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3o TWRVERZ N, T E TOMZETIE, HEKITIERFE L TO S S EwE % b
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JEMvER S CIHMEREMIEER G DS KB TH D2, BT R IHERE S O @& E
PAEER, Beaufort Gyre 2MFEL Tk V., ZOEENILIEOWKIGER IZHE A 5 2
TV D ATREME MR S VTV D, 1960 A LARE L S AT [E OBZREFFALEE T 45705 4k
KELEIT O S =ittt g v (1-129) & tEE > o & (Cs—137) 13X, MRm & o
FEHEMERNZ I > TIEBHEIZ A U, IRKJEEIEER I » TR &V ) B A 7 — 1
THF WAL SN, ENENORHERIZEOCICEK LT, 12 mics
5 1-129,/Cs—137 JREHLITFARE BITHR L TS, I FFWRICB T L ZED0E L
N5, ALRRIEZ IS DI KIEEBR OB Zikim T D,

Cs—137 & 1-129 ZHNET 5 72 O ORI, VEFENTIERFEERED 7 5] MR20-
05C fitifE (2020 4F 9~11 A) b, dbMie 7 5 &2 ¥ O#RS (Abks 74,5 B/ PER 161. 9
FE) IZBWWT, EKEOSEERE 800 mF TO 9 B TEE S, Cs—137 1%, VKK 400
WZF v U7 Cs ZRINE, MBRBET T ) TS U7 F =T AMOERIZR
EIEDH LTI o TRME L-, BIEIE, SRR L~V U R SRR ER DK/ >
7 7T v Rk Ge BRI AR Z W TITo 72, 1-129 1%, KK 1L I2x v U7 1
W%, W Sz b 0% 3 U BRI L LTl L7z, JIEIR, AR
VT DINEERAFSE iR O ERE &Rt W T T o 72,

AbksfE 71 A W OB 800 m LI OWEKIL, KEMNZ 2 SO EFF>, O ED
BB ELZ 200 m LIEOIKE - KK 5 OXRHEEFKRTHY . 2O FEoOER - &
T DOREFERTFK & FBRICKI S5, F72 1960 FRUBEOEE® T 7 4 —/L R
LE T « 7 — 7 OBREI AL TS D OJREO =0, REFELFEAD Cs-137 & 1-
129 FEEEIIATPERIFK L 0 HEv, 2020 FEOBHNZIB VLT, R 200~800 m DK
PEVERLIR K D Cs—137 & T-129 2 (2~3 Bq m® & 2~3X 10" atoms m®) |X. &E
200 m LAVE D KSEPERETF KD ZFZNFNOFERE (1~2 Bg m® & 0. 1~1X10" atoms m™®)
X b|Ehots,

[-129 & Cs—137 1T & HITEABHEALEE T4 b ORI KIZZ ORI EZ FFO M, fiE
1% 1990 AL - LARE . %38 1T 1980 R A DI ES R Lc 728, 1-129,/Cs-
137 2 EE HEIT 1980 AELLAR 2 IZHIMN L T\ 5, b LAbER AL KPS PE oD 3 HE VI oD 2 & Vg
IRDMACKEE S T Z R S D £ TOMIZ, ZORELBKELI Ebs TN
CIRETDHZENTZIUT L, MR E D T X WAOZNLZ T 52 LIl k-
T, WHHEMOFE KSR ZHET D 2 LN TE D, 2020 FI2H ) FHEa CEH
7z 1-129,/Cs—137 JEEEEIE. #9120 X 10 atoms Bq ' Thho 7o, = OPLEELL A ILED
JERELEOFHYER CEB SN0, BBLZ 1995 ETh-o7, 2O b, it
HIEIER O 3% @K 235 6] & D F HEGRICIN > CTH F X UWFRICRIET 5012, ) 25 %
FTL=Z ERNHEEEND,

—J5. AT FWHOIFIER CBALAICIB T 1993 AIHIE S - RIEEEEF KD
1-129,/Cs—137 #EELEL (%9 8X 10 atoms Bq ', Smith et al. (1998)) %, Ab¥BIb Ve
FEDO WY T 1980 FRBPEICEH STV D, ZOREEN S, g5
HUFE G~ DEEREINT 10 ERE LFE SN D, ik, EFEo 2020 F OB £
B INLTZ K 25 4F & D BRSSEE I ZEE T S TV, Smith et al. (2021) 13,
AERBRHFIZ IS 1T D 1-129 JRE OREZ b5 . ALRIREN LA U CAbtsiE 5 ) 2 a8 o
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L7z, L2 L7255, ERLORERITTHMERIZIS 1T 5 1-129 & Cs—137 R DIRFfEIZ b
WK L CWAHREIERH DD T, A% LV EBENREREED DIVLERDH D,
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137 OAEDLEEZH WD Z LIk o T, ALBEBIZ I T DU KIEER O L & HITH
JBRCTXHHREMEZRETDHHDTH S,
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FRROWIZERE O —ERIL, The 16th International Conference on Accelerator
Mass Spectrometry (2024 4 10 H 20 H. Guilin). 2025 Xiamen Symposium on
Marine Environmental Sciences (202541 A 14 H., Xiamen) (2B TOBERFE
L7z, F7-. FONEZ LD F L ¥, Geophysical Research Letters gSlZ#efE L.
2025 2 A 28 HIT=E ST,
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EEMEER & 7o TV D, FRZ, BUTORGET LV TIE T v Y VR ORHESCEE)
AT E T, EMEIEREA~OFE Z EMEICFHTE TWLRY, D7,
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NRDHEN TS, BARRFEDTIE, KEED S OBEEY:, LRI, EPNEs - Hk
HIRDORBEZ T, 2T a Y VRFELTEBY, 2Lk T oy LRE
TERC T T B2 IR T 2 R B D,

AT, BTG Y K OERN O - JEHIR OB L 5 T IR 7 OB AUFFE
(INP * CCN #E) ~DFEGEZALMNCTL L2 HMNET S, TDORD, BB
WHEZ LD ZOT VR - BRI L ENERRECHE IR OB E T 5 S ETHO 2
HipS T, =7 v Y VR OALSEFL AL, INP AL, CON SR [RIREBLRAI - fi4E 2 S20td
%o FRZ TREEEPRL 7O INP RE~DOF G & [k - 2EEfE, CON FrtElc 5 2
LR O2JICEB LR THZ LT, =7 Y - EHAEROEWZFT 5,
ZIVHRHEN R D 2 #IA D INP « CON FREO BT —# 1%, FERKRL 1O EMYEL
WBEE~ORBICET 2 HG T — % & LT, BEBRNEED 55 EfMGE A r—L 0%
GPHEZAREE T 5T vy L - E - FEAKBWERE T LV ORGE - FEYLICE RS 5,
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1. FIA - FRERANE
1.1. & LK IFIZH 1S INP BRERIE

2023 410 A, K[GHFERT (KRR iIEM, LT [9<I01E)) B UREEKRK
BRI A— = A ~ CaAJIIEERIMNT, BLT THEX)) I2BW T, 2 O 7 4 V&2 — (R
Uh—RFp— b T gV — FHEMHeET V2 —) ZHW, =7 oY Lhi+%28 18
M2 LTS e Ui, AHFZEHIR] (2024 424 H 1 H~202543 H 31 H) 1BV T
1L, < IXT 45 HIR, R T CTOEWINR 7 0 L& —22H (2024 45 H 21 H,
8H28 H, 11 H19 H, 12 H 23 H, 202543 H 25 H) #=AT\, 35 #if ok %
BuAS U7, A ETIE, o0 « AT A2 58056 L 72 2023 4F 10 A5 2024 4 11 HET
OHIMIZHBT D, 2 AT To 55 W, 6B T D 44 W OIKEaIZRL T (Ice-Nucleating
Particles, INP) JRE DO#ERIZOWTHET 5,

1.2. B Lo FIZH TS CCNBEHA

2023 FEILFEFIHIC Ehex . AR ZEL T, S<IETEERK=T 7Y L
BT DRI AT EIREE (SMPS : Scanning Mobility Particle Sizer, DMA Model3081 + CPC
Model3775 Low. TSI ). CCN ¥i+#j2 = (CCNC : Cloud Condensation Nuclei Counter .
CCNC-200, DMT #1) . 35 & OMRIEEHI CON R 7% (SMCA : Scanning Mobility CCN
Analysis, SMPS + CCNC-100, DMT t1) O#LHIZ #kise L CHEhi L7=, A E T,
ENT 21T > 72 2023 4 4 Hv 5 2024 4 11 A £ TORERIZOWNTHRE T 5,

REEIZI UV Tk, SMPS 2 K 2 KRR Ai#5ie BRI E 36 L OF SMCA AT K D RieEI]
CON R EERIE 24T o 7o, 7272 L ARUFFEHI I3RS ORI X 0 fikfer 72 8L 7
— SRR TH -T2, BERICBIT DMENTIC OV TIE, 2020 4 4 Hv5 2021
11 HICER U728 — 2 2 L, ©<IETO SMCA J7 U HE U 7= 71 CffT
{17,

2. BonizmE
2.1 B EOKIFIZHEITEIHRAT IELBOEH

AHFFETIL, T EICEIT S INP B LN CCN OEESEYROEELZH SN T 5T
B, KEEND ORBEAEEREZ T HEN LR E R DRE5 L. ENEER L OPEHEO®
BA 2T B EN THRANCAIE T 55X 5 INP 3L CCN O H#:AH U T,
BTG X ONEWNEIR N 25 ORL RIS RIETREOFM 2R 25, TD7=H
(2 WS IZ IS T D 1% 5 TR ERARAT 2 FE6E L. TR D 22 KB DR D FEIDL
PEZFEN U7z, ZHUC LY | REEOREE N S A Lz 285 8icx L ¢, [EPNEEA INP
X° CON Bz 5 2 B B A et Ui,

B 1 o<IiE (MRD BLXOHEE (NOTO) (ZHIE L7~ 225380 MR 41258,
B2, WEEEIIS U THE R, vy (B KEE (F) ICofEI .
1 A EIZER Lz, BRI, MMRPICZ0O|® 7 ¥ —RNEHDDEEERL,
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65% Rl DL EITHEA TR R L TND,

%GR OMATRER (X 1) 206, fERE L O IR RET 5 225 Ol eik ks
WIEEWERER R Sz, Wi s b, 5 AEN S KRS D OZZERIOFHA
NEML, s HZE—27(2 10 HEHFE TEWEIGZ 5D 2R H 7=, ZDM. 6~7
AR EFE NS OFANEB L, Z UL EEST M5 OZ2[ I Pl 2 3F
FILCREEET DD EEZLNLD, £7-. 10 ALK KEE (At X OWELHR) o0
TEADMEAN L, 12 AS 1 Blaid T —2 202 7, HZ 2023~2024 £ ORI T
I, 11 ADS 2 B2 THRGHND OWMADBXEI & 720 | FEIC L 2E8HEH D
LoD, AFIu T PEFENS OZEKINEET HHEE AR b, Zh
HOFERNG, AR 10 A D 5 HETIEKREND OZEXIEN T THERICEIEL, 20
BENREEZ R TOIRICEET D, —FH, 5 AN 10 AEIZITRFEET MmN D%E
SRS R EEBE L, ERIIXEN 2 S SN 2SS TRAT DN H D
ZENRBEI N,

2.2. BB L OLKIFIZHITHS INPREERIE

BEREB LU IRICHIT D INP EEB L, 0.3 um DL EOR 72 AR > 8 H
U 7oKEEIEME R T A — % (INAS %) OIRFERIRGRFIZE L%, 0.3 um BL_EOR50R
FE R X OVE SRS R AT & OFECIX 2 1R T,

X 2. fE% (NOTO) B Lo IE (MRI) IZBIT 5 INP #EEF L OV INAS & JE DORR
FI2Ak,

2R TR0, INP REIIENTHIM 2R ZE L CTO IO EmVMER 27~ L
7o, WL & S ICHIRE R R A B I MEGR S e o 1o, F70, 2024 4 H FAEICIE
i L CHEI O DHER SN, 29 LIF A A Ry M2 Ol R
2 5T INP I AHANCEE) L7, INAS HEEICOW T HIRERIC, B/ ¥
— VR EPARHAREE BRI SN, 29 L ARHAWEEM S 72012, 3 A2
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L DONYEIZ L > T INP RS L OV INAS B ORI L L L (F1),

#F 1. fE% (NOTO) B LU X (MRD) TBIFAZEE 2L O INP 1 OFHBIfE,
(T T IEERREZSLOFHLEHO K/NEZRT =G, 5 =1K)

ZOZFEMHEIC LV . INP BEEIW A & HICAFE (12~2 ) I bHIKLS . BEFB
K OKFITEVMEHM D L S AL 72, INAS 5 B O ZRFIZAIZ DU Tk ] T 23
Hit, DL ITTILINP B & [FAREICATRITR/INE 2o 7208, TR X o TEVLA
BV, —15°C LLETITEITHR KR, —15°C Kl CITEFICR K E o7, —F, BH
TIEERIRDIES, ERIHKLEWVINAS BEEZR LT,

BT, MR INP OF 5 2 5Hlid 2 72D, 95°C T 30 ZrBIINBVLER 21T - 7=
B INP B (Heated-INP) A2 2 1Z/”9, —fRIC, BRI INP (3B X D iE
P& D T2, INEE O INP JEEEITIEAEMLIR INP OJRE L B3 2 LR TE S,

2. BEE (NOTO) BXUo<IE (MRD BT 2 Z&E Z & OIMBVLIEF INP #EE D
EHE,
(AP IXIEMERE = & OFEHEF O KN 2Rt f=5E. F5=1K)

IEHIRESLEFIC L > TR DS OO, INP I 5 NEE INP I EOEIS 1L,
DNTITENWTERL Y b/hSVMEANICH D . DL IXTITAEMEIR INP O % 53K &
WZ EDRIB ST, RRIZ-15°C F TISIEMET 5 INP SR AL %F 9 2 20 INP O
EIAIE, BB TR 0.81, < IETIFR 057 TH Y, S IETITKFICZDEIENE B
WIET (89046) LTz, Zauik, o< IEICBW TR ITEMRIR INP O %573k
WCREL 2D EERLTWD, —F, bWz <RI L=dbi Hm o
22RO _EIRICALE T A RER Tl RO MR INP 0% 513Gl SR - 7- 2
EMD, OIE TR SN AR INP I, EWNEEES D \WVIZED 03 APFIC L D
WELHER IS,

X BT, BRI ETOEME INP (2B CTHERYE W INAS BE AR L0
WKL, ZERERR IS BIROBERIC BV T, M ACROREIC B 537, £ D INAS
BRI EE CR BIRWVEAICH o T2, ZORERIZ. o<IE T, JBEG LIXEN
SN 35U D BN INP OFRAEJRAFEL, ZOXFHITE D INAS BRI L7 w]
REME A2 IR,

ZIUH O INP BEE - INAS BEHEIZEIT 5 INP BAERDEZLILE LI 54
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FIIHHN, Fexr O TIE TOREE TIT INP JEEEOEEIL N 6T 5 KD Sl S
h}:)%itmﬁr INP 38 L OVEDEIROEBEIEM: INP OFGIZREHTHY . 26 DOZEH)
IXENERERRE E ISR EFE NS DEENRRKRE N LORBINS,

2.3. geBLOLIFICHITS CCNBEDHE
231%wsamcﬁf&SMQAﬁTr§6<ﬁ%&EmEN5% 2 DHE
CCN EEOHIFEIZIZ, SMPS-CCNC HFRFB L USMCA D 2180 OFIENHN DS
nfwéo%kﬂ:TE/wﬁ%®%ﬁmﬁﬂ7f 2 (k) ZRDD &t@ Eb
5D FRUTHS JEMEZ WD RENZHOWNTIL, JEST DR F ORI S A=,
Eéhkﬁﬁkﬁ%m%ﬁéﬁ%@ﬁé“%ﬁe’wﬁ?éTA@ﬁ%é%@@ E27)
B S CIIAMER o o 23 E SR TR, £ 2 TARIZEE T, o< IFIcB N T
WU L - TEHI ST « ORERYIZEh Z bl U, [l FEO R ECOMIE S &2 fRat L
7= (K3),

X 3. o< IFIZBITF S SMPS-CCNC 2B LN SMCA FRIC k5. £iffafnE (SS)
WZxF 95 CON JRER L OB R /ST A —4% (x¢) OFRERSIZH),

(KNEF (B LTIk, WO CHEELEOITR ST, 2023, 2024 FEL G

. BEFEIITRRL IR E OB, & SSIZEIT D CON RN A TR T3 56
ﬁﬁ%ﬁéﬂtwﬁﬁK®ﬁ+ﬂﬁ@ VLA 2R 2 R B L7z, SMPS-CCNC 5
XTiE, EF 6A~10A) 2T TTRTOSSITBW T 2MEML, k=020
BERLTZ, —FH, £ZF (10 H~F46 H) 121X, FFZm SS (Fl : SS=0.8) [zBW
Tk METL, BBEXZx=01DEE2R LT, 5K SS TIEEFD « 2 H 5
VNI A S A2 HAivT-, ZIuIx L. SMCA HTiE, 11 A6 3M4E 4 AEEIC
T LSS IZBW Tk BAEML (K «k=03), TOMOWIME « & SS 2BV Ttk
k=02 TEEL TV,

SMCA FRUZEIT 5 Z D X 5 RFHEBHOERICOWTIIEZIRT 203, FFIZ SMPS-
CCNC FRUICBITHEZEFED « O EHO, £ZFEDE SS TOKTIZE L TiE, SMPS B &
N CONC =N Z N OB ERIRELIH OENRC, B OFEK - IRAIREEOHEEZ L > T L
THHMEIZHAT 2 Z ERRETHY | SORIRFBRMLETH D, LTV z, #E5
DIREZRMHE L LTk 28425 SMPS-CCNC F Tl T OBE S 0@V O 5y
fiFRE LBl a2, KR & D CON REZEHEHIET H SMCA HF L g LT, #

ﬂ¢®K@$@%£ﬁéﬂfﬁzéT EMEND D Z EHBRIB I T,

2.3.2. SMCA FRUICE S ER L o IFITB T AR FRIBRE /T A —F DL
RMT IR D DD, SMCA HFRIZHES S FEER B L O 1T BT 2 4% aafn
£ (SS) T & D CON EURER L OB E /T A —4% () OFERIIEE)Z ik L7z
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(X 4),

X 4. fE% (NOTO) B LU < IE (MR]) I2B1T 222K B ERE & . SMCA H=UUC
F3< CON BB E R L OB RE/NT A —4 () ORSRYIZE),

CCN ErREEIZ OV T, R EREIZx IS LT, 2 IRITH~_FER TIX4A SS (1
BWTKRETH o7z, 72, DT TIEERICHIT TR HEREF L OV CON #R
JE BT DA NI BN DI L, BEBETIEAZE (B2 12 HE) 20— 7 ICRE
DB DA DS ERR STz,

K OEENZHOWTIE, WS CIEFHIPNRZENIFER TH D DD, ZOHINE
o pEmABH Sz, S<IETIE, FEZBEL T BB LZ 02 FBET—ET
HYoOOH | AFITBOTESS (0.1%. 02%) Tk=03 £TLEATLEANED S
Nz, BERIZB W THIARRICA TR « O EFEHAN A BT, Z O8Nt X v B
THolz, FlZ SS=02%TIiEk>0.5. SS=0.1%TlL k>1 &\ 9 IEFEITEVME D Lk
EhaHMb o7z, ZOLH D ERIT, AFICBITHILELITENS D2
DOWMAT HHIR L —B LTz, —J5, 6~7 AICBUHI S =16 17 & D Z2 [ Bk A
IR EZEEZRRTE22 00, ZOHMIZIZE SS THH-TH « OFEE /L L&
ISR SN2 o Te, ZRODEBIZHESE, £F (10 H~F4E4 H) LHEZE 4 H
~10 H) 2B D EHED « EIEMELRIERORRMEZ X 5 1R,

X 5. fE% (NOTO) BLX U< IE (MRD I2BIT24Z& (10 H~34FE4 A) BLXOE
Z (4 H~10 A) BT AWK E T A—% (k) EIEMALRIRD RN,

S & BT, TEMHALRIEE DN LE - T« BSEINT A28 7L 540, H512 100 nm
fHETHRRD « Zitsk Lz, £7-. EETIIOIZTLE D bEW « MBI St Hrick
T EICEWMEE R LT, BERICEBWTAZRCE « VBl S - BK & LT,
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%1, 000 F-Lh L CEMRMICREDR LT E W,

KRR AR I 5 BIBE U C < DB - O SNz, #2842 1F

LA EZFTORWIEG AN BIRAT 525D MANET b b, #ifiko w8 %
AT IRNZERIR Tl BEAPRL 7o RIS D 7280 O 1 APRFEDMERN T2 WiEE D HilE
WIZR T D=7 m Yy b L CRIMI SN A RIEEMN N B D, —KICHEET > E=1T
AD T 0.6 EINDHHMN, BRI SS TO T2z EE\D | kg (x=0.9)
R NaCl (k=1.3) LW o7z X0 @WIENEZ A4 2k + O E 2R LT\ 5, EEE,
RV A MIBIT HAFEOR FBIZTIL, MR T 1 Y VRLIFIZR 7 74 b
W& %2 A9 DR OAFIEDNE FBMBIHBRIC LV RSN TV D,

—J7, 2<KIETE, IS ORF-BEN &k S D IRE TR O(LFIEE (B :
Wil L, A & OIRE . b7 L) <o, #mis - EASEHIED O ok & DRE
XD « OEIMAIHI Sz B2 b5, £z, BEFICBIT 55 IETIE, iR
Yl K DRI AR DWW 2 KPR AR T O A3 2 IR ek 7 (f1 -
HHEIRTFE) ICHDENELRY TS BIKT L,

HEE T H HFITIIAFITHA « METT I H - 722, DRSS |y
K ZHERFL TR . ZHUIER T D & OBEHEH 72K « BT ORADBREN TH 72 2
LR, IR TR ENT R F ORI L LD EHEEI NS,

TRH ORI, BEEYCI Y b b ENSE ki, BN ARSZ LT
{EFEE %%, « OFMEEEIMENT HEAZRL TS, 5%, Kok
LR AT 2 BRI R R AL ETH D,

RiAEFND
AR

KIFFRLFER, L2 —FFERLLIMN L 5K, AR, FERmL - B BERIXFEOTEIC OV TR
HLTFSW, BERPSHZGEE, JIEEERICHE L TTFIW,

Ayumi Iwata, Samuel Gray Murray Horwitz, Kazuki Kurihara, Atsushi Matsuki, Tomoaki
Okuda, Contributions of Particle Chemical Components to Variability of Submicron Ice-
Nucleating Particles at Urban and Rural Sites in Japan & L T Atmospheric Research ~® #¢f
i T 5,
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FARE DR
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HIEE | PR MBS | g W
TR
W EALE T BRKF iz O A - EBR
ey
72
i
ik
Sy
X RO EZZE L CH 2205681, EEZEOMBZRLE L T3V,
WE 4 TERE OBIR) B
benz[a]anthracene ¥y 1
I EE I R
L 7= 58k
SakilEav s benz[a]anthracene SAEN 1
O3HT Lz abt
(B2 B ARl & OBFHEMEDN DD K O IZFi L T 7Za W)
MEDESE
WG YE T o 5 2B 5 HIRIRAK B OB 21EH (FrICEBE T8
T REEYEME DY A7 S T SERBEFERRACKEF OB
o BT,
rgeEm - | BM
WrEsh s WG YVE CTh 5 ZBRIGTEIRRCKFEEIT, RADHZ72 6 FWARFPIZH & E
[HES o, 612, BIULEIZAERT SIS YA CDBEARICZRFERRILKFRELN
BE SN TS (Suzuki et al., 2018), HWIFFE Ot E AL, ZhET, %
ANVAIZAVNT, FEBKOE~DEAZRA-EENH S (Suzuki et al.,
2016) . %= Z TAMIETIL, ZERAFBRRICKFHEDOLIAD T IR L 87 Hh 4
HERRAZAT 9 o
B
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XHGHFICREH L FEHAZER LTSN,

