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中国上海市の多環芳香族炭化水素とニトロ多環芳香族炭化水素の経年変動と健康リスク 
Yearly variation in characteristics and health risk of polycyclic aromatic hydrocarbons and 

nitro-polycyclic aromatic hydrocarbons in urban Shanghai, China 
 

Lu Yang1, Xuan Zhang1, Wanli Xing1, Quanyu Zhou1, Lulu Zhang1, Qing Wu2, Zhijun Zhou2, Renjie Chen2, 
Arira Toriba3, Kazuichi Hayakawa4, Ning Tang3,4 

1Graduate School of Medical Sciences, Kanazawa University 
2School of Public Health, Fudan University 

3Institute of Medical, Pharmaceutical and Health Sciences, Kanazawa University 
4Institute of Nature and Environmental Technology, Kanazawa University 

 
Introduction 
Particulate matter (PM) plays a major role in air pollution. In PM, polycyclic aromatic hydrocarbons (PAHs) 
are a class of ubiquitous toxic organic species that are well known for their carcinogenicity and/or mutagenicity. 
As nitro derivatives of PAHs, nitro-PAHs (NPAHs) have become a concern because they exhibit a more 
profound direct-acting mutagenicity than PAHs. Similar to PAHs, most NPAHs originate directly from 
incomplete burning, while several kinds of NPAHs are generated in the atmosphere via secondary formation. 
Shanghai is one of the largest economic centers in China. Due to the rapid development of urbanization and 
industrialization, the health risks to humans caused by PM-bound PAHs and NPAHs inhalation exposure are 
particularly important with the high population density of Shanghai. Therefore, after the observation of PAHs 
and NPAHs in 2010, we regularly collected PM samples at the same site in Shanghai in summer and winter 
from 2013 to 2018, to clarify how the concentrations, compositions, major sources, and estimated health risks 
of PM-bound PAHs and NPAHs changed in recent years. 
 
Methods 
PM sampling was performed in the School of Public Health, Fudan University (31.2°N, 121.4°E), located in 
Xuhui District, which is the central area in Shanghai, China. The PM samples with aerodynamic diameters > 
2.1 µm anG ≤ ��� �m were separately collected by a low-volume air sampler loaded onto quartz fiber filters. 
The flow rate was 28.3 L/min. PM samples were collected in summer (Aug. 2013, Jun. 2015, and Jul. 2017) 
and winter (Dec. 2013, Dec. 2015, and Jan. 2018). After pretreatment, nine PAHs and three NPAHs 
(fluoranthene, pyrene, benz[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene, 
benzo[a]pyrene, benzo[ghi]perylene, indeno[1,2,3-cd]pyrene, 1-, 2-nitropyrenes, and 2-nitrofluoranthene (1-, 
2-NPs, and 2-NFR)) in each PM sample were detected by a high-performance liquid chromatography system. 
The BaP-equivalent (BaPeq) concentration was used to assess the potential health risk of PAHs and NPAHs. 
 
Results 
The results showed that the mean concentrations of total PAHs (ƩPAHs) in summer did not change substantially 
and were relatively high in 2015 and low in 2013. Compared with data in 2010, the mean concentrations of 
1-NP decreased in 2013 and 2015, whereas all three NPAHs increased in 2017. In winter, as shown in Figure 1, 

- 2 - 
 

the mean concentrations of ƩPAHs and 1-NP decreased by 39.7% and 79.0% from 2010 to 2018, and the mean 
concentrations of 2-NP and 2-NFR decreased by 31.2% and 46.5% from 2015 to 2018, respectively. Meanwhile, 
the mean total BaPeq (∑BaPeq) concentrations decreased by 50.8% from 2010 to 2018. Through the correlation 
analysis with meteorological conditions, it revealed that the PAHs and NPAHs concentrations were both 
influenced by ambient temperature. The diagnostic ratios of PAHs and factor analysis showed that  they were 
mainly affected by traffic emissions with some coal and/or biomass combustion. The secondary formation 
played an important role of NPAHs in Shanghai, and OH radical-initiated reaction was the main pathway 2-NP 
and 2-NFR. Moreover, backward trajectories revealed different air mass routes in each sampling period, 
indicating a high possibility of source effects from the northern area in winter in addition to local and 
surrounding influences. 
 
Implications 
Mid-to-long-term observation is important and necessary because it is beneficial to clarify the variations in 
pollutants in nature (concentration, composition, etc.) and emission sources in the regional atmosphere. This is 
the first study on the characteristics of mid-to-long-term changes in PM-bound PAHs and NPAHs in Shanghai. 
A series of measures have been implemented to control air pollutant emissions from various sources in China in 
recent years. PAHs and NPAHs results in this study indicated the positive effects of various policies and 
regulations. However, the air pollution in winter is still severe. To further control and reduce air pollutant 
emissions, some measures such as improve combustion technology should be strengthened. 
 
For more details: 
Yang, L., Zhang, X., Xing, W.L., Zhou, Q.Y., Zhang, L.L., Wu, Q., Zhou, Z.J., Chen, R.J., Toriba, A., 
Hayakawa, K., Tang, N., 2021. Yearly variation in characteristics and health risk of polycyclic aromatic 
hydrocarbons and nitro-PAHs in urban Shanghai from 2010 to 2018. Journal of Environmental Sciences, 99, 
72-79. https://doi.org/10.1016/j.jes.2020.06.017 

 

 
Figure 1. Yearly variations of total PAHs (∑PAHs), total BaPeq (∑BaPeq), 1-, 2-NPs, and 2-NFR concentrations 

in PM ≤ 2.1 µm in winter from 2010 to 2018. 
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the mean concentrations of ƩPAHs and 1-NP decreased by 39.7% and 79.0% from 2010 to 2018, and the mean 
concentrations of 2-NP and 2-NFR decreased by 31.2% and 46.5% from 2015 to 2018, respectively. Meanwhile, 
the mean total BaPeq (∑BaPeq) concentrations decreased by 50.8% from 2010 to 2018. Through the correlation 
analysis with meteorological conditions, it revealed that the PAHs and NPAHs concentrations were both 
influenced by ambient temperature. The diagnostic ratios of PAHs and factor analysis showed that  they were 
mainly affected by traffic emissions with some coal and/or biomass combustion. The secondary formation 
played an important role of NPAHs in Shanghai, and OH radical-initiated reaction was the main pathway 2-NP 
and 2-NFR. Moreover, backward trajectories revealed different air mass routes in each sampling period, 
indicating a high possibility of source effects from the northern area in winter in addition to local and 
surrounding influences. 
 
Implications 
Mid-to-long-term observation is important and necessary because it is beneficial to clarify the variations in 
pollutants in nature (concentration, composition, etc.) and emission sources in the regional atmosphere. This is 
the first study on the characteristics of mid-to-long-term changes in PM-bound PAHs and NPAHs in Shanghai. 
A series of measures have been implemented to control air pollutant emissions from various sources in China in 
recent years. PAHs and NPAHs results in this study indicated the positive effects of various policies and 
regulations. However, the air pollution in winter is still severe. To further control and reduce air pollutant 
emissions, some measures such as improve combustion technology should be strengthened. 
 
For more details: 
Yang, L., Zhang, X., Xing, W.L., Zhou, Q.Y., Zhang, L.L., Wu, Q., Zhou, Z.J., Chen, R.J., Toriba, A., 
Hayakawa, K., Tang, N., 2021. Yearly variation in characteristics and health risk of polycyclic aromatic 
hydrocarbons and nitro-PAHs in urban Shanghai from 2010 to 2018. Journal of Environmental Sciences, 99, 
72-79. https://doi.org/10.1016/j.jes.2020.06.017 

 

 
Figure 1. Yearly variations of total PAHs (∑PAHs), total BaPeq (∑BaPeq), 1-, 2-NPs, and 2-NFR concentrations 

in PM ≤ 2.1 µm in winter from 2010 to 2018. 
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IntrodXction 
The adhesion force of particles strongly influences the behavior and fate of atmospheric aerosols. The lack of 
extensive studies on the adhesion force of atmospheric aerosols is partly related to the technical difficulty 
associated with its direct and quantitative evaluation. In this study, we utilize the high spatial resolving power 
of the AFM to perform a more comprehensive measurement of adhesion force of individual aerosol particles, 
by considering the spatial variation and topographic effects within the surface of a single particle. The proposed 
method was tested on various types of atmospherically relevant model particles. Furthermore, the adhesion 
forces of Asian dust particles after long-range transport were also evaluated to demonstrate the applicability of 
this method on ambient aerosol particles with complex composition and mixing states and shapes. 
 
