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METAREINOBERDE K VRBERST DY E KBRS

Mg 3L Ak =" ERP—RR°

AR R LA IR

010-8502 FKMATHFEFENT 1-1
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1 [FL®IC

T ZFAL D KT, BEKR 2 R IR LHE TR & L Ol S -0 Bl ~H T 2Kk Th 5, Z O,
KRG TIRBK MR o 7 1 Y L B JAZ . HUE T Tl FK2SE A & UG L. DIEDNANAH)
IRIG YL B IR B A T D Ao T IR OKE GRS Tlk, W ORE., hESeHkER & o
HUBARRE, H TOKIHER I DS FACHM AT DA HE, X OICPEEFETEM LIRSS ) b OTRAKCEEHIEEHZ X 5
B Eka REREBZ DMEN DD, Fx OEEBICH HF)IKOKEFR R ERZ RSS2 &
X, TR E OIEBCRILOHR . EK 72 & DK ETROHERR . TIBREE DR KGR ) X 7 <>
—VAVPMIARAIRTHD, ZOLIRBENG, KEFEE 2B 20 [KOKERRLO 7 nt A K
AT K DTS AER G 36 K OVRE AL 7y DR A R 5 2 & 2 BRI, EHIRIZEROK L2 R oKD

T =5t EITRERL L AKETERIC O W TER AT T2,
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2 KRENFREDANE & OHEF KR

K FE YRS L 3RK R v SR B AR S AL S D AR O ARG 2 I, AL L& i & 4% B3k e
O R 2 i & 3 2B R, S RINTH S (Fig.l) o Fms B L) R i AEHRS 2~ & BK v
A~ B E RS IR LD & IREER) 1~ 25 NS TR 2 S M) I ~B L. 23 E B AR
~EV D, RBNEREEIE L A LT 15 km, BT 35 km, KAA)ITC 42 km, 5 7)1 50 kmFREE T, AR

12 & AR E AL KSR T 650m, AEILKZR T H00mRETH S, SEEHRET 5N, 7 FRoRKKEK

FAZ DS AES 2 PRk, 7K F K OV E i 2 18 0 A A1l (722m)

HHE T S B A R T 5 IITh D, A =50
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NP OB L, BKEATAERE O KL (B

1170m) 75 PEERD B ARHE~ADNN, B LW HE

DT Do KD AR F Tl it
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@TFLFEN
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T CIEETR = Rtk fE 2L EsE, /o118 22

Ly LESERE, I8 RARE, KIETFE

DOV NE TR @RS ORI LV HE 235040

Fig. 1. Map showing the location of sampling sites.

o

3 HHEERSIVEE

K DOBREIE 2007 427 A KLV AER3 » A Z & Jelail <7z 49011 & A ARHE~Teav 2 HEW) IR F1E 5>,
K FH T PN O 3 6 R 0D ELE A WD T ROARER D703 K & S RITAT o 7o KT OFRIZREREU R, AU L3
MBI ORI, @R, OUIH, Oifk. SOfii@e i, @ TFENITITo72 (Figl) .

Bl CORBHR IR 11X, pH. BE{LER ITFENL, KR OHE 21T - 7o, #EHT 0.45um D7 4 L2 —T A L,
TvH ) RSy Bl MR & O bR A RE T D 7o OB OBK & EE RS & PIXEETHIET 5
72D OB O EAT 5 1o, A L EIRINGURL %38 1 XaUEHATE DS 3% M IRYAIRIZ 72 D L D IS B G L 7=,
PIXE VEIZ KX 28RS (0.45um LA ) SHralBHE, AR THEH L7ZARY h—FREx—F - 74NV E—%ZDF

FHARFRSEEN L,
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MR FF BIF > TN KO ER 7 OREIX, A F 7 v~ b7 T 7k, PIXEIETHIE Lc, EbE
47 Na, K, Mg, Ca, Cl, SO, #JE1X, £ 4> u~ /T 7THlr L7z, PIXE{ETHONT&iLd 0.45um LT
Do EHE., FERAK S & In (10ppm) AR % N 2 T2 IRE TR 10p] 2 AL 2 —(ZiEb =R ) e e
L7 4V BT L. 80°C THIEE LIYERL L7o, AW OREHIIE R D OIREPMEN =D ZOE¥EE 3

~5 (Bl 0 R UPEHE LTz, IR & B Ay OWIE L. NMCC @ PIXE %E& C %l L 7=,

4 KFENFENIKDIEZE R D4

4.1 0.45um Z@@ L 1=l KD
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Fig. 2. Variations of Na, Ca, CI and SO4 concentrations in river water of Taihei River.

KN DK HE D 0.45um LU T O7KEEO AL PR O EZA L % Fig2 ([Zaad, HEEC D) IT0 (AR
W) 20 OFEEEREE, fehic Rk mRE 2 TR Lo, IR TR 1E Cl=7.1~38.0ppm (Fig.2a),

SO4=4.7~47.5ppm (Fig.2b), Na=5.2~24.8ppm (Fig.2c), Ca=4.6~11.5ppm (Fig.2d)Z /"3, K & Mg O IX
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K=0.9~3.6ppm, Mg=1.5~54ppm O#iPH%Z & 5, LoD Fii~DOHREZIT Ca &[RRI 273, 2007
FTH 12, 2008444 . 7H. 10 JIZERHL L 728 HUR > ClL & Na fiEEIE, H AR i © v VEK H i
FAR(©) Tl KMz 7~ 97 (Figs.2a & 2¢), ZAUE AAYETE LT b AIVZIBE 2 KRS & L CTRRHETIN 2 ith
HINFEIKICFED Z & S BICHARUFIZIE S IZ LD, ZORBEZ R 2T 5720 LHEE S5 (Fig.3),
SO, R FE1E 2008 4 4 AIZ Tt 3 W\ CRUMZARIREEHINASGED B 53 — AL TR Te2y > THIIN
T2, CalREEIE FIRBUC T DI LI W—RRITHIN L, EFICRENE BN Lo 5,

FALR S LAS DR E D BRI /71 Fe, Zn T, Fe=0.01~1.89ppm, Zn=0.02~0.70ppm % <7, Fe
DIREZA % Fig. 4 (TR T, BRI 300 B9 FIRIRIC L 723 WIREEDSHEINT 5, HAITERL 72 Fe I&
TEROTIRIE L, AZ0D Fe SATRUIRIE D 2-4 (SRR 2073, E7oBET 2011 Fe AFRUIRIE & Hhlk L
T, BEZ 2 (FOREZTRT, S OIZELEITCENM-pH OREEN G ARHUE TZE 72 8- b FRE 3K ER Lk

(Fe(OH) ) TH 2D Z &5, 0.45um D7 )V Z —Z @il DM/ 2 v o PRI & UTHE L, T~ El S

N5 EBEZBND,
40.0 2.00
.
o ©2007.06
< ®2007.12
0
30.0 g‘& " 1.50 ©2008.04
. + coas - *2008.07
. ®
E e #&é w A S E A200810
a4 = Y @ ®2007.12 Pl
o qﬁ# ©32008.04 L
- *2008.07
10.0 ‘@!Pe £2008.10 0.50
k m2008.12
inland
0.0 0.00
0.0 10.0 20.0 30.0 0 10 20 30 40
Na (ppm) Distance from the Japan Sea (km)
Fig. 3. Diagram showing relation between Na and Cl Fig. 4. Variations of Fe concentrations in Taihei River.

concentrations in river water of Taihei River.