ZHETIT, 8SWAREFRZ L E T 2 8RKFEMEERPT O 7 v—7 L Dt
RIAFEORRE & LT, ZBRBEFHERAL/KFESE benz[alanthracene RNF > ¥ a3 O F
N MEHIAERT 52 & 252 L TW5 (Suzuki et al., 2017), E7-.
I, A DI, AMEEMDA T DERBICHEZRIFL TS EEHELE:

(Zanaty et al., 2020)., AHFFETlL. %7lT benz[alanthracene OFFEDE IZ%F
T2 s A2 MERERIIZAT O
SR
Benz[alanthracene A EBEHFEOBERBICERAT S &I 5 (Zanaty et al.,
2020). ‘BHiZxtT D2 m M ER S HERI S D, RS — o v A 2 W - E s 1
DOHEFEWIRNT 21T 5 2 & T, ZERAEBIRRACKFZHO SR B RET 28 7
TR DTG A 5,

FIAH - w2

FEREANE -

(C3V Wi
ES

%1, 000 FLL b CHEAEMICEDR L TF IV,

MEtD A ) (Girella punctata) 1%, @R KFEEEESEZAT (AR, it
JE) IZTHIVICEVERE L, BAOKEICT 2 HEIZEEDS LD BIZERT
fE L7z, 3N TOERIL, @RRXFEY FERMBELFLE ISV L7,

A V) % 0.04% 2-phenoxyethanol (FIYEMisEE S, KBR) %2 v CTRRELE |
Benzlalanthracene (BaA) (RA{bpk T3##E211) BaA % 10 ng/g body weight
DOFEIETESG LT, XHERCITBEDO A (0.5%Y A F VALK XY RIFKR) &
5. U7z, BaA #5.1%, 26°COENKIEIZT 10 AMfEE Lz, MEHFIC, 1 A,
3H. 6H, 9HD4REEGEITV, 10 HREIOFER, AT EFHE, 0.04% 2-
phenoxyethanol THEEL T, AT DU azEI L T RNAseq it #1717,

RNAseq it OFER, ML LZFHET 2B T L TV, MUtz 35
B ABMEFORBBEMETLTEY, S OICHIIEMEZ 3 285 OFREBLN B
A LT, EHIMO BaA OF 51280, BaA OEMETIE/AR <, BaA 0@
L BEENE T TV D ATREEDNE N,

WIZ, Fo¥a KA EXT (ER) OUa a2 BaA ORHED TH D
4-OHBaA Z¥M L C., invitro DREFEG THAT LTz, B3R T, AT XD
b RERU R IALFFONT E Mo, 6 RFEE#% TG Miu &k OVE o~
— A —BEROIEVEZRE LT, T OFER, 4-OHBaA(106 2 1Y 105 M) DR TH
MT25E, FoFXFa kORI o aDEMko~—7—E3E ThoH TRAP IE
PIXME T L7z, — ., X a RKOXRTOFHFMIO~— I —FE ThDH ALPIE
PEIL, 4-OHBaA(105 M)DORETIHRMT L5 &, IKFT 52 &nbhotz, LM
T, BaA O@EMEORKIT, £ DORBFEY ThH S 4-OHBaA Th 2 w[EEMEN EV
A1 . 4-OHBaA ORI 21T 5 TETh D,

RirEND
FRY)

KIFFRLFER, L V=2 —FFERLLIMC L D3R, AEHERER, FERmL - B ERIXFEOTEIC OV TR
HLTFSW, BERPSHZGEE, JIEEERICHE L TTFIW,

Rafiuddin, M.A., Matsubara, H., Hatano, K., Honda, M., Toyota, K., Kuroda, K., Tsunoda, K.,
Furusawa, Y., Tabuchi, Y., Hirano, T., Sakatoku, A., Hong, C.S., Srivastav, A.K.,
Amornsakun, T., Shimizu, N., Zanaty, M.1., Harumi, T., Yamauchi, K., Miiller, T., Tang,
N., Hattori, A., Hayakawa, K. and Suzuki, N.: Hydroxylated-benz[a]anthracenes induce
two apoptosis related gene expressions in the nibbler fish Girella punctata liver. Toxics,
12: 915 (2024)
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FIH - A5

ESAF

(CISV aWls)s
3

%1, 000 F-Lh L CEMRMICREDR LT E W,

BEBIZBWTIE, INETHEZORRKEENREL TEXTEBY, EBEO RS
EEIOFLEICIE SN2 U R 7 B & HHIRHFHE ORES RO BTV D, 2025
F£1 0 21 BIZiX, BEMEBRICEBN T~/ =F 22— R 64 OMENREAL, ThlL
B & IR RS 2 HUERTR B 3 ke L 7=, TESIREERIC KAuE, Z oMk cldal % 1 bkt ofMic
5 EORERHENRS 7L SNTWD, HEHEREWIXEH TR Z > 7 REL#HD T
— AT ELTHAT D Z ENTE, ZHITHESWTRER D K EC N AR IR
WZOWTOFERBRMAZSES Z ENARETH 5,

SEEIZBWTIE, 2D Xy hOEILEZEE L, BETICALE T D& ILEEA
DB WTHREY 2 7 OBIRE T 70, BIIEAS AF 1930 FITEER S AT
KMTHY , ZHLBEORBELE#HZ0HE L TWDHEEZXLND, ZOIFKMICENT
2 ROHEFREY 27 (MZL24-05 =27 : 76cm), MZL24-06 =17 : 58 cm) Z#EH L7,
MZL24-05 =27 OFEFITFITHE B2 0 | R 4460 cm (T IZib @R R o, —
J7. MZL24-06 =27 OEFRITETH L Th -7,

IO T OHERFENE Pb-210 75, Cs-137 HEIZESWTHIET 5, 2 OHERE
WD Pb-210 35 L TN Cs-137 OWNE T, AIRKFER H AWEHER > ¥ — KL
~SUVTTRE BRI FE O Ge FEAMHEIFC TEMET 2 TETH D, SELITFEM S
WradTH a7 iBORED D, FIERKFED Ge FEBEMRHEZTAY U—=2 7}
I Lz, 5%, 2D OREHE SIRKFEA~HTE L, Pb-210, Cs-137 JIEZITV,
a7 ODFERETNVEEET D TETHD, /-, 202541 AICRELZMEICLSE
BATHET 2720, Zhboay LE—HSICBW CHESHREY 2 7 28T 5 TE
Th b, FTAERIT 5 a7 20T, FRRICERBNE 2 FEhid 25 & & 12, micro-
CTIZ kW HERERSE Z 0 L, BEDO WK EDHE TE2RRDL TETH D,

RiAEFND
AR

KIFFRLFER, L2 —FFERLLIMN L 5K, AR, FERmL - B BERIXFEOTEIC OV TR
HLTFSW, BERPSHZGEE, JIEEERICHE L TTFIW,
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form 3 (Joint Research)

Annual Results Report

Joint Research, Institute of Nature and Environmental Technology,

Kanazawa University, 2024

Name Baasansuren Gankhurel Date 05/09/2025
Affiliation LS VEN K - BIEER
Position
Postal Address

Phone Number Facsimile
E-mail
Address
R h
[J Key Joint Research Program es-e'zrc
i perio
. Joint R h P
Funding . oint Research Program O domestic - one l new
Cateso [J PhD student Support Program l - ternational car O
oy [J Joint research within Kanazawa fernationa YD w continue
0
University
years
l Understanding environmental pollution, environmental fluctuations, and the mechanisms
behind these factors
[ Investigating the effects of environmental change on human health
Research Field | O Researching the effects of human societies on ecosystems
[ Developing methods for the prediction of changes to local environments
L] Researching topics related to sustainable development
O Interdisciplinary studies related to the Sea of Japan Sea region
Research . . . . .
Theme Trace elements contamination of air dust around saline lake area in Mongolia
P
Tosrm 04/01/2024 ~ 04/01/2025
Period
K-INET Keisuke Fukushi
Research Staff

form 3


mailto:gbaasnsrn@gmail.com
mailto:baaska_0310@yahoo.com

Name Affiliation Position Role/Research Task
. Gankhurel £ dIVENT K - B
Applicant o e g IKEREE ORI « 73 #7
Baasansuren =
BIRRFBR A
. T MR AT TR | HEEER | WKL AR
2 P =
a
& D dorj o d)V[ENT . -
S | Member( avaador) o Brx BATGRAT | BlHE A
ﬁ Davaasuren e
2 9 EL A VENK
3 Batdelger Byambaa 2 HATEERD | BIHEHA, &
X If there are any changes, please submit a newly revised application form to the K-INET office in
consultation with K-INET staff.
Th ber of
Name of Sample Form (Shape) © HHmoero
samples
Applied sample Dust samples from air solid 26
Assay sample(s)
Analyzed
natyze Dust samples from air solid 26
sample
2 form 3



Purpose of the
Research/
Expected

Results

In the previous study results shown the concentration of As and U in salt samples ranges from
6-95 mg/L and 2-46 mg/L, respectively. The concentration of As and U in surface soil samples
was 8-53 mg/L and 1-30 mg/L, respectively. The chemical speciation results show that As and
U in salt and surface sediment samples are associated mainly with an easily soluble fraction
such as exchangeable fraction and carbonates. It suggests that those contaminated salt and
surface sediments can be a source of air dust. Therefore, our purpose is to examine the air dust
from this area.

We will collect air dust using high volume air sampler from April to June

2024 from two different locations. Samples were analyzed using a

sequential extraction procedure and X-ray diffraction to understand the mineralogy,
concentration, and speciation of the trace metals. Based on the results, we will

understand the current situation of air dust particle and can clarify the influence of the dried
bed lake to the dust storm and change between two different sampling locations.

Therefore, it can prevent environmental, and health issues related to trace metals
contamination in the regions which are possibly affected by westerlies wind.

% Submit the application form.

3 form 3



As we mentioned above, we collected air dust samples using a high-volume air sampler
from April to June in two locations, such as Bogd soum, Ovorkhangai province, and
Bulgan soum, Omnogobi province. We did weekly sampling, and a total of 13 samples
were collected from each site, including blank samples. The samples were cut into small
pieces, and we did SEP analysis (Table 1). Then we measured As and U using ICP-MS
(ICAP R.Q., Thermo Inc., Waltham, MA, USA). We measured the mineral composition
using XRD (Ultima Iv; Rigaku Corp., Tokyo,

Details of the
project/
Results
Extraction  Reagent/ concentration/ .
Soil phase
steps pH
1 UPW 30ml Water-soluble, F1
MgCl> (1M) Exchangeable, F2
3 CH;3; COONa x 3H,O 1M, pH 5 Carbonates, F3
4 CyH,04 (about 10 g/ L) + Iron and manganese oxides
CoHsN2O4 (16.1 g/ L), pH3 (amorphous), F4
5 Na3CeHsO7(0.3M), NaHCO3  Reducible (e.g. iron
(0.2M), Na,S,04 HCI, pH 7.6  and manganese oxides), F5
6 H»0, (8.8M) + CH3 COONHs  Oxidizable
(1IM), pH2 (e.g. organic matter and sulfides), F6
Residual
/ HNO; 60% + HE 48%+ HC1 36 (non-silicate bound metals), F7
The total air volume pumped per week was 50,000-140,000 m3 per sample. The correlation
between sample weight on the filter and total air volume showed a positive correlation. The
results of the XRD pattern of the dust show mainly plagioclase, calcite, chlorite, quartz, and
illite for the dust samples. SEP results of the samples show concentrations of As that range
from 18-39 ppm, and U ranges from 1-6 ppm. As is mainly associated with F2 and F7, which
are exchangeable and residual fractions. U is primarily associated with F7 following F3,
Results residual, and carbonate fraction. Residual fraction is stable and poses almost no harm to the

environment. On the other hand, exchangeable and carbonate fractions are mobile and easy
to transport in the environment. Also, the background concentrations of As and U in soil
around this area are 10 ppm and 1 ppm. So, compared to the background value, dust samples
have a high concentration. The concentrations and general trend between both locations were
almost the same. Therefore, dust samples have relatively high concentrations of As and U,
and 20-60% of the As and U were in mobile fractions, which are easily soluble.

< Write down the schedule of the published original papers, the publishment without original papers, oral
presentation, bachelor thesis, thesis of master degree and doctoral thesis. Applicants must report the results to
theK-INET office.
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By . | OO HIBKIATCEH 2 B AIRIEM(SO) L ERILHMI(NO: = NO, NOy) & KA+ 52 b
ﬂ;q;;féhé BREHRCRIGT 52 & TAERT B, 7o, Wk EDAAFEDDRNTY 7 TIEY A
” ﬁ% F NPT 7 A4 ROMS)HabE DM KRGS E BT 5, RFFETIE. Bk

MHFTF IR L HEHZENI LTRSS,

TRINRT Y =T KT A RaT OBRINLELNI=T R Y L - X H L NERE
ZFRMTI 5 72 6 DALZE§IEE T /L GEOS—Chem & W28 2 45, 2 (1) Kagrt:
FENZ K % W Al OWEE O, (2) Wbk R OEE FE A LI OTREMENT, (3) DS
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FIH - #F5E

FEHi PN -

(CISY Wl
3

AT (1) TREGERPERE IS K D H A -igle OBE R D2 ] [ZVES LTz,
PERERMLIE (1750 4E) 725 1980 AEARICHIT T, AR TIZALIEBI OYERIC L -
T SOxX° NOx OHEH ENTBINCHE M LTz, 2Dk, JelEE Tl RREH bk iz kv
SO« =° NOx DOHEH I 23558/ S v, U4 TIFRZEtEE D SOxX° NOx DOHEH I35 FIC
B LTWD, ZONEBEHOHERIZIE U, M -CHEAE TR S KT T v
YNVDOBELBIICEL L CE T, L LI Z < ofim (dbk, 3 —ua v o8|
W7 V7)) TiE, IEO NO«HIRIC BB O3, HfF L2 X 5 ICig= T v Y L h3
DLW ERREEE 2o TS, ZOBIGOAEKN « KRB OME, 5 XU
N=ALOfFAZ B E L, 7V —2 T 0 R R—ATHREI S N7 A 227
WO RYERA A YRR B fRAT LT,

F. dbEERFEETLE LRFEETF—22E0, )= T FEE R—AT
A R a7 HOMZE 220 FRIOREEEA 4 OPREEEDNE L S LT, iEEEA 4215 1850
FER D 1970-2000 FEIZHT THEI L7205, 2010-2020 FEI2 53T TrEE v VE 2 HeRF
LTWe, BoniafRae b PERo & E DO ANEH 72 NOsJEHFEEk & k25 & |
1920 A5 1970 £ F TORYEEA A > O NOx HEHEOHIN KLV LRSI TH
LDk L, 1990 EARLAE DRSIEA A > O 1T NOx HEH B KigE 2 L v & 5%
RN THoT, TDOX I, NOcHEHEE T A A a7 OffEEA AL BIZX A LT T H
HDHZENPHTHLNI o7, FTIRTIEFBN SN TWDIEETT 12 Y Lol
xR E TEORER KA TEY . i 200 4 LV H A7 — L TIIRAIG
Yl KA BRIC T2 DI B T 2 EBbho T,

HEAHLIL, K& TIEH AR (HNOs) &Rtk (NOs) D 2 SOFERETIFET D,
H AR A DRI KK OEETEE CHRF D23, A AIRAEEE D 5 03RS E D < KRAFHF
MABENTZD, EOEGOETE R SN BRI EL 525, Z0Mm
REbH LI, TA A THERA 4 L NOBEHED %5 % | RAOBEEZ /RS [T
VEST AR LR LICE A, MFITITAERMEE (p<0.01) BRLAT,
Z OFERIE. NOx LSl A AL BD X A LT 70, R IZRER T 2 KK (4
Z + Kif) OEREEREOBLIZ L > TSN D Z L2 RBR LT 5D,

VT, BIRKZIZBWTRAIEF ST T /L GEOS-Chem % HV Y, 1800~2020 4
DO T By VDT ) — T ROk & RRRMEEOEEY I a2l —vay
L7e 5. NOx DZEALICHT DT A AT A L BOINEDZ A LT 71X, E
TATHOHMREH SN, ZOFETLVERANWTT ot 2235 B L2/ R, 1970
FERLUBFEORKBIEEOKT (FFf) 1250 T, RAMBROFREN, WE LT WY
AR B ST UVRL TR L E NS L LT 2 & T, BREEERS AR
0. AR O KRS SR IR ST D 2 & B DX L iz,

Z ORI, EEEFTES Nature Communications ([Z5a 3 & U CZFE I L. T H AR
TETH S,

%1, 000 FLL b CHEAEMICEDR L TF IV,
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1. Tizuka, Y., Matsumoto, M., Kawakami, K., Sasage, M., Ishino, S., Hattori, S.,

Uemura, R., Matsui H., Fujita, K., Oshima, Naga., Spolaor, A., Svensson, A.,
Vinther, B.M., Ohno, H., Seki, O., Matoba, S. (2025) “Acidity-driven gas-
particle partitioning of nitrate regulates its transport to Arctic through the
industrial era”, Nature Communications, doi: 10.1038/s41467-025-59208-0 (in
press)

[72 - EL56 ]
2. PFEHEH, B 7V —0 T2 R7 A 2 a7 |2k Sh-imE 200 £
DB b K FIRE OREAEEIER |, SR KRS MRS H I, 2025 4
3 A.

KIFFRLHER, L2 —FFERLLIMNC L D3R, AR, FERmL - B BERIFEOTEIC OV TR
HLTFSW, BERPSHZGEE, JIEEERICHE L TTFIW,
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form 3 (Joint Research)
Annual Results Report

Joint Research, Institute of Nature and Environmental Technology,

Kanazawa University, 2024

Name Ci-Jian Yang Date 04/30/2025
Affiliation Department of Geography, National Taiwan University
Position Assistant Professor
Postal Address

Phone Number Facsimile
E-mail
Address
[J Key Joint Research Program
) M Joint Research Program ) Research period
Funding O domestic M new
Category - P.hD student Su.p plort Program M international 4 one year O continue
[1Joint research within Kanazawa [ two years
University
0 Understanding environmental pollution, environmental fluctuations, and the mechanisms
behind these factors
O Investigating the effects of environmental change on human health
Research Field | M Researching the effects of human societies on ecosystems
O Developing methods for the prediction of changes to local environments
L] Researching topics related to sustainable development
[ Interdisciplinary studies related to the Sea of Japan Sea region
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Name Affiliation Position Role/Research Task
Department of . principal investigator/ Conceptual
. - . Assistant . o
Applicant | Ci-Jian Yang | Geography, National research project, coordinating field
. . . Professor ]
Taiwan University works and analyzing data.
Shinya o Assistant | Co-principal investigator/sediment
'y' Kanazawa University P . P veste
Ochiai Professor | analysis
Fushan Research
Chun-Wei Center, Taiwan Associate | Research area manager /coordinating
z Tseng Forestry Research researcher | field works
é Institute.
8
8 Department of
= p
Cheng-H . PhD .
o | Member(s) e.ng ua Geography, National Research Assistant
2 Tsai . . student
= Taiwan University
. Department of
Qian-Yun cpartment o . Master .
Geography, National Research Assistant
Kong . . . student
Taiwan University
Department of
. . P . Master :
Xin-Ye Shi Geography, National Research Assistant
. . student
Taiwan University
X If there are any changes, please submit a newly revised application form to the K-INET office in
consultation with K-INET staff.
Name of Sample Form(Shape) The number of sample
Wet soil samples .
. .  samp Estimated 100-200
Applied sample Lake sediment t sealed in ziplock .
Assay baes pieces
sample(s) g
Analyzed . . .
Y Lake/fluvial sediment dried powder 70
sample
Sediments from mountainous lakes in Taiwan serve as indicators of geomorphic processes,
climate change, and evidence of human activities. Mountainous lakes aid in reconstructing
the paleo-geological disasters and determining the range and intensity of the Asian
monsoon system. In recent years, lake studies have focused on relatively recent aspects
such as terrestrial carbon cycling, water quality, ecosystem health, and water resource
management contributing to understanding the impact of human activities on lake
Purpose of the | ecosystems and provides references for sustainability of lake.
Research/ Shuanglianpi is located in the mountainous region on the northwest side of the Lanyang
Expected Plain in northeastern Taiwan. The origin of the lake is still uncertain, with both river
Results capture and landslide damming being potential causes. Pollen studies of the lake sediment

% Submit the application form.

indicate a debris layer at the bottom, suggesting that it is a landslide dammed lake likely
triggered by a mid-Holocene humid event.

National Taiwan University is responsible for sample collection and pre-processing, while
the Institute of Nature and Environmental Technology at Kanazawa University conducts
measurements of Pb-210 and Cs-137 for dating, as well as physical properties such as
grain size and magnetic susceptibility. The collaboration aims to analyze data jointly and
produce findings.
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In FY2024, Pb-210 and Cs-137 dating of the sediment core obtained from Shuanglianpi Lake
was conducted. Sediment core was sliced every 1 cm and oven-dried and powdered to
analyze Pb-210 and Cs-137. Additionally, on April 3, 2024, an My 7.2 earthquake struck
Hualien in the eastern area of Taiwan. It was the largest earthquake in Taiwan since the 921
Earthquake (Mr 7.6) in 1999. The large-scale landslides observed in the Liwu River
catchment in Hualien provide an excellent opportunity to investigate the short-term,
earthquake-induced cascading effects in surface systems. Suspended sediment samples
were collected from the outlet of Liwu River after the earthquake and the sampling was
conducted until the end of November 2024. To evaluate the influence of the geomorphic
events on sediment transport, Pb-210, Cs-137 and magnetic susceptibility of SS samples were
also analyzed as the tracers of sediment in the catchment. In addition, drone photogrammetry,
and sediment archives can constrain the condition of the sediment supply which helps to link

Details of the the fluvial morphology and surface process. To sum up, the seismic effect is prolonged by

project/
Results

coupling with the typhoon and restructuring the river corridor. After the earthquake and
typhoon, deposition dominated the mainstream. Landslide dams formed during the plum rain
season were rapidly eroded during the following typhoon, yet lasting sediment input from
hillslopes sustained TDS of streamwater over a year.

Core sediment and SS samples were transported to Low Level Radio activity Laboratory
(LLRL) of Kanazawa University in January 2025. Core samples and SS samples were
packed into the plastic container for radionuclides analysis. Magnetic susceptibility of
these samples was also analyzed by using the magnetic susceptibility meter.
Measurements of Pb-210 and Cs-137 are now ongoing using Ge detector in LLRL and Ogoya
Underground Laboratory. Based on these data, the influence of the earthquake and subsequent
typhoon will be evaluated. These data also compare with the results in Kumaki River in Noto
Peninsula which was also affected by the earthquake in January 2024.

Results

* Write down the schedule of the published original papers, the publishment without original papers, oral
presentation, bachelor thesis, thesis of master degree and doctoral thesis. Applicants must report the results to
theK-INET office.
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form 3 (Joint Research)
Annual Results Report

Joint Research, Institute of Nature and Environmental Technology,

Kanazawa University, 2024

Name Vonny Indah Mutiara Date 04/28/2025
Affiliation Universitas Andalas, Faculty of Agriculture, Agriculture Socio Economic Department
Position Assistant Professor
Postal Address
E-mail
Phone Numb
one Number Address
[J Key Joint Research Program
. M Joint Research Program ) Research period
Funding O domestic M new
Cat [J PhD student Support Program 7 international M one year O conti
a internationa
ceory [1Joint research within Kanazawa crnato [J two years continue
University
00 Understanding environmental pollution, environmental fluctuations, and the mechanisms
behind these factors
O Investigating the effects of environmental change on human health
Research Field | M Researching the effects of human societies on ecosystems
[ Developing methods for the prediction of changes to local environments
O Researching topics related to sustainable development
[ Interdisciplinary studies related to the Sea of Japan Sea region
Research . . L .
Theme Farmers' behavior toward rice production risk in West Sumatra, Indonesia
P
TOSTAM 1 04/01/2024 ~ 03/30/2025
Period
K-INET Assoc. Prof. Nisikawa Usio
Research Staff
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Name Affiliation Position Role/Research Task

Applicant

Universitas Andalas, | Assistant

Indonesia Professor Overall study

Vonny Indah Mutiara

.. . Kanawaza Associate o . .
Nisikawa Usio . . Providing technical advice
University, Japan Professor

. . Universitas Andalas, .
Rudi Febriamansyah FLUVEISTAs ANGAS, | professor Analysis data

Indonesia

Member(s)

WL OIBaSIY

Universitas Andalas, | Assistant

Indonesia Professor Field study

Cindy Paloma

Sophia University,

Professor Analysis data
Japan

Tsuge Takahiro

consultation

XIf there are any changes, please submit a newly revised application form to the K-INET office in

with K-INET staff.

