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In addition to POPs/new POPs and other persistent chemicals with lipophilic properties, 
various emerging chemicals of concern include those with high water solubility, with 
low bioaccumulation or with easily degradable/biodegradable properties. For the proper 
monitoring and source identification of the latter group of contaminants, environmental 
monitoring of waters and sediments is needed.

Perfluorinated Chemicals like PFOS and PFOA are persistent in the environment and 
have been shown to bioconcentrate in aquatic organisms. In fact, these have been detected 
not only in sediment downstream of sewage plants but in the river water by our studies.

We have already developed the technique to measure PFOS from one medaka. Therefore, 
Japan and Korea must cooperate to investigate quantity of PFOS/PFOA in several medium (soil, 
water, sediment, biota) in detail. We have succeeded to harmonize/communalize the measuring 
method, and to prepare the conditions with comparing the data between two countries. 

We collected samples of medaka, surface water and the soil in Japan and Korea to 
measure PFOS and its related chemicals in them.

As a result, it was recognized that PFOS and its related chemicals accumulated to all 
material in environment, and it became clear that there was an area difference in Japan. And 
this year, as for the concentration of PFOS, a correlation was found between the whole body 
of the medaka and the water. Possibility was shown about monitoring of the POPs pollution 
in the environment using the medaka.

Japanese and Korean side will continue monitoring of perfluorochemicals for assessing 
the efficiency of recent regulatory action, and also for assessing potential effects of 
past usage. A compilation of information on simultaneous analytical methods of various 
contaminants will be conducted.

The research cooperation between Japan and Korea will include the followings
1) Surface water, sediment and Medaka will be collected in Japan and Korea, and clarify 

the possibility to biota monitoring PFOS/PFOA in the environment.
2) Start investigation on the multi-generation exposure study of PFOA with Medaka.
3) Brush up monitoring and toxicology test techniques and harmonize it between Japan 

and Korea.

V–4 <2015-2017>

Cooperative research on 
analytical methods and 
environmental monitoring of 
emerging contaminants 
in water and sediments

Japan - Katsumi IWABUCHI, 
 Norimasa SENZAKI, 
 Yuji KAWAMURA, 
 Kiwao KADOKAMI, 
 Norihisa TATARAZAKO
Korea - Jaean LEE, 
 Byoungcheun LEE, 
 Hyeonseo CHO

1. Background

2. Research Plan

1613. Achievement of Korea-Japan CJR



In Japan and Korea, the field study of PFASs in various environmental samples comprising 
medaka fish, water and sediment in medaka habitat was performed from 2015 through 
2017, and the monitoring results on PFASs bioaccumulation in Japanese and Korean aquatic 
environment were obtained.

<JAPAN>
1) In Japan, 15 types of PFASs were analyzed using LC-MS/MS. In this study, we found 

that concentrations of PFOS, PFNA, PFDA, and PFUdA in environmental water were 
correlated with them in medaka. PFASs were monitored at 5 fixed sites over the last 5 
years (2013-2017), and the concentration trends of environmental water, sediment, and 
medaka were confirmed. As a result, there were few increasing or decreasing trends for the 
PFAS concentration, and they were almost flat. Accumulation of PFASs in sediments was 
correlated with organic matter (ignition loss). The bioconcentration factor (BCF) of PFASs in 
medaka was correlated with Log Kow.

2) Also in Japan, a comprehensive target screening method for 1000 substances in water 
was developed using newly developed mass spectral database for GC-MS (AIQS (Automated 
Identification and Quantification System) -GC) from 2015 through 2016. And in 2017, a target 
screening method for 500 polar substances in water was developed using LC-QTOF-MS 
(AIQS-LC). The developed methods provide a whole pollution picture of the surveyed area 
which is useful to identify substances that should be concerned and to clarify pollution 
sources and their contribution ratio to pollution.

<KOREA>
1) The concentration of PFASs in river water and river sediments were highest in 

Nakdong River and sulfonates (PFSA) was higher than carboxylates (PFCA) in all rivers. 
Compared with previous studies, the concentration of PFASs in river water and river 
sediment were the highest in 2015, and decreased in 2016 and increased in 2017.

2) In 2017, PFOA and PFOS were detected at all sites in the medaka habitat water and 
not at all sites in the sediment. Compared with previous studies, the concentration of PFASs 
in medaka habitat water and sediment were the highest in 2015, and decreased in 2016 and 
increased in 2017.

3) PFOS were detected at all sites in the medaka whole body, and the mean concentration 
of PFASs in medaka whole body were the highest in 2014, higher in 2017 than in 2016, which 
was the lowest. 

4) In the study from 2015 to 2017, the tendency of concentration of PFASs in the medaka 
whole body was higher in the sulfonates (PFSA) than in the carboxylates (PFCA).

3. Major Outcomes
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As the Minamata Mercury Convention entered into force as international law (August 
16, 2017), research cases tracking the source and movement path of mercury (Hg) using Hg 
concentration and stable isotope ratio are actively increasing worldwide. Hg is mainly emitted 
into the atmosphere by anthropogenic sources such as mining sites, thermal power plants using 
fossil fuels, and metal smelting plants. Hg in the atmosphere can be divided into three types: 
gaseous elemental mercury (GEM), gaseous oxidized mercury (GOM), and particulate bound 
mercury (PBM). GEM and GOM are Together, they are called total gaseous mercury (TGM). 
GEM accounts for most (>75%) of atmospheric Hg, and its residence time in the atmosphere is 
relatively long, ranging from several months to a year, so it plays an important role in the long-
distance movement of Hg. On the other hand, GOM and PBM are removed from the atmosphere 
by precipitation, so they have a relatively short residence time of several days to weeks.

