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表表紙紙写写真真説説明明

「森と水にかこまれたアンコール・ワット寺院」
アンコール・ワット寺院で知られるカンボジアのアンコール世界遺産は，大小 もの石造

建築物からなる文化遺産であるが， 万ヘクタールもの広大な指定区域には熱帯の豊かで多様
な自然があり， 万人ものひとびとが伝統の暮らしをいとなむという，文化財と自然，そし
て地域社会の巨大な複合体である。しかしながら，観光産業の急激な発達とともに環境汚染
や文化財の劣化といった諸問題が顕在化している。当センター連携部門では，国際的な人材
育成プログラムとして，この世界遺産を維持管理する国立アンコール遺跡整備公団に学生た
ちを例年派遣している。

（撮影：塚脇真二，環日本海域環境研究センター連携部門，※撮影許可取得）
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11 年年間間のの活活動動概概況況  

(1) 
1) 16 East Eurasia International Workshop on Present Earth Surface Processes and Long-Term 

Environmental Changes in East Eurasia 2019 9 16 20
70  

2) Joint International Symposium on Sustainable Development and Environmental Issues 2019 12
17 19 A 185  

3) 4
乡 续发 态

2020 2 29 13  

4) Research Seminar on the Recent Various Changes in Angkor World Heritage Site - Natural and Social 
Environment, and Peoples Livelihood – and Research Method and Its Significance Surveying the 
Living Environment in the Angkor Park (2020 2 4 Conference Hall of APSARA National 
Authority, Siem Reap, Cambodia 160 )  

5) Research Seminar on the Recent Various Changes in Cambodia - Recognised and Investigated by the 
Overseas Researchers - Natural and Social Environment, and Peoples Livelihood (2020 2 6
Seminar Room, National University of Management, Phnom Penh, Cambodia 60 )

6) Japan-Cambodia 

Research Exchange Conference on Conservation of Nature and Water Environment of World Heritage 
Sites 2020 3 13 9

(2) 
1) 10

2019 10 30 20  
2) 10

2019 10 31 14  
3) 2020 1 7

12 2020 2 28 29
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研研究究報報告告
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輪輪島島ににおおけけるる大大気気汚汚染染物物質質のの特特徴徴

Characteristics of Common Air Pollutants at Wajima, a Remote Background Site in Japan

Xuan Zhang 1, Lulu Zhang 1, Lu Yang 1, Quanyu Zhou 1, Wanli Xing 1, Akira Toriba2, Kazuichi Hayakawa 3, 

Yongjie Wei 4 and Ning Tang 2, 3
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2〒920-1192 Institute of Medical, Pharmaceutical and Health Sciences, Kanazawa University

3〒920-1192 Institute of Nature and Environmental Technology, Kanazawa University
4〒100012 State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy 

of Environment Sciences

INTRODUCTION
Particulate matter (PM), ground-level ozone (O3), sulfur dioxide (SO2), and nitrogen dioxide (NO2) are listed

as criteria pollutants for determination of the air quality indexes of many countries and organizations. Methane 
(CH4) is a vital greenhouse gas, and non-methane hydrocarbons (NMHC) are significant precursors of O3. Due 
to their wide dispersion and human health risk, numerous researches have been conducted to clarify the 
atmospheric behaviors. However, few of them have focused on remote background sites. Studies and observations
have shown that air pollutants derived from heavy-polluted areas have unignorable effects on remote background 
sites through regional or continental transport from polluted sites. What's more, the influence of transported 
pollutants is subject to several factors, such as potential chemical reactions during transport or at the recipient
location, as well as local meteorological conditions. Therefore, it is important to understand the air pollution 
profile in remote areas acting as a receptor of transported air pollutants to comprehensively evaluate the health 
effects of air pollution. Based on our previous research, polycyclic aromatic hydrocarbons detected at an ideal
background site, Kanazawa University Wajima Air Monitoring Station (KUWAMS), were transported from
northeastern China in the cold season and domestic Japan in the warm season and exhibited certain variations
over time. Therefore, in this study, the atmospheric behaviors of various air pollutants were further determined
at KUWAMS. We aimed to gain an understanding of air pollution profile and determine the possible contribution 
of external and domestic emission sources at the background site.

METHODS
KUWAMS is encompassed by mountains with an extensive forest and is 2.1 km south of the Sea of Japan 

coast. No major industrial emissions occur around this site. Air masses from the Asian continent can pass through
KUWAMS in the cold season and domestic Japan in the warm season. Air pollutants including PM1, PM2.5, NOx, 
SO2, O3, and total hydrocarbons (THC: CH4 and NMHC) and the organic carbon (OC) and elemental carbon (EC) 
in PM2.5, as well as mereorological conditions were monitored online by respective auto-monitroing instruments
from 2014/4 to 2019/8 at KUWAMS.

RESULTS
The daily average concentrations of PM1 and PM2.5 were 7.1 ± 5.2 and 15.9 ± 9.5 μg/m3, respectively. The 

annual concentrations were 6.7, 6.0, and 7.4 μg/m3 for PM1 and 15.4, 14.5, and 16.0 μg/m3 for PM2.5 in 2016,
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INTRODUCTION 

Particulate matter (PM), ground-level ozone (O3), sulfur dioxide (SO2), and nitrogen dioxide (NO2) are listed 

as criteria pollutants for determination of the air quality indexes of many countries and organizations. Methane 

(CH4) is a vital greenhouse gas, and non-methane hydrocarbons (NMHC) are significant precursors of O3. Due 

to their wide dispersion and human health risk, numerous researches have been conducted to clarify the 

atmospheric behaviors. However, few of them have focused on remote background sites. Studies and observations 

have shown that air pollutants derived from heavy-polluted areas have unignorable effects on remote background 

sites through regional or continental transport from polluted sites. What's more, the influence of transported 

pollutants is subject to several factors, such as potential chemical reactions during transport or at the recipient 

location, as well as local meteorological conditions. Therefore, it is important to understand the air pollution 

profile in remote areas acting as a receptor of transported air pollutants to comprehensively evaluate the health 

effects of air pollution. Based on our previous research, polycyclic aromatic hydrocarbons detected at an ideal 

background site, Kanazawa University Wajima Air Monitoring Station (KUWAMS), were transported from 

northeastern China in the cold season and domestic Japan in the warm season and exhibited certain variations 

over time. Therefore, in this study, the atmospheric behaviors of various air pollutants were further determined 

at KUWAMS. We aimed to gain an understanding of air pollution profile and determine the possible contribution 

of external and domestic emission sources at the background site. 

METHODS 

KUWAMS is encompassed by mountains with an extensive forest and is 2.1 km south of the Sea of Japan 

coast. No major industrial emissions occur around this site. Air masses from the Asian continent can pass through 

KUWAMS in the cold season and domestic Japan in the warm season. Air pollutants including PM1, PM2.5, NOx, 

SO2, O3, and total hydrocarbons (THC: CH4 and NMHC) and the organic carbon (OC) and elemental carbon (EC) 

in PM2.5, as well as mereorological conditions were monitored online by respective auto-monitroing instruments 

from 2014/4 to 2019/8 at KUWAMS. 

