIFICE 5 A HY)
WX DENL -6 LTn5 EHERIL 72,

AMC D IEMRFEE D PR 5 o i B i e
RO Z &b, AMC OERKICZEHiZE D
HHIEREZLND, TAAYEHATIX
HoZFMI AMC 2B & L5 23, 4
X AMCIE s IIfll S s, 2D &,

Tov VENC BT R oM IC X
% CO, EEBSLHIcHH TN s 2 & %2R
%L Tw3,

1 Olgoyilic 1F 5 MgCO;-nH,0O & CaCO;-nH,O @ IAP &K
mOMHEAX, ERIZZENZNL AMC & MHC OBRfREZRL Tw5,
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Shinya Ochiai', Atsushi Fujita?, Takeo Tokunari? and Seiya Nagao® : Distributions of 21°Ph, 13’Cs and grain size

in bottom sediments of West Nanao Bay, Japan

[iIZC®ic] EREETA)IEORBEETIICAETL2NETHS. LRSI T 2 &
b, CRMEE A 1E U T HAREAED 2 AN R ERE Th 5 R, ZERWAFRITH HREAR)I,
ZEINBBEBIZRAL TEBY  ZORELZITOTWHRBRE TH L LHENIND. L LR G,
BNOHEFREEREEICKTT 5 2 b DI DOEBEOFHMIT L < 5o TR, 22T, ARFETILER
V975 DR EHEFEW I L OHERGY) = 7 3080 KA H SRR PMERZFE 210Pb, 187Cs, d6 L UVK SCBRER 2 ) k9
DRIBRIZER L, ZHDOKESAICIESNCTERIEE OHEFEERE 2 R L7z

[F:] CREEE ISV T 2011-2012 4, 35 KTV 2017-2020 A2/ TRE 3L #ific Ty v n—
BeUeds (BES L, BRUEm AR 15%15 cm) & AW CRBHEREM &2 BB L 7o, $ 72, R RIS PEEZFE 210Pb,
BICs oA > _y b (FHE) 2HEETL2Z01IC, 11 HACBWTENE T2 7 77— (I
MR 77T —, REEHERERIES, BESH) ZHVTHEY 27 28I L (Fig. la). 2 b
OREHIBAELIRB I T T AT v I FEIZE AL, Fr~=7 LR8BI (LO-AX-51370-20,
GEM-FX5825-LB-C-HJ, ORTEC; EGM3800-30-R, CANBERRA) (Z Tl 210Ph (K4&HI 3k 219Pb), 137Cs
BEAZRE Lz, £7-, HEDREIORZRE b —W — 320 o Al E 25 #  (SALD-2000J, &l
YEAT) I CHIE L7,

[FE5 & #52] LREE ORBHER O h ki 238 PRyl « i CHKLIC /2> TRY, ZoHgT
A TRVRIUIC K 0, RIS DS HERE LIS WBRIE Ch 5 Z &3 e &7z (Fig. 1b) . g HE
TP O 210Pb, 137Cs ¥R B IIE H S TR I ARV ME M 3 L S 7 (Fig. e, d). ZOfERIE, Z
O DR TIIREHERY ORIENFFICHRI /R Z L LB L TWH EEZOND. T D DS ZK
< &, WICs JEEIXIBTEHR, KR DAL CTEVMEI A S A, 1D D O WA DSBUE O 2% g HERE )~
DERYPHIREEZ DND. —FH T, W 2Ph JREICIIHER 2 S MAE N A SNl T2
U, BIEIIRED DO NITE A EBALITE 5 B1Cs L 8701, 20pp [T 225 DA & K& D
SOEBILEDR TN OMMENH DL EMBRLTNDEEZLZD.

HeFEW) = 7 DA 219Ph, B¥7Cs DA X2 b U EERIAHAT DB CTE <, FHREE T T
BVMEAI A A Bz (Fig. 2). ZOZ enn, IOFGIXEICHEIHICEE S, BEEICIEERAT
WRNWZ ERNRRENT. Fe, HRES - HESTIIHERE T 19Cs A XV R U X, RENDOILE
BERTEKELEFTOA X FY X0 HF LKL, @ 2Ph A Xy R U RkE B SR L
AULMEVEZ R LTz, 2O Enb, HRE - B TR 21Pb, ¥Cs DISIIEFE (N
DOFA) L0 LHRESICLDIEREDERL CWD 2 AR IR, ZORRIE, Z oWk ciilt
BEAIBR N RALIZ L 0, ARIHERE M DS HERS LI < W & W SRR D HHEE S - HERSBREE L A Th 5.
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Fig. 1 (2) GRS CORIBHERIN) & R = 7 D FRIHLS. KB AR O (b) T ILRLRE, (0) 27Cs I,
(d) B 210Pb P DK T3
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Tanaka, S., Matsunaka, T., Mundo, R., Ozawa, M., Inoue, M.,
Takikawa, T., Morita, M., Kumamoto, Y., Nagao, S.
: Variation factor of polycyclic aromatic hydrocarbons in surface seawater
of the Sea of Japan and Arctic Ocean.