Name of Sample Form(Shape) The number of sample

Assay
sample(s)

Applied sample

Analyzed
sample

Purpose of the
Research/
Expected

Results

The United Nation 2030 agenda emphasizes the importance of food and agriculture to
achieve Sustainable Development Goals (SDGs). Rice as a staple food is an important
agricultural commodity in Indonesia. However, there are significant risks and uncertainty
in conducting rice cultivation such as the consequences of climate change, pest and
diseases attacks, and the fluctuation of rice prices in the market. The risks faced by farmers
in rice production will influence the attitude, decisions, or behavior of farmers.

One of the vulnerable species in rice field found in West Sumatra, Indonesia is small-
clawed otter (Aadrean and Usio, 2017). However, based on a preliminary survey, farmers
stated that they do not bother with the existing of small-clawed otters to their rice field,
while they concern with other pest such as brown planthoppers and rats. Farmer’s behavior
determines the magnitude of the production risk and farmer decision making. The attitude
of farmers as decision makers in facing production risks can be classified into three
categories as follows: First, decision-makers who avoid production risks (risk aversion).
This attitude indicates that if there is an increase in the variance of profits, the decision-
maker will offset it by increasing the expected profits, which is a measure of satisfaction
(utility). Second, decision-makers who are willing to face production risks (risk taker). If
here is an increase in profit variance, the decision-maker will offset it by reducing the
expected profits. Third, decision-makers whoa are neutral towards production risks (risk
neutral) (Harwood et al., 1999). Therefore, to understand the risk production function and
farmers behavior are important to determine the level of optimal rice production. Hence,
this study aims to analyze the behavior of farmers in responding to rice production risks.
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Details of the
project/
Results

1. Research Area

The study was conducted in 2 subdistricts, Kayu Tanam and Lubuk Alung, of Padang
Pariaman District, West Sumatra, Indonesia (Figure 1). Data were collected from May to
August 2024. This study was conducted using a survey method.

Figure 1. Map of research area in Padang Pariaman District of West Sumatra, Indonesia

Total of 20 farmers groups were surveyed including 6 farmers groups in Kayu Tanam and
14 farmers groups in Lubuk Alung (Figure 2). This study utilized purposive sampling to
select samples from rice farmers groups. List of farmers groups were gathered from the
Department of Agriculture and Food Security of Padang Pariaman. Then, farmers groups
were selected based on recommendation from the agricultural extension workers in each
subdistrict. Table 1 shows detailed list of farmers groups in Kayu Tanam and Lubuk Alung
subdistricts. In addition, since this research is supporting research for the ongoing Kakenhi
Project (2022 — 2026) that led by A/Prof. Nisikawa Usio, which aims to develop wildlife-
friendly rice farming using small clawed otter as a flagship in West Sumatera, Indonesia,
the location was chosen purposively where camera traps for small clawed otter were
applied.

Figure 2. Map of farmers group’s location in Kayu Tanam and Lubuk Alung subdictricts

Table 1. List of farmer groups in Kayu Tanam and Lubuk Alung subdistricts

Sub District Village Farmers Group  Frequency

Kayu Tanam Anduring Cahaya Bunda 25
Panutan 27
Ruhamak 35
Guguak Banda Baru i5
Sinar Padi 1 15
Kayu tanam Banda Baru 15
Kampung Jambu 18
Lubuk Alung AiaTajun Tani Salyo 3
Balah Hilir Tani Sejah 8
Lubuk Alung Koto Buruh Hilir 12
Pasia Laweh Bina Karya Mandir 15
Korong Kampung 4
Simatuang Kiri 29
Tanah Taban 14
Ujuang Guguak 17
Singguling Harapan Jaya a
Intan Korong 5
Kapalo Banda 3
Rimbo Mutuih 18
Serangga Merah 5
Taruko laya 8
TOTAL 300
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2. Respondent characteristics

A direct face to face interview was conducted to 300 respondents using a structured
questionnaire. The interview was conducted in Bahasa Minang (local language) and then
the data were translated into Bahasa Indonesia and English. In depth interview were carried
out with key informants including agricultural extension workers and farmer’s group
leaders. Table 2 shows respondent characteristics.

Table 2. Respondent characteristics

3. The level of risk production on rice farming
Coefficient of variation (CV) method was employed to assess the level of risk production
on rice farming. The coefficient of variation is a relative risk measure obtained by dividing
the standard deviation by the expected mean value.

cv=12
7
Zy?

o= |—
n

y=Y-7Y

Where:

CV is Coefficient variation production
o is standart variation

Y is average Production

N is sample size

The calculation of production risk in rice production is conducted by analyzing the
coefficient of variation using rice production data, as shown in Table 3.
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Table 3. Coefficient variation risk of rice production

Iterm Risk production
Average production 1411.73
Standard deviation 1326.11
Coefficient Variation (CV) 0.93

The analysis of rice production risk reveals that the coefficient of variation (CV) is 93%,
this value signifies a high degree of variability of rice production relative to its mean
output, which was recorded at 1,411.73 kg with a standard deviation 1,326.11 kg.
According to agricultural risk management literature, a CV above 30% is already
considered indicative of substantial production risk. Therefore, a CV approaching 100%
reflects production outcomes are highly unpredictable. Such uncertainty could stem from
various factors, including but not limited to climate variability, pest and disease out breaks,
input availability, land scale and differences in farming practices. The high CV implies that
farmers are exposed to significant production risk, which can negatively impact for their
income stability and livelihood security. These findings suggest that risk mitigation
strategies in rice farming systems. Intervention such as crop insurance, improved access to
resilient seed varieties, investment in irrigation infrastructure and enhanced agricultural
extension services could be effective in reduction uncertainty.

4. Factors influencing rice production

Factors influencing rice production is then analyzed using the Cobb-Douglas production
function. A log-linear regression model for this study aims to explain how different
variable of rice production inputs affect rice yield output :

LnY = Inp0 + INB1Xy + INB2Xz + INB3Xs + INB4Xs + INB5Xs + INP6Xs + €

Where :

Dependent Variable (Y) is rice production (kg/Ha).

Independent Variables in this study are total area of planted land (X1), measuring the extent
of land used for rice cultivation per planting season (Ha); seed (X2) represents the quantity
of seed used per hectare (Kg/Ha), which directly impacts plant density and potential yield;
Fertilizer (X3) represents the use of fertilizer per hectare (Kg/Ha), Pesticide (X4)
represents the cost of pesticides applied per hectare (IDR/Ha); Labor (X5) measures
human labor input per hectare in days of work (days of work/Ha); and Capital (X6),
represents investment per hectare, including costs for equipment and tools (IDR/Ha).

Table 4. Unstandardized Coefficients (j3)
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Unstandardized Coefficients (B) (Table 4 ) shows each coefficient represents the elasticity
of yield (Y) with respect to each input. Therefore, the model for this study is :

InY =4.110 + 0.033InX; + 0.483InX; + 0.173InX3 + 0.014InX4 + 0.091InXs — 0.036InX,
where:
0.033InX, represents that 1% increase in land area increases yield by 0.033%.
0.483InX; represents that 1% increase in seed quantity leads to a 0.483% increase in
yield.
0.173InX; represents that 1% increase in fertilizer use increases yield by 0.173%.
0.0141nX4 represents that 1% increase in pesticide cots increases yield by 0.014%.
0.0911InXs represents that 1% increase in labor use increases yield by 0.091%.
—0.036InX; represents that 1% increase in capital leads to a 0.036% decrease in yield. It
indicates that more capital investment might have inefficiencies (negative).

Table 4 shows statistical significance variables (Sig value < 0.05) that strongly influence
rice yield are :

Ln X, : Number of Seeds, Sig = 0.001, the elasticity coefficient (0.483) suggests that
increasing seed quantity has a strong positive impact on yield (very significant)

Ln X4 : Pesticides cost, Sig = 0.023, 1% increase in pesticide cost leads to a 0.014%
increase in rice yield (significant effect)

Ln X5 : Labor, Sig = 0.022, 1% increase in labor usage increases yield by 0.091%
(significant effect)

On the other hand the insignificant variables (Sig > 0.05) which do not significantly
influence rice yield in this model are :

LnX; :totallandarea, Sig=0.798, it indicates that expanding land does not significantly
increase yield per hectare.

Ln X5 :fertilizer cost, Sig =0.110, it indicates that fertilizer costs does not significantly
impact yield. This might because of inappropriate of using the fertilizer.
Ln X6 : capital, Sig =0.761, it may indicate that diminishing returns.

Therefore, it can be concluded that LnX> (seed) with f=0.311 has the highest elasticity
(0.483), meaning it has the strongest impact on yield among other variables. The result of
dominance test analysis to know the effective contribution shows that seed has the most
dominant contribution in influencing the production of rice farming business.

5. Farmers behaviour toward risk production on rice farming

The data analysis results in Table 4 indicate that the most influential variables in factors

influencing rice production is seed (X>) usage. Then farmers behavior toward risk of rice

farming production was assessed using the Moscardi and de Janvry method :
K(s)=1/0(1-(Pi.Xi)/(Py.fi.py))

Table 5. The Factor used to Determine Parametera K(S)

Descri | CV PX> Xi Py Fi Uy (Average
ption Production)

Cultiva | 0.93 | The price of | Amount of | The price of | 0.483 | 1411.73

tion seed each | seed usage | rice each

Period respondent | each respondent

1) (IDR) respondent | (IDR)
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Moscardi and de Janvry categorize farmers based on their risk preferences using the Ks
(Risk Coefficient) value:
1. Risk Lover (0 <Ks <0.4)
Farmers are willing to take high risks in hopes of high returns. Farmers may invest
in new or experimental farming techniques without fear of losses. Farmers tend to
prefer higher risks because they expect to get greater rewards even with high
uncertainty.
2. Risk Neutral (0.4 <Ks<1.2)
Farmers make balanced decisions, weighing risk and reward. Farmers adopt new
practices if they are confident in their expected outcomes.
From the data analysed in Table 5, it is found that respondents are at risk neutral
(0.483InX2)
3. Risk Averter (1.2 <Ks <2.0)
Farmers avoid risks and prefer stable, predictable outcomes. Farmers might stick to
traditional farming methods and avoid uncertain investments.

Based on the Table 5 analyzing farmers behavior toward risk production, all respondents
are risk neutral. Their production decisions are based primarily on expected returns rather
than on attempts to minimize risk exposure. Consequently, although farmers risk neutral
behavior do not directly cause a high production variability, they may contribute to its
persistence. Farmers continue farming as usual despite the high risk, without actively
trying to reduce production variability.

Conclusions:

Farmers in Lubuk Alung and Kayu Tanam sub district of Padang Pariaman district of West
Sumatra, Indonesia are categorized as risk neutral. Farmers do not prioritize avoiding risk
or seeking additional benefits from risk. They will not make decisions based on the level
of risk involved, but will only take into account the expected value or average yield of
their rice farming business. This means that they will tend to choose alternatives that
provide the same results, both in certain and risky situations.

Recommendations :

It is suggested that farmers might focus on using a good quality of seed and proper use of
pesticides, as they have the significant impact on increasing rice productivity. Although
labor input is significant and important, it should be managed efficiently to improve yield
productivity.

Research result has been presented at the Annual Joint Research Meeting, the Institute of

Results Nature and Environmental Technology, Kanazawa University on 7 March 2025 (online).
u

The paper will be submitted to a Scopus indexed journal.

* Write down the schedule of the published original papers, the publishment without original papers, oral
presentation, bachelor thesis, thesis of master degree and doctoral thesis. Applicants must report the results to
theK-INET office.
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form 3 (Joint Research)
Annual Results Report

Joint Research, Institute of Nature and Environmental Technology,

Kanazawa University, 2024

Name

Sheng-Lun Lin Date 05/13/2025

Affiliation *
Position

Department of Environmental Engineering, National Cheng Kung University, Taiwan
Assistant Professor

Postal Address

Phone Number Facsimile
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O Key Joint Research Program
) M Joint Research Program i
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O] Investigating the effects of environmental change on human health
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O Developing methods for the prediction of changes to local environments
L] Researching topics related to sustainable development
O Interdisciplinary studies related to the Sea of Japan Sea region
Research Joint Research on the Transport and Characteristics of Persistent Organic Pollutants in
Theme Environment in Japan and Taiwan
P
rog'ram 2024/04/01 ~ 2025/03/31
Period
Assoc. Prof. Atsushi Matsuki
K-INET
Research Staff
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Name Affiliation Position Role/Research Task
Department of
Envi tal . .
nv%ronn.len a : Research design, data analysis,
Avolicant Sheng- Engineering, Assistant i d demi
ican aper riting,  an academic
PP Lun Lin National Cheng | Professor bap witing
) i exchange
Kung University,
Taiwan
Institute of Nature
. and Environmental . Experimental consulting, sampling
Atsushi Associate )
) Technology, site and lab management, and
Matsuki Professor .
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University, Japan
- Department of
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5 Science and
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5 Chao National  Pingtung academic exchange
Member(s) University of
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Department of
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X If there are any changes, please submit a newly revised application form to the K-INET office in
consultation with K-INET staff.
Name of Sample Form(Shape) The number of sample
. Quartz filters (TSP) +
Applied .
Atmospheric PFAS PUF-XAD tubes(Gas 15
sample
phase)
Assay
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Quartz filters (TSP) +
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Atmospheric PFAS PUF-XAD tubes(Gas 15
sample
phase)
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Per- and polyfluoroalkyl substances (PFAS) are a class of persistent organic pollutants
(POPs) that have attracted significant international concern due to their extreme stability,
ability to bioaccumulate, and widespread industrial use. These compounds, often originating
from industrial activities such as semiconductor manufacturing, fluoropolymer processing,
and waste incineration, as well as applications like firefighting foams (AFFF), are now widely
detected in atmospheric environments across the globe. Their transport through the
atmosphere — whether via direct emissions, precursor volatilization, or re-emission from sea
spray aerosols — makes them an ideal target for studying long-range pollutant movement and
cross-boundary environmental risk.

This joint research project aims to investigate the atmospheric behavior and
spatiotemporal distribution of PFAS in the East Asian region, with a focus on Taiwan and
Japan. These two locations, situated along the western Pacific rim and influenced by seasonal
monsoons, urban-industrial emissions, and complex coastal meteorology, present a compelling
opportunity to study long-range atmospheric transport (LRAT) processes of PFAS. The project
is rooted in close collaboration between National Cheng Kung University and Kanazawa
University, where synchronized sampling strategies and shared analytical protocols enable
direct comparison and data integration. Sampling was conducted at three representative
stations in southern Taiwan: the inland Pingtung University of Science and Technology (NP),
the coastal Nanzi Senior High School (NZ), and the offshore island site of Xiaoliugiu (RK).
These sites were strategically chosen to capture the influence of industrial, urban, and marine
sources respectively. Through the use of high-volume air samplers, both total suspended
particles (TSP) and gas-phase PFAS were collected and analyzed using LC-MS/MS for 19

Purpose of the target compounds.
Research/ Initial results show that PFHxA, PFOA, 6:2 FTSA, and PFOS are the dominant PFAS
Expected species detected across both TSP and gas phases, reflecting a mixture of regional industrial
Results sources and sea-spray-related redistribution. Gas-phase concentrations, particularly for

PFHxA and PFOA, dominate the total atmospheric PFAS burden. For instance, PFHxA
reached up to 42.3 pg/m?® at NP, and PFOA peaked at 34.6 pg/m* at NZ. In the TSP phase,
PFOS was notably elevated at NZ, with an average concentration of 3.08 pg/m® and a
maximum of 6.19 pg/m?, suggesting contributions from road dust or urban runoff. This study
further contextualizes these findings by comparing them to global datasets. The measured
PFAS concentrations in Taiwan (average 9.3—12.5 pg/m?®) fall within the moderate-to-low
range when compared to other urban and coastal regions worldwide, which have been reported
to range from 18.3 to 64.9 pg/m? inland, and 0.7 to 19.3 pg/m?® along coasts. This supports the
inference that Taiwan’s current environmental controls, coupled with its island geography,
may be limiting local PFAS accumulation.

More importantly, the project is designed to link atmospheric PFAS patterns in Taiwan
with those observed in Japan’s Noto Peninsula, where parallel sampling and analysis are being
conducted. The integration of these datasets will provide a cross-regional fingerprint of PFAS
sources and transport behavior. The observed peak concentrations during northerly wind
conditions, especially at RK, indicate that regional meteorology plays a substantial role in
PFAS dynamics and reinforces the need for cross-border atmospheric studies.

By jointly building a PFAS concentration database, identifying pollution fingerprints, and
comparing regional atmospheric behaviors, this research will establish a foundational
reference for PFAS source tracking in East Asia. These insights are not only scientifically
valuable but also critical for future exposure assessment, source regulation, and policymaking.
The academic collaboration between Taiwan and Japan also revives field-based bilateral
exchanges and enhances mutual capacity in atmospheric monitoring, fulfilling the core
mission of this international research initiative.

% Submit the application form.
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Details of the
project/
Results

Sampling was conducted during four Intensive Observation Periods (IOPs) from early
February to late March 2024. Each IOP was designed to capture distinct meteorological
conditions, such as northerly monsoons or stagnant air masses, in order to investigate their
influence on the transport and accumulation of atmospheric PFAS. Three monitoring sites were
selected: Nanzi Senior High School (NZ, coastal urban), Pingtung University of Science and
Technology (NP, inland), and Xiaoliugiu (RK, offshore island). High-volume PS1 samplers
(operating at 230-250 L/min) were employed to collect both total suspended particles (TSP)
and gas-phase PFAS, using 102 mm quartz fiber filters and PUF-XAD-PUF cartridges,
respectively. All samples were extracted and analyzed by LC-MS/MS with standardized
QA/QC procedures, targeting 19 PFAS compounds.

The results revealed that gas-phase PFAS concentrations were generally higher than those
in the particle phase, reflecting the high volatility of several PFAS species. Among the three
monitoring sites, Nanzih recorded a peak gas-phase concentration of 68.7 pg/m*® on February
7, with a campaign average of 30.96 pg/m?, indicating the influence of episodic environmental
or anthropogenic activities. Pingtung exhibited an even higher concentration on the same date
(101 pg/m?), averaging 37.0 pg/m?® over the sampling period. In contrast, Xiaoliugiu showed
relatively stable concentrations, peaking at 37.8 pg/m?® on February 7 and averaging 28.1 pg/m?
throughout the campaign. In terms of individual compounds, PFHXA was particularly
dominant at Pingtung, with the highest value of 42.3 pg/m? observed on February 14, while
PFOA showed a significant peak of 34.6 pg/m?® at Nanzih on February 7, highlighting its strong
presence in urban coastal air.

In comparison, TSP-phase PFAS concentrations were consistently lower across all sites.
Average levels were 11.4 pg/m? at Lulin (background site), 12.5 pg/m?® at Nanzih, 9.9 pg/m? at
Pingtung, and 9.3 pg/m? at Xiaoliugiu. These values reinforce the dominance of PFAS in the
gas phase and reflect spatial variability shaped by local emission sources and meteorological
conditions.

Figure 1 provides a comparative analysis of TSP-phase PFAS concentrations from this
study against international datasets. Taiwan’s sites—Lulin (11.4 pg/m?®), Nanzih (12.5 pg/m?),
Pingtung (9.9 pg/m?®), and Xiaoliugiu (9.3 pg/m®)—are highlighted in red. These levels fall
within the low to moderate range compared to cities such as Shijiazhuang, China (64.9 pg/m?)
and Montevideo, Uruguay (26.7 pg/m?). Although concentrations in Taiwan are relatively low,
their PFAS compositions are similar to those observed in more polluted areas, suggesting
common sources or usage patterns.

Figure 1 Total atmospheric PFAS
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Figure 2 (IOP-1):

The chemical fingerprints at NP and NZ were dominated by gas-phase PFHxA and
PFOA. Backward trajectory analysis indicated that air masses primarily originated from
southern Taiwan, suggesting local industrial sources. RK exhibited low PFAS levels during
this period due to limited influence from regional airflows.

Figure 3 (I0P-2):

A significant increase in gas-phase PFAS was observed at RK, with fingerprints
indicating high levels of PFHXA and PFOA. HYSPLIT back-trajectories confirmed air
masses arriving from northern Taiwan, supporting the presence of regional atmospheric
transport mechanisms.

Figure 4 (I0P-3):

PFAS concentrations were moderate across all stations. NP remained dominated by
PFHxA and 6:2 FTSA, while RK showed a slight increase in PFOS. Meteorological
modeling suggested stagnant atmospheric conditions, likely enhancing local accumulation.
Figure 5 (IOP-4):

A notable increase in TSP-phase PFOS was recorded at NZ. This could be attributed to
firefighting activities or road dust resuspension. RK concentrations remained low, likely due
to persistent marine airflows that limited pollutant build-up.

Figure 2 PFAS fingerprint and wind trajectory in IOP1

Figure 3 PFAS fingerprint and wind trajectory in IOP2
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Figure 4 PFAS fingerprint and wind trajectory in IOP3

Figure 5 PFAS fingerprint and wind trajectory in IOP4

Correlation analysis across 30 valid samples revealed:

e A strong correlation between total PFAS and gas-phase PFAS (r = 0.96),
reinforcing the role of the gas phase in atmospheric PFAS dynamics.

e A moderate correlation between TSP concentrations and total PFAS (r = 0.40),
suggesting that particle-bound PFAS may reflect local emissions or deposition
potential.

Cross-Regional Collaboration and Research Significance

To enhance regional understanding, a parallel sampling campaign using the same
methodology is ongoing in Japan’s Noto Peninsula. While results from Japan are still under
processing, this synchronized approach allows for future cross-border comparisons and joint
analysis. The collaboration supports the development of integrated PFAS transport models
across East Asia and strengthens cooperative efforts in environmental policy and exposure
mitigation.
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This study provides one of the first detailed PFAS concentration datasets in atmospheric
TSP and gas phases across inland, coastal, and offshore island environments in Taiwan. It
reveals temporal variability and meteorological dependencies of airborne PFAS, which are
essential for future risk assessment.

These results not only establish a baseline for Taiwan but also create an opportunity for
cross-national comparison with Japanese datasets. The generated source fingerprint profiles
may inform policy development on POPs control, contribute to regional PFAS inventories,
and support future work such as atmospheric modeling, health impact assessments, and
PFAS emission source control strategies.

1. PFAS Phase Distribution :
® (Gas-phase PFAS concentrations were ~2—4x higher than TSP-phase, indicating
dominant gaseous transport.
® Total PFAS levels ranked: NP > NZ > RK.
2. Dominant PFAS Species :
® (Gas-phase: PFHxA, PFOA.
Results ® TSP-phase: PFHxA, PFOS, 6:2 FTSA.
3. Spatial Patterns :
® NP had the highest PFHxA in both phases — Likely linked to nearby industrial zones.
® PFOS significantly elevated at NZ — May be related to urban runoff and road dust.
® RK showed increased PFAS under north wind — Evidence of long-range atmospheric
transport.
4. Correlation Insights :
® High correlation (r = 0.96) between total and gas-phase PFAS.
® TSP and PFAS had moderate correlation — TSP can be a potential indicator for
particle-bound PFAS presence.
5. Next Phase Outlook :
® Japan-side samples (Noto Peninsula) are currently under analysis.
® Comparative studies to follow in the next reporting phase to trace cross-border PFAS
transport between Taiwan and Japan.