RESULTS 

The daily average concentrations of PM1 and PM2.5 were 7.1 ± 5.2 and 15.9 ± 9.5 μg/m3, respectively. The 

annual concentrations were 6.7, 6.0, and 7.4 μg/m3 for PM1 and 15.4, 14.5, and 16.0 μg/m3 for PM2.5 in 2016, 

- 77 -



2017, and 2018, respectively. Notably, the PM2.5 concentration at KUWAMS was higher than the annual average 

concentration in Japan (11.9 and 11.6 μg/m3 in 2016 and 2017, respectively), even exceeding the annual standard 

for Japan (15 μg/m3). Furthermore, a daily mean PM2.5 concentration exceeding the Japan standard (35 μg/m3) 

occurred on 17 days, most of which were in spring. The daily 1 h max average O3 concentration was 43.6 ± 16.2 

(15.3–105.9) ppb, and the daily 16 h average O3 concentration (from 5:00 to 20:00) was 31.5 ppb. Notably, there 

were 12% days with a 1 h daytime value higher than the Japanese standard (60 ppb), indicating a significant 

atmospheric concentration of O3 at KUWAMS. In addition, the annual concentration was 39.2 ± 12.9, 44.8 ± 

14.0, and 43.6 ± 14.8 μg/m3 for the daily 1 h max average and 28.5 ± 14.8, 31.7 ± 17.0, and 30.5 ± 16.6 μg/m3 

for the 16 h average in 2016, 2017, and 2018, which were lower than the average level in Japan in 2016 and 2017. 

The atmospheric levels of SO2, NO2, and NO were almost ten times lower than the average levels in Japan in 

2016 and 2017 (9 ppb NO2, 2 (2017)-3 (2016) ppb NO, 2 ppb SO2). Meanwhile, NMHC and CH4 showed stable 

concentrations during the sampling period, with average concentrations of 0.04 ± 0.04 and 1.88 ± 0.04 ppmC, 

respectively. The 3 h mean concentration of NMHC was 0.04 ± 0.04 ppmC at KUWAMS, which was lower than 

the Japanese standard (0.2–0.31) ppmC as a reference value for the prediction of the daytime O3 concentration. 

As shown in Fig.1, common air pollutants displayed certain seasonal features. PM1 and PM2.5 concentrations 

presented a seasonality as spring > summer > winter, autumn. It is thought that local sources such as seasonal 

pollen and sea salt dominantly contribute to the PM variation at KUWAMS. Besides, distinct peaks in autumn 

suggested the probable contribution of local agricultural residue burning. Additionally, asian dust is prevailing in 

spring and can be long-range-transported to Japan, contributed to higher PM level in spring at KUWAMS. Winter 

is the “clean” season due to lack of primary emission and weak atmospheric reactions. SO2, NO2, and O3 

displayed similar seasonal variations, spring > winter > summer > autumn. Spring peak of O3 commonly occurs 

at Northern hemisphere, which was thought that air pollutants including O3 precursors were long-range 

transported from continental flow in cold season (winter and spring), and the formation of O3 was strengthened 

by the mounting solar radiation from winter to spring. Low concentration in summer and autumn can be explained 

by lack of O3 precursors and strengthened wash-out effect due to frequent precipitation. CH4 showed a seasonal 

variation of winter > spring > autumn > summer. Seasonal features of CH4 in a background environment are 

correlated with its atmospheric reaction with hydroxyl radical, which depends on the seasonal intensity of 

ultraviolet radiation. No obvious seasonal trend was displayed in NMHC. 

CONCLUSIONS 

In this study, long-term observation of multiple gaseous pollutants (4 years) was performed at a typical remote 

background site. Common air pollutants were present at relatively low levels but with pronounced seasonal 

features, and high concentrations of PM2.5 and O3 that exceeded the Japanese standards were detected. Both 

external and local emission sources contributed to atmospheric pollution at KUWAMS. 
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Figure 1. Monthly variation in continuously monitored pollutants from 2014/6 to 2019/8 at Kanazawa 

University Wajima air monitoring station (KUWAMS). (a) PM1 (μg/m3); (b) PM2.5 (μg/m3); (c) OC (μg/m3); (d) 

EC (μg/m3); (e) SO2 (ppb); (f) NO2 (ppb); (g) NO (ppb); (h) 1-h O3 (ppb); (i) NMHC (ppmC); (j) CH4 (ppmC) 
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表面増強ラマン散乱（SERS）を用いた大気エアロゾルの超高感度分析技術の開発と応用  

Development and application of super-sensitive method for analyzing atmospheric aerosols 

based on Surface Enhanced Raman Scattering (SERS) 

Ryota Kunihisa1, Ayumi Iwata2, Masao Gen3,4, Chak K. Chan3, Atsushi Matsuki5 

1Graduate School of Natural Science and Technology, Kanazawa University 
2Faculty of Science and Technology, Keio University 

3School of Energy and Environment, City University of Hong Kong 
4Institute of Science and Engineering, Kanazawa University 

5Institute of Nature and Environment Technology, Kanazawa University 

Introduction 

The smallest of atmospheric particles are less than 100 nm in diameter and also termed as nanoparticles. The 

subset of particles in this size range can also act as cloud condensation nuclei and have significant impact on the 

regional and global climate. Also, human exposure to anthropogenic nanoparticles is an emerging health concern 

since their impact maybe overlooked by the conventional regulatory measures such as PM2.5. However, the 

chemical speciation of nanoparticles is technically challenging because of the minute particle mass. There is a 

constant need for more effective collection method and sensitive chemical analysis, which can detect and resolve 

the evolution of the chemical compounds of nanoparticles in the atmosphere. Surface enhaced Raman 

spectroscopy (SERS) provides a drastic enhancement of the scattering efficiency over traditional Raman 

spectroscopy. In this study, we examined the applicability of SERS on the rapid and sensitive chemical analysis 

of nanoparticles.  

Methods 

The novelty of the proposed technique is that the SERS substrate (Ag SERStrate, Silmeco Ltd., Denmark) was 

used directly as the sampling substrate of a condensational growth tube (CGT) sampler (Series 110 Liquid Spot 

Sampler, Aerosol Device Inc.), which can activate nanoparticles into water droplets (~3 µm) and ensure 

simultaneous inertial sampling and SERS pretreatment. First, we investigated applicability of the method on 

mono-dispersed (20 nm, 50 nm, or 100 nm) ammonium sulfate (AS) and levoglucosan (LG) particles as model 

aerosols (Figure. 1). The method was then applied on ambient nanoparticles collected at the Noto ground-based 

research observatory (NOTOGRO). 

Results 

We investigated laboratory generated AS and LG particles of 20 nm, 50 nm, and 100 nm, as well as ambient 

nanoparticles. Based on the successful detection of the peaks corresponding to sulfate v(SO4
2-) and organics v(C-

H) modes, our proposed method of combined CGT sampler and SERS technique showed sensitivity high enough 

for detecting major chemical components from nanoparticles as small as 20 nm (Figure. 2). Furthermore, 

comparison of chemical composition inferred both from current method and that from hygroscopicity of ambient 

particles showed consistent results. The detection of major chemical components from a small volume of 
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nanoparticles as small as 20nm by SERS can be a significant step forward in our pursuit of developing the more 

sensitive chemical analysis. 

Implications 

Current results showed that the combined CGT sampler and SERS is a promising technique which may provide 

deeper insights on the chemical speciation of particle growth processes in the atmosphere. We believe that the 

proposed method makes a significant contribution to the implementation of individual ultrafine particle analysis 

and could further help solving the aerosol climate uncertainties and health risks related to nanoparticle exposure. 