4.2 RBARS 0.45umit) DM

2008 4 12 HIZERIER L 7245 HUR O KB oy DI EEZS b & Fig.5 (R, E 571 Siy Fe, Al Ca, K,
S. Ti T, #EELIT Si=27~504ug/l, Fe=6~298ug/l, Al=15~196pug/l, Ca=6~29ug/l, K=3~17ug/l, S=2~11pg/l,
Ti=0.4~5pg/l & FHBICTe D DI LERNWERENINT D, TOIFIMERS & LT, Mn, Zn, Cr. Cu

2 1pg/l LUF ORRETRO b D, BRSO P TRES W Siy AL, K By B E 2 k%

31



NMCCE:[RIF| A JE Rl SR R SC A 15 (2008)

WREWNRITHRTH D Z L6, IR ORI 7 138 L5 L IR EME O W LB b,
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Fig. 5. Chemical variations of Si, Fe, Al, Ca, K, S and Ti concentrations in suspended materials of river

water of Taihei River.

KAFNDTE . T~ Tl GREHREMA « @~O@) 13es. Wi, v ME7R EORERYS THik S, L

T KA AR GUBHER Ut A - O, @) & HE LT, I~ Tt Tl Fe BHEY) DRSSPI HINT 58

MNH D, FlR UIBEARDICIE S bEaEND 7280, Fe BEYORIRD 1 DILies T O #8485 (FeS,) T,

R AKIERR L7z BIJIK & 72 0 T~ S h 2 7 a2 L Bbin s, W)IIKF 0 Fe Y O BB

(213, Fe mamA N, RSEGEMICE . BREERR EH %, AHUTTOBEIEREIZ, 0.45um LITF TREOHHND

Fe 22 A K, /KHENDDOE KT OE RO ATREMEA B,

— R CLIZ B SR E TN NVFEL S  SEKHE O Cl &4 &% YRR o

=7
A

D BRZ Na,

K. Mg, Ca. SO, DIHEHTEIF Ry D B3 5 FIG D) & BAH & > 7(Table 1), MR E IR DAL D

Table 1: Variations of nss-chemical compositions at the sampling site

Table 2: Eigen vector scores by PCA.

Eigen vector

Sampling point nss-80; | nss-Na nss-K nss-Mg | nss-Ca Comp. 1] Comp.2

@ Taiheinoda 86 22 81 71 97 cl 0.69 -0.44

TRSCRTET S04 0.52 0.85

@Talhel-.leakata 80 25 83 66 95 Na 046 027

©Yanagida 80 19 85 68 95 K 006 | -0.05

okomoribridge 76 17 79 55 94 %9 3-2: j-g:
(@Kanayamataki 70 21 77 66 94 Contr;ution ) )

@shimokitade-Takaragawa| 53 14 87 71 93 ratio (%) &7 d
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E BT Na=14~25% ., K=77~87%., Mg=55~71%.

©2007.07
Ca=93~97% ., SO0;=53~86% T 5, FIFHEL I 2007.12
©2008.04
i i *2008.07
Na OFGITH U TELS . Bt & Fiskiz e ) 4200810
W2008.12
W TAMBEIRNC & 5 o FFHFEREIR Mg & Fithiic
VY Na & [RBEZ B 27”3, Z AU o Fasy
Tdh D Na & Mg OEEDH AT < FitlkiE
15
EHNT 5720 T B, RN K 12 BT Ca (ppm)
Fig. 6. Diagram showing relation between Ca and SO,
ETERVNHEOD, MU T 80%TC—EThHb, concentrations in river water of Taihei River.

FEAJR Ca 13, BREMLRIZ D 5 TIEE 90%LL 2R Z &b, HHEE A D OWEIRNE ORI &5
R HID, CaREEIE SO IR DN EWERANZHEINT 2 (Fig.6), ZAUX Tl & EEE R R < |
HET K EIR COK —A ARG S 7L, Ca & SO EAR L VIERT D720 EEZE2 b, ZOXH7%
B I LAK R AT CERER U 72087K T O R S v, R IR 23 LB AR Y & HETE & 41 2 Tt D Al B <A
KTIE, Ca=4.7ppm & SO~7.7ppm Z <L, FEFEERFHN RV EHEE SN D Tk SiEKER T,
Ca=16.4ppm & SO,=28.0ppm T FitikiE EIRENZENZNIINT 2,

2007 4E 7 AL 12 AL 2008 424 H . 7 AL 10 AIZERER L 72K & B D FALTF A1 DO T R 04T &2
iTo7-(Table 2), % 1 ERFIIKEFBBBREEEICKIETTHFEHEN 67% T, 2 TOMS THENRBD LI,
FIZ Cl, SOy, Na ODEBNZOHEK TH S, Na & CHIMBEDO ES TH L7720, 1 By TROLILD

BGUI A AR OWHE OB L HEE S D, ZIUTFRITR T2 FBFERS) CL & Na DR L TR TH 2,

51T 80, DEENE LT AFDORKHTHDOREE K 40
< 2007.07
® 200712

D SO, PRFE VT, ALVE OZH R D AT I D KL ey 30
A 200810

W2008.12

SO DEANZLE, 10~20ppm THE O HfFICES

c © Asahikawa 20
5
50, LMo T, lEOHEORS L £4F0%k  § Asalikawa g
E )
RO BB % I 2 7= MU T K TR de © L
2 ~%10 3
(B35 AT 2 00 & O @i © woeart.

bR TH D, 5 2 EDIEFERDN 26% T SO,

Component 1
DZEENNEDOBEKT, 2008 4 4 HIZ Ttk TH
EFW T ORA F 4 HICTHATRE Fig. 7. Diagram showing the results of Principle

Component Analysis for river water of
Taihei River.
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L7 CREiRE SO, kR S5, RO OFE G &2 0 L 5 Bl RIIHRICHER S a2 b
N KPENOTHRBICA LN D FREFHAOBRE b D, B 1 ERHEHE 2 ERHORAaT W
AT 7T D, JENODOZ 27 250 FigT 1R, Bt H 2 RIR & F 3 RIROGEIUTEIZE T 5015t
LT, H~TFitlk Tl 1 RERE 5 4 RIRICHRIA < AT H(Fig. 7). 2F 0 . KBRS CrIsR B 12 )
OO PIRE—EDOKEEREETH L Z LI LT, P~ TFRETIE, MEORBOER, IbICRED
FHRIE SO, DB A KETERE T, Tl K B 2 27 SR LT & R 720,

2l CTUIE - EDOKEAE# L ZE2 615,

5 F&H
BTN D 0.45um LA OREEY) 2 &R T 5 F 2 IE, Siv Fe, Al Ca, K, S, Ti T, ZOH1T Si,
Fe. Al OIREE ML & HEIL T 10~10° R E, 2072w, WK OSBRI E K L8 &
B DOV LR SN D, Fe BEBHORRIRD 1 D13 1 O BEIL(FeSy) B 5 o RS T Dk He.
IKETERAT & & DIERA T ORRDOFHERIT 67%., T~ TR TORFTINRBRIC L 2558013 26%Th

o TN E B L2, P~ TS CRIED KB F T R 28 A 2R,

X MK
1) AT - ARHIER - AREERTR (2005) @ BRFE K OVKFZ RN L 72 & ONZHAL A F o B ORRBRA A2
BELZ X 2 RSt tH ko3 ORI B3 2 B2 — R iR 2 Bz LT —, K3 - KBRS