0etKods 
The measurement of adhesion force was performed in contact mode (Nanofinder®HE, Tokyo Instruments, 
Tokyo, Japan) using silicon AFM tips (ATEC-CONT, NANOSENSORSTM, Neuchatel, Switzerland) with a 
typical tip radius with a curvature of 10 nm. The topographic effect was first evaluated by measuring 
Polystyrene latex (PSL) standard particles, and the optimized method was then applied on atmospherically 
relevant model dust particles (quartz, ATD, and CJ-1) and inorganic particles (ammonium sulfate and artificial 
sea salt) to inter-compare the adhesion forces among different aerosol types. The method was further applied on 
the actual ambient aerosol particles collected on the western coast of Japan when the region was under the 
influence of Asian dust plume. The ambient particles were classified into sea salt (SS), silicate dust, and Ca-rich 
dust particles based on individual particle analysis (micro-Raman orSEM-EDX). 
 
5esXlts 
A comparison of the mapping images of the slope and adhesion force suggested that the tip loading force, as 
well as the slope of the measurement point were found to affect the adhesion force based on the initial tests on 
PSL. By considering these effects, measurement protocol and post data processing were optimized for a more 
comprehensive evaluation of the adhesion force. Comparable adhesion forces were obtained from model and 
ambient particles for both SS and silicate dust. While dust particles tended to show smaller adhesion forces, 
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however, the adhesion force of Ca-rich dust particles was larger than most silicate dust particles and was 
comparable with the inorganic salt particles (Figure 1 and 2).  

Implications 
This study demonstrated that force-distance curve mapping can be used as a new tool to quantitatively 
characterize the physical properties of aerosol particles on an individual basis. Above results highlight that the 
original chemical composition, as well as the aging process in the atmosphere, can create significant variation 
in the adhesion force among individual particles. This further illustrates the need to characterize the physical 
properties on an individual particle basis for accurately assessing the environmental impact of aerosols 
following their deposition and interaction with the deposition surface.  

For more details: 
Ono, K., Mizushima, Y., Furuya, M., Kunihisa, R., Tsuchiya, N., Fukuma, T., Iwata, A. and Matsuki, A., 2020, 
Direct measurement of adhesion force of individual aerosol particles by atomic force microscopy. Atmosphere, 
11(5), 489. https://doi.org/10.3390/atmos11050489 

Figure 1. Left panel: AFM image of an ambient (sea salt) particle; Right panel: Adhesion force mapping of the 
same particle. 

Figure 2. Comparison of adhesion force of aerosol particles measured in this study.  
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Fig. 1. Temporal variations of daily prevalence of cough for total, asthma and non-asthma patients (%) versus 
p-PAH concentrations (ngm-3) at Kanazawa city from 4th January to 30th June 2011. Bar means the per unit 
increase of p-PAH concentrations. These data were provided by Ayenda et al. (2016). 

Fig. 2. Temporal variations of p-PAH concentrations at Kanazawa from 1st January to 30th June 2011. (a) 
Simulated and observed concentrations, (b) Relative contribution from the six-source regions. • denotes the 
observed p-PAH concentrations.本文
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Fig. 1. Temporal variations of daily prevalence of cough for total, asthma and non-asthma patients (%) versus 
p-PAH concentrations (ngm-3) at Kanazawa city from 4th January to 30th June 2011. Bar means the per unit 
increase of p-PAH concentrations. These data were provided by Ayenda et al. (2016). 

Fig. 2. Temporal variations of p-PAH concentrations at Kanazawa from 1st January to 30th June 2011. (a) 
Simulated and observed concentrations, (b) Relative contribution from the six-source regions. • denotes the 
observed p-PAH concentrations.本文
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BACKGROUNDS 

Red-clawed crab Chiromantes haematochair (DE 

HAAN) (Figure 1) are crabs that belong to Decapoda, 

Sesarmidae and that habits on the coastal forests. These crabs 

have unique life history. The adults are highly adopted to the 

life on lands while larvae are released into the sea by adult 

female crabs and spend in the sea during the growth process 

from the zoea period to the megalopa period. From June to 

September, adult red-clawed crab mated and then females 

carried eggs in their abdomen. Thereafter, the zoea larvae 

released into the sea by female crabs transform into juvenile 

crabs via megalopa larvae. Juvenile crabs land on ashore via 

brackish water and begin their land life.  

Continuing from last year, we conducted a survey of megalopa larvae from September to November in this 

year. Similar to last year's results, no megalopa larvae were collected on the revetment coast. However, megalopa 

larvae were collected in the estuary. Therefore, it is presumed that the larvae move from the sea to the coastal 

ashore in where freshwater flows to the sea, transform into juvenile crabs, and then land as grabbing the root of 

reed. In the present study, thus, we investigated changes in the osmoregulatory functions of larvae of red-clawed 

crab, in order to elucidate the mechanism of the behavior by which megalopa larvae are attracted to the estuary. 

 

METHODS 

In the present study, we tried to examine artificial breeding of zoea larvae to obtained megalopa larvae and 

then investigated the mRNA expression of Na+/K+-ATPase (NAKA), an enzyme involved in osmoregulation, in 

the eggs carried in their abdomen, zoea larvae and megalopa larvae immediately after metamorphosis. Total RNA 

Figure 1. Photograph of male red-clawed 

crab, Chiromantes haematocheir collected 

in the coastal forests of Tsukumo bay. 
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extraction and cDNA synthesis were performed using respective kit (Takara Bio Inc., Otsu, Japan). The obtained 

cDNAs were used for NAKA mRNA expression analysis. Based on the RNA sequencing data using zoea larvae, 

the sequence of NAKA gene in red-clawed crab was determined. Primer sets were designed based on the sequence 

of NAKA gene. The expression levels of NAKA mRNA in the eggs and larvae were examined by quantitative 

real-time PCR. 

Next, in order to investigate the osmoregulatory ability of zoea larvae immediately after release into seawater, 

zoea larvae were placed in artificial seawater with several salt concentrations to examine the survival rate of zoea 

larvae in these environmental water. 

 

RESULTS and DISCUSSION 

In the present study, we succeeded in transforming the zoea larva of red-clawed crab into megalopa larva by 

artificial breeding. Then, we examined the NAKA mRNA expression in the eggs carried in their abdomen, zoea 

larvae and megalopa larvae immediately after metamorphosis. 

The expression levels of NAKA mRNA were very low values in the eggs immediately after spawning. 

Subsequently, the NAKA mRNA expression increased with the development of the eggs. In the eggs just before 

hatching, NAKA mRNA expression rose remarkably. This indicating that red-clawed crab has osmoregulatory 

ability even before hatching. Thereafter, the hatched zoea larvae released into the sea showed higher values than 

the NAKA expression level in the eggs. However, the expression levels of NAKA mRNA in megalopa larvae 

was significantly lower than those in zoea larvae. We speculated that megalopa larvae reduce their abilities to 

seawater adaption and promote their specific behavior that moves from the sea to the coastal ashore. 

Next, the osmoregulatory ability of zoea larvae immediately after release was examined using several salt 

concentration of breeding water (0 PSU, 9 PSU: diluted seawater, 33 PSU:100% seawater). In both 9 and 33 PSU, 

the zoea larvae were found to be 100% survival at least for 3 days. Additionally, even 0 PSU water, zoea larvae 

can survive for a short period of time. The survival rate of zoea larvae was 88.9 ± 6.41% in one day after keeping 

with 0 PSU water. We are planning to investigate the changes in osmoregulatory ability during early development 

of red-clawed crab. NAKA mRNA expression will be examined in detail during the developmental stage from 

eggs to juvenile crabs.  