For more details: 

Ryota Kunihisa, Ayumi Iwata, Masao Gen, Chak K. Chan & Atsushi Matsuki (2020): Application of SERS on 

the chemical speciation of individual Aitken mode particles after condensational growth, Aerosol Science and 

Technology, DOI: 10.1080/02786826.2020.1730298 

Figure 1. Schematic of the experimental setup used in the laboratory experiment. 

Figure 2. Representative SERS spectra of AS and LG model particles mono-dispersed at 20 nm, 50 nm, and 

100 nm. Spectrum of NaCl particle is also shown as a background. 

- 81 -



魚類血清に含まれる抗菌性 L-アミノ酸オキシダーゼの性状と機能

小坂優斗，木谷洋一郎 

〒927-0553 石川県鳳珠郡能登町小木 金沢大学環日本海域環境研究センター臨海実験施設 

Yuto OSAKA, Yoichiro KITANI: Characterization of the antibacterial L-amino acid oxidase in fish serum 

Background 

L-amino acid oxidase (LAO) is one of the potent oxygen radical species generator. LAO oxidizes L-amino

acid to α-keto acid and generates hydrogen peroxide as a by-product. This enzyme shows a variety of bioactivities 

such as apoptosis, antiprotozoal and antibacterial activity. Those activities are because of the resulted-hydrogen 

peroxide. In fish species, antibacterial LAO was firstly found from fish body surface mucus and it may protect 

bacterial invasion at fish skin (Kitani et al., 2007). After this, fish LAO was isolated from the serum and it was 

the first report that the LAO found from animal blood (Kitani et al., 2010). 

The LAO related host defense mechanisms of animals —including fishes are still unclear, even blood LAO. 

Previously, I surveyed that the species-specificity of LAO in fish blood and found the red-spotted grouper 

Epinephelus akaara (Fig. 1) serum containing the enzyme (EaLAO) and hydrogen peroxide mediated 

antibacterial activity against Aeromonas salmonicida and Listonella anguillarum. Isolated enzyme was 440 kDa 

acidic protein that consisted of 70 kDa subunits with L-tryptophan, L-methionine and L-phenylalanine oxidation 

activity. Also, the N-terminal and internal peptide amino acid sequences of the isolated enzyme were similar to 

known LAOs. This result was the first finding of LAO from E. akaara. 

Purpose 

However, the host defense mechanism of fish blood LAO is not fully examined. The new knowledge of 

blood LAO may become an important key to understand the first-line host defense system of animals. In this 

study, to gain more insight into the biological meaning of fish blood LAO, I try to reveal primary structure, tissue 

distribution and physiological responses of EaLAO.  

Methods 

First, cDNA cloning and sequence analysis of the EaLAO gene (ealao) was carried out. The partial 

nucleotide sequence was amplified by degenerate PCR. The degenerate primers were designed based on the N-

terminal and internal peptide amino acid sequences of EaLAO. The full-length nucleotide sequence of ealao was 

attempted by both 3’ RACE and 5’ RACE method. Second, the expression level of ealao in E. akaara tissues -- 

dorsal skin, abdominal skin, gill, stomach, intestine, liver, spleen head kidney, trunk kidney, brain, pyloric caeca, 

and whole blood were measured. LAO activity of tissue extracts from those tissues was also measured. Finally, 

ealao alteration by the lipopolysaccharide (LPS) injection, pathogen exposure and traumatic damages were 

examined. In the LPS injection work, 1 mg of LPS was administrated to each fish by intraperitoneal (IP) injection. 

The pathogen exposure experiment, formalin killed vaccine of A. salmonicida, L. anguillarum and Vibrio harveyi 

were individually prepared and 100 μL of vaccines were IP injected to each fish. The 106 CFU of live V. harveyi 

injection was also examined. The LPS and bacterial exposure experiment, ealao alterations in spleen were 

monitored. In traumatic damages experiments, two different types of experiments were performed; a) the test fish 

skin was trepanned 30 times/fish using lancets, b) the blood was collected as much as possible. After both 

treatments, blood LAO activity and ealao alteration in skin, spleen and head kidney were monitored. The 
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quantitative PCR of all gene expression profiling was amplified with ealao, interleukin 1 β (il1b) and reference 

gene (component of oligomeric Golgi complex 5, cog5) specific primer set using SYBR green I chemistry. LAO 

activity of serum or plasma from all experiment was also evaluated by the generation of hydrogen peroxide with 

L-tryptophan using o-phenylenediamine / peroxidase method and measured the absorbance at 492 nm.

Results and Discussions 

Partial nucleic acid sequence and amino acid sequence of EaLAO was clarified (555 bp, 185 AA). That 

sequence showed the high similarity of known fish LAO. The partial predicted amino acid sequence includes 

signal peptide (Met1 - Ala20), flavin adeninedinucleotide binding site (Arg115 – Thr122) and N-glycosylation site 

(at least three sites, Asn45 – Ser48, Asn62 – Asp65, Asn80 – Gln83). During the cloning work, I found two of the 

other types of LAO genes (ealao2 and ealao3). These results suggested that the E. akaara has some of the ealao 

paralogues. The functional differences of the ealaos have to be clarified. 

The tissue distribution of ealao was dominantly detected in dorsal skin, abdominal skin, gill and liver. The 

LAO activity of each tissue extract was detected in dorsal skin, abdominal skin, gill and serum. Interestingly, the 

LAO gene was not detected in hematopoietic tissues (spleen and kidney) and whole blood cells.  

The LPS injection, il1b was increased eight times at six hours rather than the initial group. However, ealao 

was not significantly altered. Similarly, LAO activity in serum was not changed by the LPS injection. Bacterial 

vaccine and live bacteria injection also showed less alteration of ealao. Both injections induced the il1b; this 

result meant that the bacterial response of test fish was formed. Those results suggested that bacteria related 

substances and bacteria cell bodies are not contributing LAO response. 

The ealao in the skin was not induced by skin trepanation; in contrast, loss of blood showed interesting 

responses. The ealao expression level was increased than the control group at one day after bled. This alteration 

was calmed three days after treatment. LAO activity of plasma was increased at three days after treatment. Those 

results suggested that ealao is induced by the the blood loss and synthesizes the LAO protein to recover the 

normal concentration in three days.  

Conclusions 

Taken together, the EaLAO may be generated in the liver during the healthy condition to maintain blood 

LAO concentration and stands by the intruding bacterial pathogens. In case of severe wounds that cause the blood 

loss, the ealao production switches to the head kidney for the recovery. In addition, EaLAO similar gene was 

detected in the skin and gills of the naïve grouper. Those LAO productions could protect bacterial infection from 

body surface tissues. In conclusion, LAO may constantly fight against bacterial infection in the entire body of 

the red-spotted grouper. 
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ガドリニウムはキンギョのウロコの破骨細胞と骨芽細胞の活性を抑制する 
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Nobuo SUZUKI: Gadolinium suppresses both osteoclastic and osteoblastic activities in the scales of goldfish 

Background 

Gadolinium (Gd) is a ductile rare-earth metal. Gd3+ is currently used in magnetic resonance imaging for 

clinical diagnoses because Gd3+ has paramagnetic properties (Möller et al., 2002). To avoid the toxicity of Gd3+, 

chelated forms, known as Gd-based contrast agents (Gd-CAs), have been used (Möller et al., 2002; Telgmann 

et al., 2013). In general, Gd-CAs are stable complexes. The agents are rapidly eliminated from a patient’s body. 