Hg has seven stable isotopes, and mass variation is influenced by MDF (δ, mass-
dependent fractionation) and MIF (Δ, mass-independent fractionation). MDF is mainly 
affected by oxidation-reduction, adsorption-desorption reactions, volatilization, etc., and 
affects the δ202Hg isotope ratio. MIF is mainly generated by photochemical reactions and 
affects the Δ199Hg and Δ201Hg isotope ratios. Therefore, since the stable isotope ratio of Hg 
in the atmosphere is influenced by physical and chemical reactions during anthropogenic 
emission sources and behavior, it is possible to trace the pollution source and movement 
path of Hg through sufficient research. In previous studies, the adsorption trap-thermal 
desorption method and the impinger method were used to analyze the isotope ratio of Hg 
in the atmosphere. The impinger collection method uses the Ontario-Hydro method to 
collect mercury by species (Hg(II), Hg(0)). The adsorption trap method collects mercury 
using a gold trap or carbon trap. However, because the concentration of gaseous mercury in 
the atmosphere is very low (~ several ng/m3), long-term collection is required to collect the 
amount of Hg required for stable isotope ratio analysis, and loss of Hg must be prevented 
during the pretreatment process for Hg re-collection.

1) Both NIER in the republic of Korea and NIES in Japan will cooperate to develop the 
analytical technique for higher sensitivity of Hg isotope ratios even at lower Hg concentration 
in atmospheric and plant samples in order to reveal the environmental cycling of Hg in the 
East Asia region. 

VI–1 <2018~2020>

Mercury isotope analysis 
as a new tool to support 
Minamata Convention on 
Mercury

Korea - Minseob KIM, 
 Jongwoo CHOI, 
 Jaeseon PARK
Japan - Akinori TAKEUCHI, 
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 Yasuyuki SHIBATA 
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2) Additionally, both institutes conducted to develop effective sampling and pretreatment 
methods for Hg isotope analysis along with analyzing a wide variety of environmental samples 
associated with atmospheric Hg in a regional and global Hg cycling. 

3) NIER tested an active carbon-based Hg traps and gold-coated quartz sand Hg traps.
4) For the accuracy of the Hg isotope values, harmonization of QAQC procedure will be 

jointly conducted.

<KOREA>
1) In order to improve the efficiency of the previously performed trap method, we 

compared carbon trap and gold trap. As a result of testing using standard materials 
(NIST3133, 0‰), the carbon trap showed a mercury recovery rate of 97.1% and the mercury 
isotope ratio ranged from -0.07 to 0.05‰, while the gold trap showed a mercury recovery 
rate of 96.8% and a Hg isotope ratio ranged from 0.0 to 0.06‰, indicating a higher mercury 
recovery rate and less isotope ratio fractionation. 

2) In order to analyze the Hg isotope ratio of total gaseous Hg (TGM), and efficient 
sample collection method (air gas flow, trap time, active carbon-based and gold-coated 
quartz sand traps) was evaluated. 

3) In the result, it is suitable to collect TGM sample with less isotope fractionation using 
a gold trap at 2 L/min flow rate for one week. Because gold traps had 0.5 to 10 times higher 
Hg concentration in comparison with carbon trap, and showed significantly difference in Hg 
isotope ratio between traps. 

4) Additionally, NIER found that TGM samples reflected values similar to Hg transported 
from long distance and influenced by anthropogenically emitted Hg. 

 
<JAPAN>

1) The Hg isotope analytical system at NIES was optimized to improve intensity and 
precision by means of adjustments of carrier argon gas flow rates of the introductory 
system and electrostatic lens of an analytical instrument. 

2) The sensitivity of the NIES system was improved by approximately 1.7 times, and the 
analytical errors were lowered by approximately half. 

3) Hg isotope ratios of plant litters and tuna fish muscle tissues were determined to 
evaluate different sources of bioaccumulating Hg. 

4) The determined litter Hg isotope ratios indicated that Hg in litter was mainly from 
atmospheric Hg, and their odd MIF values were slightly negative in ∆200Hg and positive in 
∆204Hg. On the other hand, the determined fish odd MIF values were slightly positive in 
∆200Hg and negative in ∆204Hg, suggesting different pathways and chemical transformation 
of bioaccumulating atmospheric Hg. 

5) These findings indicated that Hg isotope ratios of environmental samples were useful 
indicators for distinguishing Hg sources and understanding Hg accumulating pathways.

3. Major Outcomes
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POPs and related chemicals show essentially multi-medium behavior in the environment. 
Therefore, estimation of their multi-medium behavior is an important topic of concern 
on the management of POPs and other related chemicals in both countries. Based on this 
common understanding, cooperative researches on long-range-transport modeling and 
bioaccumulation of these compounds had been conducted, including those with higher water 
solubility and various emission sources. 

This cooperative research will study the occurrence, behavior, and bioaccumulation of 
new POPs and other emerging contaminants in the aquatic system, by experimental, field-
study, and modeling approaches, and thus contribute to the understanding and modeling of 
the multi-medium behavior of these compounds.

1) Some of the perfluoroalkyl acids (PFAAs) are currently under consideration to be 
listed as persistent organic pollutants (POPs) under the Stockholm Convention, in addition 
to perfluorooctanesulfonate (PFOS) which was listed in 2009 and perfluorooctanoate 
(PFOA) which was listed in 2019. A limited number of studies on these candidate POPs and 
related compounds has been performed to investigate their occurrence, distribution, and 
bioaccumulation in the environment compared to conventional POPs. It is essential to 
understand the occurrence and fates of these emerging POPs in the environment. 