 

本研究は，金沢大学自然システム学類生物コース ᕝᮧ㱟▮氏の学位論文の一環として行われた。 
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BACKGROUNDS 

Many living organisms have unique hard tissues inside and outside of their body for body retention, protection 

from foreign enemies, and storage of minerals. These minerals made by living organisms are called biominerals, 

and the process of forming biominerals is called biomineralization. The main component of vertebrate 

biominerals such as bones, teeth and fish scales are calcium phosphate (Ca10(PO4)6(OH)2). In contrast, the main 

component of invertebrate biominerals are calcium carbonate (CaCO3). Among invertebrates, the exoskeleton of 

crustaceans is a typical calcified tissue. The exoskeleton of crustaceans has a layered structure. From the outside 

of their exoskeletons, it is composed of epicuticle, exocuticle, endocuticle, and epidermal cells in order. The both 

exocuticle and endocuticle form a chitin-protein complex, and the exoskeleton contributes to hardening by 

depositing and calcifying calcium carbonate in this chitin-protein complex. 

For the first time, a substrate peptide involved in exoskeleton calcification called Calcification Associated 

Peptide-1 (CAP-1) has been purified and determined the amino acid sequence in freshwater crayfish 

(Procambarus clarkii) (Inoue et al. 2003). Additionally, another type of CAP (CAP-2) have been identified from 

the crayfish (Inoue et al., 2004). However, the calcium-binding activity of the American crayfish CAP-1 (Prc-

CAP-1) was stronger than that of Prc-CAP-2.(Inoue et al. 2003; Inoue et al., 2004). In crayfish, therefore, Prc-

CAP-1 seems to be mainly involved in exoskeleton calcification.  

In marine crustaceans, the substrate peptides involved to exoskeleton calcification have not been reported. In 

the present study, for the purpose of clarifying the calcification mechanism of marine crustaceans, we searched 

for candidate molecules of CAP-1 from the data of RNA-sequencing in kuruma prawn (Marsupenaeus japonicus). 

Secondly, we tried to examine functional analyses such as chitin- and calcium-binding activities and mRNA 

expression of kuruma prawn CAP-1 in their molt-cycle. Thirdly, the determination of CAP-1 producing cells in 

the exoskeleton of kuruma prawn was examined using by in situ hybridization methods. 

 

METHODS 

Firstly, a sequence homologous to Prc-CAP-1 was searched from the data of RNA-sequencing from kuruma 

prawns. In order to perform functional analyses of the searched sequence, thereafter, total RNA was extracted 

from adult prawn tail fan, and sequence of kuruma prawn CAP-1 (Maj-CAP-1) was determined by PCR methods 

with specific primer sets. Next, a recombinant peptide (rMaj-CAP-1) for functional analyses was prepared. Both 
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chitin-binding and a calcium carbonate crystal formation inhibition activities were carried out using the prepared 

rMaj-CAP-1.  

Furthermore, in order to clarify a part of the physiological function of Maj-CAP-1, mRNA expression analysis 

was performed using juvenile prawns. The molting stage of juvenile prawn was discriminated, and the mRNA 

expression level of Maj-CAP-1 was examined by quantitative real-time PCR using cDNAs prepared from the 

swimming legs and tail fans of each molting stage. In addition, in order to identify Maj-CAP-1 expressing cells, 

the swimming legs collected at each molting stage were fixed and tissue sections were prepared. We attempted 

to identify Maj-CAP-1 expressing cells by in situ hybridization of these tissue sections. 

 

RESULTS and DISCUSSION 

From the RNA-sequencing data, the sequence showing 68% homology with Prc-CAP-1 could be obtained. 

This sequence was presumed to be Maj-CAP-1 because specific sequences such as chitin binding sites and repeat 

sequence of aspartic acid in C-terminus possessed in this sequence. After cloning Maj-CAP-1 from kuruma prawn 

cDNA, the rMaj-CAP-1 was expressed by E. coli. Thereafter, the rMaj-CAP-1 was purified by RP-HPLC and 

determined N-terminal amino acids sequence. As a result of N-terminal amino acid sequence analysis of the main 

peak obtained by RP-HPLC, the sequence of rMaj-CAP-1 was confirmed. Namely, the sequence was identical to 

the amino acid sequence deduced from cDNA excepting that alanine residue was added to the N-terminus. 

Additionally, mass spectrometry was equivalent to the theoretical value. 

Next, we performed the functional analysis of the recombinant. We demonstrated that both chitin-binding 

and calcium carbonate crystal formation inhibitory activities possessed in the prepared rMaj-CAP-1. As a result 

of mRNA expression analysis with the swimming limb and tail fan of juvenile prawn, it was clarified that the 

expression level of Maj-CAP-1 remarkably increased in the late pre-molt stage. In addition, we detected Maj-

CAP-1 expressed cells in epidermis of exoskeleton using by in situ hybridization methods. 

In marine crustaceans, CAP-1 was the first to determine from their exoskeleton in my study. Then, we 

confirm the chitin- and calcium-binding activities in Maj-CAP-1, changes in Maj-CAP-1 mRNA expression 

during molt-cycle, and determination of Maj-CAP-1 producing cells in exoskeleton. In kuruma prawn, thus, these 

obtained results indicated that Maj-CAP-1 plays important roles in the calcification of exoskeleton. 
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Introduction and purpose 

All lives have complexed host-defense mechanisms to avoid the diseases – it called the immune system. The 

immune system consists of two types of systems: innate immunity (primitive and nonspecific) and adaptive 

immunity (sophisticated and specific). In fish, innate immunity is essential because of the poor adaptive immunity 

traceable to the less complexity of the lymphoid organs. Several substances were founded as the innate immune 

molecules from fishes, such as lysozymes, lectins, antimicrobial peptides, et cetera. However, unidentified innate 
immune molecules still exist. Previously, we identified an L-amino acid oxidase (LAO) as an antibacterial protein 

from the skin mucus and serum of the marine teleost (Kitani et al., 2007). The LAO is an amino acid metabolism 

enzyme and generates ammonia, alpha-keto acid and hydrogen peroxide. The LAO acts on various bioactivities 

such as apoptosis, antivirus activity and antibacterial activity via resulted hydrogen peroxide. However, few 

studies refer to the immunological functions of LAO in fish. In the case of Atlantic cod and Atlantic salmon, 

LAO gene expression was upregulated by the pathogen exposure and it suggested that LAO relates to infection 
control (Kitani et al., 2015, 2019). Recently, the novel LAO was isolated from the serum of the red-spotted 

grouper Epinephelus akaara in our lab (Osaka & Kitani, 2021). The grouper LAO was 450 kDa (67 kDa subunits) 

and could react with L-Methionine, L-Phenylalanine and L-Tryptophan. The grouper LAO gene was not altered 

by the pathogen injection, different from other fishes mentioned above. Interestingly, the grouper LAO gene was 

strongly induced in the head kidney one day after blood loss. This result suggested that grouper LAO is necessary 

to avoid pathogen invasion via a wound. 
However, the detail of the LAO regulation system is still unclear. Identification of the LAO producing tissue 

and/or cell type could help understanding the LAO production mechanism in the grouper. In this study, we tried 

to clarify the intra-tissue and inter-tissue localization of the grouper LAO protein using 

immunochemical/immunohistochemical methods with an anti-grouper LAO antibody.  

 

Materials and methods 
To recognize LAO protein-containing tissues, the tissue extracts were prepared from the healthy red-spotted 

grouper tissues as follows; skin, gill, muscle, stomach, intestine, liver, spleen, head kidney, trunk kidney, brain 

and heart. Each tissue was homogenized with the phosphate buffered saline (PBS, pH 7.0) using a reciprocal 

beads disruptor. The homogenates were centrifuged (18,000 × g for 15 min at 4 ℃) and the supernatants were 

used as the tissue extracts. The serum sample was diluted with PBS. These extracts were applied on SDS-PAGE 

(2.5 µg/lane) and electrophoretically blotted onto polyvinylidene difluoride membrane. The membrane was 
treated with a blocking solution; subsequently, anti-grouper LAO antibody and horseradish peroxidase-
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conjugated secondary antibody. The grouper LAO cross-reactive protein was visualized by 3-amino-9-

ethylcarbazol. In addition, the LAO activity of these tissue extracts was measured by the peroxidase/o-
phenylenediamine method.  