After excretion, they enter the public sewer and, subsequently, the wastewater treatment plant. Because of their 

polar or anionic nature, however, the Gd complexes most likely are neither adsorbed onto surfaces nor by 

particulate organic matter (Knappe et al., 2005) but are released into environmental water without a specific 

recycling process (Telgmann et al., 2013). Therefore, a significant amount of anthropogenic Gd-concentration 

in surface waters has been reported worldwide (Möller et al., 2002; Telgmann et al., 2013). It is possible that 

the anthropogenic Gd impacts aquatic animals. Gd appears toxic in animals because Gd functions as a blocker of 

Ca channels, causing its ionic radius to be nearly equal to that of Ca (Sherry et al., 2009). Therefore, we 

examined the effects of Gd in fish bone metabolism. 

Methods 

Female goldfish (Carassius auratus) were purchased from a commercial source (Higashikawa Fish Farm, 

Yamatokoriyama, Japan) and used in the scale in vitro bioassay. In addition, all experimental procedures were 

conducted in accordance with the Guide for the Care and Use of Laboratory Animals of Kanazawa University. 

The culture medium was prepared. First, we added 1% penicillin-streptomycin mixture (ICN Biomedicals 

Inc., Aurora, OH, USA) and HEPES (Research Organics, Inc., Cleveland, OH, USA) (20 mM) to Earle’s 

Minimum Essential Medium (MEM; ICN Biomedicals Inc.). After filtration, the MEM was used in this 

experiment.  

After preparation of the culture medium, goldfish were anesthetized with ethyl 3-aminobenzoate, 

methanesulfonic acid salt (Sigma-Aldrich, Inc., St. Louis, MO, USA) and the scales on both sides of the body 

were then removed. The collected scales were incubated in MEM supplemented with gadolinium acetate 

(Gd(OCH3CO)34H2O) (Wako Pure Chemicals, Osaka, Japan) (10-15 to 10-6 M) and compared with Gd-free 

medium as a control. The incubation time and temperature were 6 hours and 15°C, respectively. We have reported 

the toxicity of Cd at 15°C at 6 hours of incubation (Suzuki et al., 2004). Therefore, these culture conditions were 

adopted in the present study. After incubation, scales were fixed in 10% formalin in a 0.05 M cacodylate buffer 

(pH 7.4) and then rinsed in distilled water. These scales were kept in a 0.05 M cacodylate buffer at 4°C until 

analysis. Then, tartrate-resistant acid phosphatase (TRAP) for osteoclasts and alkaline phosphatase (ALP) for 

osteoblasts were measured by the methods of Suzuki et al. (2004). 

Results 

Gd inhibited TRAP activity at 6 hours of incubation. Gd significantly suppressed TRAP activity. In 3 

goldfish used in the present study, the detection limit of Gd was 10-13, 10-11, and 10-11 M, respectively. 

ALP activity was significantly suppressed by Gd, although the Gd sensitivity was lower than in TRAP. In 

the 2 goldfish used in the present study, the detection limit of Gd was 10-9 and 10-10 M. 
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Discussion 

This is the first report to indicate the toxicity of Gd on fish bone metabolism using TRAP and ALP enzyme 

activities. The scales of some teleosts are a better potential internal calcium reservoir than vertebral bone during 

periods of increased calcium demand (Bereiter-Hahn and Zylberberg, 1993). Therefore, we believe that fish 

scales are a suitable bone model for the analysis of environmental pollutants. Furthermore, we demonstrated that 

Gd quite sensitively inhibited TRAP activity. Even Gd of 10-13 M suppressed TRAP activity at 6 hours of 

incubation. Therefore, our assay system is quite effective as a biosensor for Gd. 

At 6 hours of incubation, very low concentrations of Gd (10-10 and 10-9 M) influenced osteoblasts and 

suppressed osteoblastic activity. Therefore, the toxicity of Gd to osteoblasts appears to be higher than that of Cd, 

MeHg and InHg (Suzuki et al., 2004; Suzuki et al., 2011). Heavy metals such as Cd, MeHg and InHg were 

resistant to each metal as a result of the production of metallothionein (MT), which is a metal-binding protein 

that protects an organism from heavy metals (Suzuki et al., 2004; Suzuki et al., 2011). Because the mRNA 

expression of MT in Cd-, MeHg- and InHg-treated goldfish scales was increased, osteoblastic activity did not 

change at 6 hours of incubation (Suzuki et al., 2004; Suzuki et al., 2011). Thereafter, osteoblastic activity was 

inhibited by Cd (10-7 M), MeHg (10-7 M) and InHg (10-6 to 10-4 M) at 36 or 64 hours of incubation (Suzuki et al., 

2004; Suzuki et al., 2011). Therefore, the toxicity of Gd to osteoblasts may be related to MT expression. 

Gd was present in recycled water in which the stable organic Gd complexes pass through several sewage 

treatment plants without being significantly decomposed (Knappe et al., 2005). Therefore, anomalously high 

concentrations of Gd in surface waters are of anthropogenic origin (Rogowska et al., 2018). Specifically, 

anthropogenic Gd was detected in surface waters (up to 1,100ௗng/L) and sediments (up to 90.5ௗμg/g) (Rogowska 

et al., 2018). Therefore, aquatic plants, fungi, small planktonic crustaceans, and freshwater fish (Cyprinus carpio) 

were able to take up anthropogenic Gd from the polluted water and it accumulated in their bodies (Rogowska et 

al., 2018). Furthermore, in the present study, we demonstrated that low levels of Gd (10-13 to 10-11 M) have 

toxicity for bone metabolism in goldfish. Thus, we strongly believe that anthropogenic Gd has toxicity for aquatic 

animals and we must consider a Gd risk assessment to protect the polluted aquatic environment.  
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カタユウレイボヤ発生における多環芳香族炭化水素の作用

関口俊男 1，秋田谷 鴻 2，中山 理 3，矢澤隆志 4，小笠原道生 5，鈴木信雄 1，早川和一 6，和田修一 2

1〒927-0553 鳳珠郡能登町小木 金沢大学環日本海域環境研究センター臨海実験施設，2〒526-0829

滋賀県長浜市田村町 長浜バイオ大学バイオサイエンス学部アニマルバイオサイエンス学科，3〒

263-8522 千葉県千葉市稲毛区弥生町 千葉大学大学院融合理工学府生物学コース，4〒078-8510 旭

川市緑が丘東 旭川医科大学生化学講座細胞制御科学分野，5〒263-8522 千葉県千葉市稲毛区弥生

町 千葉大学大学院理学研究院生物学研究部門，6〒923-1224 石川県能美市和気町 金沢大学環日本

海域環境研究センター低レベル放射能実験施設 

Toshio SEKIGUCHI，Hiroshi AKITAYA, Satoshi NAKAYAMA, Takashi YAZAWA, Michio OGASAWARA, 