% Write down the schedule of the published original papers, the publishment without original papers, oral presentation, bachelor

thesis, thesis of master degree and doctoral thesis. Applicants must report the results to theK-INET office.
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form 3 (Joint Research)
Annual Results Report

Joint Research, Institute of Nature and Environmental Technology,

Kanazawa University, 2024

Name Dang Duc Nhan Date 05/14/2025
Affiliati i
Pl 1? on Principal Scientist of Institute for Nuclear Science and Technology Vietnam (INST)
osition
Postal Address

Phone Number Facsimile
E-mail
Address
[J Key Joint Research Program
M Joint Research Program Research period
Fundin O domestic M one year M new
8 [J PhD student Support Program . . Y .
Category M international O continue
[ two years
[IJoint research within Kanazawa
University
M Understanding environmental pollution, environmental fluctuations, and the mechanisms
behind these factors
O] Investigating the effects of environmental change on human health
Research Field | [0 Researching the effects of human societies on ecosystems
O Developing methods for the prediction of changes to local environments
L] Researching topics related to sustainable development
O Interdisciplinary studies related to the Sea of Japan Sea region
Research N . C . . . .
Th 137Cs in South Asian Sea fish as bioindicator of tracer in marginal sea of Pacific Ocean
eme
P
rostam 04/01/2024 ~ 03/31/2025
Period
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K-INET

Research Staff | Inomata Yayoi
Name Affiliation Position Role/Research Task
Institute for
Applicant Dang Duc | Nuclear Science | Principal Investigation
Nhan and Technology | scientist
Vietnam
~ Pham Ngoc | INST Vietnam | Deputy Supervisor
g Dong Director
;’; Nguyen Dinh | INST Vietnam | Scientist Sample preparation and measurement
g Member(s) Giap - —
Nguyen Van | INST Vietnam | Scientist Data analyses
Dung
Inomata Yayoi | Kanazawa Associate Environmental analysis
University Professor
XIf there are any changes, please submit a newly revised application form to the K-INET office in
consultation with K-INET staff.

Assay
sample(s)

Name of Sample

Form(Shape)

The number of sample

Applied sample

Analyzed
sample

form 3



Purpose of the
Research/
Expected

Results

% Submit the application form.

Marine fish is known as concentration factor CF 100 of 137Cs. After the Fukushima Dai-ichi N
Station (FINPS) accident, the released 137Cs was demonstrated to effective tracer of ocean ¢
tracer labelled water mass was brought to the Eastern China Sea, the fate of labelled ¢
scientifically interested not only of ocean tracer, but also of public health concern in Asian cou
study, the 137Cs radioactivity in migrative fish species off Vietnam is planned to analyzed to ¢
amount of 137Cs in brought water mass from western Pacific to offshore Vietnam. Simultar
amount of seawater is planned to be analyzed to compliment the data in South Asian Sea at
analyzed data was insufficient. Under the joint research, Vietnam scientist analyze trace level of
in the sample and evaluate the radioecological significancy with Japanese scientist from glob
The result is expected not only to validate the usefulness of bioindicator of 137Cs originated F1
as radio ocean tracer, but also to demonstrate the seafood safety from the viewpoint of public he

who eat fish as important protein source.
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Details of the
project/
Results

Sampling
Seawater and fish were sapmpled from Quan Lan island, Quang Ninh province, north of
Vietnam

Results

The AMP co-precipitation method for *’Cs activity concentration determination in seawater
and marine fish of Vietnam under the Joint Research, KINET No. 24010 in the 2024 has been
adapted with 20 L of seawater and 1 kg of marine fish. The results of the AMP method for

137Cs analysis for seawater and fish are generated

Results

Results of a former study showed that the activity concentration of 137Cs in seawater and n
Vietnam were at trace level (<0.17 to <0.20 Bq per kg-dw-1 in fish). 137Cs in seawater was st
as high as 1.5 mBq.L-1. The activity concentration of 137Cs in fish was understood as due to
level of analyzed fish. The 134Cs isotope has been surveyed only since 2016. The results shoy
was a release of 137Cs and 134Cs from Fukushima to the Gulf of Tonkin in the first quarter o
2017 to present, the results showed that 134Cs and 1311 were not detected in all water samp
radionuclides such as 137Cs have very low activity, being equivalent to previous research resuli
The 137Cs radioactivity was not detected in river water and aerosol samples. Four water samp
marine fish samples were collected in 2024 under the KINET No. 24010 project. Analytical r¢
that the activity concentration of 137Cs were lower than previous results that were perforn
Analyzing samples is difficult because it requires a lot of time for sample processing and analy|

the results and technical challenges faced in 2024.
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¥ Write down the schedule of the published original papers, the publishment without original papers, oral

presentation, bachelor thesis, thesis of master degree and doctoral thesis. Applicants must report the results to
theK-INET office.
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form 3 (Joint Research)
Annual Results Report

Joint Research, Institute of Nature and Environmental Technology,

Kanazawa University, 2024

Name Chia-Hung Jen Date 04/30/2025
Affiliati
' 1a on Director, CDTL, National Kaohsiung Normal University
Position
Postal Address

Phone Number Facsimile
E-mail
Address
[J Key Joint Research Program
) M Joint Research Program . Research period
Funding O domestic M new
Category - P.hD student Su.p p-ort Program M international £ one year O continue
[1Joint research within Kanazawa [ two years
University
M Understanding environmental pollution, environmental fluctuations, and the mechanisms
behind these factors
O Investigating the effects of environmental change on human health
Research Field | [0 Researching the effects of human societies on ecosystems
O Developing methods for the prediction of changes to local environments
[] Researching topics related to sustainable development
[ Interdisciplinary studies related to the Sea of Japan Sea region
Research The estimation of the development history and processes of the mud volcano landscape in
Theme Taiwan by using atmospheric radionuclide 2!°Pb
PrOBIam 1 112024 ~ 03/31/2025
Period
KINET Shinya Ochiai
Research Staff
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Name Affiliation Position Role/Research Task
Applicant Chia-Hung NKNU Director F omigg the research idea and data
Jen collection
Shinya Kanazawa Assistant Sample analvsis
z Ochiai University Professor P Y
§ Yuean-Chang | National Taiwan | Post-Doctoral )
g Chen Universit fellow Sample collection
: Member(s) £ Y
8
=
XIf there are any changes, please submit a newly revised application form to the K-INET office in
consultation with K-INET staff.
Name of Sample Form(Shape) The number of sample
Applied sample Soil (dry mud) Dry soil samples 20
Assay
sample(s)
Analyzed
sample
The mud volcanos are distinctive landscapes in three mudstone areas in southern Taiwan.
It is an active geological phenomenon that could be linked to the mud diapir in the sea of
southwestern Taiwan, or the tectonic structures, such as faults or anticlines in the region.
The mud volcanos are going through construction and destruction processes. The
construction process is the increasing of mud volcano volume by mud while the destruction
process is the removal of volcano material by rainfall splashing and run-off erosion. The
210pb could be used for the study of the centurial time scale of mud volcano landscape
Purpose of the | evolution.
Research/ The mud volcanos on the coastal plain of southwestern Taiwan are formed by mud diapirs
Expected and constantly add volume with the mud venting from the ground by high-pressure gases
Results such as methane and carbon dioxide. The basic idea of this study is to extract the core near

% Submit the application form.

the mud cone to obtain the series of 2!°Pb signals from top to bottom to reconstruct the

history of mud eruption documented inside the samples.

The use of ?!°Pb in the study of the evolution of landscape development of mud volcanoes
attempted before. It will provide insight into the landscape change of constantly evolving m
and explore the other uses of >!°Pb. In our university, we try to build the capability not on
the volcano landscape change now by Lidar scanning or UAV photogrammetry but also t
the historical evolution by using 2!°Pb signal. The 2'°Pb analysis conducted at Kanazaw
could be very vital for this study.

2 form 3



This study aims to reconstruct the development history and processes of the mud volcano
landscape in southwestern Taiwan by using atmospheric radionuclides. In FY2024, we outline
the technical framework of our research. Atmospheric radionuclides such as Pb-210 (half-life:
22.3 years), Cs-137 (half-life: 30.5 years), and Be-7 (half-life: 53 days) are deposited from the
atmosphere to the ground surface through precipitation. Once these radionuclides settle on the
surface layer of the mud volcano, they become adsorbed onto sediment particles. The
formation rate of mud volcanoes can be estimated based on the vertical changes in the
concentration of these radionuclides.

We investigated the basic information about the mud volcanoes located in the coastal area of
southwestern Taiwan to select a suitable research area for sample collection. Our study focused

Details of the on the eruption history and the local distribution of eruption sites. The Wandan mud volcano

project/
Results

is one of the notable mud volcanoes in this region, known for its short-lived but violent
eruptions that attract public attention. We examined the eruption history and the distribution
of eruption sites in this area. Our findings revealed that the eruption history of the Wandan
volcano has been well-documented, showing a gradual increase in activity since 2000. The
eruption sites are relatively concentrated along a linear zone.

In the next step, we will obtain core samples near the mud cone to collect vertically continuous
samples from top to bottom. We will analyze the sediment samples for Pb-210, Cs-137, and
Be-7 alongside the Low-Level Radioactivity Laboratory (LLRL) cores at Kanazawa
University. By examining the vertical variations in radionuclide concentrations, we will
estimate the age of each layer to reconstruct the development history of the mud volcano. This
data will be compared with observations of landscape changes to understand the processes
involved in the mud volcano's development.

Results

* Write down the schedule of the published original papers, the publishment without original papers, oral
presentation, bachelor thesis, thesis of master degree and doctoral thesis. Applicants must report the results to
theK-INET office.
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form1 (Joint Research)
Annual Results Report

Joint Research, Institute of Nature and Environmental Technology,

Kanazawa University, 2024

Dr. Wahyu Retno

Name Prihatiningsih, M. Si. Date 04/30/2025
Al)f(f;lggtégn Researcher, National Research and Innovation Agency of Indonesia (BRIN)
Postal Address

Phone Number Facsimile -
E-mail
Address
O Key Joint Research
v JiriiI:lResearch Program Research
Funding Category U PhD student Suppo%t ? omestic yl od %ew
international one year L] continue
Program O two years
. r y

L1 Joint research within

Kapazawa University

yUnderstanding environmental pollution, environmental fluctuations, and the

mechanisms behind these factors

O Investigating the effects of environmental change on human health

LI Researching the effects of human societies on ecosystems

U Developing methods for the prediction of changes to local environments

Research Field O Researching topics related to sustainable development

O Interdisciplinary studies related to the Sea of Japan Sea region
* Applicant applying for Key Joint Research Program chooses all applicable.
* Applicant applying for Joint Research Program, PhD student Support
Program or Joint research within Kanazawa University chooses one.

Research Radioactivity Concentration Measuremepts in Fish and Shellfish Samples from
Theme Java Sea for Seafood Safety: Concentration Factor of *’Cs over a Decade of

FDNPP Accident
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Program 04/01/2024 ~ 03/31/2025
Period
K-INET . . .
Research Staff Prof. Seiya Nagao (seiya-nagao@se.kanazawa-u.ac.jp)
Name Affiliation Position Role/Research
Task
BRIN (National
Applicant W?‘hW Retnp Research and Innovation | Researcher Management
Prihatiningsih .
Agency of Indonesia)
Prof. Seiya Nagao | Kanazawa University K-INET Staf | Data analysis
R,F:Z?;Ch Shinya Ochiai Kanazawa University K-INET Staf Measurement
Member(s)
Mutsuo Inoue Kanazawa University K-INET Staf Measurement
Deddv Trawan BRIN (National
Y Research and Innovation | Researcher Measurement
Permana Putra .
Agency of Indonesia)
X If there are any changes, please submit a newly revised application form to the K-INET office
in consultation with K-INET staff.
Name of Sample | Form (Shape) The number of
sample
. 3 seawater samples
. Fish and Water and Fish (@1001) and 10
Applied sample seawater from .
Muscle species of fish (@10
the Java Sea
Kg)
Assay sample(s)
Fishes prepared
with freeze-
driedand | AMP and dried | > AMP Powder and
Analyzed sample 10 Marinelli of 10
seawater fish muscle .
. species of fish
prepared with
AMP Method

form 3




Purpose of the
Research/
Expected Results

% Submit the application

Radiocesium is a significant radionuclide resulting from the 2011
accident at the Fukushima Daiichi Nuclear Power Plant (FDNPP). The fate and
behavior of radiocesium in the ocean over more than a decade following the
accident continue to raise global concerns because it persists in the environment
for extended periods and has the potential to accumulate in marine organisms. The
Indonesian public was concerned about the potential impact of ocean-cesium
radioactivity, as the prevailing Kuroshio Current carried the radioactive
contaminant across the North Pacific to the Indian Ocean through Indonesian
Throughflow (ITF). The public is highly concerned about ensuring the integrity of
the marine environment in terms of radioactivity, particularly the safety of fishery
products.

Radionuclide accumulation in fish is defined as the Concentration Factor
(CF), which quantifies radionuclide transfer in aquatic ecosystems and estimates
the potential risk of consuming marine biota from contaminated ecosystems.
Moreover, using CFs allows data comparison across regions and time scales,
among which the radionuclide activity concentrations in the host water may vary.
Many studies have been conducted regarding the distribution of radiocesium in
Indonesian waters. However, research on activity concentrations in marine biota is
still very limited. This research is carried out in addition to completing radiocesium
monitoring data in the Indonesian marine environment, and it is also carried out to
determine the time series trend of '*’Cs accumulation in marine biota by generating
CF data in the current year’s research and from data in previous studies. The time
series data is useful in understanding how radionuclides behave in typical ambient
conditions and ensuring the safety of fisheries products over time.

form.

Details of the project/
Results

Description of the measurement site

Java, the island with the largest population in Indonesia, has the highest
fish buying-selling activity correlated with national fisheries consumption. This
research collected samples of fish and shellfish with measured concentrations of
37Cs from the Muara Baru fish auction site (6°06'33"S 106°48'06"E) on Java's
north coast in Jakarta's capital city. In addition to the fish and shellfish, seawater
samples for the determination of CF were collected from three different locations
in the western Java Sea i.e., Merak Beach (5°56"25"S, 106°0'1"E), Tanjung Pasir
(6°1'3"S, 106°40'25"E), and Pakis Beach (5°59'0"S, 107°7'48"E).

The choice of Muara Baru as the fish sampling site is significant, as it is
one of the most prominent fish auction locations in Java and even in Indonesia,
making a representative contribution to fish consumption in the country, which
totals approximately 24.74 tons in 2023 (https://portaldata.kkp.go.id/portals/data-
statistik/prod-ikan/summary). Furthermore, the selection of seawater sampling
sites in the Java Sea along the western-north part of Java Island reflects part of the
Indonesian Through Flow (ITF), whose water mass potentially brings '*’Cs
globally to the marine national area.

Concentration Factor of *3’C in fish and shellfish

This study is time series research using data from direct measurements of
37Cs in seawater and fisheries products in the current year 2024 (K-INET, No.
24013), 2023 (K-INET, No. 23007), and data from published papers that also
include findings on the concentration of *’Cs in seawater and fishery products in
the Waters of Java. Table 1 shows the concentration of '*’Cs activity in 2024 in the
seawater of Tj. Pasir, Merak dan Pakis Beach on Java that is measured to be
between 1.00 + 0.14 — 1.30 = 0.12 Bg/m>. In comparison, previous data collected
from 2011 - 2013 indicated concentrations ranging from 0.11 £ 0.02 - 0.66 = 0.08
Bg/m?, with the lowest values recorded in Java (Suseno et al., 2014). The
concentration of activity of '3’Cs in the years 2023 and 2024 shows relatively
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higher values compared to data from 2011-2013 (Fig. 1).

Radionuclide '¥’Cs is a conservative element that due to its solubility
possesses high mobility in water. Studies on '*’Cs concerning the CF are influenced
by biophysical parameters in the water, including Sea Surface Temperature (SST)
and biological condition that are also formed due to the ENSO, which refers to El
Nino Southern Oscillation, consisting of two main events, L.a Nina and El Nino,
that occur every 2 to 7 years (Zhang et al., 2024). The complexity of the interaction
between the atmosphere and the ocean in the Pacific also influences sea surface
temperature and biological condition of other waters, such as the Indian Ocean,
which borders the waters of Java (Khan et al., 2024) The Oceanic Nino Index (ONI,
https://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI v5.
php) shows that an El Nino event occurred in 2023-2024. El Nino is characterized
by warmer sea surface temperatures in the central and eastern tropical Pacific
Ocean. The increase in temperature has implications for the mobility of '*’Cs in
the waters, migrating *’Cs from the Pacific to Indonesian waters through the ITF
until reaching the waters of Java. However, this implication still needs
enhancement because the ocean dynamics in this region are very complex. An in-
depth study is needed regarding the influence of the ENSO on the distribution of
radioactive contaminants from global waters to Indonesian waters.

Table 1. Range Activity of '’Cs in Seawater (Bg/m?) from 2011 — 2013 (Suseno &
Prihatiningsih, 2014), 2017 (Prihatiningsih et al., 2020) dan 2023-2024 (present study)

Year Range Concentrations ¥7Cs (Bg/m?) Location

2011 0,11 £0,02 — 0,66 = 0,08 Sumatra — Sumatra

2012 0,11 +0,02-0,31 +£0,03 Java — Sulawesi

2013 0,11 +0,02 - 0,52 + 0,06 Sumatra — Sumatra

2017 0,04 = 0,001 — 1,83 £ 0,02 Kalimantan — Kalimantan
2023 0,89 £ 0,06 - 1,46 £ 0,06 Java —Java

2024 1,00+ 1,40 - 1,30« 1,20 Java — Java

Figure 1. Time Series Activity of '*’Cs in Seawater from 2011 — 2013 (Suseno &
Prihatiningsih, 2014), 2017 (Prihatiningsih et al., 2020), and 2023-2024 (present study).

The '¥7Cs radioactivity concentration in this research was measured from
ten different species of pelagic and demersal fish, mollusks, and crustaceans i.e.,
Flounder (Psettodes erumei), Red snapper (Lutjanus campechanus), Grouper
(Epinethelus areolatus), Tuna (Thunnus tonggol), Spanish mackerel
(Grammatorcynus bicarinatus), Indian mackerel (Rastrelliger kanagurta),
Octopus (Octopus vulgaris), Green Mussles (Pern viridis), Shrimp jerbung
(Penaeus merguiensis), and Crab (Scylla serrata). Table 2 shows the result of the
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research that the range concentration of 1*’Cs is 0,09 + 0.06 to 0,96 + 0.07 Bg/kg
each for Shrimp jerbung (Penaeus merguiensis) and Red snapper (Lutjanus
campechanus). Moreover, the determination of CF values varied by species,
ranging from 75.83 to 800 L/kg (Table 2). The CF is a key parameter for
understanding the accumulation of *’Cs in fish and shellfish. This factor quantifies
the transfer of radionuclides within the aquatic ecosystem and estimates the
potential risks associated with seafood consumption. Value of CF is obtained
through the ratio *’Cs in biota to the activity of *’Cs in water. The CF of *’Cs in
various organisms from the previous study, years 2011-2013, was obtained by
further processing the activity data of '*’Cs in the organisms and in water, resulting
in the CF values as shown in Tables 4 and 5. To analyze the trend of the CF of
37Cs in various species from 2011 to 2024, this study classified all species
according to their trophic levels, ranging from trophic level 2 to trophic level 4, as
indicated by the numbers below the graph (Fig. 2). Throfic level of each species
based on information from https://fishbase.com. Upon reviewing the CFs across
different organisms based on their trophic levels and analyzing alongside previous
studies on typical species and locations in Tables 4, 5, and Fig. 2, comparative
research data indicate that the mean levels of *’Cs accumulation in marine biota
have remained relatively constant, showing no significant trends. A longer time
and a more extensive range of biota are required to draw any conclusion regarding
the CF trend over time. Moreover, biotic and abiotic factors affect the biota CF.
Other studies have examined whether feeding habits, trophic level, and metabolism
of species can also be factors affecting biota CF (Ishii et al., 2020; Kasamatsu &
Ishikawa, 2006)

Table 2. '¥7Cs Concentrations (Bq/kg) in Fish and Shellfish Samples.

Marine Biota 30z Act = Une (By'ke)

Tuna {Thunnws tonggol) 0,246 = 0,045
Flounder (Prettodes erumei) 0455 =0.038
Grouper (Epinsthelus arsolatus) 0,267 = 0,046
Green muszles (Pavn viridiz) ND

Shrimp jarbung (Peraeus meyrguicnsis) 0,091 = 0,063
Octopus (Oetopus vulgaris) 0,148 = 0,091
Spanish mackersl (Grammatoreynur bicarinatus) 04650114
Crab (Seylla sevrata) 0,179 0,104
Bed snapper (Lugjarus campechanus) 056+ 0,070
Indian mackerel (Rasrelliger kanagurta) 0,531+ 0,037

Table 3. Concentration Factor (L/kg) for Marine Biota in 2024.
Trophic CF  Average CF
Level [L/kg] [L/kg]

Group of Organisms

Crustacea

Shrimp jerbung (Penaeus merguiensis) 22 75,83 112,50
Crab (Scylla serrata) 32 149,17

Mollusca

Green mussles (Pern viridis) 2.0 - 123,33
Octopus (Octopus vulgaris) 3.8 123,33

Pelagic

Grouper (Epinethelus areolatus) 3.7 222,50 269,17
Tuna (Thunnus tonggol) 4.5 205,00

Spanish mackerel (Grammatorcynus bicarinatus) 4.5 390,83

Indian mackerel (Rastrelliger kanagurta) 33 258,33

Demersal

Flounder (Pseftodes erumei) 44 412,50 606,25
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Table 4. Concentration Factor (L/kg) for Marine Biota in 2011 -2013 (Suseno
& Prihatiningsih, 2014).

Trophic CF  Av CF
Group of Organisms rophic verage

Level [L/kg] [L/kg]
Crustacea
Black crab (Seylla sp) 32 8,20 10,39
Pawns (Penaetis merguiensis) 22 12,57
Mollusca
Blood cockle (dnadara granosa) 2.0 21,73 112,52
Blood cockle (dnadara granosca) 2.0 166,67
Mud clam (Polymeosda erosa) 2.0 149,15
Pelagic
Narrow-barred Spanish mackerel (Scomberomorus commerson) 4.5 223,98 165,77
Redbelly Fusilier (Caesio ervthrogaster) 34 18,27
Little tunny (Euthynnus allecterates), Sumatra 4.5 465,33
Little tunny (Euthynnus alletteratus), Java 4.5 83,33
Demersal
Cat fish (drius thalassinus) 3.5 28,88 197,73
Giant seaperch (Lates calcarifer) 38 126,71
Striped eel catfish (Plotosus lineatus) 3.6 74,55
Smallhead catfish (Euristhmus microceps) 34 9.47
Spotted sicklefish (Drepane punctata) 33 206,42
Bluespotted Stingray (Dusyatis kuhlii) 33 381,62
Annularis Angelfish (Pomacanthus annularis) 3.2 332,77

Table 5. Concentration Factor (L/kg) for Marine Biota in 2017 (Prihatiningsih et al., 2020)

Group of Organisms Trophic CF Average CF

Level [L/kg] [L/kg]

Crustacea

Local crab (Portunus sanguinolentis) 3.2 45,55 45,55

Mollusca

Squip (Mastigoteuthis flammea) 32 158,78 158,78

Demersal

Starry triggerfish (dbalistes stellaris) 3.6 16,19 135,19

Crimson snapper (Lutjanis ervthropterus) 4.5 254,18

Figure 2. Time series of Concentration Factor of '3’Cs based on Trophic Level

In addition to the CF study of 137Cs in fish and shellfish, an identification
of trace element content was also performed with the samples in eight different
species, i.e., Flounder (Psettodes erumei), Grouper (Epinethelus areolatus), Tuna
(Thunnus tonggol), Spanish mackerel (Grammatorcynus bicarinatus), Octopus
(Octopus vulgaris), Green Mussles (Perna viridis), Shrimp jerbung (Penaeus
merguiensis), and Crab (Scylla serrata). The specified trace elements include
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eleven elements: Arsenic (As), Cadmium (Cd), Chromium (Cr), Selenium (Se),
Lead (Pb), Copper (Co), Cuprum (Cu), Iron (Fe), Nickel (Ni), Zink (Zn), and
Mercury (Hg). Table 6 shows the average values of the concentration elements of
marine biota in mg/Kg. Based on Figure 3, it is known that Zn and Fe dominate
the trace element content in all biota, while the content of other trace elements
varies among the different biota. This study was conducted to provide baseline
information on the concentration of trace elements in commercial fish from the fish
auction in Muara Baru, Jakarta. It is important to check and control the elements
in the fisheries product, not only to predict potential health risks from consuming
fish that contain toxic substances, but also to establish pollution indicators and
conduct studies on environmental changes (El-Kady et al., 2025; Hamidalddin &
AlZahrani, 2016). Further and deeper study regarding the estimation level of health
risk through certain parameters is needed to obtain a comprehensive study
regarding the accumulation of trace elements in fish and shellfish. Table

Table 6. Average Concentration Elements (mg/kg) of Marine Biota using ICP-MS.