To observe the localization of the LAO protein, immunohistochemistry of the head kidney was tried as a first 

step. The head kidney was dissected and embedded into a frozen-sectioning compound without fixation and 

quickly frozen by dry ice-hexane coolant. The frozen block was sliced a thickness of 5 µm using a cryostat and 

mounted onto the slide glass. The slices were treated with a blocking solution—subsequently, anti-grouper LAO 

antibody and horseradish peroxidase-conjugated secondary antibody. The grouper LAO cross-reactive protein 
was visualized with 3,3’-diaminobenzidine substrate solution and observed by a light microscope.  

 

Results and Discussion  

LAO activity measurement showed that the strongest activity was detected in serum, followed by intestine, skin, 

gill, head kidney and heart (n=3). The LAO cross-reactive protein (70 kDa) was detected dominantly in serum, 

following skin, gill, head kidney, heart and spleen. Similar results were observed in the other grouper (n=3). This 
reaction disappeared by the neutralization of the anti-grouper LAO antibody with the purified grouper LAO. Both 

experiments reflected that the LAO activity detected from these tissues was caused by the grouper LAO cross-

reactive protein except the intestine. LAO activity in the grouper intestine might be caused by unknown LAO 

that could not detect by anti-grouper LAO antibody.  

In the head kidney, anti-grouper LAO antibody was localized at blood vessel (BV), the periphery of renal tubes 

and vascular sinusoids in collecting tubules and hematopoietic tissue. The positive signal was also detected at 
adenoid tissue (glandular, sparse, lymphoid tissue-like). These signals disappeared by the neutralization of the 

anti-grouper LAO antibody with the purified grouper LAO. Similar reactions were found in the other specimen 

(n=4). In addition, the positive signals were observed in skin and gills. These results suggested that the grouper 

LAO may act as a host defense molecule to protect whole body protection from invaders. 
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freezing point.. 
 
[はࡌめに] 
カルサイト㸦CaCO3࣭ࣟࢻイࣁࣀࣔ H2O: MHC㸧はカル࣒࢘ࢩⅣ㓟塩の‽安定相であり、ᆅ質

学的にᕼᑡな鉱物である。ኳ↛ではアルカリ塩湖のような特Ṧな⎔ቃでしかぢられないが、ᐇ

㦂ᐊでは Ca と Mg をከ㔞に溶かした溶ᾮに Na2CO3をῧຍすることで容易に合成できる。MHC
に㛵する研究は㏆ᖺ、ከく行ࢃれておりその特性や生成条件な࡝が᫂らかになっている。 

MHC は安定相のアࣛࢼࢦイト࡬ኚ質する㝿にࣄ⣲やリンな࡝の」ᩘのởᰁ物質をྲྀり㎸ࡴ

ことが▱られており、⎔ቃί໬ᮦᩱとしてὀ┠されている。MHC の合成条件は先行研究でሗ࿌

されており、MHC の合成には Mg が不ྍḞであることがศかっている。したがって、合成した

MHC には኱㔞の Mg が含まれていた。 
Mg は MHC の構造を⨨᥮するࡈく微㔞の Mg の௚に、不純物 Mg として MHC とは␗なる相

がඹᏑする。この不純物 Mg は非晶質 Mg Ⅳ㓟塩(AMC)という非晶質物質であることが᫂らか

にされている。AMC は MHC の表㠃をそうようにศᕸしている。この AMC が MHC の吸╔స

用を㜼ᐖすると⪃えられている。したがって、本研究は MHC の⎔ቃί໬ᮦᩱとしてのᐇ用性

を㧗めるため、AMC の無い MHC を合成する᪉ἲを確❧することを┠的とした。 
 
[㔝እ調ᰝ] 
⮬↛⏺の MHC はアルカリ塩湖で生成するため、ࣔンࢦル༡㒊の஝⇱ᐮ෭ᆅᇦに఩⨨するア

ルカリ塩湖で調ᰝを行った。⌧ᆅでは pH や水温、アルカリ࢕ࢸࢽ⁲定、湖水の᥇ྲྀを行った。

ᖐᅜᚋに湖水サンプルは㐲ᚰศ㞳࣭ℐ㐣によってᠱ⃮物とᾮ相にศ㞳した。ᾮ相はㄏᑟ結合プ

 ,+を用いて୺要イオン(Na+, K࣮࢕ࣇࣛࢢⓎගศගศᯒ(ICP-OES)と㧗㏿ᾮ体ク࣐ࣟト࣐ࢬࣛ
Ca2+, Mg2+, Cl-, SO42-)の濃度測定を行った。また、固相サンプルは X 線ᅇᢡ(XRD)を用いてᠱ⃮

物の結晶性生成物の解ᯒを行った。1 ᭶の冬ᮇと 8 ᭶の夏ᮇに㔝እ調ᰝをᐇ᪋し、夏ᮇと冬ᮇ

の水質ኚືを▱ることができた。調ᰝの結果、夏ᮇのἙᕝ⵨Ⓨでは Ca, Mg がඹに湖水から᤼᩺

されていたが、冬ᮇの෾結による濃縮では Ca のࡳが湖水から᤼᩺していることがศかった(表
1)。これは夏ᮇでは MHC の生成とඹに AMC もᯒ出しているが、冬ᮇでは MHC のࡳがᯒ出し

ていることを示၀している。この結果は冬ᮇに生成した MHC には Mg が含まれていないこと

を示している。 
 
[合成ᐇ㦂] 
調ᰝの結果をཷけて、合成ᐇ㦂を 5Υの低温ᐇ㦂ᐊにて行った。ึᮇ濃度条件が MgCl2: 

0.05mol/kg、CaCl2: 0.01mol/kg の溶ᾮに、0.03㹼0.12mol/kg となるように Na2CO3をῧຍした合成

溶ᾮを 50ml 用ពした。溶ᾮはࡘࡎ 400 ᫬㛫ᨩᢾさせ、0.2ȣm の࢕ࣇル࣮ࢱによってℐ㐣。ᾮ

2 
 

相は ICP-OES によって Ca, Mg 濃度を測定した。固相は XRD によって結晶性生成物の確認を

行った。また、AMC は非晶質物質であり XRD で検出されないため、Mg-K 端 X 線吸収微細構

造(XANES)測定を用いて生成の確認を行った。 
XRD によって MHC の単相が確認されたサンプルは固相を溶解させ、固相中の Mg/Ca の計

測を行った。その結果、先行研究よりも Mg/Ca が非常に低い値で安定して得られることが示さ

れた(図 1)。また、XANES 測定を用いて合成 MHC における Mg の構造スペクトルから AMC の

有無を調べた。測定の結果、本研究の MHC のスペクトルは Mg-aragonite に一致した。これは

本研究の合成 MHC に AMC が無いことを示している(図 2)。 
 
[まとめ] 
本研究は低温という比較的容易な条件で MHC を合成することによって、不純物のない MHC

を合成することができることを示した。また、AMC によって MHC の鉱物学的特徴の議論が困

難であったが、これにより検討がしやすくなったことも重要な成果であると言える。 
 

表 1. 夏から冬にかけてのアルカリ塩湖の各イオンの濃縮割合。Na と Cl の平均を湖水全体の濃
縮割合とした。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[引用文献] 
Fukushi K and Matsumiya H., ACS Earth Space Chem. 2018, 2, 735−744 
Fukushi K, Suzuki Y, Kawano J, Ohno T, Ogawa M, Yaji T, Takahashi Y., Geochimica et Cosmochimica 
Acta, 2017, 213, 457–474 

図 1. 青: 本研究の合成 MHC 粉末中の Mg/Ca。赤: 先行
研究の合成 MHC 粉末中の Mg/Ca。 
#: 本研究Na2CO3濃度0.09~0.12mol/kg, N: Nishiyama 
et al., (2013), F: Fukushi et al., (2017) 