Nobuo SUZUKI, Kazuichi HAYAKAWA, Shuichi WADA: Effect of polycyclic aromatic hydrocarbons on 

development of the ascidian Ciona intestinalis type A 

【背景】 

多環芳香族炭化水素（PAH）類は、化石燃料や木材の不完全燃焼により生じ大気中に放出される

環境汚染物質である。また PAH 類は重油に含まれており、重油流出事故などによる海洋汚染の際に、

海産動物にも影響を及ぼす。PAH 類は、脊椎動物に対し発癌性物質、変異原性物質、内分泌かく乱物

質として作用することが知られている。一方、海産無脊椎動物に対しては、様々な影響が指摘されて

いるものの、PAH 受容体は不明であり、その作用機序は解明されていない。そこで、我々は海産無脊

椎動物のモデルとして、カタユウレイボヤ (Ciona intestinalis type A) を用い、PAH 受容体の探索を目

標とした研究を行なっている。今回、カタユウレボヤの初期発生と変態への PAH 類の影響を検討する

とともに、PAH 受容体の候補の一つである Aryl hydrocarbon receptor (AhR) に着目し、その発現を解析

した。 

【方法】 

実験 1. 初期発生における PAH 類の影響についての検討 

ホヤ受精卵に、dibenzothiophene, fluorene, phenanthrene をそれぞれ 6.25, 12.5, 25, 50, 100 µM 添加

し、18℃で発生させた。添加 22 時間後の幼生を固定し、その形態を光学顕微鏡で観察、異常な幼生の

発生率を計算した。 

実験 2. 変態における PAH 類の影響についての検討 

受精後 20 時間のホヤ幼生に dibenzothiophene, fluorene, phenanthrene をそれぞれ 100 µM 添加し、

18℃で培養し添加 70 時間後の初期幼若体を固定した。ホヤの幼生はオタマジャクシ型をしており、尾

を振って遊泳する。尾部は変態中に退縮し細胞塊となり、最終的に体内に吸収される。初期幼若体を

光学顕微鏡で観察し、初期幼若体の体長と細胞塊の長さの比を求めた。 

実験 3. ホヤ AhR の発現解析 

受精 20, 62, 86 時間後の幼生期、中期体軸回転期、初期幼若体期の個体を TRIZOL 試薬に溶解さ

せ、Total RNA を抽出した。Oligo dT(20) プライマーを用い cDNA を合成した後、ホヤ AhR のプライ

マーセットにより PCR を行なった。内在性コントロールとして、EF1α 遺伝子を選択した。また幼若

体におけるホヤ AhR の発現局在解析には、Whole mount in situ hybridization (WISH) を行なった。幼若
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体を固定し、ホヤ AhR (53-3220 bp)の配列から合成された DIG ラベル RNA アンチセンスプローブを

ハイブリダイズさせ、アルカリフォスファターゼ結合抗 DIG 抗体と反応させた後、基質である NBT

と BCIP を加え発色させた。シグナルは光学顕微鏡で観察した。

【結果と考察】 

実験 1. 

PAH 類に対するカタユウレイボヤの初期発生への影響を検討した。ホヤ受精卵に、PAH 類 

(dibenzothiophene, fluorene, phenanthrene）のいずれかを添加した結果、dibenzothiophene と fluorene で

は、50, 100 µM で有意な発生異常が認められた。さらに phenanthrene では、25, 50, 100 µM で有意な

発生異常が認められた。このように PAH 類が胚発生に影響を与えることを示した。 

実験 2. 

遊泳性の幼生が固着性の幼若体になるまでの変態過程における PAH 類の影響を解析した。遊泳幼

生に dibenzothiophene, fluorene, もしくは phenanthrene を添加し、変態後の形態への影響を検討した結

果、大きな異常は認められなかったが、尾部吸収後の細胞塊のサイズが増大していることが判明した。

そこで、初期幼若体の体長に対する尾部吸収細胞塊の比を計算した結果、試験した全ての PAH 類にお

いて有意に比率の上昇が認められた。このことは、PAH 類が尾部吸収を阻害することを示唆する。 

実験 3. 

脊椎動物における PAH 受容体である AhR のホモログに着目し、その発現解析を行った。脊椎動

物において、AhR は PAH 類と結合し、シトクロム P450 (CYP) 1A を誘導する。CYP1A は、PAH 類を

代謝し無毒化する。ホヤ初期胚においては、AhR が、母性因子として未受精卵から尾芽胚まで発現し

ていることが既に報告されている。今回、幼生から変態直後までの変態期と幼若体に着目し発現解析

を行った。まず RT-PCR 法により変態期における AhR 遺伝子の発現解析を行った結果、幼生から初期

幼若体までのステージで AhR mRNA が発現していることが明らかになった。さらに、幼若体を用いた

WISH 解析の結果、AhR mRNA は、消化管、乳頭状突起、神経複合体で局在が認められた。ホヤ AhR

は、消化管や鰓といった外界と接する器官において天然の毒物や環境汚染物質を認識しその無毒化に

関わると予想されるとともに、神経機能を持つと考えられる。 

【まとめ】 

PAH 類がカタユウレイボヤの初期発生や変態に影響を及ぼすこと、ホヤ AhR の発現パターンを

明らかにした。ホヤ AhR は、PAH 類の影響を受ける全ての発生ステージで発現しており、受容体と

して PAH の作用を仲介する可能性が高い。今後は、ホヤ AhR の PAH 認識活性を確認する予定であ

る。このように、本研究は、海産無脊椎動物の PAH 類の影響を分子レベルで研究する上での基盤とな

るだろう。 

本研究は、クリタ水・環境科学財団の助成のもとに行われた。研究成果は、Sekiguchi, T., Akitaya, H., 

Nakayama, S., Yazawa, T., Ogasawara, M., Suzuki, N., Hayakawa, K. and Wada, S., 2020, Effect of polycyclic 

aromatic hydrocarbons on development of the ascidian Ciona intestinalis type A. Int J Environ Res Public Health, 

17, 1340. に発表した。 
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富来地域の金鉱床近辺に分布する石英脈の熱ルミネッセンス年代測定の試み

長谷部徳子 1・浜田麻希 2 
1〒920-1192 金沢市角間町 金沢大学環日本海域環境研究センター 

2〒920-1192 金沢市角間町 金沢大学理工学域地球社会基盤学系 

Noriko Hasebe1 and Maki Hamada2 : Thermoluminescence dating of quortz vein, Togi mining district 

【はじめに】  

石川県能登半島に位置する富来鉱山では、明治時代から昭和の半ばまで金銀の採掘が行われていたが、

金や銀の産出形態や鉱山の成因の詳細は不明である。日本では中新世の日本列島形成（日本海拡大）

に伴う激しい海底火山活動（グリーンタフの形成）や、第四紀の陸成火成活動によって金鉱脈が形成

されることがよく知られている。熱水活動に伴って形成される石英脈に伴って金が産出することが多

く、歴史的には金鉱山を発見する際に石英脈の調査が行われてきた。富来鉱山の近辺でも石英脈が分

布しており、この石英脈の形成時期を調べることにより、富来鉱山の形成時期や成因を議論すること

を目的に、熱ルミネッセンス年代測定法を適用できるかどうか実験を行なった。 

【試料および手法】  

露光下で採取した石英脈の内部を暗室で分取し、過酸化水素処理、塩酸処理、および重液分離により

石英を分離した。SAR 法 (Murray and Wintle, 2000)にて光励起ルミネッセンスおよび熱ルミネッセン

スを測定し等価線量を求めた。熱ルミネッセンスは青色発光を測定した。また年間線量の見積もりに

は蛍光エックス線による K の測定、LA-ICP-MS による U、Th、Rb の測定結果を用いた。 

【結果】 

化学組成から求められる年間線量は、試料が石英脈であるため、各放射性元素濃度は低く(K, 0.47%, U, 

0.09 ppm，Th, 0.25 ppm，Rb, 56 ppm)、約 0.7 Gy/kyr であった。光励起ルミネッセンス法による等価線

量の見積もりでは 14 皿の分析結果は 2.5 Gy から 23.5 Gy まで大きくばらつき平均は 10.6±3.0 (2SE) 