2) Bioaccumulation of emerging chemicals including PFAAs in Korean freshwater 
systems will be studied. The Japan side will study bioaccumulation of PFAAs by means 
of modeling methods. The Korean side will continue the study about accumulation and 
monitoring of emerging contaminants in Korean aquatic environment including fish. Finally, 
both sides will evaluate the applicability of the developed model in freshwater ecosystem.

We worked on the bioaccumulation of perfluoroalkyl acids (PFAAs) in Korean freshwater 
systems. The Korean side performed the field bioaccumulation monitoring of PFAAs and food-
web structure in aquatic ecosystem in two main rivers including the Namhan river. Some 
results of bioaccumulation factor (BAF and BMF) through a river food web were evaluated. 
PFOS was over the very bioaccumulative level, and high BMF values in the species at the 
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trophic levels 3 and 4 showed that higher trophic levels tend to show higher BMF values. The 
Japan side worked on modelling the bioaccumulation of PFAAs. The kinetic and physiological 
parameters were estimated. Food-web structure was incorporated by the cooperation of the 
Korean side. The general properties of the model were examined by a preliminary model run. 
Together, the model predictions were compared with the measured concentrations. The fit 
of the model predictions was good for middle-chain compounds but poorer for shorter- and 
longer-chain compounds where kinetic data are limited. The applicability of the model was 
further evaluated by applying to other freshwater ecosystems.

Some specific results are listed below.

<KOREA>
Bioaccumulation (BAF)
1) In Yeoju, the highest BAF (L/kg) was found in the leopard mandarin fish (21,375), while 

the lowest BAF value (381) was found in the catfish. 
2) BAF values were over the very bioaccumulative level with a high accumulated PFOS.
3) In each trophic level, BAF has an increased trending between species, especially PFOS 

values.
Biomagnification (BMF)
1) In Yeoju, in case of predator’s prey is zooplankton.
2) The high BMF values of PFASs was found in pond loach, Gobiobotia macrocephala, and 

crab with the high values of long-chain PFASs as PFUnDA, PFDoDA, PFTrDA and PFOS.
3) High BMF values of the species in the trophic level 3 and 4 showed that higher TL tend 

to higher BMF values. 
4) The low BMF values of PFOA was found in almost species while other compound is not 

available.
5) The PFAA uptake pathway study of these organisms and further monitoring are 

necessary to understand the very high BMF of long-chain PFAAs in several species.

<JAPAN>
1) We worked on modeling bioaccumulation of PFAAs in aquatic food webs.
2) Kinetic parameters were estimated based on the analysis of reported experimental 

values in literature.
3) Food-web structure was incorporated based on general information on the sampled 

species.
4) Fit of model predictions varied among compounds. Poorer fit to measured values for 

shorter- and longer chain compounds, for which experimental data are limited.
5) Similar levels of applicability of the model to other aquatic systems were demonstrated.
6) Further study is needed for kinetics. For shorter- and longer-chain, as well as 

alternative compounds. For animals other than fish; difference in values and trends with 
alkyl-chain length suggested (incl. daphnia and sandworm).
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Tropic levels in the food chain samples in Yeoju, Korea

Biomagnification Factor (BMF) of PFAAs in the food chain samples in Yeoju, Korea
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Slide presented at the 20th Joint Symposium on POPs Research (23 February 2021)

Slide presented at the 20th Joint Symposium on POPs Research (23 February 2021)
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Article 16 of the Stockholm Convention requires the Parties to carry out environmental 
monitoring of priority media including air, and submit “comparable” monitoring data to the 
Secretariat for the effectiveness evaluation. In East Asian countries, air POPs monitoring 
program and POPs training workshop have been conducted to support the Convention. 
In addition to the 12 initial POPs, as 16 new POPs have been added to the Convention 
and several candidates are under review, the development and harmonization of POPs 
and new POPs monitoring methods are needed. Japan and Korea have been conducting 
harmonization and development of POPs monitoring methods in this bilateral project and 
will continue the project for supporting sustainable environmental monitoring program.

Japan and Korea will develop and share the analytical methods of PFASs, PBDEs and 
SCCPs was adopted. We will make efforts so that our cooperative results will be effective 
parts for the Stockholm Convention. Both countries also monitored atmospheric HCHs and 
HCB at the background sites of each country. Furthermore, the atmospheric levels of PFASs 
and PBDEs at the background sites of both countries will be also monitored and compared.

<KOREA>
1) Analytical methods of SCCPs were shared and developed for various environmental 

matrices. GC/ECNI-MS analysis method using electron capture negative ionization 
was mainly used, and quantification method using sensitivity coefficient method using 
correlation between total chlorine content (%) and total sensitivity coefficient or multiple 
regression method was used.

2) Korea monitored atmospheric PFASs in the Jeju Island during 2019 by using high-
volume air sampler. Air samples were extracted with methanol, purified with wax cartridges, 
and analyzed by LC-MSMS for a total of 29 PFASs. In Jeju, Korea, PFBA and FOUEA were 
found to be mainly distributed in the gas phase, while PFOA, PFOS, and FOSA were found to 
be distributed in the particle phase. 

3) The average concentration of OCPs in Jeju Island showed that hexachlorobenzene, 
pentachlorobenzene, and endosulfan were detected in high concentrations. Heptachlor, 
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chlorodanes, and drins are found at very low concentrations, with detection rates of less 
than 50%.

