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2-1. HFREEE

ARAR L~V R RE SRR FEBR MR CIXBR B AMEIE 0D KA — Ve — Fedak 2 G L 7o i B BRI B\ T
HETFWEFEOTRE - BT/ 0 22 MET 5, FE - BUNPEEREZEH L E S L —
P—ZBHREL, TOXEEREZPALNICT D, 6T, ET AV Iab—va rElAEGDET,
B A AMHEIC 3BT 58 F LT WE S ORA I W E B eI & ok T3 A2 Eii 4 %,

2-1-1. BEBRER BT 3 EBENE

BT DBREEIG Y E O FUTII R « W - PR 2 R#iPHICBEI L C, b M ORESAERRIZE
BERFTLORDL, ZOLD RERLRBEREMEOHRKRZH LN L THIRREZ#H L D7D
X, PERDOKRKERBE, WEERBE, MR L Vo BB ECTIHERAR DL, DO EBL Tk
G575 [HAERE] OMEETEAL TRYMDLERD D,

AW O R T 5 B B ARHEEREINIE ¥ o % — TlE, Dbt L2t - BREREIREN
FHAELTVDERERIZBNT, KRK—R—n e 2 58 SBLUHZ 2R & B R T IR T EET OREAR
JN—EREE COBLNZBRM LT, FEHIBROREARITIE, ok 30 FEICH EkxmA 1 BB
ZFEM L, IKF OB -ORFEHT T 5720, KRAR7+—/L7 v kD Be, 21Pb & 1
Mo UC LIRFE - BRLTERNARL ZHE LTz, T ORISR, Be, 2Pb OILED SR E TOREM A7
— NV ERBL TWD &3 2 b DR 1 D "Be/?!Pbey bLiT, IR S AFITEVMERPIA /L S 4,
IO OO MITIATIITE N ERNRB I, AEMOSEC IIBROEERD LA
VKB TIRLS 220, AUCIZT T AN 7 FTHZ ERHALMNE R o2, 2D &%, FHH
LORBHERERABEOR MK LIZEREEZOND,

PR o Rk CGr) CiE, WEEEICSIEHE T 4 AV b NT v AT K DL 1B AR & K
I8 2 KREE TWEEZ RIRFIZITV, RO EZRE (21Pb, "Be %) % W Tkt —Jilsh
IZBT D EDEORE - Ek T 0t AOMAZRAT-, TOME, Be ODHERE T 7 v 7 AFBE T~
Ty 7 ALIZIERRBEOEZTRL, WKL OFG IV, ME~OEZBELEICLIDLONRELS
Z BTz, —JF, 2P OHEFE T T v 7 AIRMIBI OB T 77 v 7 A TEWEZ R L, s
DOFMAB LI OWIE COFBE «- BHBICL DTSN REVI EWNRBENTZ, ZOZ LD, ZNT
DOHEYE O OB A 77— 11X "Be O (53 H) K0 E<, 21Pb O (223 4F) L0
WEHEE SN,

1) /IMATHARGIIZI 1T 5 A B758 O JF K i B 5T

AWFZE T, 20194 4 H705 202043 HETIRE 1 » HIC 1 BOAKEBMZ 5 845 THEMEL, 2019
1A 12 AETOBMT —% 2 HO TN O BHEDIIRE OEE) &L Z ORI DWW THRARI O
BIERER & LB LTe, OSSR, KRFEOWINAEREIC KIE T HEAKE S OREE & G oG
FREHTH D EBEZHND, BN EDKOFEIDIIT, FEAKE 43.5mm TIE—RFA9IZIAKAKAL
X ERT 223, DOC IR, KEHERELZIIBN SN 2hoTc, UL, MEEKE 143mm, BUHIETS
B 20 SELIEE T £ CORKE 55.5mm OREFIFIZIZHK O pH 28 9.06 205 6.30 ~ME T L, FEWIC &
HATRON MBI <7,