Gy であった（図１）。一方、熱ルミネッセンス法（図２）では 4 皿で等価線量を求めたところ、約 3500 

Gy であった。またこの値は検量線の範囲から超える大きな値であり（図２）、おおよその見積もりで

ある。図２にはテスト線量の測定結果は載せていないが、テスト線量を与えた後の繰り返し測定の結

果には変化がなく、感度変化はほとんどしなかった。熱ルミネッセンスによる等価線量値より光励起

ルミネッセンスによる値が著しく小さくなった理由としては、石英が透明な鉱物であることから、脈

の内部を分析試料として用いたものの、露光してしまっていた可能性が考えられる。今回知りたい年

代は石英脈の形成年代であることを踏まえ、熱ルミネッセンス法による結果である約 3500 Gy の等価

線量から年代値を見積もったところ、約 5.0Ma となった。等価線量が飽和していた可能性を考えると、

この値は下限の値であり、実際の形成年代はもっと古いと考えられる。この結果から、石英脈の形成

年代の決定に熱ルミネッセンス測定は有効であるものの、適用できる時代を考慮した研究対象の選定

が必要であることが示された。 
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図１ 光励起ルミネッセンスによる等価線量の測定結果のラディアルプロット 

図２熱ルミネッセンス測定の例。横軸は温度、縦軸はシグナル強度、凡例の数値は人工線量の値（Gy） 

【引用文献】 

Murray, A.S., Wintle, A.G., 2000. Application of the single-aliquot regenerative-dose protocol to the 375°C 

quartz TL signal. Radiation Measurement 32, 579-583. 

0

500

1000

1500

2000

2500

3000

3500

100 150 200 250 300 350 400

natural

510

1020

1360

1700

510

- 89 -



フナムシを用いた潮上帯を主とした渚域の PAH 汚染調査
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using Wharf roach 

【はじめに】 

 多環芳香族炭化水素類(PAH 類)は化石燃料・木材の燃焼や石油類の流出により、大気・水環境中に

普遍的な汚染が拡がっている。PAH 類は発がん性・変異原性を有するだけでなく、内分泌かく乱作用

などを示すものもあり、近年魚類などの海洋動物の奇形を誘発することも明らかになっている。PAH

類は河川と大気を通じて海に運ばれるが、その後の挙動については不明な点が多く、周辺の有機物等

による吸着や潮上帯への拡散も懸念されている。 

フナムシ Ligia sp.は潮間帯の特に潮上帯に生息し、世界中の温暖な地域に普遍的に分布・バイオフ

ィルムや漂着した海藻類を摂食する腐食/雑食食性・一定の狭い地域内に定住する生活環などの特徴を

もつ。このことからフナムシは渚域の環境モニタリング調査に関して、二枚貝類を用いた潮下帯以下

の環境調査で不足する潮上帯以上の環境調査を補えるものと考えられた。 

潮上帯での PAH 類の環境および生物への PAH 類汚染への寄与を解明するため、本研究ではフナム

シを環境指標種として活用し、フナムシをモニタリング生物とした潮上帯の PAH 類の環境汚染調査を

目的とした。また研究対象地域として、太平洋沿岸地域と比較して水交換が小さく、また周辺地域の

都市圏からの流出が特に多いと考えられる日本海沿岸地域を対象とした。 

【実験】 

日本海沿岸地域計 12 地点(青森・秋田・山形・新潟・石川・京都・兵庫・島根・山口・福岡・佐賀・

長崎)でフナムシ(Ligia sp.)および土壌・海水・フナムシの主要な摂食対象である流れ藻を採集し、採集

された各種サンプル中の PAH 類の濃度分析を行った。PAH 類の濃度分析ではアメリカ合衆国環境保

護庁の定める 16 種の PAH 類を対象物質として検討し、回収率とバックグラウンドの問題から

Naphthalene を除外した 15 種を対象物質として分析を行った。同時に周辺環境試料(海水・土壌・流れ

藻)中の PAH 類濃度とフナムシ中の PAH 類濃度の比較解析を行い、暴露経路の推定を行った。 

【結果および考察】 

 分析した 15 種の PAH 類の合算値で見た場合、フナムシ中で最も高濃度で PAH 類が検出されたのは

秋田県の試料であった(96.0 ng/g dw)。これに続いて新潟・佐賀・山形・福岡・青森・石川・島根・兵

庫・京都・長崎・山口の順であり、検出された濃度の範囲は 26.9 - 96.0 ng/g dw であった。 

フナムシは潮上帯に生息する陸生の節足動物であり、海水から飲水し流れ藻やバイオフィルムなど

を主食とする雑食性動物である。これらの生物学的背景から PAH 類の暴露経路としてこの 3 種の環

境試料を分析したが、3 環，4 環，5 環，6 環をまとめた 15 種の合算値では顕著な傾向は見られなかっ

た(図 1-a1，a2，a3)。しかし極性の違いを反映して 3 環と 4 環以上の PAH 類で分けて相関を見た場合、
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3 環の PAH 類ではフナムシ-海水間で比較的相関が見られ(図 1-b2)、極性が高く生物中に移行しやすい

と考えられる 3 環の PAH 類は海水がフナムシへの暴露経路である可能性が示唆された。4 環以上の

PAH 類においてフナムシ-土壌間(図 1-c1)およびフナムシ-流れ藻間(図 1-c3)でも顕著な相関は見られ

なかった。各 PAH 類の濃度組成で比較した場合、海水中の各 PAH 類の組成は各地点間でほぼ一貫し

て 2 環および 3 環の PAH が高濃度に検出され、検出傾向とフナムシでの蓄積傾向の相関から、ここで

も 3 環の PAH 類はその親水性の高さから特に海水からの暴露がフナムシへの暴露源として優位であ

ると考えられた。4 環以上の PAH 類の組成は、フナムシ-土壌間では一部を除いて類似性が低かった

が、これと比較して流れ藻-フナムシ間ではほぼ全地点で良好な類似性が見られた。このことから 4 環

以上の PAH 類では主に摂食による暴露が優位となり、地点により土壌からの暴露も影響することが示

唆された。 

フナムシと周辺環境試料での PAH 類の濃度および組成の比較の結果、3 環以下の PAH 類は主に海

水からの暴露が優位であり、4 環以上の PAH 類は主に摂食(流れ藻など)、続いて土壌からの暴露が優

位であることが示唆された。この結果はフナムシを潮上帯の環境モニタリング生物として用いること

で、潮上帯における海水からの少環の PAH 類汚染、また他種の生物も食料として利用する流れ藻や周

辺土壌からの多環の PAH 類汚染を幅広くモニタリングすることが可能であり、フナムシ以外の同様に

潮上帯に生息する生物への暴露を類推出来ることが示唆された。また各 PAH 類の濃度組成などから、

今回分析した環境要因以外からの PAH 類の暴露が存在することが考えられた。 

図 1．フナムシ・土壌・海水・流れ藻での PAH 類の濃度 (総 PAHs・3 環 PAH 類・4,5,6 環 PAH
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PEI-ガラスフィルターによる腐植物質‐多感芳香族炭化水素会合態の膜分離 