<JAPAN>
1) Airborne total HCHs at Hateruma ranged from 5.3 to 26 pg/m3 in 2018. Total 

concentration of HCB and PeCBz also varied from 92 to 270 pg/m3.
2) Air monitoring in Okayama prefecture indicated that release of HCBD continued with 

high concentration (geometric mean 2,800 pg/m3).
3) Japan monitored PFASs by using high volume air sampler during September to 

December in 2019. 8:2 Fluorinated telomer alcohol (8:2FTOH) was the most dominant PFAS 
precursor, and the concentration varied from 59-150 pg/m3. Other important precursors 
(FOSA and FOSE) of PFASs were also detected every month.
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Distributions of atmospheric OCPs concentrations in Jeju (‘09~’17)

Changes of concentration ratios of OCPs isomers in Jeju (‘09~’17)
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In recent years, it has been reported that components of pharmaceuticals and personal 
care products (PPCPs) have been detected from water within the environment. In addition, 
Environmentally Persistent Pharmaceutical Pollutants were identified as an emerging policy 
issue at the International Conference on Chemicals Management (ICCM4) held in October 
2015, and it was agreed that international cooperation is important to promote necessary 
measures to address them.

Based on these circumstances, it is important to investigate the environmental status of 
those chemicals in order to consider the necessity of measures. Therefore, this cooperative 
project will aims to share experiences and information for PPCPs in both countries, 
including analytical methodologies and monitoring outputs within PPCPs, in the water 
system of the two countries.

Korea and Japan aim to conduct cooperative environmental monitoring of PPCPs to 
enhance their mutual expertise. The research topic includes 1) a review of monitoring 
and management status of PPCPs in both countries, 2) sharing analytical protocols, and 3) 
conducting and sharing monitoring outputs. The research is expected to begin with topic 1) 
along with the discussion of target chemicals of the cooperative research that are feasible 
for both countries. Then the research will proceed to topic 2) and finally reach to the topic 
of 3). A detailed plan will be discussed jointly by both countries following the progress of the 
cooperative study.

<KOREA>
1) In this study, a comprehensive investigation was performed to understand the overall 

occurrence, relative distribution, and bioaccumulation of seven different groups of POPs, 
including 27 polybrominated diphenyl ethers (PBDEs), 76 polychlorinated biphenyls (PCBs), 
23 organochlorine pesticides (OCPs), three hexabromocyclododecanes (HBCDs), and 13 
perfluoroalkyl substances (PFASs) as legacy POPs, as well as 41 polychlorinated naphthalenes 
(PCNs) and 24 short-chain chlorinated paraffins (SCCPs) as emerging POPs, through 
monitoring of crucian carp, sediment, and river water in the freshwater system. 
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2) Among the targeted POPs, SCCPs were predominant in sediment and crucian carp 
(accounting for more than 95%), while a dominance of PFASs was observed in river water (92%).

3) Principal component analysis revealed four different groups/patterns of POPs in all 
media: one for PBDEs, PCBs, and OCPs, another for HBCDs and PFASs, and the two others 
for PCNs and SCCPs. 

4) Also, sexually dimorphic growth-dependent accumulation of legacy POPs was 
observed in crucian carp, indicating that POPs concentration increased with increasing fish 
size and males recorded significantly higher levels of POPs compared to females.

The results were published in 2020 in Environment International (Choo et al., 2020)

<JAPAN>
1) Analytical methods for PPCPs which have been detected in the environment were 

developed with the aim of improving the analytical method. Hyogo-group took charge of 
developing analytical method of Personal Care Products mainly, and Iwate-group took 
charge of Pharmaceuticals mainly. 

2) In 2018, the target chemicals for Hyogo-group were Benzotriazole UV stabilizers 
(BUVSs), Clarithromycin, Triclosan and other PPCPs, and for Iwate-group were Diclofenac, 
Sertraline, and Paroxetine. 

3) Hyogo-group investigated the concentration level of Clarithromycin and its metabolites, 
De(cladinosyl) Clarithromycin and N-desmethyl-clarithromycin, in water at upstream and 
downstream of the sewage treatment plants using LC-MS/MS. In the sample with the highest 
concentration, clarithromycin and its metabolites were detected at 960 ng/L combined, 
which was detected in the sample after the inflow of sewage treatment plant effluent.

4) Iwate-group improved the method for simultaneous analysis of Diclofenac, Sertraline, 
and Paroxetine, and it was found to be applicable to the river water samples. It seemed that 
these 3 chemicals were released into the environment mainly from STP discharge water.　
In order to clarify whether STP discharge water is the source of these three or the other 
many chemicals involving PPCPs, further investigation is necessary for other rivers and STP 
discharge waters. 

5) Hyogo-group had already investigated BUVSs in the environment (water, sediment 
and ambient air) using LC-MS/MS and also has developed analytical method of BUVSs in 
fish sample using GC-HRMS. An analytical method of BUVSs was developed in fish sample 
using GC-HRMS. In this study, nine species of BUVSs (UV-P, UV-9, UV-320, UV-326, UV-327, 
UV-328, UV-329, UV-350, and UV-234) were successfully analyzed in fish using accelerated 
solvent extraction (ASE), commercially available cleanup columns (without gel permeation 
chromatography), and GC-HRMS. Using these methods, nine samples of off Himeji, Hyogo 
prefecture, and 11 samples of Tokyo bay, were analyzed. The total values of BUVSs ranged 
from N.D. to 8.7 ng/g wet weight; these were within the range of the previously reported 
concentrations.

6) Iwate-group conducted comprehensive target analysis of PPCPs. River water samples 
were collected from two sites in June and November 2019, and August, September and 
December 2020, upstream and downstream of the outfall of the effluent a sewage treatment 
plant in Iwate and Hyogo. 
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7) About 500 chemicals were analyzed using LC-QTOF/MS and the differences of 
chemicals detected in each sample were compared. Of the 516 targeted chemicals, 88 were 
detected in 2019, 84 in 2020. At all site, more chemicals were detected in warm season than 
in cold season. 