Marine Biota Heavy Metals Concentration (mg/kg)

As cd Cr Se Pb Co Cu Fe Ni Zn Hg

Flounder 16,81 0,03 0,51 6,87 0,25 0,03 0,97 40,98 0,80 22,29 2,47
Grouper 13,41 0,01 0,04 0,99 0,14 0,01 0,53 26,45 0,18 12,62 0,96
Tuna 3,60 0,05 0,35 6,66 0,72 0,16 3,86 154,62 2,99 22,55 0,29
Spanish mackerel 10,23 0,05 0,47 4,92 0,29 0,04 0,92 89,67 0,40 27,42 0,28
Shrimp jerbung 542 0,25 0,97 3,39 0,22 0.19 35,39 355.60 0,59 76,20 0,07
Crab 21,49 0,14 0,53 4,82 0,22 0.37 102,57 488.61 0,41 332,87 0,12
Green mussles 8.87 0.24 1.21 3,31 0.49 2.09 10.28 803.88 4,29 62.66 0,04
Octopus 52,90 0,30 0,47 0,70 0,34 0,07 15,99 31.23 0,30 28,77 0,08

Figure 3. Average Concentration Elements (mg/Kg) of Marine Biota.
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Results

The research results have been presented both orally (at the Joint Research K-INET
Research Report Meeting 2024, March 7, 2025) and in writing (in the Annual
Research Report). The preparation of the manuscript from the research data is
currently underway, and scientific discussions with Professor Seiya Nagao
regarding the data and explanations are being conducted. With the opportunity to
have the new proposal accepted for Joint Research 2025, it is expected that by next
year’s meeting at Kanazawa University, the Manuscript for the 2024 research will
be ready for publication.

% Write down the schedule of the published original papers, the publishment without original papers, oral
presentation, bachelor thesis, thesis of master degree and doctoral thesis. Applicants must report the results

to theK-INET office.
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Research /
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% Submit the application form.

Purpose of the Research :

Develop a hybrid prediction model using Long Short-Term Memory (LSTM) and
Convolutional Neural Network (CNN) methods to estimate PM2.5 and CO2
concentrations in the urban area of Greater Bandung.

Analyze the model's performance in predicting air pollution based on data from air
quality monitoring stations (Deli, GKU, and TULT), considering seasonal variations
during the dry and rainy seasons.

Evaluate the model's effectiveness in providing early warnings through a WhatsApp
notification system when predicted pollutant concentrations exceed the specified
thresholds.

Provide a scientific basis for further developing air quality prediction systems in
tropical urban environments, supporting compliance with air quality policies and

public health initiatives.

Expected Result :

An accurate and reliable LSTM-CNN prediction model for forecasting PM2.5 and
CO2 concentrations, with evaluation metrics demonstrating adequate performance
(MSE, MAE, RMSE, and R?).

A better understanding of the temporal and spatial patterns of air pollution in Greater
Bandung and the impact of seasonal factors on pollutant concentrations.
Implementing an effective early warning system to raise public awareness of air
pollution risks and encourage preventive actions.

Contribution to developing air quality prediction systems in tropical urban areas,
which can be used as a reference for policymaking and environmental health

improvement efforts.
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1. Introduction

Air pollution is a major issue in Indonesia, particularly in large cities such as
Bandung. The increasing population and industrial activities significantly contribute
to the rise of atmospheric pollutant emissions. The industrial and transportation
sectors are the primary sources of air pollution, releasing harmful gases and
particulate matter that negatively impact human health and the environment. Long-
term exposure to air pollutants can lead to severe respiratory issues and accelerate
climate change due to increased greenhouse gas emissions.

Two of the most critical pollutants contributing to air pollution are PM2.5 and
CO2. According to Minister of Health Regulation No. 2 of 2023, PM2.5 has stricter
concentration limits than other pollutants due to its extremely small size (<2.5 pm),
allowing it to penetrate deep into the human respiratory system and cause various
health complications. PM2.5 originates from direct emissions of combustion
processes and chemical reactions in the atmosphere. Meanwhile, CO?2 is primarily
produced from the combustion of fossil fuels and solid waste, significantly

Details of the contributing to the greenhouse effect and climate change.

project/ Monitoring air quality is essential to understanding the distribution of pollutants
Results and their impact on the environment and public health. In this study, pollutant
concentrations have been measured at three monitoring stations located on top of
Telkom University lecture buildings: DELI Building (15 m), General Lecture
Building (GKU) (35 m), and Telkom University Landmark Tower (TULT) (70 m).
The difference in altitude may influence the pollution levels detected, as pollutant
concentrations tend to be higher at lower altitudes due to direct human activity.
These monitoring stations have microsensors to measure PM2.5, CO2, temperature,
and relative humidity.

Several studies have demonstrated that hybrid Convolutional Neural Networks
(CNN) and Long Short-Term Memory (LSTM) models perform well in time series
forecasting, including air quality predictions. This study aims to develop an LSTM-
based prediction model to enhance air pollution mitigation efforts to estimate future
pollutant concentrations. The proposed model employs a CNN-LSTM approach,
combining CNN’s capability in spatial feature extraction with LSTM’s strength in
handling long-term dependencies in time series data. By integrating these two

techniques, the model will provide a more accurate representation of pollutant
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distribution patterns.

Furthermore, this research proposes an early warning system to assist the public
in minimizing air pollution exposure. The system was designed to notify the public
about the severity of CO2 and PM2.5 levels in the air. If pollutant concentrations
exceed predefined thresholds, alerts will be sent through social media or other
digital platforms. This real-time notification system enables individuals to take
preventive measures like wearing masks outdoors or reducing outdoor activities in
high-pollution conditions. By providing timely and accurate warnings, the system
aims to raise public awareness about air quality and help mitigate health risks
associated with air pollution.

Sensor data will be divided into training and testing sets to train the CNN-LSTM
model and ensure the system's reliability. The model’s performance will be
evaluated based on its accuracy and efficiency in predicting pollutant
concentrations. The study contributes to a better understanding of air pollution
distribution patterns through this approach. It supports the implementation of a more

effective early warning system, particularly for the Greater Bandung.

Theory Basis

2.1 Long Short-Term Memory (LSTM)
LSTM is a Recurrent Neural Network (RNN) designed to capture long-
term dependencies in sequential data by maintaining information over
extended intervals. The key component of LSTM is the memory block,
which consists of three primary gates: input gate, output gate, and forget
gate. These gates regulate the flow of information by controlling how data
is stored, updated, and passed through the cell state, which acts as a
memory unit carrying information from one time step to another. The

architecture and working mechanism of LSTM can be illustrated in the

following figure.
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Figure 2. 1 Structure of LSTM

Each gate and the cell state can be mathematically formulated as follows:
ft =01 (Wyrxe + Wpphe—q + by)
iy = 0g(Wyix¢ + Whihe—q + b;)
C; = tanh(Wyexe + Whehe—q + be)
¢t = frce1 + it CeCe
0y = a3(WyoXxe + Whohe—1 + b,)
hy = o tanh (cp)
Where W and b represent the weight matrices and bias terms,
respectively. x is the input, while f, i, and o correspond to the forget gate,
input gate, and output gate, respectively. C represents the candidate cell

state, ¢ denotes the cell state, and h is the hidden output.

2.2 Convolutional Neural Network (CNN)

CNN is one of the most widely used deep neural network architectures
for feature extraction from spatial data. The core components of a CNN
include the convolutional layer and the pooling layer. The convolutional
layer extracts features from input data using a set of convolutional filters
(kernels), which enables the network to capture local dependencies within
the data. The operation of a convolutional layer is mathematically
represented as follows:

0'=a(0"t+Wl+bhH

where 0! represents the output feature map of the 15¢ convolutional
layer, a is the activation function, W' denotes the convolution kernel
weights, b! is the bias term, and * represents the convolution operator.
The convolution operation enables the network to learn spatial hierarchies

while imposing translational equivariance and reducing the number of
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learnable parameters.

The resulting feature maps from the convolutional layers can be further
processed by a pooling layer, which down samples activations from local
regions using max pooling or average pooling functions. The pooling layer
enhances the model’s robustness by introducing a degree of translational
invariance.

A CNN typically consists of multiple stacked convolutional layers,
forming a hierarchical representation of features at various levels of
abstraction. These extracted features are then passed to subsequent layers
that are responsible for generating the final output. While CNNs are often
followed by fully connected layers for classification tasks, in this research,
the extracted features are processed using an LSTM layer to capture

temporal dependencies in the data.

2.3 Early Warning System Integrated with WhatsApp

The early warning system (EWS) provides users with air quality

predictions within 24 hours. These notifications contain detailed
information regarding the predicted levels of air quality parameters,
allowing users to take necessary precautions based on forecasted data.
To enhance accessibility and real-time information dissemination, air
quality warning notifications are integrated with WhatsApp, a widely used
social media platform. WhatsApp's broadcast feature enables efficient
information distribution to multiple users simultaneously. By subscribing
to Biru-Langit WhatsApp Business, users can receive exclusive updates on
real-time air quality levels.

Users who wish to receive early warning notifications for PM2.5 and
CO2 levels must first subscribe to Biru-Langit WhatsApp Business. The
subscription process involves registering their WhatsApp-connected phone
number on the Biru-Langit official website. Upon successful registration,
users are redirected to a confirmation page indicating that their subscription
has been activated. Once subscribed, users will receive real-time
notifications whenever predicted air quality levels exceed globally

recognized safety thresholds.
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Biru-Langit WhatsApp Business sends daily notifications when
measured air pollutant concentrations surpass national air quality
standards, as defined by Minister of Health Regulation No. 2 of 2023 and
the Air Pollution Standard Index (ISPU). The system categorizes air quality
levels into five classifications, ranging from safe to hazardous, ensuring

that users are promptly informed about potential health risks.

Table 2. 1 Categories PM2.5 Parameters and CO2 Early Warning System

Parameter

PM:s CO, Category Description

(24 hours) (8 hours)

1. 0-15 400 — 450 Good Does not send

Medium notifications
2. 15.1-55 | 600 — 1000

3. 55.1-150 {1000 —2000 Unhealthy

4. |150.1-250 {2000 —5000| Very Unhealthy |Sends notification

5. 250 — 500 > 5000 Harmful

3. Proposed Prediction Method and Early Warning System (EWS)
3.1 Prediction Method
3.1.1  CNN-LSTM Method
In the implementation of this research, a CNN-LSTM model is used,
which consists of one convolutional layer with a filter size of 64, followed
by a pooling layer, an LSTM layer, and an output layer with one neuron.
The following is an overview of the architecture of the proposed CNN-

LSTM model.

Figure 3. 1 Architecture of CNN-LSTM
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The CNN-LSTM model consists of several key components that work
together to process the input data and make predictions of future time series
values with high accuracy. The model begins with inputting time series
data, which is then processed through several layers to recognize patterns
and temporal relationships in the data. The first layer in this model is a 1D
convolution layer with 64 filters. Convolution is a mathematical operation
between the filters and the input data to detect time series patterns. Each
filter is a slight weight matrix moving along the time dimension, allowing
the model to recognize patterns such as spikes, up or down trends, and
cycles in the data. In this case, 64 filters mean the model will have 64
different patterns it can recognize from the input data, allowing it to identify
features in the time series in greater depth.

After the convolution layer, the model uses the Max Pooling layer,
which reduces the data's dimensionality by retaining the most salient
features. Max Pooling in CNN-LSTM acts as a feature selection
mechanism so that only the most relevant information is passed on to the
next layer. This process helps filter out noise, improve computational
efficiency, and ensure that the model retains only the dominant patterns in
the data. Max Pooling takes the most significant value from a group of
values in a small area of the feature map generated by the convolution layer.
As such, smaller values are considered less significant as they could be
noise or slight variations that have little effect on the prediction task. Max
Pooling simplifies the data representation and ensures that the next layer
receives the most relevant information.

Furthermore, the model has an LSTM (Long Short-Term Memory) layer
that handles temporal correlations in the data. LSTM is very effective in
understanding the relationship between values in time series data because
it can remember important information from the past and retain it for a more
extended period. Unlike artificial neural networks, LSTMs are specifically
designed to address the problem when information from previous times is

challenging to maintain (vanishing gradient).
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LSTM uses three main parts: Forget Gate, Input Gate, and Output Gate.
Forget Gate serves to delete information that is no longer needed so that the
model only stores relevant data. Input Gate determines the new information
that needs to be stored in memory, ensuring that the model continuously
learns from the latest patterns in the data. The Output Gate oversees the
selection of information to use to make predictions. With this mechanism,
LSTM can recognize long-term patterns in time series data and provide
more accurate prediction results.

After going through the LSTM layer, the model is completed with a fully
connected layer, which processes all the information collected from the
previous layers and transforms it into the result. This layer is called fully
connected because each piece of pre-processed data is directly connected
to all neurons in this layer. This allows the model to integrate the patterns
recognized by the CNN and the temporal relationships that LSTM has
learned. In the final stage, the fully connected layer generates predictions
based on the learned patterns. If the model is used to predict, this layer will
generate a numerical value.

With this architecture, the CNN-LSTM model can better recognize
patterns in time series data and understand the relationship between values
over time. This makes the model more effective in producing more accurate
predictions.

3.2 Prediction system workflow

This prediction system uses the CNN-LSTM model to estimate air quality based
on PM2.5 and CO2 data. The process starts with data capture and validation,
where PM2.5 and CO2 data are collected from trusted sources and checked for
completeness. Data that are invalid or missing values are handled through data
processing before being used in the model.

After the data is validated, the next step is data normalization. Normalization is
done to adjust the scale of values in the dataset so that the model can more easily
understand the patterns in the data. This normalization technique helps improve
stability and efficiency in the training and prediction process.

The next stage is training the CNN-LSTM model, which is done by dividing

the dataset into two main parts: the training set and the testing set. A total of
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80% of the dataset is allocated to train the model, while the remaining 20% is
used to test the model's performance. The training set is used to train the model
to recognize patterns in the data, while the testing set is used to measure the
model's performance after training. Once the training is complete, the trained
model is saved and ready to be used in the prediction process.

In the prediction stage, new data that has gone through the validation and
normalization process is entered into the model. The model then generates
predictions for PM2.5 values in the next 24 hours and CO?2 in the next 8 hours.
These predictions allow users to understand possible changes in air quality
within a specific timeframe.

The next step is evaluating the prediction results, where the results obtained are
compared with actual data to measure the model's accuracy. The evaluation is
done using various metrics. If the evaluation results show that the accuracy
level is not optimal, the model can be updated and retrained with adjusted

parameters to improve the prediction performance.
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Figure 3. 2 Flowcharts System Prediction

Based on Figure 3.2 above, this prediction system is implemented on a
web-based platform to improve accessibility and efficiency. The model that has
been trained is converted into the TensorFlow.js format so that it can run directly
in the browser without requiring an additional server. This conversion process
was done so that the model initially developed in Python could be integrated
with web-based technology using JavaScript.

In addition, this system also applies a denormalization process after the
prediction is done so that users can more easily understand the results displayed.
With this approach, the prediction system provides accurate air quality
estimation and can be used flexibly through various platforms.

If, after evaluation, there is still a significant difference between the

prediction results and the actual data, the model will be re-optimized with
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parameter tuning techniques or adding more diverse training data. With this
approach, the prediction system can be continuously improved to provide more

accurate and reliable results.

3.3 Early Warning System

An Early Warning System (EWS) is an early warning system that aims
to send automatic notifications when the concentration of air pollutants
such as PM2.5 and CO: exceeds a predetermined threshold. The
implementation of this system is based on air quality prediction, where
notifications are sent to users via WhatsApp messages when pollutant
levels exceed quality standards.

The EWS uses PM2.5 and CO: concentration prediction data collected
from three air quality monitoring stations in its implementation. These
predictions enable preventive actions to be taken to reduce the adverse
effects of air pollution on public health. The national quality standards that
are referenced in this system refer to the Minister of Health Regulation

(Permenkes) No.2 Year 2023 and the Air Pollutant Standard Index (ISPU).
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Figure 3. 3 Flowchart Early Warning System and WhatsApp Registration Number

The EWS work process is shown in Figure 3.3, a flowchart of an early
warning system, which explains how the system identifies prediction data from
three monitoring stations. If the predicted value of PM2.5 > 55 pg/m? or CO» >
1000 ppm, the system will send an alert via WhatsApp to registered users. This
notification contains information about the level of air pollution and
recommendations for mitigation actions that can be taken, such as reducing
outdoor activities or using masks.

To receive notifications, users must register their WhatsApp number first,
as described in the Figure flowchart WhatsApp registration number. This
registration process involves verifying the One-Time Password (OTP) code to
ensure the validity of the registered number. The OTP must be entered in less
than three minutes for successful verification. If the OTP code expires, the user
must repeat the code submission process to continue registration. After
successful verification, the user's number will be stored in the system database,

and early warning notifications will automatically be received when the air

14 form 3



quality is in the dangerous category. With this prediction-based EWS, health

risks can be minimized from exposure to air pollutants.

Results

4. Experimental Result

4.1 PM25 and CO2 prediction results using CNN-LSTM

4.1.1

Description of data

Table 4.1 Data Sets

The dataset used in this study consists of PM2.5 and CO2
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concentration data collected from three air monitoring stations—TULT,
GKU, and Deli—from January to December 2024. This dataset trains a
CNN-LSTM model to predict PM2.5 and CO2 concentrations based on
historical patterns. The training and testing process is performed by adjusting
the training and testing data periods according to the target prediction month.
To predict concentrations in November 2024, the model was trained using
data from January to October 2024 and tested with data from November
2024. Subsequently, for the prediction of December 2024, the model was
retrained with the addition of November 2024 data, resulting in a training
dataset covering January to November 2024, while testing was conducted
using data from December 2024. A similar process was applied for predicting
January 2025, where the model was trained with data from January to
December 2024 and tested with data from January 2025.

The datasets were divided in a proportion that ensured most of the
data was used for training, while the remainder was allocated for testing to
evaluate prediction performance. Specifically, the amount of training data
varied for each period, ranging from 695 to 817 records for CO2 and 231 to
340 records for PM2.5 at the TULT station, 767 to 916 records for CO2 and
250 to 305 records for PM2.5 at the GKU station, and 752 to 901 records for
CO2 and 250 to 300 records for PM2.5 at the Deli station. Before being used
for training, the datasets underwent validation and cleaning processes,
including CO2 data validation using the boxplot method. Missing values were
handled using an interpolation method to ensure continuous data and maintain
complete datasets. The model learns from historical patterns through this
stepwise approach, improving the prediction accuracy of PM2.5 and CO2
concentrations in subsequent months.

4.1.2 Result
Tests were conducted at three stations: TULT, GKU, and Deli. The
testing process involved comparing actual data with predicted data. Tests were
carried out from November to January. Furthermore, the test results were
evaluated monthly using MSE, MAE, RMSE, MAPE, and R? metrics to assess
the prediction performance.

e Prediction Result of TULT Station PM2.5 Parameter
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Figure 4.1 Graph of prediction PM2.5 results at TULT station.

Prediction Result of TULT Station CO2 Parameter

Figure 4.2 Graph of prediction CO2 results at TULT station.

Prediction Result of GKU Station PM2.5 Parameter

Figure 4.3 Graph of prediction PM2.5 results at GKU station.
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Prediction Result of GKU Station CO2 Parameter

Figure 4.4 Graph of prediction CO2 results at GKU station.

Prediction Result of Deli Station PM2.5 Parameter

Figure 4.5 Graph of prediction PM2.5 results at Deli station.

Prediction Result of Deli Station CO2 Parameter
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Figure 4.6 Graph of prediction CO2 results at Deli station.

e Quality Metrics Prediction

Table 4.2 Quality Metrics Prediction

4.2 Result Early Warning System

PM2.5 and CO2 prediction data results from the three stations, namely Deli,
GKU, and TULT, are used to send early warning system notifications. The system
will read the prediction data that exceeds the predetermined quality standard
threshold so that messages will be sent to registered WhatsApp users. The
following compares notifications sent and notifications that are not sent based on

predicted data.
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Table 4.3 Comparison between triggered notifications and non-triggered notifications for the early warning

system.

Table 4.3 Percentages of notifications sent and no notifications sent for early warning system.

From the table, it can be seen that the notification only sends prediction results at
two stations, namely Deli and GKU. This is because the prediction data at Deli
and GKU stations have data that exceeds the quality standards, while the
prediction data at the TULT station is at a safe limit or does not exceed. The
highest percentage of notification delivery was at the Deli station for the PM2.5
parameter in November 2024, with a percentage of 41.38%. While at the GKU
station, the highest percentage of notification delivery was for the PM2.5
parameter in November 2024, with a percentage of 39.13%. There is no
notification delivery for the TULT station because no prediction data exceeds the
quality standard.

The following graph compares notifications sent and notifications not sent at the

three stations.
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Figure 4.7 Graph of comparisons of early warning system notifications in three stations.

5. Analysis

The results of prediction testing using the CNN-LSTM model at three monitoring
stations (GKU, TULT, and Deli) show variations in performance, with an accuracy rate of
up to 50%. The model can generally follow the actual data pattern but still has difficulty
capturing data fluctuations and variability, especially in months with seasonal changes,
such as December and January. At Station GKU, which has the most complete data, the
model showed the best performance for PM2.5 prediction in November 2024, with an R?
of 0.55. However, the performance decreased significantly in December 2024 with an R?
of -0.14 and in January 2025 with an R? of -0.29. This decline is likely due to high data
fluctuations and the influence of seasonal factors, such as increased human activity and
unstable meteorological conditions. For CO2 prediction, the model improved performance
from November to January, with R? increasing from -0.275 to 0.372. However, the
prediction accuracy is still limited due to the volatile nature of the data.

At TULT Station, the model had difficulty predicting both pollutants, especially in
January. For PM2.5, the overall model performance was poor, with an R? of 0.073, with a
particularly negative R? value in January 2025 with an R? of -1.776, indicating that the
model could not explain the data's variability well. CO2 predictions at this station also
varied, with the best performance in November 2024 with an R? of 0.36 and a significant
decrease in December 2024 with an R? of -0.21. This fluctuation in performance may be
due to unpredictable changes in CO2 emission patterns or limited data available.
Meanwhile, at Deli Station, the model showed the best performance for PM2.5 prediction
in November 2024 with an R? 0of 0.59. However, the accuracy decreased in December 2024

with an R? 0f 0.026 and in January 2025 with an R? of -0.83. For CO2 prediction, the model
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showed a consistent improvement in performance from November to January, with R?
increasing from 0.227 to 0.479. Even so, prediction accuracy is still limited due to data
fluctuations.

This difference in model performance can be attributed to seasonal factors that
affect air pollution patterns. Air pollution in urban areas, including around TULT and Deli
Stations, is strongly influenced by seasonal changes. Data from all three stations show
significant differences in air pollution patterns between the dry and wet seasons. During
the dry season, PM2.5 and CO2 concentrations tend to be higher due to the lack of rainfall
that can clean the air of pollutant particles. The stability of transportation and industrial
activities also contributes to the increase in pollution, and the model shows more stable
performance in this season with lower MAE and RMSE values and higher R In contrast,
during the rainy season, PM2.5 concentrations tend to be lower as rain helps to precipitate
pollutant particles. However, CO2 experiences more significant fluctuations due to
changes in temperature and humidity that affect the gas dispersion process. Stronger winds
in the rainy season can also accelerate the dispersion of pollutants, causing spatial
variations in pollution concentrations. The model performed less well in the wet season,
with higher MAE and RMSE values and negative R? in some months, suggesting that more
dynamic pollution patterns are complex for the model to capture.

Better model performance in the dry season indicates that the CNN-LSTM model
more easily identifies more stable and predictable air pollution patterns. In contrast, in the
wet season, pollution patterns are more dynamic and influenced by many external factors,
making it difficult for the model to produce accurate predictions. This variability is evident
from the model's reduced performance for PM2.5 prediction in high-rainfall months
(December and January) and the fluctuation in CO2 prediction performance that shows a
non-linear pattern between the dry and rainy seasons. These limitations are largely due to
the lack of meteorological variables in the model, such as rainfall, humidity, and wind
speed, which can affect air pollution patterns.