FEEE 18 % 4 5 pp. 370-381.
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Geochemical characteristics of river water of Taihei River, Akita City

Hiroshi Kawaraya', Daizo Ishiyama' and Koichiro Sera”

'Faculty of Engineering and Resource Science, Akita University

1-1 Gakuen-Machi, Tegata, Akita 010-8502, Japan

Cyclotron Research Center, Iwate Medical University

348-58 Tomegamori, Takizawa, Iwate 020-0173, Japan

Abstract

The purpose of this study was to clarify the formation process of chemical composition of river water of Taihei
River flowing through Akita Plain. Concentrations of major elements and heavy metal components in the water
were measured using ion chromatography and the PIXE method. Concentrations of major elements and iron in
the river water increase from the headwater to the lower reach of the river. As for the suspended materials over
0.45 um of the river water form Si, Fe, Al, Ca, K, S and Ti, and the concentrations of Si, Fe and Al are 10~10?
-time higher than those of other elements. The suspended materials in the river water are thought to be clay
minerals or amorphous substances. The iron component of suspended materials in the river water is thought to
be Fe colloid derived from the decomposition of pyrite in mudstone. Based on the results of principal component
analysis for river water quality formation, component one (67%) is contribution of sea salt and sulfate in winter,
and component two (26%) is contribution of sulfate in early spring of the middle ~ downstream region.
Compared to the chemistry of river water of Asahi River, the influence of sulfate is large in early spring of the
middle ~ downstream region of Taihei River.
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ARELEIRLAN SR T SEMEKORE & THRREDEHH

AR = Epgkess+ ' KmEeR ! RPF—RR
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PEFEERRFEYA 7 a b 2 —
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1 [XLC®HIC

REEIEFE L D HIZITH0E D D RREEREME DL KD IR T 2 2 &N d D, 20 K 5 RInliBEKIZIT, Ed
BREREREOFELENGEINDIZLRH D, INOLOTEHREGTILLFKOTHEL, REOKEEZ
F. AL OCEEICIZZ OFEHEN S < A0 | W LRI T 5, 20X ) ICAARBRIE T
CTEET 20 1LFEK O R DAV & AT RS D EEZEAL D BB DU TR L 726132 < 13, #ail
BEAKDBEH EZAL IR O BE M 2 MEtd 2 2 L, SRILBEKR BT 5 T s~ 0 AR R 2 5
RDOBIITEERZ L Th D, RUFETIX, EeRICEOILBHEE O & 2O D =D DORAET — % %
152 2 L& BT, JINBEKRIR DT 979D HAL TV DIRBEILFE LIZ W T, HUF/KE L VIR & 2 Alchin
ERFOIBYLE @ & T AICHLN 2RO B & SLILEEKIZ DWW T, SLILBEK DI EZEL &AL PR IR E 2 L %
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2 RBRENERARELILLOME - SMERBES K U TKROBE

WFIEZAT 72 o ToARBEIL SR IE . K IRHEICALE T 280K T 5, SRRIED ORI, B85 =% e
OB OB ER A, AERIKCEE, BOARE»H ORI TS Y, KX, BHICHELILER
IR 405 G 8RR % 1F 5 $h-Hsn-SREEIRILIR Tdb 5, [RFLARIE, 1591 4 (CRIE 194) 75 1971 4 (K
F46 ) F THEIIL, 1936~1966 FFEDAFpERIT, HFLE L TH 61,000 ton, EDHIZIL, Zn (6.5 wt %),
Pb (4.1 wt %) T, Cu (0.6 wt %) ELET 2, AFLILIX, 1971 FRIZPALE, 1972 FITHLEMEDO HEEIZ L 55
BARIFAEE 2o Tz, B T O ASLE . S 13 pH=3 FEDOMifE % 1 & T 2 MBMEOYINANTH L TV 5,
FLILBEK DR D012, MARICE Y AL FEHWEHERAESLENE O FE TENE/m SN D, TN
KN A B S, JUEDZ < O A IRERIRBREIC R D | SBEILOmLIC X DB DR A Mkl $ 5 Z &
TKEBEYELZT> TS, SEIESORe S 3 D045t BiA L, M, U) LM ST 1
oM EAREAY., D) ORI 285LEEKICOWT, FEZ 8 U Tk B & SRR Z 1TV, i)
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& EALER S DR EZIZOW TG 21T - 72 (Fig.

. 1) . YLA L, MIZOWTiE, 510 M T LI LT
o s - T E VIS H DN Th 525, WHILL bICH
. %{T%g B " PAEEY LSk D, S0 U,

N T A DENWL IS D LHESNDHHTH D,

Fig. 1 Cross section of the abandoned mine.
Black lines show galleries and shafts.
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Fig. 2 Diagrams showing variations of flow rates of mine  fEZ /=7 (Fig.2)
drainage water and precipitation. U: upper gallery, M: MR KL O RN ES S WA 5LE L.
middle gallery, L: lower gallery, D: dump of waste. M OFEILEEAE HFAKEL Y S EAD i
T A0 U OEILEK, XY BT 5
BEK D4 SO #2FEIL, 100 ppm, 500 ppm, 100-200 ppm, 100-200 ppm F2HE TH 5, HIF /K L D AKWE D>
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Fig. 3 Diagrams showing variations of precipitation, flow rates and chemical compositions of mine drainage

water from galleries U and M.

VT D500 U OFEILEEK & XU 2B FHIT 2 BEAK D SO, M EE D 2SI, T K & 0 B #4572 B
BN M OREILEEAD SO, IIEDIILIC R 5 & K1 (Fig. 3) . AHIOIFEAD CLIHEL, Vil
T IR ORRICEIR <\ 4 DFTOBKRE S 15 ppm REDRETH S, 45D CLOEI L 72 DERAD
CLILHEIE, 0.4~9.2 ppm £ TE(LT %, SLIIFEAHRO Na, K, Ca, Mg DL, HLH M OILILBEAK DAL
SyYOWENTE L L YLH U OBEKRD b OILHRIRE T, K\, 8l & %E OIILBEKOFHZEILICHE S Na,
K. Ca, Mg AR LEET 5 & HTF/KIE & 0 EOVERD B FHT 25T A M OFLILBEARTO 2 b0
TEROEA REACIT, DSV, HETKHE & 0 EWESH DT 2500 U OIRILEEKD 2 b OTLEHEOE
HEEIT, SO, OREZE L FERIZ KV (Fig. 3) .
PIXE {£IC & 0 #EILBEARH O Fe & Zn OJREE & JLLBEK DR ORISR Z et L7 (Figs. 4 & 5) o SLILEE
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25T
Filter 0.45 pm
20 |
e &M

15

00 s

[ o
10

- U

P

"o

o= L

0 b -@-

0 50 100 150 200 250 300 350
Flow rate (L/min)

Fig. 4 Relation between Fe content of solution passing

though a 0.45-um filter and flow rate of mine
drainage water from galleries U, M and L.
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KOFEEZEAATIE—EDOHLH L, M TIIHIK
TIERW BB BN LHH0A U T,
TREHEIT 5 & 0.45 um OJEKZ @il L7z
WIRIZE £41% Fe OIREENHINT D23 &
% (Fig. 4) , ¥LH L, M, U® 0.45 pum OJE
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TIE, 100: 1~1000: 1 F2EETH 7= (Fig. 5)
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Fig. 5 Relation between Fe flow out rate as Fig. 6 Variations in Fe and Zn flow out rate as

solution passing though a 0.45-um filter and solution passing though a 0.45-pm filter and
residues trapped on the filter. U: upper Fe flow out rate as residues trapped on the
gallery, M: middle gallery, L: lower gallery. filter in mine drainage water from gallery U.