8) Confirmed the composition ratios of the detected chemicals, the highest composition 
ratios were pesticide (fungicide) only upstream of the sewage treatment plant in Iwate in 
the warm season, and PPCPs at other points and seasons. Concentrations of some chemicals 
exceeded the PNEC and will need to be closely monitored in the future.
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The UNEP Minamata Convention on Mercury emphasizes securing monitoring 
technology and establishing a database to identify long-distance movements of mercury 
in the atmosphere. Currently, there are various sources of atmospheric mercury emissions 
in Korea, but it is speculated that much sources are transported from long-distances, 
illustrating the urgency to identify the origin of pollutants.

Until now, various studies on the analysis Hg concentration in the atmosphere, such as 
passive samplers and mercury analysis by collecting total gaseous mercury (TGM), had been 
conducted, but analysis techniques based solely on simple concentrations have limitations 
for identifying pollutants. 

Mercury stable isotopes have the advantage of obtaining information on the sources and 
biogeochemical processes through fractionation called MDF (Mass Dependent Fractionation) 
and MIF (Mass Independent Fractionation). In Korea, the foundation for the method of 
analysis on mercury stable isotopes by collecting TGM has been established according to the 
National Institute of Environmental Sciences’ stable isotope research roadmap. 

According to existing literature, gaseous mercury in the atmosphere is absorbed into 
the leaves via stomata and transferred to soil via litterfall. This shows the potential for 
leaves to be used as an indicator for the identification for the regional atmospheric mercury 
pollutants. However, to select the effective monitoring indicators for tracking atmospheric 
mercury pollutants and the characterization of mercury sources, the evaluation of potential 
isotopic fractionation across forest media should be preceded.

1) This study attempted to identify mercury concentrations and mercury stable isotope 
ratios in environmental media collected from various forest areas for three years, and to 
understand the fractionation of the mercury stable isotopes across the forest media. 

2) The sampling point was selected based on proximity to Hg emissions sources and 
divided into western (Ganghwa-do Manisan (2020, 2021), Seosan-si Gayasan (2021), Dangjin-
si Seokmun-san (2022), and eastern sides (Hambaek Mountain (2021, Jeongseon-si), 
Bonghwa-gun (2022), and Pohang-si Bihak-san (2020, 2021). 

3) In addition, inland site (Jiri Jeongryeongchi (2021) was selected as a point where 
the sources of mercury in the atmosphere were considered to be relatively small, with no 
artificial pollutants within a radius of 50km. 

VII–1 < 2021~2022>

Mercury isotope analysis as a 
new tool to support Minamata 
Convention on Mercury

Korea - Jaeseon PARK, 
 Saeyun KWON, 
 Minseob KIM
Japan - Akane YAMAKAWA, 
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4) For the accuracy of the Hg isotope values, reference materials of pine needles were 
developed by NIES.

<KOREA>
1) The concentrations of TGM displayed significant seasonal f luctuations. TGM’s 

isotope ratio showed a high Δ199Hg with dominant anthropogenic effects during the day 
regardless of season. MIF value Δ200Hg, which has been used as an indicator for Hg2+, shows 
the presence of anthropogenic Hg2+ emissions during the daytime. The comparison of the 
mercury stable isotope ratio in the leaves and the TGM stable isotope ratio shows two main 
phenomena. The first is the significant MDF caused by Hg0 uptake by foliage. The second 
is the Hg0 re-emission in the leaf, which increases the value of Δ199Hg of mercury in the 
atmosphere by +0.45 ‰. Our results suggest small differences in Δ199Hg, indicating little Hg0 
re-emission from the leaves. The magnitude of MDF occurring via Hg0 uptake by foliage vary 
between –2.40 ‰ and -2.47 ‰, which was similar to previous studies.

2) In the second year, TGM, leaves, and litter were collected in the summer at the top 
altitude of the five forest areas distributed in various regions in Korea. Consistent with 
the year 2020, the δ202Hg and Δ199Hg values of TGM showed negative and positive values, 
respectively, reflecting anthropogenic Hg sources. In addition, the Δ200Hg displayed 
indication of anthropogenic Hg2+ emissions impacting all five forest mountains. In regards 
to the MDF and MIF caused by foliar Hg0 uptake, we observed -1.67±0.76 ‰ and 0.13±0.23 
‰ differences between foliage and TGM, respectively (Figure 4). Unlike the previous year 
in which the Δ199Hg values of leaves and TGM matched, significant anthropogenic emissions 
of Hg2+ and deposition to foliage surfaces appear to cause Δ199Hg difference. The relatively 
small MDF may also be owing to the anthropogenic Hg emission sources having much lower 
δ202Hg values. Finally, when comparing mercury stable isotopes of tree leaves and litter, we 
observed no statistically significant differences. This means that mercury fixated within the 
leaves are efficiently integrated into the forest floor. 

3) In the third year, TGM, leaves, and litter were collected and analyzed at the top 
altitude of the four forest areas in the summer. The forest areas selected in this study 
were Gaya, Hambaek, and Seokmun, with the last site receiving substantial amount 
of anthropogenic Hg. In contrary to previous years, however, the TGM isotope ratios 
show little sign of anthropogenic Hg2+ emission sources. Moreover, in the absence of 
anthropogenic Hg sources, the MDF reflecting Hg0 uptake by foliage (-2.81±0.88 ‰) were 
more consistent with the prior studies in remote forests in the U.S. and China. Overall, our 
three year monitoring indicates that the presence of local anthropogenic Hg2+ emissions 
have measurable effect in governing the magnitude of δ202Hg difference between the leave 
and TGM. Identifying the isotopic endmember for anthropogenic Hg sources would enable 
more effective use of foliage as a bioindicator in the future.