The accuracy of the prediction results affects the delivery of notifications for the
early warning system. Because the accuracy is relatively low, the notification delivery can
be inaccurate. This can be seen from the comparison between actual data and prediction
data. For example, on November 5, 2024, the prediction data generated was 59.28 ug/m3,
while the actual data was 49.8 ug/m3. The prediction data has a value exceeding the

established quality standards from these data. However, the actual measured data does not
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exceed the quality standard but is within safe limits. Therefore, prediction accuracy
significantly affects the delivery of early warning system notifications because if the
accuracy is low, there is a possibility that the messages sent do not match the actual
environmental conditions.

Several improvement steps are needed to improve prediction accuracy, such as
adding weather data to the model, including rainfall and wind speed, to enhance the
model's ability to capture complex pollution patterns. In addition, model optimization
through hyperparameter fine-tuning and exploration of more profound learning-based
prediction methods. Another approach is to train the model separately for the dry and wet
seasons to make it more adaptive to pollution patterns and improve the data resolution to

better capture the changing patterns.

*Write down the schedule of the published original papers, the publishment without original papers, oral
presentation, bachelor thesis, thesis of master’s degree, and doctoral thesis. Applicants must report the results to
the K-INET office.
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In eukaryotes, mitochondria are the main units of energy production. A complete
mitochondrial structure guarantees energy production; the special and delicate structures of
mitochondria make them highly sensitive to environmental interference. In recent years, PMa 5
has been an important harmful factor in the environment. Epidemiological studies have shown
that PM» 5 poses significant risks to human health, such as increased incidence of respiratory,
and cardiovascular diseases, etc. Based on the importance of mitochondria in maintaining
physiological function, and the adverse effects of PM, 5, we investigate the damage of PM> s
Purpose of the | exposure to mitochondrial function. Furthermore, the components of PMs s in China and Japan
Research/ are different. We also explore the difference in mitochondrial function damage caused by PM> 5
Expected in different regions.
Results

PMzs enters the lungs through the respiratory tract and deposits in the pulmonary
epithelium. In the present study, we conduct the experiment with pulmonary epithelium-
BAES-2B. According to the study, we expect the following results: 1. How PM, s exposure
influence mitochondrial function; 2. The pathways of mitochondrial function damaged by
PM, 5. The present study could provide new insights for elucidating the molecular mechanism
of adverse health effects induced by PM»s exposure. 3. The difference in mitochondrial
function damage caused by PM 5 in China and Japan.
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% Submit the application form.

Details of the
project/
Results

In the present study, we investigated the effect of PM. 5 exposure on mitochondrial function.
The pulmonary epithelial cells (BEAS-2B) were exposed to 0, 25, 50, 100, 200 pg/mL of PM> s
for 24 hours. We evaluated the mitochondrial function by analyzing the mitochondrial
morphology, dynamics, the number of mitochondrial DNA.

1. The effect of PM, 5 exposure on mitochondrial morphology

Cell viability was analyzed by trypan blue stain. Mitochondrial morphology was analyzed
Mito-Tracker stain. The mitochondrial membrane potential (MMP, 4%¥m) was assessed using
a JC-1 probe stain. The levels of intracellular ROS were measured using DCFH-DA. The levels
of mitochondrial ROS (mtROS) were measured by MitoSOX red stain.

2. The pathways of mitochondrial function damaged by PM s.

The content of ATP was analyzed by Enzyme-linked immunosorbent assay (ELISA). The
mtDNA copy number and the expression level of genes refer to mitochondrial dynamics were
quantitative polymerase chain reaction (QPCR).

3. Statistical analysis

All results were expressed as mean + standard error of the mean (SEM) from a minimum of
three independent experiments. We used GraphPad Prism 9 (GraphPad Software Inc., San
Diego, CA, USA) to analyse data. An independent sample t-test was used to compare the
groups. One-way analysis of variance (ANOVA)was used to compare multiple groups. We will
consider a p-value of less than 0.05 to indicate statistically significant differences.

Results

1. The effect of PM, 5 exposure on mitochondrial morphology

We found that PM, s infiltrates cells via endocytosis without causing significant damage to cell
membranes (Figure 1). Moreover, PM» 5 exposure induced the increase in intracellular ROS
(Figure 2). Meanwhile, PM, s exposure induced a decrease of the number of mitochondria
(Figure 3) and an increase in mtROS (Figure 4), indicating that PM, 5 exposure induced the
damage of mitochondrial morphology.

Figure 1. PM: s infiltrates cells via endocytosis
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Figure 2. PMa s exposure induced the increase in intracellular ROS

Figure 3. PM» 5 exposure induced the decrease in the number of mitochondria

Figure 4. PM; s exposure induced the increase in mtROS

2. The pathways of mitochondrial function damaged by PM> s

PM> s exposure caused a decrease in ATP (Figure 5) and an increase in mtDNA copy number
(Figure 6). PM> 5 exposure induced the up-regulation of fission genes, including Fis1, Mff, and
Dnml, but it did not influence the expression level of fusion genes (Figure 7). Therefore, the
down-regulation of mtDNA CN induced by PM s exposure could be ascribed to the over-
expression of fission genes.

Figure 5. PM; 5 exposure induced the decrease in ATP
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Figure 6. PM; 5 exposure induced the increase in mtDNA copy number

Figure 7. the effect of PM> s exposure on the fission genes and fusion genes of mitochondria

3. Additional comments: At present, we did not obtain the PM; 5 of Japan. We will analyze the
difference in mitochondrial function damage caused by PM. s in China and Japan, in future.

* Write down the schedule of the published original papers, the publishment without original papers, oral

presentation, bachelor thesis, thesis of master degree and doctoral thesis. Applicants must report the results to

theK-INET office.
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Purpose of the
Research/
Expected

Results

Air pollutants are vital to human health and radiation balance. Wajima is a
typical background sampling site in western Japan, and Beijing is a specific city
sampling station in China. Here we analyze 3-year measurements air pollutant
data in Wajima and Beijing. Then this research uses aerosol optical properties to
study direct radiative forcing. Our results showed a significant reduction of Os by
13% from 2019 to 2020 and the concentration of NOz in Wajima was lower than in
other cities. The NO2 and SOz concentration in Beijing exceeds one order than that
of Wajima. The CH4 concentration in Wajima and Beijing are 1.92+0.07 ppm and
1.87+0.03 ppm, respectively, and thermal properties difference between the land
and the sea cause different seasonal properties of CHs. The PSCF results indicate
that anthropogenic emissions from the Korean Peninsula significantly contribute
to OC and EC particles.

As a response to the human activities' reduction caused by COVID-19, all air
pollutants and direct radiative forcing of aerosols decreased in 2020. The direct
radiative forcing of atmosphere decreased by 20% from 2019 to 2020 in Wajima.
The direct radiative forcing on the surface in Beijing is about twice that in Wajima,
while the direct radiative forcing on the atmosphere in Beijing is about 1.5 times
that in Wajima. Such changes indicate that anthropic activities significantly
impact the aerosol direct radiative characteristics in Wajima. Future studies are
urgently required to estimate the pollutant interactions and revise more air

quality standards to improve future air quality.

% Submit the application form.

3 form 3



Details of the
project/
Results

We analyzed air quality monitoring data and compared aerosol radiative forcing
in Wajima and Beijing from March 2019 to March 2021. The temporal variations
of air pollutants (O3, NOz, SOz, PM1, PMs5, CO2, CH4), the potential sources of OC
and EC, and radiative forcing were investigated, respectively. Based on the three-
year data from Wajima and Beijing, the status of air conditions is presented. The
concentration of each pollutant in Wajima is one to two level lower than that of
Beijing. In Wajima, The concentrations of Oz and NO:z are relatively low in
summer, with values of 19.2+19.1 ppb and 1.06+0.67 ppb, respectively. During
winter and spring, the concentrations are relatively high with values of 13.2-39.8
ppb and 0.36-2.69 ppb, respectively. The differences in thermal properties between
land and sea induce diverse seasonal characteristics of CH4. The results of PSCF
show OC and EC mainly originate from external sources.

We further analyzed the aerosol direct radiative forcing changes in Wajima and
Beijing during 2019-2021. The direct radiative forcing of aerosols in Wajima on
the top of atmosphere, atmosphere, and ground is about half lower than that of
Beijing, indicating that lower aerosol results in weaker direct radiative forcing
effects. The direct radiative forcing to the ground is -10.34*=4.49 W/m?2 which is
higher than in other seasons. Our results show that anthropogenic emissions
significantly impact the atmospheric environment, and control multiple

pollutants should be coordinated.

Results

(1) Changyi Li, Bin Chen*, Wei Wu, Yanan Chen, Guili Feng and Xiaopei Wen
(2024), A High-Precision Sub-Grid Parameterization Scheme for Clear-Sky
Direct Solar Radiation in Complex Terrain—Part II: Considering Atmospheric
Transparency Differences in Sub-Grid; Pre-Research for Application,
Atmosphere, 2024, 15, 864. https://doi.org/10.3390/atmos15070864

(2) Changyi Li, Wei Wu, Yanan Chen, Guili Feng, Bin Chen and Xiaopei Wen
(2024), A High-Precision Sub-Grid Parameterization Scheme for Clear-Sky
Direct Solar Radiation in Complex Terrain—Part I: A High-Precision Fast
Terrain Occlusion Algorithm, Atmosphere 2024, 15,

857; https://doi.org/10.3390/atmos15070857
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Purpose of the
Research/
Expected Results

% Submit the application form.

emission and formation of BSOAs in Hanoi, Vietnam as follows:

The main objectives of this project are to determine characteristic variation, source

To measure the concentration of typical tracers of BSOAs (SOA;:: isoprene-derived
SOA tracers; SOAM: monoterpene-derived SOA tracers; SOAc: sesquiterpene-derived
SOA tracers) and biomass burning (levoglucosan and mannosan) absorbed in PM in
urban and sub-urban area of Hanoi.

To estimate the major BSOA emission source in Hanoi by comparing the concentration
ratio of SOA1, SOAwm and SOAC( tracers and the relationship with levoglucosan.

To assess formation mechanism of NOx or -OH pathway of BSOA in Hanoi by SOA

tracers and identification of aerosol aging by SOAwm tracers.
Expected scientific outcomes:

The characteristic of BSOAs distribution in Hanoi, Vietnam.
The Source apportionment of BSOAs based on concentration ratios of BSOA tracers.

Formation mechanism of BSOAs in Hanoi.
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Details of the
project/
Results

The emission of biogenic volatile organic compounds (BVOCs) is one order of magnitude
higher than anthropogenic VOCs annually, leading to a significant source of secondary organic
aerosols (SOAs) in the atmosphere. The enhanced SOAs presents significant impact on radiation
balance, regional air quality, and public health. Due to the diverse vegetation and anthropogenic
pollution in Asia, biogenic SOAs (BSOAs) present a complex spatial distribution. However,
current research on BSOA in Asia is primarily focused on China, while studies on other region
remain limited. For better evaluating spatial distribution of BSOAs, simultaneous observation
over intercontinental scale is also urgently needed. Therefore, BSOA tracers were collected in
Kanazawa, Japan and Hanoi, Vietnam from August 2024 to February 2025. Since the sampling
in Vietnam was just finished and limit time for sample analysis, BSOA tracers collected in
Kanazawa from April 2022 to February 2023 were analyzed firstly to provide a basic
understanding of BSOA characteristics in Kanazawa, Japan.

PM2.5 samples were collected by high-volume air sampler from Apr. 11, 2022, to Feb. 19,
2023, at Yamashina station in Kanazawa, 2 metres from the roadside. A total of 11 BSOA tracers
and levouglucosan, as the biomass burning tracer were analyzed by GC/MS.

The concentration of total BSOA tracers ranged from 3.85 to 20.9 ng/m?, with an average of
10.9 £+ 4.17 ng/m?, occupying for 0.23 + 0.21 % in PMz 5. Both concentration and composition
exhibited seasonal distributions, with the highest in summer (15.3 ng/m?), followed by spring
(11.7 ng/m?), fall (10.1 ng/m?®) and winter (6.85 ng/m?). The highest BSOA concentration in
summer may be attributed to increased BVOC emissions from active vegetation growth at warm
temperatures. As temperatures decrease, vegetation activity declines, which further significantly
reduces BVOC emissions, resulting in limited BSOA formation. SOA| consistently represents the
highest proportion (59.0 %), followed by SOAwm (24.7 %) and SOAc (16.3 %), suggesting
isoprene have the most contribution for BSOAs in Kanazawa.

The annual mean SOA; concentration was 6.90 + 3.86 ng/m?, with highest in summer (11.1
ng/m?), followed by spring (7.29 ng/m?), fall (6.01 ng/m?) and winter (3.17 ng/m?®). Seasonal
distribution in SOA; concentration are more pronounced than total BSOA concentration, which
is likely due to the higher emission sensitivity and more active reactivity of isoprene. The
formation of SOA| tracer is mainly impacted by NOx: low-NOx conditions results in MTLs and
Cs formation, while high-NOx favors 2-MGA formation. The [2-MGA] / [MTLs] ratio is widely
used to reflect NOy effects. [2-MGA]/[MTLs] was higher in spring (0.39) and winter (0.37) than
in summer (0.31) and fall (0.33), which showed an agreement with the decreased isoprene
emissions and subsequently reduced formation of MTLs due to the higher NOjs levels in
wintertime at Kanazawa.

The annual mean SOAwm concentration was 7.95 £ 9.69 ng/m?, with highest in summer (2.51
ng/m?), followed by spring (2.39 ng/m®), winter (2.37 ng/m?) and fall (2.33 ng/m?). SOAm
concentration didn’t show significantly seasonal distribution (p > 0.05). This may be because
coniferous forests retain leaves in winter and reduce growth activity in summer, resulting in less
seasonal variation in a/f-pinene emissions.

The average SOAc concentration was 1.77 £ 0.31 ng/m?, with concentration in spring (1.96

ng/m?) was higher than other seasons (summer: 1.67 ng/m?; fall: 1.74 ng/m?; winter: 1.70 ng/m?).

Except for emission from mechanical damage during the natural growth process, f-caryophyllene
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emission is also significantly contributed by biomass burning, since the high combustion
temperatures during biomass burning will damage cells, favoring f-caryophyllene emissions. As
a result, levoglucosan also presented a higher concentration in spring (3.98 ng/m?) than other
seasons (summer: 3.59 ng/m?; fall: 3.70 ng/m?3, winter: 3.76 ng/m?), reflecting the impact of

biomass burning on SOAc concentration at Kanazawa.

Results

original papers:

Main emission sources and characteristics of biogenic secondary organic aerosol at typical sites
in Hanoi. Scheduled: Submission by Mar. 2026. Planned.

Oral Presentation:

Presentation at Kinet International Symposium 2024. Scheduled: Mar. 2025. Completed.
Doctoral Thesis:

Behavior analysis of biogenic secondary organic aerosols in cities under the East Asian monsoon
climate. Scheduled: Submission by Feb. 2026. Planned.

* Write down the schedule of the published original papers, the publishment without original papers, oral

presentation, bachelor thesis, thesis of master degree and doctoral thesis. Applicants must report the results to

theK-INET office.
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form 3 (Joint Research)
Annual Results Report

Joint Research, Institute of Nature and Environmental Technology,

Kanazawa University, 2024

Name Lulu Zhang Date 04/22/2025
Affiliation School of Civil Engineering, Architecture and Environment, Hubei University of Technology,
Position Wuhan, China * Associate Professor
Postal Address
Phone Number Facsimile
E-mail
Address
[J Key Joint Research Program
) M Joint Research Program . Research period
Funding [ domestic M new
Cat [J PhD student Support Program 7 international VI one year O conti
atego internationa
goy [Joint research within Kanazawa [ two years continue
University
[ Understanding environmental pollution, environmental fluctuations, and the mechanisms
behind these factors
M Investigating the effects of environmental change on human health
Research Field | [0 Researching the effects of human societies on ecosystems
O Developing methods for the prediction of changes to local environments
[] Researching topics related to sustainable development
[ Interdisciplinary studies related to the Sea of Japan Sea region
Research Tracking the characteristics and health risks of PAHs and NPAHs emitted from vehicle exhaust
Theme of global energy structure optimization
P
rograt 04/01/2024 ~ 03/31/2025
Period
K-INET
Ning T
Research Staff g fang
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Name

Affiliation

Position

Role/Research Task

Applicant

Lulu Zhang

School of Civil
Engineering,
Architecture
and
Environment,
Hubei
University  of
Technology,
China

Associate
Professor

Methodology,

Sampling,
analysis, Laboratory studies

Chemical

Member(s)

Ning Tang

Kanazawa
University

Professor

Sampling, Chemical analysis

Kewu Pi

School of Civil
Engineering,
Architecture
and
Environment,
Hubei
University  of
Technology,
China

Professor

Chemical analysis

Huiqin Zhang

School of Civil
Engineering,
Architecture
and
Environment,
Hubei
University  of
Technology,
China

Associate
Professor

Chemical analysis

Wenwen Yan

School of Civil
Engineering,
Architecture
and
Environment,
Hubei
University  of
Technology,
China

First-year
graduate
student

studies

Sampling, Chemical analysis, Laboratory

X If there are any changes, please submit a newly revised application form to the K-INET office in
consultation with K-INET staff.

Assay
sample(s)

Name of Sample

Form(Shape)

The number of sample

Applied sample

PAHs, NPAHs

Particulate phase

100

form 3



Analyzed PAHs, NPAHs, Water-

. .. Particulate phase 200
sample soluble inorganic ions

Purpose of the
Research/
Expected

Results

% Submit the application form.

Polycyclic aromatic hydrocarbons (PAHs) have been widely studied due to their
carcinogenic and mutagenic potentials. PAHs in ambient air mainly originate by means of
the imperfect combustion of organic materials such as solid and oil fuels. Most nitro-PAHs
(NPAHSs) are emitted from combustion sources together with PAHs, such as 1-nitropyrene,
they are directly mutagenic and more toxic than parent PAHs. As loaded on fine particles,
PAHs and NPAHs can penetrate deeply into the alveoli and pose health hazards to humans.
In addition, NPAHs are the main chromophores of brown carbon due to strong light-
absorbing ability, which contributes greatly to climate change and air pollution. To achieve
carbon neutrality, the optimization of the global energy structure will change the emission
characteristics of PAHs and NPAHs and thereby the adverse effects. Therefore, it is
necessary to track the change in characteristics of PAHs and NPAHs to cope with adverse
effects on climate change, ecological environment, and public health.

The applicant and Professor Tang have conducted numerous studies on the levels,
sources, and health risks of PAHs and NPAHs in urban, background, and indoor airborne
particulate matters, and have made significant progress. We found that the contribution of
vehicle exhaust to PAHs and NPAHs has become increasingly prominent as moving
towards carbon neutrality, and will further become the primary contributor of PAHs and
NPAHs as the number of vehicles increases. Incomplete fuel combustion, which is an
important process for the production of PAHs and NPAHs, is most severe at idling state of
vehicles. However, there is a lack of research on PAHs and NPAHs emissions from idling
vehicles to date.

The training ground of driving school is the best place to carry out the monitoring of
vehicle exhaust at idling state due to the slow driving speed, low gears, and frequent start-
stop operations. The latest statistics show that there are 123 driving schools and 105 up-
to-standard training grounds (with a total area of 2.133,300 m2) in Wuhan. The growing
number of trainees undoubtedly makes those training grounds an important source of PAHs
and NPAHs, which poses a great health hazard to students and instructors at driving school.
Therefore, this study will make full use of the atmospheric laboratories and air monitoring
stations of Hubei University of Technology and Kanazawa University to carry out
atmospheric particulate sampling on the training ground of driving school and road traffic
in Wuhan and road traffic in Kanazawa. The samples will be examined for PAHs and
NPAHS, and the characteristics and source indicators of PAHs and NPAHs emitted from
vehicles at idling and cruising speeds will be comparatively analyzed, and the related
health risks will be assessed. The results of the study will provide data support for the
complete understanding and accurate traceability of PAHs and NPAHs emitted from
vehicle exhaust, and provide a scientific basis for the comprehensive prevention and
control of atmospheric PAHs and NPAHs pollution in the context of global energy
structure optimization.
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Details of the
project/
Results

To accurately grasp the time-resolved changes in the characteristics and sources of PM s
pollution in Wuhan, this study conducted day and night sampling of PM> s in urban Wuhan
between 2023 and 2024, analyzed the concentration and composition of water-soluble
inorganic ions, metallic elements, and organic compounds in PM» s, and explored the main
emission sources and potential source areas of PM3 s through model calculations.

The PM2 s concentration during the daytime in each season was slightly higher than that at
night (Fig. 1a), but there were no significant diurnal differences. Water-soluble ions accounted
for the highest proportion of PM» s mass (Fig. 1a), particularly secondary ions (SO42-, NO3-,
NH4+) were the most abundant (Fig. 1c), while the proportions of crustal elements, trace
elements, and polar organics were relatively low.

The sources of PM> 5 estimated by the PMF model showed high diurnal consistency in each
season (Fig. 1b). Secondary sulfate & anthropogenic SOA and secondary nitrate were
identified as the predominant contributors, followed by mixed dust and vehicle emissions. Coal
combustion and biomass burning, which were the historically dominant sources, had a lower
contribution to PM> s, highlighting the substantial outcomes of stringent prevention and control
measures implemented by regulatory authorities in recent years. The contributions of external
sources to PM» 5 showed diurnal variations during the sampling periods except for autumn (Fig.
2), but they scarcely affected PM» 5 levels and compositions.

The above results suggest that the comprehensive impact of factors such as emission
sources and weather conditions endow PM;s with distinct seasonal characteristics. Thus,
Wuhan should formulate seasonally adaptive control strategies for secondary aerosols, vehicle
emissions, and mixed dust sources to optimize the mitigation effect. The results presented
today reflect a preliminary stage of our ongoing analysis, further investigation will lead to more
robust conclusions.
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Results The paper is currently in the process of being prepared for submission.

* Write down the schedule of the published original papers, the publishment without original papers, oral

presentation, bachelor thesis, thesis of master degree and doctoral thesis. Applicants must report the results to

theK-INET office.
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Name Chong Han Date 4/22/2025
Affiliation | Department of Resource and Environment, School of Metallurgy, Northeastern University,
Position China. Professor
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E-mail
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[J Key Joint Research Program
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Name

Affiliation
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Applicant

Chong Han

Department of
Resource and
Environment,
School of
Metallurgy,
Northeastern
University,
China

Professor

Study of nitrates photolysis in the
presence of brown carbon

Ning Tang

Kanazawa
University

Professor

Sampling

Wangjin Yang

Department of
Resource and
Environment,
School of
Metallurgy,
Northeastern
University,
China

Lecturer

Analysis of products from the nitrate
photolysis

Member(s)

Jianwei Zheng

Department of
Resource and
Environment,
School of
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Northeastern
University,
China

Grade 4,
doctoral
student

Analysis of composition and structure of
brown carbon

Hao Na

Department of
Resource and
Environment,
School of
Metallurgy,
Northeastern
University,
China

Grade 3,
doctoral
student

Analysis of optical property of brown
carbon

consultation

X If there are any changes,

please submit a newly revised application form to the K-INET office in

with K-INET staff.

Name of Sample

Form(Shape) The number of sample

Assay

Applied sample

Aerosols; Brown carbon;

Solid or liquid state 120

sample(s)
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Aerosols; Brown carbon;

Solid or liquid state 120
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Brown carbon (BrC), as an important class of organic compounds in atmospheric
acrosols, shows significant light absorption capability from ultraviolet to visible
wavelengths. BrC contains various photosensitive components, such as nitroaromatics,
polycyclic aromatic hydrocarbon derivatives and polyphenols, which would initiate
photochemical reactions in the atmosphere. The redox active species in BrC are the
important precursors for generating reactive oxygen species (ROS, such as 'O, *OH and
0,¢/HO>*) under irradiation, which can further induce a series of oxidation processes.
Nitrates are widespread in the gas (in the form of HNOs3), aqueous and particle phases in
rural and urban regions. Photolysis is an important removal pathway for nitrates in the
atmosphere, and this process is considered to be an important source of reactive species
(such as *OH, NO, /HONO and NO) that affect the atmospheric oxidative capacity and
Purpose of the | promote the transformation of atmospheric species. The photolysis of nitrates in the

Research/ presence of BrC is still unknown. A variety of organics in BrC makes the kinetics and
Expected mechanism for nitrates photochemistry more complicated. Thus, the nitrates photolysis in
Results the presence of BrC should be considered.