図 2. XAFS 測定による、合成物に含まれる Mg の構造スペクトル。 

2018 2019 Cl- SO4-- Ca++ K+ Mg++ Na+ 湖水

Orog 9.13 8.49 7.8 6.0 2.4 3.2 7.6 6.3 5.9
Olgoy 9.53 9.16 4.3 6.1 1.5 1.1 4.6 5.4 4.8

Location
pH 濃縮割合 (倍)
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2 
 

相は ICP-OES によって Ca, Mg 濃度を測定した。固相は XRD によって結晶性生成物の確認を

行った。また、AMC は非晶質物質であり XRD で検出されないため、Mg-K 端 X 線吸収微細構

造(XANES)測定を用いて生成の確認を行った。 
XRD によって MHC の単相が確認されたサンプルは固相を溶解させ、固相中の Mg/Ca の計

測を行った。その結果、先行研究よりも Mg/Ca が非常に低い値で安定して得られることが示さ

れた(図 1)。また、XANES 測定を用いて合成 MHC における Mg の構造スペクトルから AMC の

有無を調べた。測定の結果、本研究の MHC のスペクトルは Mg-aragonite に一致した。これは

本研究の合成 MHC に AMC が無いことを示している(図 2)。 
 
[まとめ] 
本研究は低温という比較的容易な条件で MHC を合成することによって、不純物のない MHC

を合成することができることを示した。また、AMC によって MHC の鉱物学的特徴の議論が困
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表 1. 夏から冬にかけてのアルカリ塩湖の各イオンの濃縮割合。Na と Cl の平均を湖水全体の濃
縮割合とした。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[引用文献] 
Fukushi K and Matsumiya H., ACS Earth Space Chem. 2018, 2, 735−744 
Fukushi K, Suzuki Y, Kawano J, Ohno T, Ogawa M, Yaji T, Takahashi Y., Geochimica et Cosmochimica 
Acta, 2017, 213, 457–474 

図 1. 青: 本研究の合成 MHC 粉末中の Mg/Ca。赤: 先行
研究の合成 MHC 粉末中の Mg/Ca。 
#: 本研究Na2CO3濃度0.09~0.12mol/kg, N: Nishiyama 
et al., (2013), F: Fukushi et al., (2017) 

図 2. XAFS 測定による、合成物に含まれる Mg の構造スペクトル。 

2018 2019 Cl- SO4-- Ca++ K+ Mg++ Na+ 湖水

Orog 9.13 8.49 7.8 6.0 2.4 3.2 7.6 6.3 5.9
Olgoy 9.53 9.16 4.3 6.1 1.5 1.1 4.6 5.4 4.8

Location
pH 濃縮割合 (倍)
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,ntroduction 

Over the past century, land-use change has led to a 61% decline in natural wetlands in Japan. Among natural 
wetlands, floodplains have undergone extensive conversion into farmland, typically to rice (Ory]a sativa) paddy 
fields. Although paddy fields were established to meet rising food demands, these anthropogenic wetlands also 
serve as refuge habitats for various aquatic and semi-aquatic wildlife (Usio and Miyashita 2014). 

However, the development and widespread use of agrochemicals in recent decades have led to dramatic 
declines in farmland biodiversity in this area. To restore degraded farmland and revitalize depopulated rural 
communities while producing safe food, JA (Japan Agricultural Cooperatives) Hakui and the Hakui City 
Government have been promoting agrochemical- and fertilizer-free natural farming in rice agriculture since 2010.  

In this study, we investigated the effects of natural rice farming on Odonata assemblages over their entire 
emergence periods by comparing emergence rates between natural and conventional paddy fields. 
 
0etKods 

We conducted field surveys in the 
Hakui–Houdatsushimizu area in 2017 and 2019 (Figure 
1). In both years, we adopted a paired designone 
conventional paddy field and one natural paddy field 
were arbitrarily chosen from each of eight regions 
(blocks) for a total of 16 paddy fields (Figure 1). Within 
a region, paddy fields were similar in terms of surface 
area and were located in close proximity to one another 
(< 2 km). For both field types, we selected paddy fields 
that grew the cultivar “Koshihikari,” a major rice 
variety in the area.  

We performed a preliminary survey to identify 
odonate emergence periods in conventional and natural 
paddy fields. From June 17 to August 5 of 2017, we 
collected exuviae once a week from 16 paddy fields (8 
weeks of sampling in total). In each paddy field, we 
randomly chose 10 consecutive rice plants over three 
rows (30 rice plants) from two long sides and the outlet 
side, respectively, for a total of 90 rice plants (10 rice 
plants × 3 rows × 3 sides). 

In 2019, we scaled up the spatial extent of sampling 
from the preliminary work done in 2017. From June 11 to August 20 of 2019, we performed weekly exuviae sampling 
in 16 paddy fields (11 weeks in total). In each paddy field, a 10-m-long belt transect was arbitrarily placed along levees 
on the two long sides of the paddy field and the outlet side, respectively. Within each transect, three rows of rice plants 
were selected as a sampling area. Thus, we sampled exuviae from three transects in each paddy field (10 m × 3 rows × 
3 sides; approximately 450 rice plants). 

Figure 1 (a) Map of the study location in the 
Hakui–Houdatsushimizu area on the Noto Peninsula, 
central Japan. (b) Example of a pair of conventional and 
natural paddy fields, and the sampling sites in (c) 2017 and 
(d) 2019. Map sources: (a) Geospatial Information 
Authority of Japan; (b–d) Google Earth 
(www.earth.google.com). After Huynh et al (2021). 
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We compared Odonata emergence rates between conventional and natural paddy fields using negative binomial 
generalized linear mixed models.  

Figure 2 Odonata assemblage compositions (pie charts), the weekly mean (± SE) numbers of Odonata 
exuviae (line graphs), and the total mean (± SE) numbers of Odonata exuviae (bar graphs) in conventional 
and natural paddy fields in 2019; ***, P < 0.001; NS, not significant at α = 0.05. 
 

Results and Discussion 
We found differences in Odonata assemblage compositions between conventional and natural paddy fields, but 

both were numerically dominated by Sympetrum species (Figure 2). Conventional paddy fields were dominated 
numerically by Sympetrum infuscatum (2017 and 2019), S. frequens (2017 and 2019), and S. darwinianum (2019), 
whereas natural paddy fields were primarily dominated by S. frequens in both sampling years. Although the 
abundance was low, more Odonata taxa emerged from natural paddy fields than from conventional paddy fields, 
especially in 2019. The three major non-Sympetrum taxa (Orthetrum albistylum, Pantala flavescens, and Ischnura) 
that emerged from natural paddy fields in 2019 are multigenerational taxa [28]. Pantala flavescens migrates from 
continental Asia, and the remaining two are resident taxa that exhibit larval overwintering [28]. This suggests that 
natural paddy fields serve as reproductive or larval overwintering habitats for some non-Sympetrum Odonata. 

We advocate that both conventional and natural paddy fields are important habitats for Odonata in our study 
area. Whereas conventional paddy fields can serve as habitats for the three dominant Sympetrum species, which 
reach peak emergence in late June, natural paddy fields can serve as habitats for S. frequens, which has a long 
emergence period. Although the overall emergence numbers were low, natural paddy fields also serve as habitats 
for various Libellulidae dragonflies and damselflies when conventional paddy fields are undergoing midseason 
drainage or insecticide application. Therefore, a mix of conventional and natural paddy fields may be desirable in 
supporting Odonata diversity in the paddy-dominated landscapes of rural Japan. 
 