<JAPAN>
1) At NIES, a pretreatment method of low Hg concentration samples for Hg isotope 
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analysis using a double-furnace was developed. The heating method of the plant sample was 
studied using a reference material (RM) and fixed a setting where the measured Hg isotopic 
composition was consistent with literature values. 

2) To develop a RM for pine needles with assigned reference values for total Hg 
concentration and Hg isotopic compositions as well as several heavy metal elements, pine 
needles were collected in the NIES. 

3) The samples were dried, crushed, sieved, bottled, sterilized, labeled, and measured 
for total Hg concentration and Hg isotope compositions in accordance with ISO Guide 35. 

4) Pine needle RMs were collected from the same trees in 2022 and 2023. Total Hg 
concentrations and Hg isotopic compositions were similar. The RMs will be distributed as 
NIES RMs.
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POPs and related chemicals show essentially multi-medium behavior in the 
environment. Therefore, estimation of their multi-medium behavior is an important topic of 
concern on the management of POPs and other related chemicals in both countries. Based 
on this common understanding, cooperative researches on long-range-transport modeling 
and bioaccumulation of these compounds had been conducted, including those with higher 
water solubility and various emission sources.  

This cooperative research will study the occurrence, behavior, and bioaccumulation of 
compounds structurally similar to POPs as well as POPs alternative chemicals in the aquatic 
system, by experimental, field-study, and modeling approaches, and thus contribute to the 
understanding of the multi-medium behavior of these compounds.

1) The list of persistent organic pollutants (POPs) under the Stockholm Convention 
has been expanded to include 34 compounds or groups of compounds, including several 
perfluoroalkyl substances (PFAAs). However, there is a growing concern over POPs-related 
and POPs-alternative chemicals due to their structural or functional similarity to the 
already restricted POPs. A limited number of studies on these candidate POPs and POPs-
alternative chemicals has been performed to investigate their occurrence, distribution, 
and bioaccumulation in the environment compared to conventional POPs. It is essential to 
understand the occurrence and fates of these emerging chemicals in the environment. 

2) Japan and Korea will cooperatively study the bioaccumulation and occurrence of 
PFAAs and PFAAs-alternative chemicals in freshwater systems. The Japan side will study 
bioaccumulation by means of experimental or modeling methods. The Korean side will 
study accumulation and monitoring of PFAAs, which additionally include long-chain 
PFCAs (candidate POPs), and PFAA-alternative chemicals (GenX and F-53B) in Korean aquatic 
environment including fish. 

3) Finally, both sides will evaluate the applicability of the developed model for PFAAs and 
PFAA-alternative chemicals in freshwater ecosystem.

We studied the bioaccumulation of PFAAs-alternative chemicals in freshwater systems. 

VII–2 <2021~2022>

Cooperative research on the 
behavior and bioaccumulation of 
POPs-related and POPs-alternative 
chemicals in the aquatic environment

Japan - Takeo SAKURAI, 
 Noriyuki SUZUKI
Korea -  Hyeonseo CHO, 
 Kyunghwa PARK,
 Hyunggeun PARK 
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The Korean side performed the field bioaccumulation monitoring of PFAAs and PFAAs-
alternative chemicals, and food-web structure in aquatic ecosystem in Namhan river. Some 
results of bioaccumulation and biomagnification factor (BAF and BMF) through a river food 
web were evaluated. Most of PFAAs’ BAF values (2022) in Namhan river food chain were over 
the bioaccumulative level (>2000 L/Kg). However, the average BAF values of Gen-X and 
F-53B (2021~2022) were under the bioaccumulative level. 6) Regarding BMF in predators by 
feeding zooplankton, the highest BMF values of PFOS were detected in Pungtungia herzi 
(1.49) while the highest BMF values of PFOA were detected in Goby minnow (0.16). BMF 
values of GenX and F-53B were detected similar values in most samples (around 1).

The Japanese side worked on modeling the bioaccumulation of PFAA-alternative chemicals 
with a focus on the gut uptake and depuration. The respiratory uptake efficiency, gut uptake 
efficiency, and depuration rate constant of PFAAs and their alternatives were parameterized by 
using their physicochemical properties. Then the values of these parameters of representative 
PFAA-alternative chemicals were predicted by using estimated physicochemical properties 
of these chemicals. The modeling results were preliminary discussed in the light of the field 
observations as well as the reported experimental results in literature.

In the future, the model predicted concentrations in fish and other aquatic animals will 
be compared with field measured values, and the applicability of the developed model for 
PFAAs and PFAA-alternative chemicals in freshwater ecosystem will be evaluated.

<KOREA>
1) PFASs concentration (2022) were detected in all species in the food-chain and ranged 

from 0.37~20.41 (mean 5.69) ng/g ww.
2) PFASs concentrations in Slender bittering, Korean bullhead, and Pungtungia herzi 

were higher considerably than other species in the food web ecosystem.
3) In terms of PFAS alternatives (2021~2022), the concentration of GenX was detected 

in 22/26 species and ranged from ND~1.57 (mean 0.36) ng/g ww. F-53B concentration was 
detected in 22/26 species and ranged from ND~0.44 (mean 0.21) ng/g ww.

4) Most of PFASs’ BAF values (2022) in Yeoju food chain samples were over the 
bioaccumulative level (>2000 L/Kg) with high accumulation of PFOS and PFNA.

5) The bioaccumulation factor (BAF) of PFAS alternatives (GenX and F-53B) was lower 
than the bioaccumulative level.

6) Regarding BMF in predators by feeding zooplankton, the highest BMF values of 
PFOS were detected in Pungtungia herzi (1.49) while the highest BMF values of PFOA were 
detected in Goby minnow (0.16).