WK<, FEILBEKD pH MERED BT M, U Tid@v (Fig. 5) . 72, SLOUIZERH LD K 9T, JiEN
N 2RI, 0.45 pum O Z @I L 72 IRICE £405 Fe OHEHEN ML (Fig. 4) . ZOHEHE L
0.45 pm OJERKNFHIE SH7= Fe OPEHE ORI, 1000 : 1 05 100 : 1 IZIE T 2H@nH 25 Z ik, o
U D &S RIREZEEARENGIANSHEH SN DFLLFEKICOWTIE, EOHME & $12 045 pm BL ED
kif& LT Fe R EENOFIERE L 2D RetEZ R LTV D,

PEILBEK O Fe JRIE LB S 13472 0 O Fe OPEHREOFEZ(L 2510 UlZ oW TRt L 7= (Fig.
6) o FLILFEKDWERD K E < HEINT 5 HMET I & HERNIFIC Fe OIHENRE <25, KT, ZDBIGIL,
EfETRNICEE TH D, Zn 2OV T HAFEREAARD bLd, SLILFEKOREDECIX, SR oMM
72 & DRI HE N IZ R EDKD LA Z e 2 & CHILBEK DI ENIEMT 5 2 LI LTV D28, iED
HIMZAE D FIRBRDFEO HNRNWZ L iX, HTICHDILLEKRD L —R"—NH5BERE N a2
TW5, SRETRENCITA R L 72 s O o) 1T B IIK DG &SI 2 O T, Zh b OfJIDs,
SLILBEAR DR T 201 & A L7z T Tk, @ OR)IIKIC X B85 LBEKRORmRB e /-0, HFEH K
TR BE B2 OARENE D H 203, LILBEK DX R TITREIC OV TOXRITMZ T, EOHEFHIFED
CHRBEETH D,

5 F&®

IRBEIESE L2 & AL D 8L LBEKIZOWT, BiliFAA, A4 7 v~ N7 T 7RI X 2 [RBEKD ERST .
PIXE {EIZ X % Fe, ZnBIEICOWTHRF L7, ZORER, SRILBEKOW &L, THET R & g R8s -
5L, SRLEKRDIREN S 70D &L EICERBRDRENGS ROLGENHLHZ & SLILBEKTOESRE
TCEMHEIL, MEICEIV 2 b — L ENTWDE I ERHLNIIR-T-, TNHDZ LiX, RBEIRSL LM
TCHFET DIILBER AR L TN D LY —N—RRENZ EEBHRL TS, 2O LiE, SLILBEAKR R
ICEEELT, MUV LROEBEICHE L G TFE L OB BB O BEFEY O PO BRI BRERE Y
ZRHIET A7, D DORGNIKINZE LWV E DI LTI Wi enZ 2RI LT 5,
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D 2, &)Ece, 5 o1 [ XFESfEo e | Kigkk CEBHE, HEHREAR, (1994) 63p.
2) B B, BARILERMAS B PR A E,  (2003) 51,
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Characteristics of flow rate and chemical concentrations of mine drainage water

Daizo Ishiyama', Hinako Sato', Toshio Mizuta' and Koichiro Sera’

'Faculty of Engineering and Resource Science, Akita University

1-1 Gakuen-Machi, Tegata, Akita 010-8502, Japan

*Cyclotron Research Center, Iwate Medical University

348-58 Tomegamori, Takizawa, Iwate 020-0173, Japan

Abstract

Flow rate and chemical compositions of mine drainage water from galleries and a dump of waste of an
abandoned mine were examined on the basis of data obtained by a field survey and chemical analyses using ion
chromatography and PIXE analyses. It was founded that the flow rate of mine drainage water from galleries and the
dump of waste increases in snow melting season and rainy season and that iron and zinc contents of mine drainage
water increase with increase in flow rate. Dilution of mine drainage water caused by melting snow and by increase in
the amount of precipitation during rainy season was not observed. Amounts of iron and zinc discharged with mine
drainage water are controlled by the rate of discharge of mine drainage water. The fact that dilution of mine
drainage water was not observed suggests that the reservoir of the mine drainage is large. Thus, the dump of waste
should be isolated from percolating water of precipitation and snow melting to prevent environmental problems. The
same care is needed for dumps of waste containing heavy metals from civil engineering works such as tunnel

construction and for dumps of industrial waste at a storage sites.
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KEFLRH L IREIRM P DTHMEK
AR, SRR HRHE—RE

FKH R v 7 —
010-0874 Kk H UL EK H 7 T-RK A PR FHET 6-6
BIPTE © — X = A BRI T e BN 22 B

020-0122 5 FWAK A i A 72 1) 4-3-33

UK RS R SRR i EE N LA SR
016-0876 Fk W AR T KK 11-1

PEFERRFEY A 7 a bnr v F—
020-0173 & FIRA FERFE IR AT T84 23 2k 348-58

1 [XCHIC

LAV 2R BT AL B it & Peie UL BUE T 2 JRAT U2 1 2 & U2 RATER IS PR Tl HiBRERBE
Cwy FLIEZARBAER T, LbEH T LX— HAROLEBPRDONTND, £z, BREA
KELT, AU I 2 ABMREICE EE 6T, ASRAKER/DNRER) I ~D%EFE - U it o
B LY —BRDOENTWD, 29 Ll b, BRMEMOKENT AT LEaiel T 5%EHE -
U Y RO A~ AL O PSR & 2 Ff o /KB EIEAI 2 BRI L. T OKREH(LEED & & bic, KEHL
AN IER Y 2 G e LG BEM & L TOFMEEICOVWTHERF LTS, 2 2Tk, KEELIER O+
BBRANIE L TOREMZMHETRT D 72T o 7oK EFALIEA] L I8A O RS THHLEA T A F DT
AR T 6 K OB HALIEA OIS il o i OFE R 2 W5+ 5

2 MEBELUVAE

2.1 KEHILEH

KEFALIEANIEA T A4 b (63%) . WHAIK (25%) . Kk (12%) DOIREWE 550CIZ LD 4 K
Befh L7 b 0T, JBIRIFERR, —RoRE JIXER 10 mm, BT 1 g &> TWnD, JEAONEHHE
X SEM THIZT 2 LEER T, REMBPRKESWEEZRIN LT W EEICR>TWD, £, B4 T
A MFEDOR—F AR—NANEEFIELTND EE X HILD, Fig. | IR OSMELZ | Fig. 2 IZIXTEAIN
B8O SEM A A —T &R LT,
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Fig. 1 Outside of water treatment medium. Fig. 2 SEM image of water treatment medium.

2.2 EA34+
BA T A M Fig 3ICRT 10 A RSN bOE oG L Lz, 72k, KEEIEANICH N
BNTNDHEATA MENo.8 THIENZHLDTH D,

e Fig. 3 Map of Japan, with the locations of the sampling sites.