This project will be performed in the atmospheric chemical laboratory, Northeastern
University and the aerosol sampling station of the institute of nature and environmental
technology, Kanazawa University. The photolysis of nitrates in the presence of water-
soluble brown carbon (WSBrC) quantified to determine the quantum yield. The structure-
activity correlation of chemical compositions with optical property as well as ¢”, ROS and
NO;™ formations is established, which would help to understand the influence of BrC on
the photolysis of nitrates and provide insights into the potential significance of nitrates as
a photochemical source of reactive nitrogen species.

Based on the implementation of this project, a series of interesting results about BrC
and nitrates photochemistry will be obtained, and some papers will be jointly published in
journals and conferences.

% Submit the application form.

1 NO>/HONO Formation by the Photolysis of Nitrates in the Presence of WSBrC
Figure 1 shows temporal variation of NO2, and HONO by the photolysis of nitrates with
WSBrC. The changes in the NO, concentration were particularly interesting since the NO»
formation by the photolysis of nitrates through R1 has been widely reported. It is possible that
a small amount of impurity (NO,) underwent the heterogeneous photochemical uptake with
the solution, leading to a decrease in the NO, signal. The photolysis of NO, may be also
responsible for a decrease in the NO, signal. However, the photolysis product (NO) was not
observed under irradiation, suggesting a minor path for the NO> loss by the photolysis. In
addition, the water cage resulted in rapid combination of NO, and *OH (produced by R1 and
Details of the | R3) to form NOs™ (RS5), and thus NO» cannot be released into the gas phase. This assumption
project/ was verified by adding the typical *OH scavenger (isopropanol) in the solution to suppress the
Results R5. As shown in Figure 2, the NO, concentration by the photolysis of nitrates in the presence
of isopropanol significantly increased. The different variation trends in NO; by the photolysis
of nitrates with isopropanol (Figure 2) or WSBrC (Figure 1) implied that WSBrC did not
merely act as the *OH scavenger. It should be pointed out that the reaction between NO and
*OH would lead to the NO>,7HONO formation. However, NO concentration was negligible in
the presence of *OH scavenger (Figure 2, NO concentration <0.7 ppb), suggesting a minor
contribution of the NO + «OH reaction to NO, /HONO.
NOs +hv - NO>+ 0O+ (RI)
NO;~+hv—NO; +O(P) (R2)
O +H"—>+OH (R3)
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NO, + H* — HONO  (R4)
NO, + *OH — NOs + H*  (R5)

The HONO formation by nitrates + WSBrC and WSBrC was in the range of 0.04—0.53
and 0.03-0.48 ppb, respectively (Figure 1). The presence of nitrates did not significantly
change the gaseous HONO formation from most of WSBrC samples, whereas HONO
formations from Suml and Autl were inhibited in the presence of nitrates. In the majority of
experiments, HONO concentrations gradually decreased with the time, which should be
ascribed to the continuous consumption of HONO precursors (such as nitrates) in WSBrC
under irradiation (Figure 1).
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Figure 1. The temporal variation of HONO and NO; concentration during the photolysis
processes. HONO signal by nitrates + WSBrC (red line, left coordinate); HONO signal by
WSBTC (blue line, left coordinate); NO> signal by nitrates + WSBrC (green line, right
coordinate)
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Figure 2. The temporal variation of NO; and NO concentrations by the photolysis of nitrates

with isopropanol

Figure 3 shows quantum yield of NO>™ (®yq;) by the photolysis process of nitrates. The
error bars in tables and figures represent the standard deviations from three independent
experiments. The @y, (1.22 £ 0.09)% of pure nitrates in this study was comparable to the
value (1.11%) obtained by Benedict et al, but higher than those from other literatures (0.13%—
0.6%). The ®yq, of nitrates + WSBrC ranged from (0.07 + 0.02)% to (3.11 + 0.04)%.
Summer samples (Sum1 and Sum2) generally had the relatively lower ®y(;, whereas winter
samples (Winl and Win2) generally had higher ®yop;. Ryo;, defined as the ratio of ®yo;
from nitrates + WSBrC to @y, from pure nitrates, represent the enhancement effect of
WSBrC on NO>™ formation. Most of WSBrC enhanced the ®yq;, with the Ry, value in the
range of 1.03-2.55, whereas the sample Sum2 significantly hindered the NO,™~ formation (Ryo;
= 0.06). It has been reported that ®yq; of nitrates in the presence of small oxygenated
organics was 1.46-6.46 times higher than the ®yq; of pure nitrates, and photosensitive

substances led to the 60 times increases in the ®yq;. However, the inhibited NO,™ formation
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in the presence of model organics has not been observed in the previous studies.
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Figure 3. @y, by the photolysis of nitrates with or without WSBrC (the numbers represent
the Ryo, value)

2 Important Role of Optical Properties of WSBrC in the Nitrates Photolysis

Variable organics and a part of inorganic salts in WSBrC may affect the photolysis of
nitrates. It has been reported that CO3*/HCO;~, acting as an important *OH scavenger,
enhanced NO,~ formation. To understand the role of CO3>/HCOs5" in the nitrate photolysis,
WSBrC solution (Winl sample) was firstly acidified to pH=2.0 by HCI to remove CO3*
/HCOs7, and then the pH of WSBrC was adjusted to the original value (5.39). ®yq; (2.25 +
0.09)% of the treated WSBrC was generally comparable to that (2.95 = 0.11)% of untreated
WSBIC. In addition, it was previously revealed that CO3>*/HCOs had an insignificant effect
on the NO, formation at pH < 6.2. Thereby, CO3>/HCO; had a minor influence this study,
since the solution pH was in the range of 4.79-5.41 (Table 1). We assumed that organics were
the most probably key species for impacting the photochemical process.

Table 1. The content of nitrates in WSBrC
Sprl Spr2  Suml Sum2  Autl Aut2  Winl  Win2

Nitrate content
(mM)
pH 4.79 5.14 5.12 5.36 5.41 5.29 5.39 5.03

1.18 1.53 0.40 0.59 1.17 0.11 0.36 2.44

WSBrC contains light-absorbing and non-light-absorbing organics (such as small
oxygenated organics: oxalic acid and formate etc.), which were considered to impact the
photochemical conversion of nitrates to NO,™. To further distinguish the role of these two types
of organics, the optical properties of different WSBrC was measured, as shown in Figure 4A.
The absorbance of WSBrC decreased with increasing the wavelength in the range of 250-500
nm. WSBrC collected during the summer showed the lowest light absorption. The strongest
absorbance appeared in winter and spring samples, which could be ascribed to the residential
heating. The integrals of absorbance at 300—500 nm (defined as Asoo-s00) were calculated to
represent the total absorbance of WSBrC in the experiments. Figure 4B shows that ®yo;
positively correlated with Asgo-s00, meaning that light-absorbing substances favored the NO>~
formation. The ratio of the absorbance of WSBrC at 250 and 365 nm (e»/e3) was also
determined. Higher e)/e; are related to lower molecular sizes and lower aromaticity. It was
noted that the larger e>/e; had a smaller ®yq;, and a linear correlation was observed (Figure
4C). These indicate that macromolecular aromatic light-absorbing species generally promoted
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the NO,~ formation.

In addition, 4 typical samples of different seasons (Sprl, Suml, Autl and Winl) were
separated into light-absorbing organics and small oxygenated organics, which mainly existed
in humic-like substances (HULIS) and high-polarity BrC (HP-WSBrC), respectively (Figure
5). The @yp; and Ryg; of HULIS and HP-WSBrC in different seasons were listed in Table
2. Oyp, of HULIS (1.41-3.61)% was generally close to ®yg; of WSBrC (1.26-3.11)%. This
confirms that HULIS, as strong light-absorbing substances, primarily contributed to the NO>~
formation in the photolysis of nitrates with WSBrC. HP-WSBrC inhibited the nitrates
photolysis, with @y, and Ryo;, in the range of (0.21-0.36)% and 0.17-0.30, respectively.
The small oxygenated organics, such as ethylene glycol, acetic acid, propionic acid and valeric
acid have been proven to promote the NO; formation by quenching *OH, whereas HP-
WSBTC, containing small oxygenated organics, suppressed the NO,~ formation. This could be
ascribed to the difference in the quenching ability of model small oxygenated organics and HP-
WSBIC towards *OH. Small oxygenated organics in HP-WSBrC complexing with Fe** (Table
3) can generate *OH through the Fenton-like reaction. In this case, HP-WSBrC would act as
the important *OH producer rather than *OH quencher, thereby suppressing NO,~ formation.
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Figure 5. The absorbance of HULIS and HP-WSBrC
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Table 2. dyg; and Ryo, of WSBrC, HULIS and HP-WSBrC

Samples  Parameters WSBrC HULIS HP-WSBrC
Do, (3.11 £0.04)% (3.61 £0.28)% (0.36 £ 0.04)%
Sprl
Ro; 2.55 2.95 0.30
Do, (1.26 = 0.04)% (1.41 £0.06)% (021 £0.01)%
Suml
Ryo; 1.03 1.15 0.17
Do, (1.91 £0.02)% (2.30£0.05)% (0.29£0.01)%
Autl
Ryo; 1.57 1.88 0.24
Do, (2.95+0.11)% (2.50£0.16)% (0.26 = 0.06)%
Wintl
Ro; 241 2.04 0.21
Table 3. Content of inorganic salts and metal ions in WSBrC
Sprl Suml Autl Winl
S04 (mM) 1.94 0.74 1.20 0.85
ClI (mM) 0.76 0.06 0.35 0.75
NH4" (mM) 0.56 0.69 1.68 0.62
Mn?* (uM) 1.93 0.96 0.56 0.93
Cu?** (uM) 1.98 0.69 1.02 1.45
Fe?'/Fe’* (uM) 1.30 1.45 2.98 3.35
OC (ug m™) 24.72 16.60 23.56 20.55

3 Photolysis Pathways for Nitrates in the Presence of WSBrC

To further understand the role of organics, the photolysis pathways for nitrates in the
presence of WSBrC were investigated. The intrinsic quantum yield of NO, (R1) was one order
of magnitude higher than that of NO, (R2) under irradiation, suggesting that NO, was the
dominant product by the photolysis. It is generally recognized that NO, /HONO was primarily
generated by the secondary reaction of NO» rather than R2. We chose four samples (Sp1, Sum1,
Autl and Winl) to verify the NO secondary reaction mechanism. 40 ppb NO; was introduced
into the reactor and contacted with the WSBrC film. NO, concentration decreased,
accompanied by the formation of HONO (Figure 6). This means NO, can react with WSBrC
to form HONO. The NO; uptake (Inoz2) and HONO formation amount (lgono) were determined
by the integral of the changes in NO; and HONO signals during the reaction (t = 20—80 min),
respectively. As displayed in Figure 7, @y, positively relied on Ino2 and luono. WSBrC
sample that had the highest Ino2 and THONO (Sprl) showed the most abundant NO>~
formation. This implies that NO,~ generated from the photolysis process should be derived
from the secondary reaction of NO> with WSBrC.
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Figure 6. Temporal variation of HONO (left coordinate) and NO» concentration (right
coordinate) by the NO; uptake on WSBrC
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Figure 7. Correlation of ®yq; with Ino2 (A) and luono (B)

e, *OH and O+ /HO,* were reported to be the key intermediates that affected nitrates
photolysis, and we proposed that WSBrC can affect the secondary conversion of NO; to NO,~
/HONO in the following several pathways.(1) ™ induced by WSBrC under irradiation can lead
to the conversion of NOs™to NO; or the excited state of NO2 (NO>*), which then reacted with
WSBIrC to form NO, 7HONO (R6); (2) WSBrC consumed *OH that was produced by R1 and
R3, which inhibited the recombination of NO» and *OH (R5) or the consumption of NO>~ by
*OH (R7), thereby enhancing the nitrates photolysis and the NO,7HONO formation; (3)
WSBIrC can be an important source of *OH in the solution; (4) O2*/HO:* produced by WSBrC
combined with NO; to produce OONO;~ that rapidly decomposed to O, and NO,™ (RS).
Processes (1), (2) and (4) were considered to promote the NO, /HONO formation, whereas the
process (3) suppressed the NO, /HONO generation. Figure 8 shows the production of ¢-, *OH
and O2*/HO»* from WSBrC. Four WSBrC samples generated e~ and ROS by different degrees.
As shown in Figure 8Al, the peaks were assigned to the radical spin-label of 2,2,6,6-
tetramethylpiperidinoyloxyl (TEMPO) that can trap the photo-induced electrons. Thus, the e~
formation from WSBrC was in the order of Sprl > Winl > Suml > Autl. The production
amount of *OH was in the order of Sum1 > Autl > Winl > Spr1, and the O,¢/HO,* formation
was in the order of Sprl > Winl > Autl > Suml. As shown in Figure 8B2-C2, ®yq,
negatively relied on the *OH formation, whereas it positively correlated to O2/HO:e. The
results indicate that *OH and O,/HO; suppressed and promoted NO,7HONO formation,
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respectively. It also suggested that process (3) played a more important role in the photolysis
of nitrates compared to process (2). O»*~ was positively correlated with e~ formation except for
Autl, suggesting that e may participate in Oz+~ formation. In addition, €~ may also promote
NO;™ generation by process (1). The e~ and ROS production by Sum?2 was not quantified in the
current experiment, we assumed that the inhibited role of this sample should be related to a
high *OH production and a low O,*/HO»* formation according to the results in Figure 8.
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Figure 8. ¢7, *OH and O2+*/HO;* generated by WSBrC (A1-C1) and the correlation of @y,
with the intensity of e, *OH and O, /HO,* (A2—C2)

There are various production pathways of €7, *OH and O,*/HO»* in the solution. Suml
had the lowest light absorption among these four WSBrC samples, whereas it exhibited the
most significant *OH formation. This implied that *OH was less likely produced from the
strong absorbing substances. Table 3 shows that Fe3*/Fe?* (1.30-3.35 uM) existed in different
WSBrC samples. Fe3" was combined with small organics (such as oxalic acid) to produce the
complexation with weak light absorption, which can accelerate the *OH formation. O*/HO;*
formation should be derived from the light-absorbing substances because of the highly positive
correlation between Aszoo-s00 and O2¢/HO,e (Figure 9). WSBrC, containing a large delocalized
conjugated electron system, can be excited under irradiation to form its triplet excited state
(*P*). O2#/HO;¢ can be initiated by WSBrC through electron transfer or energy transfer. 3P*
reacted with organic hydrogen donors (RH) to form Re and a ketyl radical (PHe). O*/HO>*
production was then achieved by the reaction between PHe and O, (R9). Wang et al. (2021)
also proposed that solvated electron (es”) directly reacted with O, favoring Oz*~ production
(R10). In addition, singlet oxygen 'O, (94 kJ mol™!) may be generated by the energy transfer
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from the high-energy triplet state of WSBrC to O,. The complex reaction between *P* and 'O,
led to the O, /HO,* generation.

- _ WSBrC _
NO3 +e —...— N02 or N02>l< e N02 /HONO (R6)
NO; ++OH — NO,+ OH~ (R7)

02+ NO; - OONO; — O, + NOy~  (RS)

O
3p*+ RH — Re + PHe > HO,»+P  (R9)

O
Pr [P +e] P +e; = 0,0 (RI0)

1000 Sprl
L]
(@)
L 800}
I.‘\l
o
S 600}
> Win1
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S 400t
£
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200k l . R .0'97
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Ag00-500

Figure 9. Correlation of Azpo-s00 with intensity of O2e/HO»e

4 Structure Analysis of WSBrC

Figure 10 and Table 4 show the Fourier transform infrared (FTIR) spectra of WSBrC and
the assignment of peaks, respectively. To better quantify the functional groups in WSBrC, the
proportion of each peak in the total area of FTIR peaks (defined as P) was also determined
(Figure 11). The absolute amounts of the functional groups (defined as M, Table 5) were
estimated by the product of P with OC concentrations. The shape of the peaks in different
WSBrC was generally similar except for sample Autl. Autl had the relatively weak peak in
the range of 1800—1600 cm™, but exhibited the stronger peak intensity at 1435-1300 cm™. The
peaks of WSBrC at 3225 and 3030 cm™' were ascribed to the stretching of O—H in carboxyl,
phenol, and alcohol and the stretching of N—H in amines and amides, respectively. The peaks
centered at 2950/2847 cm™! were attributed to the presence of hydrocarbons, including C-H
asymmetric stretching (2950 cm™) and C-H symmetric stretching (2847 cm™).

1610
2847 1100 i
1435\

3 Mv\j y J
= 2950
o Suml
S
a8 1700
2 3225

3:930 Winl a\

1 1 1 /2 1 1 )

3600 3000 2400 1600 1200 800
Wavenumber (cm™?)

Figure 10. FTIR spectra of different WSBrC
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Aband at 1700 cm™! belonged to the stretching of C=0 in carboxylic acid. Fe**-carboxylic
acid complexes can produce *OH under irradiation, and thus sample Sum1 with the second
highest carboxylic acid amount (M;700 = 2.12 mg mL™") showed the most significant *OH
generation (Figure 8B). It should be pointed out that *OH production not only associated with
the abundance of carboxylic acid, but also correlated with the Fe** amount. Thus, even though
Sprl had the most abundant carboxylic acid (Mi700 = 2.46 mg mL™"), its *OH production was
the lowest due to the minimum Fe?*/Fe* content (Table 3). The peak at 1610 cm™! was related
to the stretching of C=C in aromatic rings and conjugated carbonyl groups in quinones,
ketones, and amides, which were considered to be an important chromophore in WSBrC. The
broad band at 1435 ¢cm™! is usually attributed to the O—H bond deformation as well as the
asymmetric and symmetric stretching of N-O. Especially, N-containing substances (N-O) can
contribute to 88% triplet excited state organics generation in WSBrC as reported previously.
Mie10+1435 was observed in the order of Sprl (7.13 mg mL™") > Winl (6.06 mg mL™") > Autl
(3.83 mgmL™")> Suml (3.61 mg mL"), which was positively correlated to Aso-so0, O2*/HO»*
generation and ®yg,. This implies that carbonyl compounds (such as quinones) and N-
containing substances (such as nitroaromatics) acted as strong light-absorbing species in
WSBTC to produce O2+/HO»e, favoring the photochemical conversion of nitrates to NO;™.

Table 4. Assignment of FTIR peak

Wavenumber (cm™') Assignment
3225 Stretching of O—H in carboxyl, phenol, and alcohol
3030 Stretching of N-H in amines and amides
2950 Asymmetric stretching of C—H
2847 Symmetric stretching of C—H
1700 Stretching of C=0 in carboxylic acid
1610 Stretching of C=C in aromatic rings; C=O0 stretching of
conjugated carbonyl groups in quinones, ketones, and amides
1435 O-H deformation; asymmetric/symmetric stretching of N-O
1300 Stretching of aromatic C—O and phenolic O—H
1100 Stretching of C—O in polysaccharides
916 Out-of-plane bend of aromatic C—H; stretching of C-O in
polysaccharides
800 Out-of-plane bend of C=C in alkenes

Table 5. Absolute amounts of the functional groups (defined as M)

Sprl Sum1 Autl Winl
Mi700 (mg mL™) 2.46 2.12 1.73 1.10
Mis10+1435 (mg mL™1) 7.13 3.61 3.83 6.06

Aband at 1700 cm™! belonged to the stretching of C=0 in carboxylic acid. Fe**-carboxylic
acid complexes can produce *OH under irradiation, and thus sample Sum1 with the second
highest carboxylic acid amount (M;700 = 2.12 mg mL™") showed the most significant *OH
generation (Figure 8B). It should be pointed out that *OH production not only associated with
the abundance of carboxylic acid, but also correlated with the Fe** amount. Thus, even though
Sprl had the most abundant carboxylic acid (Mi700 = 2.46 mg mL™"), its *OH production was
the lowest due to the minimum Fe?*/Fe* content (Table 3). The peak at 1610 cm™! was related
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to the stretching of C=C in aromatic rings and conjugated carbonyl groups in quinones,
ketones, and amides, which were considered to be an important chromophore in WSBrC. The
broad band at 1435 cm™ is usually attributed to the O—H bond deformation as well as the
asymmetric and symmetric stretching of N—O. Especially, N-containing substances (N-O) can
contribute to 88% triplet excited state organics generation in WSBrC as reported previously.
Mie10+1435 was observed in the order of Sprl (7.13 mg mL™") > Winl (6.06 mg mL™") > Autl
(3.83 mgmL")> Suml (3.61 mg mL"), which was positively correlated to Aso-so0, O2¢ /HO,*
generation and ®yg;. This implies that carbonyl compounds (such as quinones) and N-
containing substances (such as nitroaromatics) acted as strong light-absorbing species in
WSBTC to produce O2+/HO»e, favoring the photochemical conversion of nitrates to NO;™.

Stretching of aromatic C—O and phenolic O-H resulted in the appearance of peak at 1300
cm™!. 1100/916 cm™' may be ascribed to C—O stretching in polysaccharides and 916 cm™" was
also attributed to the out-of-plane bend of aromatic C—H. Polysaccharides (1100/916 ¢m™)
were more abundant in Winl sample (33.6%) than others (18.9%—-27.0%), which should be
due to the residential heating in winter. Both biomass and coal combustion can release a variety
of polysaccharides, such as levoglucosan. The peak at 800 cm™' was attributed to the out-of-
plane bend of C=C in alkenes.
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Figure 11. Curve-fitting of FTIR spectra and the proportion of each peak in the total area of
FTIR peaks. FTIR spectra of WSBrC (black line); fitted FTIR spectra of WSBrC (dotted
line); separated FTIR peaks (colorful lines)

5. Conclusion and Atmospheric Implications

This work explored the conversion of aqueous nitrates to NO> ™ in the presence of the urban
WSBrC under the sunlight. Correlation analyses between @y, and WSBrC demonstrated
that organics with higher absorbance and aromaticity would facilitate the NO>~ formation.
Strong and weak light-absorbing substances in WSBrC generated O, /HO,* and *OH, which
enhanced or inhibited NO,~ formation by the photolysis of nitrates, respectively. In this study,
Oy, was measured to be (0.07-3.11)%. Thus, the photolysis rate constant of nitrates for NO>
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formation (Jno3™—N) under the real sunlight condition (Is(A), was determined to be 2.52 x 10~

8-1.12 x 107° 57! by the equation (1).
2l

Inogx = 230300; [ Lot (1)
A2

Assuming the nitrates concentration (C) high up to 100 ug m= in the atmosphere, the
NO;™ source strength calculated by the product of Jnos™—N and C was determined to be 2—
100 ppt h™! under the assumption that aqueous NO»~ is completely converted to HONO. Under
normal conditions, the equilibrium between NO>~ and gaseous HONO depended on various
factors, such as the type of compounds and acidity. The ratio of the HONO generation (red line
in Figure 1) to NO>~ formation was measured to be 0.23—10~ in this study, and it was supposed
that the gas-liquid equilibrium of HONO/NO;~ was similar to this value. Thus, the HONO
source strength was estimated to be lower than 23 ppt h™'. Considering that the unknown
HONO source was in the range of 0.2-3 ppb h™! in rural and urban regions, the photolysis of
aqueous nitrates in the presence of real urban WSBrC may partly contribute to atmospheric
HONO source in some cases.