References 
Huynh TQ, Oyabu A, Nomura S, Takashima T, Usio N (2021) Do agrochemical-free paddy fields serve as refuge 

habitats for Odonata? Ecologies 2, 1–15. 
Usio, N., Miyashita, T. eds. (2014) Social-ecological restoration in paddy-dominated landscapes, Springer Japan, 
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【はࡌめに】 北海道東部太平洋海域 (以下、道東海域と記す) では生物生産性が非常に高く、
世界でも有数の漁場が形成される。それら水産資源は海域の水塊分布に大きく影響を受けるため、

それら海水循環を明らかにすることは重要である。しかし、一般的に用いられる水温、塩分による水

塊の区分は難しく、それを行うためには、観測が行われた時期の海洋学的な情報を頼りにする方

法、ほかのパラメーターを用いた分類を行う方法が有効であると考えられる [1]。 
134Cs は 2011 年 3 ᭶の⚟ᓥ➨一原ᏊຊⓎ㟁ᡤ事故 (௨ୗ、FDNPP とグす) により海洋環

ቃ中に放出された⁐Ꮡ性のேᕤ放射性᰾✀である。これは༙ῶᮇが 2.06 年と▷いことから

⌧ᅾ海水中で᳨出されるものはす࡭て FDNPP 事故⏤᮶のものであり、海洋環ቃ中の≀質

循環の໬Ꮫⓗࣞࢺーࢧーとして㠀ᖖにඃれている。 
本研究ではᑿᑠᒇᆅୗ ᐃᐊを⏝いたᴟపバࢵクグࣛウンドȚ⥺ ᐃἲを㐺⏝するこ

とで、道東海域のࡳならࡎ、東日本近海、ベーリング海における 134Cs、137Cs 濃度を ᐃ

した。そして、134Cs を環ቃࣞࢺーࢧーとして฼⏝することで道東海域の水塊ᵓ㐀をㄪ࡭た。 
 

【ᐇ㦂】 2018-2020 年の⵬㮚୸、ⱝ㮚୸、

北ග୸、࠺しお୸、R/V Multanovsky によ

るㄪᰝ⯟海において、道東海域をྵࡴ東

日本近海とベーリング海で表層海水試

料を 15-120 L ᥇ྲྀした。本研究で㐺⏝し

たᐇ㦂࢟ࢫームを図 1 に示す。リンࣔリ

ウムࢽンࣔ࢔ン㓟ࢹࣈ  (AMP) ỿẊに

より Cs をᅇ཰した。す࡭ての AMP/Cs
試料は▼ᕝ┴ᑠᯇᕷのᑿᑠᒇᆅୗ ᐃ

ᐊにタ⨨されたࢽ࣐ࣝࢤウム༙ᑟయ᳨

出ჾを⏝いた、ᴟపバࢵクグࣛウンド γ
⥺ ᐃを฼⏝し、134Cs、137Cs 濃度を ᐃ

した。 

 

  図㸯 ᐇ㦂࢟ࢫーム 

  

【結果と考察】 本研究では放射性セシウム濃度を事故日に壊変補正して議論を進める。

2018-2020 年の日本海北東域、太平洋側沿岸域、オホーツク海南西域、道東海域の 134Cs 濃
度の平均値はそれぞれ 0.68 ± 0.17, 0.88 ± 0.13, 0.42 ± 0.17, 0.67 ± 0.16 mBq/L であり、海域ご

とに異なる濃度を示した。また 2018 年のベーリング海における 134Cs 濃度の平均値は 1.43 
± 0.41 mBq/L と、東日本近海と比較して高い値を示した。これは FDNPP から直接流出した

放射性セシウムがベーリング海に到達

したことを示している[2]。 
道東海域における表層海水試料中の

134Cs 濃度の経時変動を図 2 に示す。134Cs
濃度は 2018 年から 2020 年にかけて増

加傾向にある。この原因として、東カム

チャツカ海流水中の放射性セシウム濃

度が増加した可能性が挙げられる。これ

は、FDNPP から直接流出した放射性セ

シウムが亜寒帯循環によって道東海域

に再流入したことを意味する。 
道東海域の海水は、東カムチャツカ海流水、 

宗谷暖流水、オホーツク表層海水 の   図 2 道東海域における 134Cs 濃度の経時変動 
影響を受けている。3 つの水塊の塩分、 
134Cs 濃度のエンドメンバーとすることに

より、2018-2019 年秋季の道東海域にお

ける各水塊の混合比を見積もった。道東

海域における東カムチャツカ海流水の混

合比を図 3 に示す。道東海域沿岸域には

宗谷暖流変質水が分布する一方、沖合に

おける親潮水の寄与率は少なくとも

30 %を超えていることが示された。   
                
               図 3 道東海域における東カムチャツカ海流水の混合比 
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Science. 21, 228-232  
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               図 3 道東海域における東カムチャツカ海流水の混合比 
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【はࡵࡌに】 

 ラࢪウムྠ఩体 (226Ra, 半減ᮇ 1600 ᖺ㸸228Ra, 半減ᮇ 5.75 ᖺ) は海ὒ環ቃにおいて溶存

ᛶ᰾✀であり、海水と共に循環している。୺な供給源はἢᓊሁ✚物ࡸ浅層大陸Ჴで、228Ra
の▷い半減ᮇを反映して、ἢᓊᇦの表層海水では、228Ra/226Ra 放射能比が高くなる。ୡ⏺

᭱大⣭の大陸Ჴを᭷するᮾࢼࢩ海では、228Ra/226Ra 放射能比が 㹼4 と高いが、長ᮇ間の循

環によࡗて大部分の 228Ra がቯ変した黒潮海水では 0.1-0.4 と低い [1]。これらがΰྜして

対馬海ᓙから日本海へ流入するたࡵ、海水循環のᣦᶆとして 228Ra/226Ra 放射能比を用いる

ことができる [2]。ᮾࢼࢩ海ᮾ部においては、夏ᮇに 228Ra/226Ra 放射能比がୖ᪼し、冬ᮇ

に減ᑡする季節変動がሗ࿌されている [3]。対馬ᮾ水㐨を㏻㐣した海流は対馬ᬮ流第一分

枝として日本ิᓥのἢᓊを流れ、対馬す水㐨を㏻㐣した海流はᮅ㩭半ᓥにἢࡗて໭ୖした

のࡕ第二分枝と第୕分枝に分ᒱする [4]。第二分枝をྵࡴ日本海༡すᇦ表層の海水循環は

ᮍࡔ明らかではない。さらに、2011 ᖺ 3 月に⚟ᓥ第一ཎᏊຊⓎ㟁ᡤ஦ᨾ⏤᮶の放射ᛶࢩࢭ

ウムの循環に㛵する᭱㏆の◊✲では、2016 ᖺ 7 月と 2018 ᖺ 7 月の日本海༡す部表層水は、

௚の対馬ᬮ流ᇦに比べて低い放射ᛶࢩࢭウム濃度を示すな࡝、海流の≉␗ᛶが示၀された 
[5, 6]。 
 本◊✲では、ラࢪウムྠ఩体を࣮ࢧ࣮ࣞࢺとし、対馬ᬮ流第二分枝の流㊰と、日本海༡

す部における溶存ᛶ物質の動ែにࡘいて㆟ㄽし

た。ࡲた、日本海༡す部対馬ᬮ流第二分枝ᇦにお

ける 228Ra/226Ra 放射能比と放射ᛶࢩࢭウムの⛣

動࣮ࢱࣃンを比較した。 
【試料とฎ⌮】  
 2015–2019 ᖺに季節変動のほ測定点とし

て、ᓥ᰿┴὾⏣ἢᓊからἈྜにかけての 4 地

点 (HM 1-4)と㞃ᒱᓥἢᓊ (OK) で、1-2 か月

図 1. քਭࢾྋࡀखஏ఼ 

に一度の頻度で表層海水 20  L をバケツ採

水した。BaSO4 共沈法により、海水から 228Ra
および 226Ra を分離・回収した。すべての試

料に尾小屋地下測定室に設置したゲルマニ

ウム半導体検出器を用いた低バックグラ

ウンド γ 線測定法を適用し、228Ra 及び
226Ra の放射能濃度を計測した。 
 
【結果と考察】  
 塩分は冬から春に 34-35 と高く、夏から秋にかけ

て 32-33 と低いという明瞭な季節変動を示し

た（図. 3 a）。これは、夏に低塩分の大陸側浅

層海水および長江河川水の寄与が大きいことが

要因である [7]。228Ra/226Ra 放射能比は、塩分と

は逆の傾向を示し、冬から春に比が 0.5 - 1.5 と低

く、夏から秋に 1.5 - 2.5 と高い。（図. 3b）。さら

に HM 試料では OK 試料と比較して、6-8 月に
228Ra/226Ra 比が高くなる。これは HM 地点への浅

層海水の寄与が大きい対馬第二分枝の影響によ

ると推測される。 
日本海における 134Cs の供給源は、黒潮海水と

考えられる。部分的 (HM2 と HM3 の中間地点) 
な 134Cs 濃度の低減は、この対馬第二分枝の流入

を反映する。228Ra/226Ra 放射能比は、日本海表

層の溶存汚染物質循環に重要な知見をもたら

す。 
 

【参考文献】  
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図 2. 実験スキーム 

図 3. (a). 塩分 

(b). 228Ra/226Ra 放射能比の季節変動 
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【はࡌめに】 