- od
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2.3 HHEOFRINIE L DAL

KKEFACTEAI & BA T A b OB D T2 D Do HrakkHE, 2 b 2 a4 THZ . 9 100 mg
EREREL, A —HSRICE DRI S um BEICEBVIE LA L2 b | NEEERE LS & L T Pd-Carbon 3K
(Pd 5%, FOGHIZE TR 20 mg Z2RFEL TN, H—ITRA L THRE L, PIXE 04T o R AR
BHEZ Vo R_RUFNTE =7y b7 L= A0 T 7e Ny 0 77 ¢ b A BRI FHBEUEE 2 59 100 pg
FeH, TNAa— A TIORICARLIcae PF G —HEZ0 b T L, BV G & 8T 5
HMIECEHELEZLDE L,

KEEALTRAI O K IL, IWHRBROEE (B 48 FBRETERE 13 5 [FEESR] ) ICX VIER
L7-., PIXE Zy#r oM e, B H#E 1 mL (2 In (1000 mg/g) Z 10 pLIIL, ZHEX—F v b7
L— AR TNy R 77 4 b A BIC20uL B F L. BARERSELZ LD L L=,

PIXE o#TIE, MEHART A Y b= R4 7e bar % — (NMCC) TiTolz, AE—
NP A XDV A 70 barnbD29MeV D7 b —2A (6 mme) & HEZEF ¥ o —WNTRERE
IS L, 2k A LEEEXRZEzx LA Lmx X —Ho2E503 ) a3 UF UL
B BE TRIFFICHIE LT ALY ML 2B, A7 MANGKBRHTEDO Y — 7 B AT 512
I%.Sera et al." 23BHIE L7 fif##fr 7 10 77T A SAPIX Z W o, B — 7 HfE 6 E B2 KD 5 ks LT,
KEHACTEAI & B AT A FalEHT Sera et al P23 % L7z Pd & PNEBIEHE & 3 2 By KN ERAE e v | K VL
TEAIOEHKIT In (1000 mg/g) ZWNEEHETLHE L L HiE Y2 AT,

3 NMHEREBER

PIXE {EIC L B e E T OfE R, Table 11279 &80 KEHLIEANIX Na, Mg, Al, Si, S, K. Ca,
Fe 2 EDITENDKY , Si & Ca N EER TR TH oo, EERO Hg & PbITRH S izn, LEEHY
FEOFEUE (Hg 15 mg/kg LLF, Pb 150 mg/kg LA F) Z2H 2 556 E2IXBD Lo iz, KEELIEHS O
WHIR X, Hg OB HITEED 6T, Po X HEEYEIC BT 2 M E O EEEE (Hg 0.0005 mg/L LLF,
Pb 0.0l mgL LLF) M2 25 HDOTiXiehrolz,

Table 2 IZRTEA T A MOIGLFMEE A D & REMASOE VAT A FNEEHT LI E > TE
Kt TH D Na, Al, Si. K, Ca, Fe DFEEEIEVAHDH, EALBED Hg & Pb T L D&V
HHHDD, BATA MTZNOBBNERBOLERAL TN EEZOND, LR T, KEH(IE
FNCEHBTHHg & PO BAT A MTEKRT S EHERINLD,

4 FEOD
KB HALIEA D T FALRL & AR B HALIEA O s HABRIC X D HE O TR i R 6 KEHALTEA

T HESBRA S L TCOREMENTHEREN, TOFHICEY HEBIUVCH T ARE~OAREI SR &
RNt DEEZS,

44



NMCCHE [RIFI FHAFZE AR SR SC£E 15 (2008)

Table 1 Elemental content in the filter media and the eluate of filter media *'

Mean = SD
Element - - - -
Filter media (mg/kg) Eluate of filter media (mg/L)

Na 2860 + 487 33.6+104
Mg 1050 + 315 ND
Al 11400 + 2190 ND
Si 83100 + 11400 36.3+3.1
S 1210 + 508 5.89+0.84
Cl 383+1 ND
K 8430 £ 616 3.58+0.43
Ca 127000 + 12000 ND
Ti 402 + 23 ND
Cr 129+2.2 ND
Mn 473 £ 27 ND
Fe 6110 + 350 ND
Co 33.0+4.1 ND
Ni 136 £ 16 ND
Cu 141+45 0.01+£0.00
Zn 110+1 0.01 +£0.00
Br 72+0.6 ND
Rb 40.0+9.1 ND
Sr 188+ 7 ND
Hg 35403 ND
Pb 19.1+6.3 0.01 +0.01

*L: Mean and SD of five measurements.

Table 2 Elemental content (mg/kg) in zeolite *'

Element No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10
Na 4570 736 3640 6660 10500 4690 10000 2340 1140 2030
Mg 1170 ND ND ND 949 ND ND 758 2060 1560
Al 16000 30800 26400 32800 45600 35200 33800 29100 18000 34600
Si 151000 189000 201000 236000 270000 256000 267000 242000 122000 165000

S 321 363 628 730 655 495 1180 471 497 ND
Cl 1220 422 ND 569 1100 559 ND 915 739 842
K 6450 12700 8960 11700 9170 10800 26100 25900 4910 5860
Ca 4620 10900 13800 19600 9830 12000 9090 9320 6750 14300
Ti 678 922 690 2130 1080 879 685 712 1200 1780
Cr ND ND ND ND ND ND ND ND ND 15.2
Mn 57.0 141 58.7 701 82.9 84.4 131 107 159 153
Fe 4460 13300 12700 14800 6530 5890 9040 6810 14900 19200
Cu 1.97 8.66 104 ND 154 9.34 7.26 ND 8.93 7.68
Zn 72.7 60.2 72.3 85.30 105 89.1 103 48.9 70.3 102
Br 4.64 ND ND ND ND ND 8.30 6.37 ND ND
Rb 40.3 103 89.1 117 63.4 51.7 114 125 137 104
Sr 94.8 153 183 192 241 66.3 56.2 120 176 149
Hg ND ND 15.8 ND ND ND ND 15.0 ND ND
Pb 111 ND ND 45.7 ND ND 60.7 ND ND ND

*1: Average of five measurements.
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Elemental composition in water treatment medium and zeolite

Katsumi Saitoh', Yasuji Kurimoto® and Koichiro Sera’

' Akita Prefectural Research Center for Public Health and Environment
6-6 Sensyu-Kubota, Akita 010-0874, Japan
Present affiliation: Center Laboratory of Technology, NS Environmental Science Consultant Corporation
4-3-33 Mitake, Morioka 020-0122, Japan

*Institute of Wood Technology, Akita Prefectural University
11-1 Kaieisaka, Noshiro 016-0876, Japan

*Cyclotron Research Center, Iwate Medical University
348-58 Tomegamori, Takizawa 020-0173, Japan