2) HAUFIZRT DKL E) - WEIEERII

N U T BT ORI FEMEO RN S, BPEREE CIIRLFBREDO L —F— L L TR & CT& 7=,

AL TIE,  HARWER 2 I 220 R 0 fERE O 228Th/22Ra HURRE Fhds L OY 24Th/28U JigdtRELb



AKEGA B K OFEEHETZEDS Z LX), BRERBEICE T DR FREREEDOAX vy X T
DHFEGERG L CE T, SEEL, S DICEF RO Z/IT Lz, ZEfe B2 EEGE Lz
KL BREDOWHRIC L DENLHA LN 2ob b,

HEGHEY D 1 D Th D L85 FiRRIL/AKFE (Polycyclic aromatic hydrocarbons: PAHs) 1%, F& LT
EARBIC S A A~ ZADOREEMRIES L ORI 2 BRI S B, Rtk & 28 BRI ICBEE L8 r B
FIET, AAREZIZICO LT HHT TR0, BN ThiZ LD, AEAEDOLERY
AT 2MAENRBERFAIRTH D, ZNE THEBN Db AAREENGE L, 7R LR
HHRED PAHs DR L ~L, G, B X OMHERE 2 O T 57280, 2017-2019 FDOEZF (7-9
H) 2, BEIEKOY TV 7 BN FEN L PAHs 98T 217> 72, AAMEICRIT DR imEifEKH
D4 PAHs J2FE (VA1FHE PAHs+BR¥%FE PAHs) |, 2017-2018 4E 7-9 H /T T, 1.3-6.0 ng L' ®
P CEE:33ngLl ) I2H Y, BARBENS O 4 BHAKRIZIBWT, ZHE1 345N, 36.0°N, 36.5°N,
39.1N fHEICH K Z & SES M CThoT-, £7o, BHAYMEH IR & ALHIkIC 51 5 4 PAHs IR
B CE L DM AR Lis, —J7, 201947 AIZ31) % HARMED 4 PAHs 1%, 2.2-6.6 ng L
O CE¥):43ngl!) 12V, TR S ALFIIZ I T 42.9N & 38.5N {41 T < 72 DSy
HiThoTo, *IBHFR ORI /DAT & PAHs /K -4347 0 B & fifhr 3= 5,
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7o KEY v XAR— VIBLEF AT & 3R TR &R Wb X THO MUY i FEIZB8WT, 201947 H 9-10 H
(SRR AR 2 SR ELAYIC 8 WA THREL L, Ge AR T 134Cs,Cs IREAWE LTz, TOREE,
WEERR L 0 b B THY T K NEE T D1 & T 134Cs,137Cs RN MR STz, £7-, Wi OMMIE
ZHE LT 34Cs,Cs JREED B FOKIRE O ZE M A & OBRE G 5720, F—r— 12k b
FEMMHE RN 2 IR KA REOW I L 0 £ Lz, BE, MitET —2 2 b <Tb b,
2) 4Cs PREEDN B BT BT EER O K AE B

R KRB E « BRERFRAFIEROW XV, 2019 45 6-12 HD 4 b7z 2 HEmE
B G CHEAREURE (FRIC LN & OSREERK) 2R LT-, MKy 7 7T 00 Ry BEEE
DHEAIZ LY, K L~UL BCs BEDERENATZ W LM Lz, TORME, 2019 FIZH > RERIC
FBUWTIE, K200 m £ T 13¥Cs RN, MKREZRTZLEAHLNITRoT, AAMEOREEK
D 134Cs PEEED, W TVFICHANEVVEZ RS OIL, ZOEREEKDOEL TH D EHEN Sz, kE
FEIX RV REPHORA, MHEEITO TETH D, AR, BARMBOMWAKDOHNR, Hl2ITKFEEND
AARMESDOTWAR = AL 5D 5 2 CEHERMLE G257,