 腐植物質は溶Ꮡ態᭷ᶵ物(D20)の୺要成分であり、」㞧で化Ꮫᵓ㐀が特定できない高分

子᭷ᶵ化合物の総⛠である。腐植物質は㕲との㘒ᙧ成や᭷ᐖ᭷ᶵ物との␯水性相஫స用に

よって、河川から沿岸海ὒへの様ࠎな化Ꮫ成分の㍺㏦に㔜要なᙺ๭を果たしている。河川

水୰の腐植物質の特性はその供給※と考えら

れる湿原や᳃ᯘといった河川流域の違いが関

係し、河口域における凝集沈殿により変化する

ことが᫂らかになっている。そのため、㝣域か

ら海ὒへの物質⛣動を⌮ゎするには、腐植物質

の供給※と特性との関係、河口域・海ὒ沿岸域

における濃度と特性の変化を⌮ゎすることが

㔜要である。ᮏ研究では水⏣や᳃ᯘを流れる熊

木川と熊木川が流入する七尾湾、およࡧ、湿原

を流れる別寒辺牛川と別寒辺牛川が流入する

厚岸湖、㞄᥋する厚岸湾を対㇟に、␗なる流域

特性をᣢつ河川水୰の腐植物質の河口から沿

岸域までの動態を検ウした。 
 
【ᐇ㦂】  

熊木川の河川水は 2017 年 12 ᭶から 2019 年

8 ᭶の᭶ 1 ᅇのㄪᰝと 2020 年 9 ᭶、2020 年 10
᭶のㄪᰝを⾜い、上流から下流にかけての 3 地

点で採水した。2020 年 9 ᭶には熊木川河口と

七尾湾でも採水を⾜った(Fig. 1)。別寒辺牛川と

厚岸湖・厚岸湾の採水は 2017 年 10 ᭶、2018 年

10 ᭶、2019 年 9 ᭶の 3 ᅇ⾜った(Fig. 2)。ẖᅇ

のㄪᰝでከ㡯目水質計もしくは C7D を用い

て観測᫬に水質を測定した。ヨ水はຍ⇕ฎ⌮し

た WKaWmanGF/F ࢞ラス⧄⥔ℐ⣬でℐ㐣したの

Ⰽ⎼に入れて-30ႏで෭෾ಖᏑした。日〓、ࡕ

立 F-7100 蛍光分光光度計により三次元蛍光ス

Fig. 1 熊木川と七尾湾のㄪᰝ地点 

Fig. 2 別寒辺牛川・厚岸湖・厚岸湾のㄪ
ᰝ地点 

ペクトル測定で検出される腐植物質の蛍光成分の波長位置、励起波長:Ex(nm)と蛍光波

長:Em(nm)を特定し、各ピークについて 10 µg/L の硫酸キニーネ溶液を基準とした相対蛍光

強度を求めた。分子量分布は日立 GL-W530(サイズ排除限界分子量:50,000Da)GPC カラムを

用いた高速サイズ排除クロマトグラフィー(HPSEC)蛍光検出(河川:Ex/Em=320nm/430nm、湖

水・海水:Ex/Em=300nm/430nm)と紫外(280nm)検出で計測した。 
 

【結果と考察】  
 Fig.3 には塩分と腐植物質の相対蛍光強度の関係を示した。相対蛍光強度の変動は、別寒

辺牛川から厚岸湖、厚岸湾にかけて 2 段階の単純 2 成分混合を示している。1 段階目は河

川水と厚岸湖水の混合、2 段階目は河川水・厚岸湖水と厚岸湾の海水の混合と考えられる。

また、厚岸湖内の混合の変換点は、上げ潮で海水が流入した 2017 年で河口に近く、下げ潮

と降雨で河川の流入が強い 2019 年には河口から遠い地点となった。HPSEC の結果より、

採水日前に降雨が観測された 2017 年と 2019 年では、塩分の上昇に伴う高分子画分の優先

的な除去が、塩分 5.0 以下の低塩分の領域からみられた。これは、降雨によって湿原から

高分子量の腐植物質が流出することと関係している。 
三次元蛍光スペクトルで検出された腐植物

質のピークは熊木川から七尾湾にかけて短波

長側へシフトし、同様の結果が別寒辺牛川か

ら厚岸湖でも認められた(Fig.4)。塩分 15.0 で

あった熊木川河口では河川に近い波長位置に

腐植物質のピークが検出されたが、塩分 11.8
であった厚岸湖では腐植物質のピークが河川

よりも短波長側へシフトした。これらの結果

は、別寒辺牛川河川水の腐植物質が熊木川と

比べて高分子であり、厚岸湖に流入した際の

高分子画分の凝集沈殿により全体的な特性が

より大きく変化したためと考えられる。 
以上の結果より、河川流域から供給される

腐植物質の濃度と特性の違いが熊木川と別寒

辺牛川汽水域での腐植物質の動

態の違いに反映したことを示唆

している。また、河川から沿岸に

かけての腐植物質の動態には、

河川水や海水の流動と河川流域

における降雨状況が関与してい

ると考えられる。今後の研究で

はそれらの状況を総合的に判断

し、考慮する必要がある。 

Fig. 3 塩分と腐植物質の相対蛍光強度の
変動 

Fig. 4 三次元蛍光スペクトルで検出された腐植物質のピ
ークの波長位置 
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M. Tsuruoka1, S. Ochiai1, H. Sakai2, A. Matsuki3, S. Nagao1: Erosion and transport processes of earth surface 
materials in the reservoir-catchment system revealed by using fallout radionuclides and physical properties 

 

࠙はࡵࡌにࠚ  

Ἑᕝ流域におけるᅵተ粒子の侵食・運搬స⏝は、流域における地ᙧのᙧ成や㝣域からᾏ域への物質の流

出に㛵ಀしており、流域の⎔ቃ変動のண や影響ホ౯にはᅵተ粒子の流出ᣲ動のᢕᥱがᚲせである。大

Ẽ⏤᮶ኳ↛放射性核種の 7Be（༙ῶᮇ㸸53 日）と 210Pbex（༙ῶᮇ㸸22.3 ᖺ）は、ᅵተ粒子の࣮ࢧ࣮ࣞࢺ

としてᗈく⏝いられてきたが、᳜⏕の多い大つ模なἙᕝ流域では、᳜⏕による㐽᩿ຠ果な࡝のㄢ㢟点が

ᣦ᦬されている。ᮏ◊✲ではこのၥ㢟点をඞ᭹ࡍるたࡵに、物質の཰ᨭをᢕᥱしやࡍい貯水池㸫集水域

系に╔┠した。貯水池㸫集水域系における 7Be と 210Pbexの཰ᨭから、集水域におけるᅵተ粒子の侵食・

運搬ࢫࢭࣟࣉをゎ᫂ࡍることを┠的とした。また、侵食・運搬力の強さを反ᫎࡍるࢱ࣮࣓ࣛࣃの一種で

ある沈降粒子の粒径・帯磁率を ᐃし、཰ᨭィ⟬でᚓられた結果とẚ㍑した。 

 