Abstract

To confirm the use possibility (safety) as the soil conditioner of the water treatment medium, this and
zeolite (major ingredient) elemental compositions were analyzed by PIXE method. As a result, safety as the soil
conditioner was confirmed. Therefore, it is thought that the water treatment medium can be used as a soil

conditioner.
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W EKBBREAM AT HEEEDEFE

wEE . miETA SRl s R B

THART A Y b= HiEa /e btk ¥ —
020-0173 /& FRE TR IR A IR T8 25 Ak 348-58

CEFERKREY A /n b X —
020-0173 & FIRA FREREE IR AT IR 784 23 2k 348-58

1 [FLC®HIC

NMCC CTRFE R T THEREE | 1280 2 < OEWREHZ DWW T, 1 mg LT O BEHI %1
DEBDHIENHELS N TS Y, L L, BRI AR D % 8 % 72 W KIE RGNS 6 L C i A
TE 7R, EE, KEEREIOPFRL, Xy b ERAWTHNEEREILHE 5S~10 ppm & 725 L D IR 1-%
SRS AEYRIE TR L THT 5 2%, WIEEER & L TR B Z< VLTV D DT A P 7 AERER
(1000 ppm) TH D, ZNEFERLS EELRMT 5720121, tOREBET ImL UL ETHD Z &N
EE LW, Bl IEREFED 100 uL L7 Wa, B O NEEEREL & [6 U & O NHIEER A Mz CLE
I &, WHIEEORENEIRE CURETEOCTRIINEEC 25, £/2, @FHONEREE L F CRET
HELELY ETHIE, M 2NEEAEROEIT 0.5~1ul 720, REENS S LIZh L RuEEE o
By MEETHEEERABER SBT3 E A ERAREICRD, L, REtoFiziEsmd
b O, MMELIRITERNLORH D, 4R, £ 5 LzmiaE (50 uL LAT) OWRIREEHZ
LeEREORBEEHNE L, RO 450 HFEEZBE LR,

O —E—LICEL HNEEEZE NEBIEEX)

X1 ICRT &k oic, AMEEEICITIZY —7 y bOBRIISE LT 2B OEBIENRD D, KIEERAE O
BARZ, NoX U UBEECHETL, TOEFHBEIEZLOZMET L0, ARy MROXY—47 v b
2725, ZOXo =y Mokt L Tix, H—ev—2rEREHIND,

B—E Ak #—klk
aadl s ||
..l |.. .
e >

(=% b ol RAlE) (HfrmE#b e OER)

1 SEpREEE

48



NMCCHE[RIFI B ZE R R (SR 16 (2008)

B—bE—2iEE, =7y b eREel e —AaTRAL L I ICBE L, REHPORENR —THE
X Ofext B [ — 5 CRE LZBEMED X OEREX — 7 o N E OB R, i a NI YE & 7
BRLTHMOTHEDOEREZITHI E VI HETHD, Lan> T, BE—2DORY M « REESLRkE~D
Lo BEED D OREICRKRESEETIAREENRDH S, LL, NEMEELZ I A LEN 202D,
A EORE CERSH T, RERRICEDL L RiEEER S A LR,
QORMNPBINEIZEGAZE (HEIX)

HERBZ I —b L%, ~A 7 uFa—7 24K (A, B) 20T T, AIZEHONEEAEED
B LR CEG~10 L)Y ONEEREE N2 D, FlZIE, A 10 uL OFEHE AN TZ8HE, 10 L O A >
U LAEAEE AN D L PR E R FE I3 D 100~200 {50 1000 ppm (2725, T DORMET A ORIE %
T, BRI bERECHET I TE X 2 ERET D, TE X ZWNTIEREL AR LTB 2HlET D
ZLICK VO TFEOEREITY (KM2), ZOHEDOEE . NEERERR OFIN I i O NS v b
FLZROT, TOEXy T 4V ZTREEIZOWTIEMERY, Lo, 1 REHS 2 oS NLET,
E NI OFRS 21510705, £, REEDEIT 2720, @EESHTOTZ0HI21E 20~30 pL OF K&
NUNETH D,

PIERZE#E (5~10uL)

5
/
~ P = -
o sREoxzEs
=~
Sy i o

[ XERBEBELAG L THARER
M2 5E%

ONEIZEZRFHZRAME (FFRE)

WHEZE MR 2 AR L, @% ONEERELE & R U &2 KRR E CRENCIRINT 5, misto 2 B LY f#ifH 2
N, WERAREEELZBIZ2MERHY, HIRLUCRFCEENE —IZ2 D L CERELR2TIERS
eV, FTo, WEMEMERZIMZ 5720, e e 10 pL ORABEIIMLETH S,
OAEZE L FEE (LEEER)

R ORELZ Ny X 77 g VAT L THBESE . ZNUCL5ED L) ICHEEERZH T L.
BOHBEIETHET S, FliEE L TR bEHE T, AL & RERICE uL OREHE CE & AT
HY ., NEIERERZMZ D MLER 2 WO BRI D 2B L AE TRy, L L, RRCHEWIERO
B, BRICHBIETLE) EEBNPAXIC LS 257D, WTEERZ EMREICH N5 2 &
NEEL 2%, WICEWRKROEGA, EWARKEIE S CNEIZEEREZ ST ERRWES R E-> T LE
FENBHD, BT, NRyX T T 4 NV ARBKEDOTZS, M FLEREHNILIZLIZZ 4 v A 2R
45, EPNCNEERER 2 EMEC ERETE 2L LTH, TOME L THRENBE L2 EHICTEN
BHELTWALZELEZLN., TEOBOMEER &5 A[REhNH 5,

NGB 420K ED I L OIFINBIEREE, Q~@DIFNTIREEETH L, ThEn—K—ENH 5,
Kx DIFETHROERERZRET DL Lk, BE, FoMEEZREF L,
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2 EEAE
2-1 BIEH

HIE AT U7z D13k [E SPEX D Ji WOt 70 #r I AE HEFAFE MIXSTD-5A 3 L OVXSTC-8 ThH 5 (£ 1),
MIXSTD-5A Ti% Fe, PB, TI, Ni [Z2W\ T, XSTC-8 Ti& Ti, Zr. Nb, Mo ([COWTHIEEIT- 72, &
BEAS THRf &) Th D L WO RIRO 2D, FNBEERELER KO EREEIETIE 50 L UREEAIZIE uL T
FRETEDN, JERNFEAEZFZEZ TS0uL & Lio), HERETIT 40 pL, HRETITIOWL A~ A 7 0 F a—7
WZAEL, ZREREMRY 7 e L CREBER 21T - 7=,

1 MEHH

€S N— AR JoR M OV JEE
Fe, Mg, Pb — 100 mg/L
_ . | TI-=50 mg/L
_ )
MIXSTD-5A | 5% Nitric Acid Ni - 20 mg/L
Be — 10 mg/L

XSTC-8 H,O/trace HF | B, C, Ge, Mo, Nb, P, S, Si, Ta, Ti, W, Zr, Re — 10 mg/L

2-2 HSMERAREEIRICT & B MIXSTD-5A D RIE

AEIZE ENTVD NI ZHEECRER S Ui, HHEXY —7 v M, FCHSE T3 R~ % o058 Ni
HEAEWE (1000 ppm) Z KK T 10 53 L V100 f5I2F8 L. 100 ppm, 10 ppm DIEHEF % 125\ T, 10
uL, 20 pL, 30 pL 2 RN F o7 7 4 VA F L bOZHAE Lz, Bk, b % 300 um ~ A 7
— WA A D CHIE U, AN O JEfE T — 2 & Lo, MIXSTD-5A 1%, ~4 7 25 2—7(Z 50 uL
SYEL., B L%, 10 pL 28y X077 4V AICHE T LT, W%, By —47 o b e
HTEe—2%2 WL, 22 THLON NIREZ U L U TR & [FAR, X SR8 AW A - R
DFEWZ - RHDFED 3 2OYHEELZ H\, Fe, PB, TIOEREZIT> 7,