岩井久典、Rodrigo Mundo、松中哲也、⾧尾誠也 

〒923-1224 石川県能美市和気町 金沢大学日本海域環境研究センターLLRL 

Iwai. H., Mundo, R., Matsunaka, T., Nagao, S., Separation of polycyclic aromatic hydrocarbon associated 

with humic substances using a PEI coated-glass fiber filter 

【はじめに】 

多環芳香族炭化水素（PAHs）は、化石燃料の燃焼や工場排煙等、人間活動により大量に環

境中へ放出される。近年、東アジアでは PAHs の環境中放出量の増加及び近隣諸国への越境汚染

が問題視されている[1,2]。PAHs は発がん性及び水生生物に対する変異原性を有するため、環境

中 PAHs の挙動把握が重要となってる。 

腐植物質（HS）は両親媒性を有することから、環境中の PAHs の吸着、溶解及び移動性に

大きく関わっていると考えられ、HS と PAHs の会合体の把握は PAHs の環境中挙動の理解に不

可欠である。これまでの研究では、HS と PAHs の会合性の評価には蛍光消光法が用いられてい

るが、分析の都合上、当該手法による環境水中の PAHs の存在状態の把握は困難である[3]。 

カチオン性ポリマーでコーティングされたガラスフィルターには、静電的相互作用によっ

て、負に帯電した HS が吸着される[4]。PAHs は負電荷を持たないためこのフィルターには吸着

しないが、HS との会合体は腐植物質のもつ負電荷によって当該フィルターに吸着されると予想

される。本研究では、水溶液系環境試料の新規分析手法として当該フィルターを用いた HS-PAHs

会合体の簡易的な分離法を提案し、それを用いた HS-PAHs 会合性の評価を行う。 

【試料と方法】 

腐植物質：フミン酸（HA）及びフルボ酸（FA）は異なる起源（広葉樹バーク堆肥、ピート

及び茂原地下水） から分離精製したものを用いた[4,5]。PcGF：ポリエチレンイミン（PEI、MW: 

ca. 1800, 0.1% in 10 mM リン酸緩衝液、pH 7.0）をガラス濾紙（ADVANTEC GC-50、φ90 mm）

に通し、PEI でコーティングしたガラス濾紙（PcGF）を作成した[4]。PcGF は、純水を通して洗

浄した後、すぐに試験に用いた。PAHs：重水素化された naptharene (Nap-d8)、acenaphthene (Ace-

d10)、phenanthrene (Phe-d10)、pyrene (Pyr-d10)及び benzo[a]pyrene (BaP-d12)の混液を標準試料（STD 

mix、[PAHs]total = ca. 7.28 μg mL-1）として用いた。PAHs の分離及び分析： HA 及び FA（2 mg L-

1 in 10 mM リン酸緩衝液、pH 7.0）の水溶液 200 mL に STD mix を 0 – 100 μL 添加し、吸引濾過

により PcGF に HS を吸着させた。先行研究に基づき、濾紙に吸着した PAHs はジクロロメタン

で抽出し、蛍光検出 HPLC により定性定量を行った[2]。 

【結果と考察】 

PcGF（φ= 90 mm）1 枚あたり 2 mg L-1 HA 200 mL の内 95%の HA が PcGF に吸着されるこ

とが分かった。HA 及び FA をろ過した後の PcGF から PAHs5 を抽出したところ 5 種の重水素

PAHs のうち、2-3 環の PAHs は検出されなかった。添加量に対する PcGF から検出された Pyr-d10
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及び BaP-d12 の検出量（％）を Fig. 1 に示す。こ

の結果から、HS の起源（Hc-: バーク堆肥、Ap-: 

ピート、Mg-: 茂原地下水）に関係なく、PAHs は

HA と会合しやすく、環数の多いものほど HS 会

合体を形成しやすいことが分かった。HS の紫外

可視吸光特性と％会合体 PAHs の関係から、HS の

分子量、重合度及び芳香族度が高いほど PAHs が

会合しやすいことが分かった（Fig. 2）。 

高い PAH 会合性を示

した HcHA 及び ApHA に

ついて、PAHs 添加量を変

化させ、その会合性の変化

した場合の遊離体 PAH と

会合体 PAH の関係を Fig. 

3 に示す。これらのプロッ

トに対して Langmuir 型の

吸着等温式がよく一致し

た。Langmuir 型の吸着等温式のフィッティングから、HｃHA と ApHA で試算された会合係数に

大きな差はなかったが、HcHA が高い会合容量を有することが分かった。以上の結果から、HS

における PAHs の会合部位は起源によらないこと、PAHs とその特定部位が 1:1 で会合すること、

及び会合容量は HS の起源及び分画間で大きな差があることが分かった。

【参考文献】 

[1] Li, et al. (2014) Environ. Pollut., 192, pp. 83-90. [2] Nagato, et al. (2019) Mar. Pollut. Bull., 138, pp.

333-340. [3] Li and Lee, (2000) Anal. Chem., 72, pp. 5272-5279. [4] Iwai, (2019) Anal. Sci., 35, pp. 783-

787. [5] Nagao, et al., (2009) Humic Substances Res., 5/6, pp. 9-17.

Fig. 1: The % of associated PAH to HSs. Solid and 
meshed columns represent BaP-d12 and Pyr-d10, 
respectively. The columns and error bars represent the 
averages and standard deviations (n = 3). 

Fig. 3: The relationship between the concentrations of free- and associated PAHs.

Fig. 2: The relationship between UV-vis indexes and %-associated PAHs 
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Spatial-temporal distribution of polycyclic aromatic hydrocarbons in surface water at West Nanao Bay, 
Noto Peninsula, Japan, during 2019−2020 

Rodrigo Mundo1,2, Tetsuya Matsunaka1,2*, Hisanori Iwai2, Shinya Ochiai1,2, Seiya Nagao1,2 

1. Division of Material Chemistry, Graduate School of Natural Science and Technology, Kanazawa University,
Kanazawa 920-1192, Japan
2. Low Level Radioactivity Laboratory, Institute of Nature and Environmental Technology, Kanazawa University,
Nomi 923-1224, Japan

[Introduction] 
   Polycyclic aromatic hydrocarbons (PAHs) is a family of compounds designated as priority pollutants 
by the US Environmental Protection Agency as harmful organic substances with carcinogenicity and 
mutagenicity effects. PAHs are produced after pyrogenic events or released from petrogenic sources. 
Located in a remote rural area facing the Sea of Japan, Nanao Bay is renowned for the Oyster production. 
Kumaki, Otsu and Ninomiya rivers, with different land usages in their courses, flow into the southwest 
part of the bay, generating an estuary-like environment with abundant seagrass and shallow waters (2 
−3 m). In the north-east part of the bay, a sandier seafloor and deeper waters are characteristic. After the
embryogenic effects of PAHs, determination of concentrations and spatial distribution in seawater of
West Nanao Bay is essential to ensure the safety and sustainable oyster production. This study aims to
elucidate levels, sources, pathways and ecological risks of PAHs in West Nanao Bay, Noto Peninsula,
through the seasonal monitoring of the spatial distribution, as well as phase partitioning, of PAHs in
surface seawater.