࠙ᐇ㦂ࠚ  

2016 ᖺ 6 月からẖ月 1 ᅇ、▼ᕝ┴⌔Ὢᕷに位置ࡍる㔠ἑ大Ꮫ能ⓏᏛ⯋のᒇୖに水┙をタ置し 7Be と

210Pbexの降下量をほ した。2018 ᖺ 5 月から㏆ഐの貯水池である新池にࣉࢵࣛࢺࢺ࣓ࣥ࢕ࢹࢭを 1 ⟠ᡤ

タ置し、降水試料とྠࢢ࣑ࣥ࢖ࢱࡌで沈降粒子を採取して 7Be と 210Pbexのሁ✚量をồࡵた。また、池の

流出ཱྀにタ置した水位ィによる水の流量と、水中の 7Be と 210Pbex の⃰度から 7Be と 210Pbex の流出量を

ồࡵた。7Be と 210Pbex の貯水池へのሁ✚量と系እへの流出量とቯ変量の合ィは、貯水池への降下量と集

水域からの運搬量の合ィと等しいと௬ᐃし、཰ᨭィ⟬にᇶ࡙いて集水域からの運搬量をồࡵた。また、

沈降粒子の帯磁率を ᐃࡍるとともに、沈降粒子中の鉱物成分の粒径 ᐃを⾜った。 

 

࠙結果と考ᐹࠚ  

貯水池内における 7Be と 210Pbexのᮇ間中の཰ᨭから、集水域からの運搬量を᥎ᐃしたとこ210、ࢁPbexは

㏻ᖺで運搬がみられたのに対し、7Be は冬季にのみ運搬がみられた。7Be と 210Pbex のᣲ動の㐪いは、1）

夏季は 7Be の降下量がῶᑡし、ᶞෙによる㐽᩿ຠ果をཷけ、集水域ᅵተの 7Be Ꮡᅾ量がᴟ➃にῶᑡした

こと 2）運搬中のᅵተ粒子にⴠⴥから放射性核種が౪⤥されるࢫࢭࣟࣉがあることの 2 に㉳ᅉしていࡘ

ることが᥎ᐃされた。集水域から貯水池への 7Be と 210Pbexの運搬量は冬季に増ຍࡍる変動を示した。こ

のことは、地表物質の運搬力が冬季に大きくなったことを示ࡍ。また、7Be と 210Pbexの運搬量の変動は、

月間降雨日数および湖水流出量（≒集水域からの水の流出量）の変動傾向に概ね対応していた。このこ

とから、この地域では、系内における水の動きが降雨頻度に影響されており、その増大によって冬季の

地表物質の運搬力が大きくなったと考えられる。沈降粒子中の鉱物成分の粒径は冬季に大きくなる傾向

がみられた。このことは、冬季は集水域から貯水池への地表物質の侵食・運搬力が大きいことを示して

おり、放射性核種で示された結果と整合的であった。一方で、帯磁率は冬季よりも夏季のほうが高い傾

向がみられた。このことから、強磁性鉱物（磁鉄鉱等）は主に細粒粒子に多く含まれており、冬季には

粒径の大きい常磁性や反磁性の物質が集水域 から貯水池へ運搬された結果、強磁性鉱物の含有率が低

下した可能性が示された。 

 

 Fig. 1 貯水池-集水域系における放射性核種

の動きの模式図 

Fig. 2 新池の位置と試料採取地点 

Fig. 3 (a) 集水域からの 7Be と 210Pbex の運搬量

と湖水流出量の経時変動 (b) 月間の降雨日数

と月間降水量の経時変動 
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Ἑᕝ流域におけるᅵተ粒子の侵食・運搬స⏝は、流域における地ᙧのᙧ成や㝣域からᾏ域への物質の流

出に㛵ಀしており、流域の⎔ቃ変動のண や影響ホ౯にはᅵተ粒子の流出ᣲ動のᢕᥱがᚲせである。大

Ẽ⏤᮶ኳ↛放射性核種の 7Be（༙ῶᮇ㸸53 日）と 210Pbex（༙ῶᮇ㸸22.3 ᖺ）は、ᅵተ粒子の࣮ࢧ࣮ࣞࢺ

としてᗈく⏝いられてきたが、᳜⏕の多い大つ模なἙᕝ流域では、᳜⏕による㐽᩿ຠ果な࡝のㄢ㢟点が

ᣦ᦬されている。ᮏ◊✲ではこのၥ㢟点をඞ᭹ࡍるたࡵに、物質の཰ᨭをᢕᥱしやࡍい貯水池㸫集水域

系に╔┠した。貯水池㸫集水域系における 7Be と 210Pbexの཰ᨭから、集水域におけるᅵተ粒子の侵食・

運搬ࢫࢭࣟࣉをゎ᫂ࡍることを┠的とした。また、侵食・運搬力の強さを反ᫎࡍるࢱ࣮࣓ࣛࣃの一種で

ある沈降粒子の粒径・帯磁率を ᐃし、཰ᨭィ⟬でᚓられた結果とẚ㍑した。 

 

࠙ᐇ㦂ࠚ  

2016 ᖺ 6 月からẖ月 1 ᅇ、▼ᕝ┴⌔Ὢᕷに位置ࡍる㔠ἑ大Ꮫ能ⓏᏛ⯋のᒇୖに水┙をタ置し 7Be と

210Pbexの降下量をほ した。2018 ᖺ 5 月から㏆ഐの貯水池である新池にࣉࢵࣛࢺࢺ࣓ࣥ࢕ࢹࢭを 1 ⟠ᡤ

タ置し、降水試料とྠࢢ࣑ࣥ࢖ࢱࡌで沈降粒子を採取して 7Be と 210Pbexのሁ✚量をồࡵた。また、池の

流出ཱྀにタ置した水位ィによる水の流量と、水中の 7Be と 210Pbex の⃰度から 7Be と 210Pbex の流出量を

ồࡵた。7Be と 210Pbex の貯水池へのሁ✚量と系እへの流出量とቯ変量の合ィは、貯水池への降下量と集

水域からの運搬量の合ィと等しいと௬ᐃし、཰ᨭィ⟬にᇶ࡙いて集水域からの運搬量をồࡵた。また、

沈降粒子の帯磁率を ᐃࡍるとともに、沈降粒子中の鉱物成分の粒径 ᐃを⾜った。 

 

࠙結果と考ᐹࠚ  

貯水池内における 7Be と 210Pbexのᮇ間中の཰ᨭから、集水域からの運搬量を᥎ᐃしたとこ210、ࢁPbexは

㏻ᖺで運搬がみられたのに対し、7Be は冬季にのみ運搬がみられた。7Be と 210Pbex のᣲ動の㐪いは、1）

夏季は 7Be の降下量がῶᑡし、ᶞෙによる㐽᩿ຠ果をཷけ、集水域ᅵተの 7Be Ꮡᅾ量がᴟ➃にῶᑡした

こと 2）運搬中のᅵተ粒子にⴠⴥから放射性核種が౪⤥されるࢫࢭࣟࣉがあることの 2 に㉳ᅉしていࡘ

ることが᥎ᐃされた。集水域から貯水池への 7Be と 210Pbexの運搬量は冬季に増ຍࡍる変動を示した。こ

のことは、地表物質の運搬力が冬季に大きくなったことを示ࡍ。また、7Be と 210Pbexの運搬量の変動は、

月間降雨日数および湖水流出量（≒集水域からの水の流出量）の変動傾向に概ね対応していた。このこ

とから、この地域では、系内における水の動きが降雨頻度に影響されており、その増大によって冬季の

地表物質の運搬力が大きくなったと考えられる。沈降粒子中の鉱物成分の粒径は冬季に大きくなる傾向

がみられた。このことは、冬季は集水域から貯水池への地表物質の侵食・運搬力が大きいことを示して

おり、放射性核種で示された結果と整合的であった。一方で、帯磁率は冬季よりも夏季のほうが高い傾

向がみられた。このことから、強磁性鉱物（磁鉄鉱等）は主に細粒粒子に多く含まれており、冬季には

粒径の大きい常磁性や反磁性の物質が集水域 から貯水池へ運搬された結果、強磁性鉱物の含有率が低

下した可能性が示された。 

 

 Fig. 1 貯水池-集水域系における放射性核種

の動きの模式図 

Fig. 2 新池の位置と試料採取地点 

Fig. 3 (a) 集水域からの 7Be と 210Pbex の運搬量

と湖水流出量の経時変動 (b) 月間の降雨日数

と月間降水量の経時変動 
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