[Introduction]

The Yangtze River estuarine—inner-shelf area in the East China Sea is one of the largest reservoirs
of polycyclic aromatic hydrocarbons (PAHS) in the world and it is connected to the semi-enclosed Sea
of Japan by the Tsushima Warm Current. Investigation of the environmental behavior of PAHs in the
Sea of Japan is critical in assessing the ecological risks of PAHS, as the Sea of Japan is a fertile fishing
ground. The main sources of PAHSs in the Sea of Japan are thought to be the East China Sea and the
East Asian landmass via atmospheric transport of the westerly and northwesterly winter monsoon, but
the contributions of atmospheric and oceanic transport routes of PAHSs are still to be determinate. The
Bering Sea and Arctic Ocean share geographical features with the above described relationship of the
East China Sea-Sea of Japan. A continental shelf and interconnection through shallow straits are the
most representative. On the other hand, the Sea of Japan presents a subtropical to subarctic climate
whereas the Arctic Ocean is a polar region. Differences in PAHS’ environmental behavior is thus
expected. Moreover, the impact of climate change is already perceptible in the Arctic Ocean, but the
assessments of its impact on PAHs in the ocean have been limited to long-distance atmospheric
transport. Other factors such as increase in freshwater
inflow due to permafrost’s melting and increase in
wildfires are also expected to impact PAHs distribution
at the Artic Ocean. This study aimed to elucidate the
environmental behaviour of dissolved PAHs in the
surface Sea of Japan and Arctic Ocean during 2017-

2022 by analyzing 1) surface PAH distribution, 2) PAH
source, 3) air-sea PAH exchange, and 4) water mass

structure using radionuclide tracers (*®Ra, ?*°Ra, *?°I).
Fig. 1 Surface seawater sampling sites
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[ Materials and methods]

Surface seawater samples (10-15 L) were collected at 228 sites in the western subtropical North
Pacific, South China Sea, East China Sea, Sea of Japan, western North Pacific (Japanese costal area),
Okhotsk Sea, western subarctic North Pacific, Bering Sea, and Arctic Ocean from 2017 to 2022 (Fig.
1). Dissolved phase PAHs were concentrated into C18 disks from in-line filtered (0.5 pum glass fiber
filter (GFF) seawater. PAHs were extracted with dichloromethane and measured by HPLC system with
fluorescence detector.

[Results and discussion]

The total concentration of the 14 measured dissolved
PAHs (Z14PAHqgiss) in the Sea of Japan for the 2017-2022
period ranged between 0.29 and 5.87 ng L. The
mean + standard deviations were 3.26+0.36 ng L in
2017, 3.70+1.44 ng L ! in 2019, 0.51+0.10 ng L? in
2020, 1.29+0.53 ng Lt in 2021, and 0.69+0.35 ng L *in
2022 (Fig. 2). In 2020, although the atmospheric PAH
deposition flux increased to 4.0 ton month™ from the 3.4 Fig.2 Variation of 14PAHiss in 2017—
ton month ~* of 2019, the mean Z14PAHuiss in the surface i?%ﬁérbtggaﬁe””a' Sea of Japan and
seawater decreased. However, parallel to the decreasing
of X14PAHyiss at the central Sea of Japan, decreases were also observed at surface seawater of the
Tsushima Strait, and at the Kuroshio Current area. Moreover, the contribution of PAH-rich East China
Sea continental shelf’s water to the Tsushima Warm Current decreased from 58% in 2019 to 36% in
2020. The contribution of continental shelf’s water was calculated based on salinity and ??®Ra mass-
balance and confirmed by ocean current simulations. The monthly inflow of PAHs through the
Tsushima Strait was 8.8 ton month™* in 2019, decreasing to 2.2 ton month~*in 2020. The decrease in
surface X14PAHuiss levels at the central Sea of Japan from 2019 to 2020 was therefore mainly caused
by the decrease in PAHSs flux via the Tsushima Warm Current. In the Arctic Ocean, X14PAHiss ranged
between 1.03 and 3.37 ng L for the period of 2019-2022, with means of 2.09+0.39 ng L* in 2019,
2.27+0.56 ng Lt in 2021, and 1.41+0.23 ng L ! in 2022. PAHSs concentration in the Arctic Ocean
decreased by -40% from 2021 to 2022. PAHs’ atmospheric deposition fluxes in 2021 and 2022 show
similar values of 1.9-25.5 ng day* m, which are 1-2 orders of magnitude lower than the atmospheric
PAHSs deposition fluxes in the Sea of Japan (107.5-166.2 ng day* m-?). This suggests that the main
cause of PAHSs variability in surface seawater in the Arctic Ocean may be influenced by ocean current
transport and not by atmospheric transport. A negative correlation was observed between salinity and
dissolved PAHs concentration, and from the relationship between radionuclides (*Ra, ?%Ra, 1°1) and
salinity, the dominant factor for PAHs concentration in the surface layer of the Arctic Ocean was

determinate to be most related to the sea ice melting water and river water.
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