7) BMF values of GenX and F-53B were detected similar values in most samples (around 1).
8) Further studies are necessary for long-term monitoring to evaluate the accumulation 

of PFASs and PFAS alternatives, and the uptake pathway of these organisms is also essential 
to research.

<JAPAN>
1) We worked on modeling the bioaccumulation of PFAA alternatives in the aquatic food 

webs.
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2) We developed a method to estimate respiratory uptake efficiency (αur), gut uptake 
efficiency (αug), and depuration rate constant (kd) of these compounds in fish.

3) The method was successfully applied to several representative PFAA alternatives. 
– Preliminary evaluated with reported experimental results and the field-measured 

concentration ratios in Korean freshwater system.
– Applicable to other alternative compounds by using computational method.
– Accuracy of the method needs further evaluation.
4) Next year, we plan to construct organism-level and food-web models, and to compare 

model predictions with field-measured concentration and trophic position data in Korea.
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The concentrations of PFAAs in the food chain samples in Yeoju, Korea.

BAF levels of PFAAs in the food chain samples in Yeoju, Korea (2022)
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BMF values of PFAAs in the food chain samples in Yeoju, Korea

BMF values of Alternatives in the food chain samples in Yeoju, Korea
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Slide presented at the 22nd Joint Symposium on POPs Research (16 February 2023)

Slide presented at the 22nd Joint Symposium on POPs Research (16 February 2023)
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Slide presented at the 22nd Joint Symposium on POPs Research (16 February 2023)

Slide presented at the 22nd Joint Symposium on POPs Research (16 February 2023)
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Under the Stockholm Convention, with the initial 12 POPs listed upon adoption, further 
18 toxic chemicals have been listed and then new candidates have been proposed for listing. 
The POPs Review Committee (POPRC) evaluates the proposals and makes recommendations 
to the Stockholm Convention for new candidate chemicals. Article 16 of the Stockholm 
Convention requires the Parties to conduct environmental monitoring of new and 
candidates POPs, and submit monitoring data to the Convention for the effectiveness 
evaluation. Japan and the Republic of Korea have been conducting harmonization and 
development of POPs and candidates monitoring methods in this bilateral project and will 
continue the project for supporting sustainable environmental monitoring program.

1) Japan and Korea will co-work to conduct inter-laboratory studies and to share 
analytical methods of PFAS and to compare concentration levels of PFAS in the air. 

2) Japan will focus on hexafluoropropylene oxide dimer acid (HFPO-DA or GenX), 
which is alternative to PFOA. The validity of an analytical method will be verified and 
observe its airborne concentration with PFOA/PFOS/PFHxS in urban and background 
areas. Furthermore, given the progress of the Stockholm Convention, we will summarize 
information on analytical methods for benzotriazole UV stabilizers (BUVS) and proceed with 
preliminary air monitoring. 

3) Korea will continue to improve the analytical method using LC-MS/MS and GC-
MS/MS to measure neutral and ionic PFAS as much accurately as possible. Furthermore, 
monitoring studies will be conducted to examine the distribution of both atmospheric i- 
and n-PFAS in rural and urban sites. 

4) In addition, we will determine a measuring method and conduct atmospheric pre-
monitoring of chlorpyrifos, which is a neurotoxic pesticide in the organophosphates class of 
chemicals currently proposed for listing under Annex A to the Stockholm Convention.

<KOREA>
1) Korea conducted a monitoring study on ionic and neutral PFAS and investigated their 

distributional characteristics in the atmosphere based on the established analytical method 

VII–3 <2021~2022>

Cooperative research on 
innovative monitoring 
technique of POPs and other 
priority pollutants

Japan – Yoshikatsu TAKAZAWA, 
 Toshitaka KOGISO, 
 Kazuhiro TOBIISHI, 
 Shunichi NAKAYAMA, 
 Yasuyuki SHIBATA
Korea – Hyunjeong KIM, Seam NOH

1. Background
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using LC-MS/MS and GC-MS/MS.
2) ΣPFSAs in urban area were observed higher than those in rural area. In summer, SC-

PFCAs showed relatively high distribution ratio in both areas.
3) FTOHs (6:2 FTOH, 8:2 FTOH, 10:2 FTOH) and Et-FOSA were detected. Air concentrations 

of Neutral PFAS were observed relatively higher in urban area than in rural area.
4) Analytical method using GC-MS/MS for chlorpyrifos in the ambient air samples was 

established.

<JAPAN>
1) Analytical method for PFAS substitutes (GenX, ADONA and F-53 B) was investigated 

using the existing PFAS simultaneous analysis method.
2) ADONA (0.25-2.5 ng/L) was detected in some river waters. No PFAS substitutes were 

detected in the rainwater.
3) Air concentrations of PFAS substitutes were more than one order of magnitude lower 

than those of PFASs.
4) Analytical method for the determination of BUVSs using a mini-pump equipped with 

glass filter and PS-Air cartridge has been developed.
5) Gas adsorption characteristics differed depending on the material of the filter paper.
  - Adsorption rate of gas phase: Glass < PTFE
  - Total recovery: Glass < PTFE
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In recent years, the frequent and ubiquitous detection of pharmaceuticals and personal 
care products (PPCPs) in the water environment has been reported by many countries. Due 
to their potential of toxicity and adverse effects on the aquatic environment, PPCPs are now 
regarded as contaminants of emerging concerns (CECs) and are receiving a significant social 
attention these days. Therefore, understanding the status of CECs contamination in the 
water environment is strongly needed to manage and control these chemicals, but there is 
no agreement or standardized method to analyze CECs worldwide so far.