2-3 HEEIZ K B MIXSTD-5A D AITE

AEFICERETCEENTVD Fe 21 tE L T5 2 LT Lz, 40 uL D MIXSTD-5A 75 10 uL
BvA 70T a—7I1Z0B L, WEEAEL LT 1000 ppm O In 2K % 10 L X CTHYICEBE L=,
ZINHI0pL &Ny F 7T VAT T LT, %, Fe OIREZNE L7-, HUHOFETIX, Z
I CHELNTZ Fe OEREAZLMEIZL THEY O30 uL OPEEITWV MO THEE2ERETHZ LI22> T
7oM, Fe OWERRITT X TRIFME LY 20%REK -7, FKKEE LT, REPICERE TN In
IZE D XBMOHCWINDOEENRE Z SRizH, In &2 10 fFICHmR L CHERE 21TV, FKRD A7
FLEHEELTHDE, JFIKTIEFe D KaDE—27 N 20%REKRS HTWDZ ENbhotz (K3),
% ZC. Fe ® 1000 ppm In (Zxt9 % B ORI EZITV, Y O30 pL 225 10 upL 23y F 277 1 b
AIZHFLTPB, Tl, Ni DE&ZITo 72,
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@a 3 .:
ENE :
\ £ il

Counts/Channel
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Jf LR
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400

il
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Channel Number

3 ERDHREDOINIZEAHAMDARY FILLLE

800 900 1000

2-4 FFEIZEK B MIXSTD-5A & U XSTC-8 DI FE

P ERFEHERR 1T 10 5478 (100 ppm) . 100 %A BR(10 ppm) > 2 FE¥E % H & L 7=, MIXSTD-5A & XSTC-8
F10pL T O~ A7 vF 2 —7ICHaR LTz, 2HIZE % OREONEEEER 2 10 uL Iz THEEL L 721,
10 uL /3y ¥ 77 4 L AT F L CHZBRICHE LT,
2-5 LFEHEEIZKSD MIXSTD-5A & & U XSTC-8 DIFE
MIXSTD-5A & XSTC-8 2~ A 7 0 F 2—7I250 uL 0l L, + e Lk, N X 77 0L A
ZSuLiE F L7z, RENHEE S TLE ) ERB RIS 2D, KFENDIRRE NS kot
EZATENIELSED LD ICHNEEERERZ SuL i T L, BORE S CTHIE Lz, WEEEAED RN
WS OINE I NERD -0 In FEEERITFIE (1000 ppm) | 10 £ 7 B9 (100 ppm) | 100 £35 75 B (10 ppm)
D3IFEHEHE L,

3 BRa - AERUHER

EHEREFTRIEE ANV 7 1 bry (MCY-1750) 26 E & H I 72 2.9 MeV OB — AT
BHEYHMNDO S T 7 74 ha ) A—Z X VBB INY —Fy NelBET 5 Y, SEIXWThofs
IZh, 6mm¢ DE—LEBANH T, B —LEFIT 70 nA §itR. HIERFMIZ 1 BN LI L2 597
Tholz, BELE X BT RHBFREENES 27 M2V B ER Y, B3 X —HoBmHECiE
500 um Mylar film 2% X SRR & LT Sz, AT MVIX PIXE AT MR 7' 0 775 I
SAPIX R OVERFH 710 75 W KELIC L VT SN0, Ko FRENRD bz,

4 FHEREER

4-1 SNERIREEE
SRERREHEE | X D MIXSTD-5A ORIEFE R 2K 4 1277, il 2 NETRICOWTHRIEFE L Y 2 FliF
IRV, B2 RNy X 7T 4 VAL T TABEOE Ny b F oy 7 b ORI SEN T2, B—
LADBHFHMNENLET TN TN EEZLND, W2, RE 4 BETHFIZOWVTRIEMEE Y 2 i
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ERWRERPHTES, Thvbbe~y MBEICEIDBEL Bbh s, £72, 3B 10 (3 Fe & T1 23 RFEMHE L
D 15%RRERmV, AED X910, ZOREETIEF =5y PP oo &4 ET 570, #k %
HTETOBROENyT 4 7 BLOE— LMD EO EM S A THEL RS, ZH b & BEICH
52812k, fEEOM EXHFTES, ZoHER, REFRREZE LW, FEEORE %
BRIET L5 8ICAEBbh b,

150 —&—Fe(mean100.9,8D11.03) —@—Ph(mean 98.6,8D7.91) —&—TI(mean52.3,5D 4.42) —e— Ni(mean19.8,8D 1.84)

Tl Certified (50) — Ni Certified (20)

Fe, Ph Certified (100)

(wdd) i i

100 +

Max Min
Fe 1221 80.6

P 1167 850
50 | A O i DS i T 613 445
= N 232 167

—
° —— - —
EESS S == = v -
1 2 3 4 5 6 7 8 9 10 HUES

X4 4ERREHEKIZ & D MIXSTD-5A DBIEHRR

4-2 HEE

ENEIZ X D MIXSTD-5A OWEFRERZ K S IZRT, Tl ZFRWVTRIEE L D ORMED N, EHT 5
A IREEE £ 2 % OFPHNICIN E > T 5D, L L, DEETIEERED In 25 & HEWIR R L
DRMEEERZNELD ZE08DY  AEIEHR L In EEKZHAWTHELE L, MEZ1T-7-, 1K
PO In EEKRAZHERT 50 THNIE, #H. 43 OFRIELRLCZ L2225, Lirb, WE - o
FREN 2MFI2 D720, ZOHFEFEAHEITE R0,

1 e
ST {mean 97.1 SD 5.70) Pb (mean 92.9 SD7.51) —&—TI (mean 50.0 SD2.84)  —e— Ni(mean 18.8 5D 1.43)

Fe, Pb Certified (100) ——TI Certified (50) —— Ni Certified (20)

Max Min
Fe 103.6 88.1
Pb 104.1 84.6

50 | — — TI 545  47.8
* = Ni 200 167

(wdd)a i
g
T
4

®

5 HHES

-

(S}
w
~

B5 HEEIZKD MIXSTD-5A DBIEFHR
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4-3 FEWiE
ZFIRIEIZ L A MIXSTD-5A 35 L O XSTC-8 DRIERE R4 6 IR,

4 MIXSTD-5A
RERIEEE: In (A:100ppm, B:10ppm)

Fe,Ph Certified (100)

150 —+— Fe(mean98.7,5D 3.89)
Ph{mean96.2, 3D 5.75) —— Tl Certified (50)
—&— Tl{mean51.5,8D 2.57) ——— Ni Certified (20)
] o Ni(mean19.2,5D1.31)
3 M Mi
T 100 A + = — - — ax in
E e 2 Fe 1055 928
=2 Pb 1071  87.9
T 552  46.6
. X e Ni 210 167
50 | a— A — n - X
g = 2 -\—._‘_', . g —- = = &
0 1 1 1 1 1 1 1
Al A2 A3 A4 A5 B1 B2 B3 B4 Bs AHES
4 XSTC-8
NERIZZE : In (A:100ppm, B:10ppm)
20 - —+— Ti(mean .3, 5D 0.59) —8— 7r(mean 9.8, 5D 0.41)
—a— Nb(mean10.4,5D 0.56) —m— Mo(mean10.1,5D 0.48)

Certified (10)

0 - 1 1
Al A2 A3 A4 A5 B1 B2 B3 B4 B5 OB

K6 FHEICEKSD MIXSTD-5A (k) & XSTC-8 (F) DBIEHR

A1~5 D 10 fF/AI, B-1~5 23 100 fE /RO In BEREMZ THIE L2 NV—7THDH, WTILDH|
FEICBWNT S 100 7RO S0 FHEMEE SE-> TV D In AR A 100 ZICHmRT22 210k,
B OWNEIEYEE L RIREOERELSGECTHETE L LICR 5D, FRDNIEMIC TESHEE DG W