Results
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Name Affiliation Position Role/Research Task
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Airborne mineral dust triggers ice formation in clouds and alters cloud microphysical
properties by acting as ice-nucleating particles (INPs), potentially influencing weather
and climate at regional and global scales. Anthropogenic pollution would modify natural
mineral dust during the atmospheric transport process. However, the effects of
anthropogenic pollution aging on the ice nucleation activity (INA) of mineral dust
remain not well-understood.
In this project, we plan to investigate the immersion mode ice nucleation properties of
Purpose of the | Agjan dust samples collected in both China and Japan to understand the modifications
Research/ on INA of Asian dust particles after passing through the areas with intensive
Expected Results | apthropogenic activities and marine environments. This project plans to collect the dust

particle samples along the dust transport pathway. Two sampling sites locating in Beijing
and Qingdao, China and one sampling site in Kanazawa University will be taken to
collect the samples during springtime with intensive Asian dust storm events. The home-
made filter samplers will be used to collect the ambient particles. Afterwards, the ice
nucleation activities and chemical composition of collected particles will be analyzed in
the lab. The water-soluble ion concentrations and the mental elemental composition of
particles collected in three sites will be detected to understand the chemical
modifications on the Asian dust particles. The total INP concentrations and total ice
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nucleation active site densities of normal dust particles will be detected using the devices
developed by aerosol group of Peking University. The expected results of the research
are to understand how the anthropogenic air pollution change the ice nucleation activity
of mineral dust. Our work will provide direct observational evidence and clarifies the
effect of anthropogenic air pollution on the INA of East Asian dust, advancing the
understanding of the ice nucleation of airborne aged mineral dust.
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In this project, we investigated the immersion mode ice nucleation properties of Asian
dust samples collected along the transport pathway to understand the modifications on
INA of Asian dust particles after passing through the areas with intensive
anthropogenic activities and marine environments. Analysis of particles by size and
chemistry shows that after atmospheric aging, the ice - nucleating activity of dust
aerosols in the immersion - freezing mode doesn't change significantly. This suggests
that under our experimental conditions, atmospheric aging doesn't alter the ice -
nucleating ability of dust particles. During transport from source to downwind regions,
dust's physicochemical properties may change due to atmospheric reactions, and its

Details of the
project/
Results

number concentration may decrease from diffusion, dilution, and deposition. However,
these changes don't significantly affect its ice - nucleating activity. The reduction in ice
- nucleus concentration mainly results from the decreased number concentration of
dust aerosols.

We focused on the massive sandstorm occurring during the springtime, especially concerning
the changes in the physicochemical properties and ice - nucleating activity of dust aerosols
as they traveled from their source to affected areas. The dust particles were collected along
the transport pathway of dust storm. By analyzing this sandstorm process, the study aims to
explore the variations in the chemical composition, physical properties, and ice - nucleating
activity of dust aerosols during long - distance transport, enhancing the understanding of their
atmospheric behavior and environmental effects.

By analyzing the water - soluble ion ratios (fisice) Of four metal elements (Na, Mg, K, Ca)
Results and their enrichment factors (EFs) relative to reference element Al it's clear that dust
aerosols underwent significant atmospheric chemical aging during transportation. The
fwsice of Na, Mg, K, and Ca increased with transport distance. In Qingdao samples, these
elements' f wsice was 1.5 - 3.3 times higher than samples collected in the dust source. For
Ca, its average fiysice rose from 44.9% =+ 21.1% in source areas to 87.9% = 4.5% in
Qingdao. This indicates that during atmospheric transport, much Ca in particulate CaCOs3
form converted to water - soluble Ca*, boosting the proportion of water - soluble
components in dust aerosols and directly reflecting the increased aging of dust aerosols.

Chemical analysis of aerosols collected at sites along the East Asian dust transport pathway
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shows significant atmospheric chemical aging of dust aerosols with increasing transport
distance, marked by a marked increase in water - soluble components and anthropogenic
emissions and secondary component concentrations. Next, the focus is on the variations in
the ice - nucleus concentration and ice - nucleating activity of these chemically aged dust
aerosols.

The atmospheric ice nucleus concentration (Ninp_air) show differences in three sites along the
transport pathway. Ninp air decreased with transport distance from the source. In the
experimental temperature range ( - 7 to - 24°C), dust samples’ Ninp air spanned four orders
of magnitude (10° - 10%) (Figure 1 (a)). Despite over an order of magnitude difference in ice
nucleus concentration among the three sites, their ice nucleus surface active site density (ns
() was highly consistent (Figure 1 (b)), nearly overlapping, indicating ice nucleation activity
differences of less than an order of magnitude.

Figure 1: The INP concentration and ice nucleus surface active site density for dust particles
collected at three sites (SZWQ, BJ, and QD) along the dust transport pathway.

Figure 2: The comparisons among the INP concentrations and ice nucleus surface active site
densities for dust particles collected at three sites (SZWQ, BJ, and QD) along the dust
transport pathway at different temperatures.

The consistent ice - nucleating activity in the three sites indicates that the ice - nucleating
properties of dust aerosols remain relatively stable during transport (refer to Fig. 2). The
changes in ice - nucleus concentration is mainly due to changes in dust - aerosol
concentration, not ice - nucleating activity. These findings are highly significant for
understanding how dust aerosols affect cloud - ice processes in the atmosphere. When
assessing dust's impact on climate systems, it's important to consider dust's long - distance
transport and the stability of its ice - nucleating properties.

PhD thesis, Jingchuan Chen, The ice - nucleating activity of East Asian dust aerosols and its
influencing factors. July, 2024, Peking University
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WYL, RIS MR C 2 L CARRR A~ ELZ LIF L, AWEEE T LT
FE s AR Y — A~ E RIET AN S 5, AWFRIL. CRGEEREHEREY T O
PAHs DERIEZENZH 52T 5 2 L2 HIE L, EEHERY T O ERRE A (Pb-
210 + Cs—137) L WBRERORENE CRIFE « BKFE72 L) D, PAHs DK A LB &
BhRE A RAT T 5, SEATHIRGEAN D 70\ AR T 5 & B 7= i C 32HE 3 2 AWFSE1%. PAHs
AP LA T 0B A OBHEZ DI A HAL, PAHs BREGEIHEAFZCICHE L T\ D 2 & e
IR RS 2 O CREIT 32 2 E 35 Th 5, BASPEMHRIC B 2 FH%I5 )
B OENRERRIA 72 EAANCEE CTH 5721 T <, Fil AlRE TR K ER I T
=N IR ARSI & L ORI T B,
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(CISV aWls)s
3

TH SR S PE N BB S LT RE R B O BB IS T, 1910 B0 6 1 I ARG
WCE EA. RO KER RS LB SN TW5, RIS R < . KNS D
TR DB L 52 F 5 LIRS CIX, EWAEENEL P XFECHEL T\ D, —
7. NLRIEOBKMEARIGRE (S8R5 ERRACKSESE : PAHs) OAMICSE D &
REA~DAENBREIND,

%A D (2022) 12X D & CREEORBEHEREY O IR 2135 1 Je - HGH (P
PE—H AL RIC AN DIBIEEN) CTHRLIZ 2 > TR Y, Z Oy CIE IRV IIC X
D, HPRIHEREM N HERE LICK WERBE CTH D Z E BN HEE Sz, 137Cs TSI 6,
BRI AR TEVMEA A2 S 30, )5S OFR AN EBHEFRED ~D E 2GR & &
oD (FFED 2022). HEMEM =7 O@EE 210Pb, 137Cs DA X2 kU OKESy
Fio s, FNOFGIEFEICHEBICEE S, BEEIIIEATH RN ERERD
(2022) PRI T,

AR LLRL @ GOMS ZfE /] L CHEREW) PAH s (14 Ak5r) OWERER 2572, &R
BHILVEE 3, LLRL CiTbiiz, EPA 2MEE LT BB E D 5 B ot & i 13 WE o
EEBRAIL 1.95—6.26 ng/g THH, EE0HNNEE LTEERNMNE DD
Acenaphthene MEE[RRIL 28.0 ng/g Tho7-, LREEEREHREY T PAH s O
JEFPHIL 0. 55—35. 25 pg/g, T RIREMEIEL NW-C4 &\ 9 HS CBUAI S v, Z o)
T AR O EZ B INDETTHH 2 L% Mundo et al., 2022, 2023 TH
REF STV %,

%1, 000 F-Lh L CEMRMICREDR LT E W,

FiAEND
A

A FE TIIHER « 8 - I CREE 20T TERINTE 7, LiL, RREAUH
Fl 210Pb, 137Cs DA Xy b U =0 ERICBIT 2EAS B RHINCH LI LETH D
ZlEbhrolt, REETIEIOHTREZFITESWTAHEEOEREEZRLT DT
ETHD, OB, BRNIZET DK EHET L QYR R OB L £ 5,

KIFF IR, V2 —FFEERCLSIMT L D 58FR, NERER, 2238 mC - B3 MERCEFEOTEICOWV TR
HWLTTFSV, RAPHIZERIE, JIRFEERICHRE LTSV,
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PR
L 725kt
TR
ST L7kt
This study proposal aims to investigate the impact of human activities on
latrine site visitation and behavior of small-clawed otters in rice field
landscapes. Rice fields are not only crucial for human sustenance but also
serve as important habitats for various wildlife species, including the small-
clawed otter. However, human activities such as farming practices, land use
MEEE - changes, and infrastructure development may affect the behavior and habitat
HAFF S5 | use patterns of otters. Understanding how these activities influence latrine

AR

KA L FHEZENI L TII,

site visitation and behavior of otters is essential for conservation efforts
and sustainable management of rice field ecosystems. This study will involve
camera trapping to assess otter latrine site visitation and behavior in
relation to different human activities in rice field landscapes. The findings
of this study will provide valuable insights into the conservation and
management of small-clawed otters and their habitats in rice field landscapes.
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Human activities in rice field landscapes may influence the latrine site
visitation and behavior of small-clawed otters (Aonyx cinereus). Preliminary
results from camera trap monitoring indicate that both otters and humans
frequently use the same latrine sites, suggesting potential overlap in space
utilization. Interestingly, otters were observed visiting sites with high
human activity, challenging the initial assumption that human presence would
deter otter visitation. Further analysis is needed to determine whether the
intensity of human activities affects the frequency and behavior of otter
latrine site visitation. These findings provide initial insights into the
adaptability of small-clawed otters in human—-modified landscapes and highlight
the importance of integrating conservation measures into rice field
management.

%1, 000 F-Lh L CEARMICREDR L TTF IV,

RiAEFNnD
AR

We are currently conducting a detailed analysis of the occurrence patterns
and daily activity of otters, as well as the influence of human activities on
their behavioral ecology. These analyses are expected to result in a peer—
reviewed publication in an international journal. Preliminary findings have
already been presented in the form of a poster at the K-INET Annual Joint
Research Meeting held on March 7-8, 2025, and are anticipated to contribute
to further academic discussion and potential collaborative studies.

The expected follow up of this research in the near future include:

— Submission of a scientific paper to an international peer-reviewed journal
— Socialization of the findings to stakeholders for local conservation
strategies of otter and wildlife friendly farming

KIFFICHER, Lo —FFERCUSIMT L D3R, AR, ¥R BT - MERCFEOTEICONT
FLH L TR &, BERAHISE AT, BEEERICHE L TRV,
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HEZH BILRSIKRS | HEBGR Bs 7R BT
¥ HEROSHMEMAZLZE L CHF 2228801, ZEEOHEMZTH L TTFE UV,
WE 4 TERE (FEIR) FEHK
benzlalanthracene ¥R 1
EE I
piacrr | LR
benzlalanthracene ¥R 1
M LT skt
(B HAUEEE & OB EMEN 2D X o Iidd L T 7Z&E W)
MENDEE
B IE G E C o 5 LB 5T BEIRACKFBFHO TR T 21EH (R E a1
FEBUNT) PR BREIEEME DV A7 GBS 5, £YFE. 9 FEYEIC
MATERFOLBFZME LTI, BB BFRRIGKEED BRSO
iRl A2 BE5 9,
wrocAm - | B8 §
1 S % BB YE T D LG EIRRALKFZFIL, KRROA L LTHAFIZHE E
’ sy Nb, 512, BUBICAERT S URAEDEAFICZEFERRIE/KELEN
BRI TS (Suzukietal., 2018), AWFIETIL, BB FRRAL/KEBFED HEH
DTN 2 B EVER 2 T 5,
Be
L EIRIRALAKEFAL, BB B A2 5 2 T\Wb Z L % Int. . Environ.
Res. Public Health (2020)IZ#&EE CTH D, AW TIEF ORFIgIZ %3 D 1EH 2 fif
BrLC. =DA%~ B9,

2 A3



XHGHFICREH L FHAZER LTSN,

HAEFESh AR

BRI, $aARESZ &2 s & T 28R K SEBR T OWFIE 7 v — 7" & O ILRENFIE O
AL LT, Benzlalanthracene A T DIEERBICEEZRIZL TS E
3R LTS (Zanaty et al., 2020), % Z C. Benzlalanthracene ##& 5 L 7=

AT OMEF O~ — 1 — DB E D,

FIAH - w2

FEH PN -

(C32V Wi
ES

%1, 000 F-Lh L CEARMICFEDR LTIV,

MED A ) (Girella punctata) 3. AR KFEM AT (AR, Lt
JUB) ICTHEVICEVEREL, BAOKEIZT 2 HEIFEES LD HIZERRIC
flE L7z, 3N TOERIL, ©RRXTEYFERMBELFLE ISV L7,

AT F % 0.04% 2-phenoxyethanol (FOEHMIBERINEE) 2 H v THEER .
Benz[alanthracene (BaA) CRAE{LAL T ¥#SH) %2 10 ng/g body weight DE|
B CHEERNRE G LT, MBRERCITEEE DA (0.6% ¥ A F IV AIVKRF T RIgK) &
B h U7z, BaA #5%, A VT % 26°CORNKMIZT 10 ARIGEE L1z, fHES
ific, 1A, 3 H, 6 HE 9 HBIZ 4 E&EAITV, 10 A OfFEER, AT
Z L, 0.04% 2-phenoxyethanol THEFEL . IHD 5 B EHZ 8 L7-, ZDJH
e ENnNs 7 U —okiRbik% LC/IMS/MS THAr Lz, &5, A VT DO
Bz %3 2 KBALAR DR % in vitro TH~7c, G, B, AT (n=5,
VR 564.0 = 55.2g) OFlEAEE L, 3-OHBaA (106 M) TRLEE L 7-fEL
KT N— TR T T 2, 1% X=Y U -A LT h~A U REY
% & {e Leibovitz's L-15 51 (Thermo Fisher Scientific) (ZA#L, 15°C T 6 KFfH]
A LTz, sk, o7 v% RNALater CWEERIE LTz, WRER(E LTV
76 mRNA 24 LT, cDNA G5 %&17 . RNA-seq & qPCRIEIC LV #
(B DIEBLL A~V Z it LTz,

BaA (10 ng/g body weight) #[EFENIZEES L7- A ¥ F DR H1Z 3-OHBaA 73
Bt & 47z, 3-OHBaA 1%, 7 /b7 v Ugsofinlg & e LTV 2O TIER < iz
MTHDHZ Enbhnotz, —JF, MRAOHEAFIZIE 3-OHBaA 1T H S 7am
SO T, BaA N A PFTDENT 3-OHBaA IS SN2 ERH BN E 72572,
KIZ, 3-OHBaA (106M) ODOJFlgIZXxd 2 8%2% in vitro TH#HT L7, RNA-seq
fEATIZ R0 B K 0 BENEH T 2 BE RSN ERY (BT — X
~—Z No.: DRR595512) . FDHIZ 2 DD T R h— 3 ABE#IE(R 1. tnfrsfla &
tnfsf10 23 & £z, £72. qPCRIEIZE V. 3-OHBaA EFE A MIZIZ VT,
INBDOT R b— 2 ABHEEE T tnfrsfla & tnfsf10 OFBNEEITHMNT 5 2
EEMER LT, L EORAENS, 3-OHBaA (2L V., A VT DORFEIZBWTT R b
—VANRFEINTNDZ RSN, ZbORERIZ, EREES (Toxics) 1258
F L7, 7o, fEOBRENCBE U7 B Ok R 2 AR LR O—B & L
THFE L7= (Biomed. Rep.),

RiAEND
PR A

KIFF IR LHER, L2 —FFEERCLIMNT L D58 %%, NERER, 2238 mC - B3 MEmICEFEOTEICOWV TR
HWLTFSWV, RAPHIZERIE, JRFEERICHELTTEW,

Rafiuddin, M.A., Matsubara, H., Hatano, K., Honda, M., Toyota, K., Kuroda, K., Tsunoda, K.,
Furusawa, Y., Tabuchi, Y., Hirano, T., Sakatoku, A., Hong, C.S., Srivastav, A.K.,,
Amornsakun, T., Shimizu, N., Zanaty, M.1., Harumi, T., Yamauchi, K., Miiller, T., Tang,
N., Hattori, A., Hayakawa, K. and Suzuki, N.: Hydroxylated-benz[a]anthracenes induce

two apoptosis related gene expressions in the nibbler fish Girella punctata liver. Toxics,
12: 915 (2024)
Tabuchi, Y., Kuroda, K., Furusawa, Y., Hirano, T., Nagaoka, R., Omura, M., Hasegawa, H.,

Hirayama, J. and Suzuki, N.: Genes involved in osteogenic differentiation induced by

low-intensity pulsed ultrasound in goldfish scales. Biomed. Rep., 22: 18 (2025)
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Wrrsns
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MHFTF IR L HEHZENI LTRSS,

]3]

R EOMRETET ha R FX U U2 RNICRAET D7 7HIE, el ind
BEELTWDDON, ZOEMEFALNCTR, Z2EOBEZERNICEET L E 7 A
VHICEBR L CHIE R BT 5, T E TIZHEARSIES SO 7 7 HRAG EM D
{LENEM & RIRITHRT L A, 7 7 BiRA /R XOHEOEIIE, 4y 7
b7 AVDOFRENRKRENT EDURIB ST, £ 2 TRIFZETIL, SRR EEICAERT
HeTLVEBRRLT, 77 THLT bua RV U OEADRGIZ/R>TND
DHFRD,

HERUVEGFINOIEER

AWM OREIT, 77N T LAV ERND LW BYESICHER L TWAH T
b5, BAMEBHIOEERLEDOE FAUNIHONTHT Fa R X v OEADEIC
2o TWARIEEHEDREWNS DD, T E TR TBIT o7, 72, K
HizBiFa7 b R k58 biiE. B 7 50 0MAENRESE LT\ bh]
BN L NS SoH D, BUEEIT L TV D HERIERR LN Z 0 "M EEO
{BIZ RIFET ROV T L T & 7200,

FIAH - w2

FEREANE -

BH TR
7

FAY v T N OEEMTEEHEE T DT, [RE - BELERNIRLSHT 21T 9
Zr b L, AEATHE, MANECTERIRLUIZEBEO A VX2 I0HEE L
CTHXIZAFY 78T AV DRSE « BREERNIREZ T, ZOmMEOHSHTED
Y EICEHEDOREERARD L L L, £9. Hx O HEOHAMEES X O A
Y e T AT OWKARR O & wg - R - B L7z b o2 ke L TR irEHC
L, RFBBLOERORERNMRI I 2 FhE LR, A4y /e T A 0%EE
ZEE RN BRI L 0 K& < BAe b | flAW & HEE S D HEEOM & ORI
HHIRIZ LV B D Z LRI E N, B, MANIEOREHZBW T, A4y
b7 AVOMHEEE & BT HEEET HAWREIT, SREOr NF e T HAB X
Wrhv e IhA4, BEXOEBEBEOA LV HEZIThHoT-, —FH T, BEBRLLESC =]
THRENTAAY ) T AV OAEY EHEE SN DHEHIZIZ, ZNOEDTEEN
TBOLT, SORLIMENMLETHD Z EINRENT,

FHY )T AVEBELTND I EDNHERSINTNWD 77 T DR#E -« EREE
FEINLAREEIE, DRI AR T D MERMEARICHAI MEZ /R L, 707 FORERE
LCIEAAY e 7 AVOBIUIEERVELZHDLLOTIE LW &, LT, 7
7 7NINFELL TTX ZEET L5700, A4V /e AV EBEHLTNDLZ LN
NI T,

FEWNT, A v T LT OEY EHEE SN AR D TTX B3 L O TTX B
IEEHRIAR SN TVDDONIA LT 720, BEREE TRIRLI-AAY /BT A4
R IO O RE (CHREE, BRE. 2R © TTX B0 TTX BEEE% O
i 2R, IR BB TR LAY /b T AVREEOTN S L L
7o BB HEREL L 7oA O — IS WERR 2 TR0 L CRERMBE . N - =00 Bl L O
Sz EiEEEBUL L7, O EiED pH {5 %, IEVEIR D T 5% FW T TTX $H % kil
L. SN -HiiasHE sy 2 o e E Lz, Z 0%y % LC-MS/MS ZoHricfik L,
TTX. 5,6,11-trideoxyTTX, dideoxyTTXs, deoxyTTXs 5L TN 11-norTTX-6(S)-ol 72 &' D
TTX BIEA LAY D EVERRNT 2380 1=, T DOFEH, BERLERINFE TR SN2
b7 AT BIE, fitHlko b o L FERRIZ, ESIREO TTX 3 K O 5,6,11-trideoxy TTX (2
Mz, BEIZIEZ K 720 DO dideoxyTTXs X° deoxyTTXs, 11-norTTX-6(S)-ol 72 & D
TTX BB LA SN, 2 b A4y J BT AUENIZEBIT 5 TTX B L O TTX
BLEL AT TR D T, W OEERET b Rk TTX OEERGRN
BNTWD Z PR ENn, —FH T, BERENCIE, TTX 3L O TTX BEEba Y
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DR SN ERIIERD b o 7=,
INHORERIT, A4Y BT AVOEAEMITIE TTX 25T 5EMT N
ELTIXNAAY )8 T LAV DOBENTEESIL T D AREENEWZ L 2RmRd 5,

%1, 000 FLL T HEAEMICEDR L TF IV,

RiAEND
PR A

U, RS, ARG, (FERIER, WA, AR, NAREIE, EEX,
WFAN, ARG RE, STkt s, ®irHlz, SRS kFE - EFRLERMEEH
WA AY v T A OERBRIHIAHEEICRE T D858, 8 24 BI~ U oA AT 7
Jm YR REy, 2024425 A 25 A

RS A SRR, DKPERIEE, ARMEERRS, Pt —, &R, 2 X X A BYE, A T4, Rafiuddin
Muhammad, BIth7y, KA, A, 8AGEHE, &ad8w, Mg, EbiE, &
AERM, SRHHE, &)IfE— A—~v > M aFEE Wz Takifugu J& 2 fEo
P bfFRIZEB T 2 TTX (A MO FIEDHEH. S5F0 6 € H AKEFZESKTERE,
2024 49 H 25 A

Inahashi, K., Yonezawa, R., Hayashi, K., Watanabe, S., Yoshitake, K., Smith, A.R., Kaneko, Y.,
Watanabe, 1., Suo, R., Kinoshita, S., Rafiuddin, M.A., Seki, Y., Nagami, A., Matsubara, H.,
Suzuki, N., Takatani, T., Arakawa, O., Suzuki, M., Asakawa, S., Itoi, S.: Epidermal

distribution of tetrodotoxin-rich cells in newly-hatched larvae of Takifugu spp. Marine
Biotech., 26:1367-1374 (2024)

KIFFRLFER, L2 —FFERLLIMNC L 5K, AR, FERmL - E LM BERIFEOTEIC OV TR

HLTFIW,
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XHGHFICREH L FHAZER LTSN,

HAEFESh AR

REEEIE, A7 h=VOFMETHY, A7 b=VICHT L OREEREZ A
T 5, FFZ, SVANLNRF YR vy—LLTODAS FZUICEAT 5458 %E 2023
12 Journal of Pineal Research [CHIRL7-=, ZDOY v —Fid, AT b=2D
hy V% —F N THY, A7 N7 77 X—=313.001 TH 5D,

FIA - B9

FERENE -

Bohizk
7=

%1, 000 F-Lh L CEMRMICREDR LT E W,

LU EHRRALKFEE (PAHs) XEBRBEHICIAS FIET A58 ME TH Y | 58
ERBREIIRECH D, MEBERKRLEY & L CTRNKESORFERA LN
AT b=, I TIERE R OIEHEALB B~ OER 72 Pk 4 7@ & & FF
DTEDME SN TS, EBITAT F=10%, Pl bEESE OTEMAL & GRS
DEBEHEL VWD 2 DORETHRILERZRT Z DR L<MbRATWD, £
ZC. AWFZETIEL, PAHs I X AFEEO TERNTH HIEMEBRBICEH L, F0%
BARET O TERE L THBILERZ L 22T b= O L A% o —1EH Z T
T 5,
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