3) R ORISR DS A v T L OB RERFSE

AR TIE, BN ASHAE S S IR 18 BT b SV R EME IZ DWW, e .
WBERERICB T 282 HET 2720, SHATRKRRINNE A M N7y 7 E2&REL, 78 (1 #1H
X1 B OBk E2EL, BMEMEOKSEEE Y YLD T T v A, HEHORNIKRLE DS
MrziTo 7z, 20 OFES, W OHICALE LTV DK 10 m F2E O EV VR FEICIE, o 28 % 5%
{ZITFTTWAHT2DIT mass flux DRI S EBENT 5 2 ERALNE o 72, REFFEIX JAEA 722 5 O 5EHF
Fel LCHEmM LT,
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Spatial-temporal distribution of polycyclic aromatic hydrocarbons in surface water at West Nanao Bay,
Noto Peninsula, Japan, during 2019-2020

Rodrigo Mundo'?, Tetsuya Matsunaka'**, Hisanori Iwai?, Shinya Ochiai'?, Seiya Nagao'?

! Division of Material Chemistry, Graduate School of Natural Science and Technology, Kanazawa University,
Kanazawa 920-1192, Japan

> Low Level Radioactivity Laboratory, Institute of Nature and Environmental Technology, Kanazawa University,
Nomi 923-1224, Japan

[Introduction]

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

[Experimental]

The spatial distributions in surface water was seasonally investigated from May 2019 until February
2020; simultaneously water quality parameters (e.g. salinity, turbidity, etc) were recorded on the field
by water quality profiler. Seawater (10 L) was collected from 15 sampling points and stored in a polished
stainless well-closed container to avoid PAHs photodegradation and any residual contamination. PAHs
in seawater samples were separated and concentrated as particle phase (> 0.5 um) and dissolved phase
by tandem filtration with GC-50 glass fiber filter and solid phase extraction Empore C18 disk,
respectively. To adjust extraction recoveries, deuterated standards were utilized. Samples were analyzed
with a high-performance liquid chromatography coupled to a fluorescence detector (Shimadzu co., Ltd.
Japan, 20A series).
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Fig. 1 Sampling points at West Nanao Bay, Noto Peninsula.
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[Results and discussion]

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

analyzed. The RQ X 14 PAHs (NCs) varied from 0 to 82.49 in 60 surface seawater samples, representing
a very low to low risks to marine life.
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Fig. 2. PAHs levels in surface water at West Nanao Bay, Noto
Peninsula, during 2019-2020.

[References] [1] Cao Z., Liu J., Luan Y., Li Y., Ma M., Xu J., Han S. Distribution and ecosystem risk assessment of
polycyclic aromatic hydrocarbons in the Luan River, China. Ecotoxicol., 2010, Vol. 19, 827-837.
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[Introduction]

An earthquake on 11 March 2011 caused an accident at the Fukushima Daiichi Nuclear
Power Plant (FDNPP), which resulted in contamination of a wide range of terrestrial and
marine environment. Radioactive cesium widely deposited on land and transported from
watershed through river system to the ocean. Most of the radiocesium concentration derived
from the FDNPP accident in riverine suspended solids are predominantly governed by the
contributions of radioactive depositions in the catchment areas (Ueda et al., 2013, Nagao et al.,
2015, Ochiai, et al., 2015). Recently, the scientists reported that the activity of '*’Cs was found
in beach groundwater with a maximum value of 23.0 + 0.5 kBq m™ at Yotsukura, Iwaki city
40 km away from FDNPP (Sanial, ef al., 2017). The dispersion and deposition of radiocesium
on the environment are of great concern in the coastal area surrounding Fukushima Prefecture.
Investigations of radiocesium concentration in the rivers have been performed to understand
factors controlling transport of radiocesium during different watershed condition.

[Location, Measurement]

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

[Result, Discussion]
The maximum concentration of **Cs and '*’Cs
at normal flow condition was 0.7 mBq L™ and 7.9

Fig. 1. Sampling Location (Cs'*’

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

[References]
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