Based on these circumstances, this cooperative research between Japan and Korea was 
planned to develop an analytical method for CECs like PPCPs by sharing their experiences 
and know-how for analysis. In addition, the monitoring of CECs in the water system of the 
two countries will be conducted and the results will be also be shared.

1) Korea and Japan will conduct a cooperative project on environmental monitoring of 
CECs to enhance their analytical and research capabilities with each other. The research 
topics includes 1) a comprehensive review of the monitoring and management status of 
CECs in both countries, 2) sharing analytical protocols, and 3) conducting and sharing 
monitoring outputs. 

2) In Japan, PPCPs such as pharmaceuticals (clarithromycin and its metabolites), 
benzotriazole UV stabilizers (BUVSs), phosphate ester flame retardants (PFRs) and artificial 
fragrance compounds will be investigated in water, sediment and fish samples (Hokkaido, 
Tokyo, Kanagawa, Nagoya, Hyogo, Fukuoka). In addition, simultaneous analysis will be 
regularly conducted upstream and downstream of sewage treatment plants.

3) In Korea, an analytical method using GC-Q-TOF/MS to detect the CECs in 
environmental water samples including fish will be developed. An in-house library using 
over 100 chemical standards will also established. With the developed analytical method and 
in-house library, suspect analysis will be conducted on representative river water, sediment 
and biota samples, and priority chemicals will be determined for future monitoring studies.

VII–4 <2021~2022>

Cooperative research 
on the monitoring of 
Contaminants of 
Emerging Concern 
(CECs) in the 
environment

Japan - Hiroshi YAMAMOTO, 
 Chisato MATSUMURA, 
 Kazumasa SAKAMOTO, 
 Takuya KAKOI, Hitomi HASEGAWA, 
 Takahiro NISHINO, Mika KATO,   
 Ruriko TAHARA, 
 Shinichiro NAGAHORA
Korea - Jeongeun OH, Kyunghwa PARK, 
 Kyungtae KIM, Byeongwoo LEE

1. Background

2. Research Plan
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<KOREA>
1) In this study, sample preparation methods were proposed for suspect and non-

target screening (SNTS) using gas chromatography coupled with high-resolution mass 
spectrometry (GC-HRMS) in the aquatic environment. 

2) The pretreatment methods were evaluated based on detection rates, recoveries, and 
screening detection limits (SDLs) for 316 substances spiked into surface water, sediment, 
and biota samples. The detection rates of the spiked compounds were 92.1% and 98.7% by 
the sample preparation methods for water (solid-phase extraction using the HLB cartridge) 
and sediment (ultrasonic extraction (USE) with HLB cartridge clean-up), respectively. 
Similarly, USE with HLB cartridge clean-up gave the highest detection rate (87.9%) for biota 
samples

3) However, an additional pretreatment method using the deactivated silica gel clean-
up was necessary for the detection of persistent organic pollutants (POPs). The SDL ranges 
of spiked compounds using the suggested pretreatment methods were 0.01–23.5 ng/L for 
surface water, 0.02–37.5 ng/g dry weight for sediment, and 0.01–12.2 ng/g wet weight for 
biota. 

4) Although some pollutants, such as POPs had SDLs that were higher than the levels 
normally detected in the aquatic environment as reported in previous studies, the analytical 
methods suggested in the present study were satisfactory for the SNTS of most pollutants 
originating from anthropogenic sources.

5) The results were published in 2022 in the journal Science of The Total Environment (Sim 
et al., 2022).

<JAPAN>
1) Analytical methods for pharmaceuticals and personal care products (PPCPs) which 

have been detected in the environment were developed and environmental monitoring 
was conducted. The concentrations of clarithromycin, azithromycin, roxithromycin, 
erythromycin, its metabolites, and other pharmaceuticals in water upstream and 
downstream of sewage treatment plants in Hokkaido, Tokyo, Nagoya city, and Hyogo 
prefectures were measured using LC-MS/MS. Analysis at the ppt level has become possible. 
Concentrations of four phenols (phenol, cresol, 2,4-DCPh, 2,4,6-TBPh) were measured 
using GC/MS, while those of antibiotics and their metabolites, such as clarithromycin, and 
phosphorus flame retardants (PFRs) were measured using LC/MS/MS. 

2) As a result, in phenols, phenol and 2,4-dichlorophenol were both detected in 
downstream and urban area with a range of ND ~ 110 ng/L. Eight congeners were detected 
for PFRs, with the exception of TPP. For phenols and PFRs, the detected concentrations did 
not exceed the predicted no effect concentrations (PNECs).

3) The selected PPCPs (antibiotics, antihypertensive agent, and caffeine etc.) were 
detected at ppt to ppb levels. Clarithromycin, a macrolide antibiotic, and its metabolites 
exceeded PNEC in some urban rivers ranging from N.D. (not detected) to 760 ng/L. Many 
substances showed a trend with higher concentrations in downstream of the drainage 
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outlets of sewage treatment plants, so the eff luent from sewage treatment plants is 
considered to be the major source of inflow into the environment.

4) An analytical method of BUVSs was developed in fish sample using GC-HRMS. In this 
study, eleven species of BUVSs (UV-P, UV-9, UV-320, UV-326, UV- 327, UV-328, UV-329, 
UV-350, UV-234, UV-531 and UV-928) were successfully analyzed in fish using accelerated 
solvent extraction (ASE), commercially available cleanup columns (without gel permeation 
chromatography), and GC-HRMS. Using these methods, nine samples of Hyogo prefecture, 
Tokyo, and Hiroshima prefecture, were analyzed. The total values of BUVSs ranged from 
N.D. to 4.0 ng/g wet weight; these were within the range of the previously reported 
concentrations.
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