[Experimental] 
   The spatial distributions in surface water was seasonally investigated from May 2019 until February 
2020; simultaneously water quality parameters (e.g. salinity, turbidity, etc) were recorded on the field 
by water quality profiler. Seawater (10 L) was collected from 15 sampling points and stored in a polished 
stainless well-closed container to avoid PAHs photodegradation and any residual contamination. PAHs 
in seawater samples were separated and concentrated as particle phase (> 0.5 μm) and dissolved phase 
by tandem filtration with GC-50 glass fiber filter and solid phase extraction Empore C18 disk, 
respectively. To adjust extraction recoveries, deuterated standards were utilized. Samples were analyzed 
with a high-performance liquid chromatography coupled to a fluorescence detector (Shimadzu co., Ltd. 
Japan, 20A series). 

Fig. 1 Sampling points at West Nanao Bay, Noto Peninsula. 
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Fig. 2. PAHs levels in surface water at West Nanao Bay, Noto 

Peninsula, during 2019−2020.  

[Results and discussion] 

   The mean total 14 PAHs (particulate plus dissolved) concentrations were correspondingly 9.57 ng 
L−1 in May 2019, 21.95 ng L−1 in August 2019, 11.07 ng L−1 in November 2019, and 7.35 ng L−1 in 
February 2020 (Fig. 2). Highest total PAHs in the western part, decreasing towards the lowest total 
PAHs in the eastern part was the general trend besides in August 2019 when abnormally high total PAHs 
levels (up to ~130 ng L−1) were detected in the central part of the bay. Based on the diagnostic isomer 
ratios of [Flu] / [Flu + Pyr] and [BaA] / [BaA + Chr], and a varimax rotated principal component analysis, 
it was stablished that two distinct pyrogenic (liquid fossil fuel and coal combustion) were presented in 
the dissolved phase. With the same methodology, it was inferred that a major pyrogenic source (biomass 
combustion) plus a petrogenic second component were present in the particulate phase. With a strong 
inverse proportionality (r2 = 0.89) between annual average particulate-PAHs (PPAHs) and salinity, 
riverine runoffs were determined to be a major transportation pathway of PAHs towards the bay. Based 
on the ecological risk coefficients (RQ) developed by Cao et al. [1], PAHs ecological impact was 
analyzed. The RQ∑14 PAHs (NCs) varied from 0 to 82.49 in 60 surface seawater samples, representing 
a very low to low risks to marine life.  

[References] [1] Cao Z., Liu J., Luan Y., Li Y., Ma M., Xu J., Han S.  Distribution and ecosystem risk assessment of 
polycyclic aromatic hydrocarbons in the Luan River, China. Ecotoxicol., 2010, Vol. 19, 827–837. 
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Dynamics of radionuclides released from the Fukushima nuclear accident 
at river watershed environment 

Deddy Irawan Permana Putraa, Shinya Ochiaib, Seiichi Tomiharac, Shun Watanabed, Kyuma Suzukid, Seiya 
Nagaob 

a Graduate School of Natural Science and Technology, Kanazawa University, Kakuma, Ishikawa 920-1192, Japan 
b Low Level Radioactivity Laboratory, Kanazawa University, Wake O-24, Nomi, Ishikawa 923-1224, Japan 
c Aquamarine Fukushima, Tatsumicho-50 Onahama, Iwaki, Fukushima 971-8101, Japan 
d Gunma Prefectural Fisheries Experiment Station, Maebashi, Gunma 371-0036, Japan 

 [Introduction] 
An earthquake on 11 March 2011 caused an accident at the Fukushima Daiichi Nuclear 

Power Plant (FDNPP), which resulted in contamination of a wide range of terrestrial and 
marine environment. Radioactive cesium widely deposited on land and transported from 
watershed through river system to the ocean. Most of the radiocesium concentration derived 
from the FDNPP accident in riverine suspended solids are predominantly governed by the 
contributions of radioactive depositions in the catchment areas (Ueda et al., 2013, Nagao et al., 
2015, Ochiai, et al., 2015). Recently, the scientists reported that the activity of 137Cs was found 
in beach groundwater with a maximum value of 23.0  0.5 kBq m-3 at Yotsukura, Iwaki city 
40 km away from FDNPP (Sanial, et al., 2017). The dispersion and deposition of radiocesium 
on the environment are of great concern in the coastal area surrounding Fukushima Prefecture. 
Investigations of radiocesium concentration in the rivers have been performed to understand 
factors controlling transport of radiocesium during different watershed condition. 

[Location, Measurement] 
In this study, field survey was carried out at two 

river systems and one coastal area (Fig. 1). River 
water samples were collected at a fixed station 
from the Tone River and the Natsui River at 
normal and high flow condition during 2018-
2019. The upper Tone River watershed has 
catchment area of 16.840 km2 and the Natsui 
River catchment area is 749 km2. Suspended 
solids were separated from river water by using 
continuous flow centrifugation. Dissolved cesium 
was co-precipitated using ammonium molyb-
dophosphate (AMP) method. Radioactive cesium 
concentration was determined for the AMP 
precipitates and suspended solids samples using 
HPGe gamma spectrometry.  

[Result, Discussion] 
The maximum concentration of 134Cs and 137Cs 

at normal flow condition was 0.7 mBq L-1 and 7.9 
Fig. 1. Sampling Location (Cs137

distribution map, JAEA) 

Tone River 

Natsui River 

Yotsukura 
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mBq L-1 in the Tone River, and 1.1 mBq L-1 and 
11 mBq L-1 in the Natsui River, respectively 
(Fig. 2). Total concentration of 134Cs after the 
rain events was 18 – 37 mBq L-1 in the Tone 
River and 40 mBq L-1 in the Natsui River. The 
concentration of 137Cs in the Tone and Natsui 
River was 210 – 411 mBq L-1 and 447 mBq L-1 
respectively. The suspended solids 
concentration in both rivers was higher than 100 
mg L-1 at high flow condition. The percentage 
of 137Cs in particulate phase to the total 
concentration was over 95 % (Fig. 3). However, 
during low-flow periods the percentage varied 
from 50 to 95 % in the Natsui River and 12 to 
84 % in the Tone River. These results indicate 
that the transport of radiocesium in river 
systems are influenced mainly by the 
movements of suspended particles associated 
with radiocesium during runoff events. The 
134Cs and 137Cs concentrations in particulate 
phase during high flow after rain events were 
the highest in the both rivers. 

[References] 
S. Ueda, et al., 2013. Fluvial discharges of

radiocaesium from watersheds 
contaminated by the Fukushima Dai-ichi 
Nuclear Power Plant accident, Japan. J. 
Environ. Radioact. 118, 96–104. 

S. Nagao, et al., 2015. Migration behavior of
134Cs and 137Cs in the Niida River water in Fukushima Prefecture, Japan during 2011–
2012. J. Radioanal. Nucl. Chem. 303, 1617–1621. 

S. Ochiai et al., 2015. Effects of radiocesium inventory on 137Cs concentrations in river waters
of Fukushima, Japan, under base flow conditions. J. Environ. Radioact. 144, 86-95. 

Sanial, V., 2017. Unexpected source of Fukushima-derived radiocesium to the coastal ocean 
of Japan. https://doi.org/10.1073/pnas.1708659114. 
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