ERPATRE L Bbh s,
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4-4 LEHEE
FFEFIEIZ L D MIXSTD-5A B XN XSTC-8 DHIEM R AKX 7 12”77,

St 44 : MIXSTD-5A
NERIEZE : In (A:1000ppm, B:100ppm,C:=10ppm)

180 Max Min
Ez 182-1 32577 —e— Fe(mean100,SD 2.39) Fe, Pb Certified (100)
Tl 538 461 —®— Pb{mean96.7,SD 2.67) —— TICertified (50
Ni 20.1 18.4 —&— Tl{mean 50.8,5D1.94) —— NiCerified (20)
—&— Ni{mean19.2, SD 0.55)

(wdd)a3i
o
[

5D'g‘\*’ﬁm‘/‘\—*’—.\‘_—.ﬁé

U ! L ! ! 1 L L I 1 1 1 1 ! !
Al A2 A3 A4 A5 B1 B2 B3 B4 BS C1 Cc2 C3 C4 C5 C6
B
stdd: XSTC-8
20 NERIEZE : In (A:1000ppm, B:100ppm,C:10ppm)
i
E ——Ti (mean 10.2, SD 0.57) —&— 7r(mean 9.5, SD0.73)
3 —#—Nb (mean 9.6, 5D 0.95) —&— Mo (mean 9.6, SD 1.10)
3 Certified {(10)
10

BL B2 B3 B4 B5 ClI C2 C3 C4 C5 C6
B 5

B7 LEFEHZEITKSD MIXSTD-5A (L) & XSTC-8 (F) DBIERHR

Al~5 PRI, B-1~5 N 10 fEF/AIR, C-1~6 25 100 fFHIRD In BEER ZREHC ERE L CHIE LY
N—TToh b, XSTC-8 D C-6 IFHLNIZERTERA L ERKSTLESTZHDOTHY , C4 LR A

54



NMCCHE[RIFI B ZE R R (SR 16 (2008)

FRTATLESTARBERE WV, In ORETHET L. MFDT T T7TBIA—TREELTND
KO 2508, MIXSTD-5A OHIE T, FHTIILED 7 —7 S IRGME = 5% & B4 725 %035
SN7=, XSTC-8 DZ T 7 Tlix Mo DEFMNLRLH DN, EUERE LIV, &AVIZH—LLTH.,
DEREPMDTHoTT0, TN RFBREOEILDERboTzb o B2 6NE, EFE
WiEIE, REREE D =92 X5, NWEEREL EMElC ERE T2 L2 T2 L2k, ME
DEWEBNMIFFCX 5, o, FIRONHEERZMHEH L THBRREMEE — B LR A B 5T
B, Z—=7y MERBLBETH D720, KRB O e R EE O K E 7 lim 2 R a4 L2y
e Sl aHERE W E Bbin s,

4-5 4 EDHE

B8, 9% DHFIETHLNIZEREMER CEIMEES.D.) 277, &4 OHFIETHEHLZHEES X
CHE =0y hE LIZRBEN RS-0 (R 2) —BHIiTHETE 20 AEIOHNE T 100 5471
O In FEHER Z O A BRIENHEE, BEECBOLWTRLER TV, 202 ik, WEBEHER 2 BRI
FRTENIE, ZhzlBHoMA T b+ 5 LW o @E ONTERERE & A UTHEN, &b EAEER
B, MERFETHHLZILEERTLOEEZOLND,

K2 FRARHERIUNYXUIIAILLETE (uL)
ERFUEIR(A) | NEREEHEGS N £ (B) W&
AR M A 50 — 10/A
. D10 10 10/A+B
7 ENE 40 —
@30 — 10/A
i BRIE 10 10 10/A+B
Rk 50 5 5/A+B
150 - Error bars:S.D. —e—Fe
=
B —8—Pb
=)
o
é - e T|
100 e ———— e e — ——F
R —— i
Fe, Pb Cerified
o (100)
= o= — ——
o [ S = N —= — — Tl Centified (50)
—— —— Ni Certified (20)
0
NEEEE  HEE fﬁ% ﬁﬁ% E®EE %%%? EEEHE
(n=10) (n=5) i xT (F&) 1 (x100)
(n=b) (n=5) (n=5) (n=b) (n=6)
X 8 4;iKI2&k B MIXSTD-5A DEERER (BRTHTFHHE)
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20
8 st T —=—7r —a— Nb —e— Mo Certified (10)
=
E
i) Error bars:S.D.(Mo)
o
<)
10 | ——
0 1 1 1 1
/WE FEE EFEEE LEE®EE LEEE
(x10) (x100) (&) (x10) (x100)
(n=b) (n=b) (n=5) (n=b) (n=5.C6 (LR 4t+)
B9 2%kICkDXSTC-8DEEHR (HEXKTIYE)
5 F&b

W (50 uL LLF) OKBEEHAEHIEA L 5 2 EBOHEE LT, B—E— A2 X D/ R,
WHESHEHE 2 2y Elk . ik, EREIEO A2 R Uiz, AMIEREE & BRERIT, & 2 AT
BESCHNEIEAED FRENEOHMB TN ERBREICORNDIZD, IO ERMBICHEIT T Z 0N E
Flled, LML SuLU FTOBMADEREOE&ESZ e 75720, EEAHRHIX L QXA &
Bz, mEEX, BREONTEERZFERAT L L, AERINO PR EEEICAHEERRNA L
HZENbhoT-, KEBEONTEEKZFERTSOTHNIEHRIELFCZ &I, LrbHlE -
FEAT O TN 251270 DD FERMTIXZ2V, AHFIEIL, NEEER Z EfICAR T, ME, /5
BMEOBWEENFARETH D, MMEORE CRIEREDORENTE D L) Z &M PIXE OREEN,
AFFEIC L0 O BEOBKRETH, S22 —7y MERICK VEOBWERNARETH D Z &
DR TE, SHRIDICHE, BEMEOm EZBEL, OWEOHNLIZED TNETZ,

2% Xk
1) Standard-free Method of Quantitative Analysis for Bio-samples
Sera, K., Futatsugawa, S., Matsuda, K. and Miura, Y.
Int'l Journal of PIXE Vol. 6-3,4, 467-481 (1996)
2) Present Status of NMCC and Sample Preparation Method of Bio-Samples
Futatsugawa, S., Hatakeyama, S., Saitou, Y. and Sera, K.
Int'l Journal of PIXE Vol. 3-4, 319-328 (1993)
3) PIXE Analysis of Mineral Water (Effect of Sample Preservation)
Futatsugawa, S., Hatakeyama, S., Saitou, Y. and Sera, K.
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Quantitative analysis of minimal aqueous sample by PIXE

S. Goto?, C. Takahashi®, K. Terasaki? and K. Sera®

!Nishina Memorial Cyclotron Center, Japan Radioisotope Association
348-58 Tomegamori, Takizawa, Iwate 020-0173, Japan

2Cyclotron Research Center, lwate Medical University
348-58 Tomegamori, Takizawa, Iwate 020-0173, Japan

Abstract

For quantitative analysis of liquid sample by PIXE, internal standard method is commonly used by adding a
standard solution to the sample to an optimal concentration usually at 5-10 ppm. In order to add the standard
accurately with a micropipette, the amount of the sample is favorably more than 1 mL. But some kind of liquid,
such as [*®*O]H,0, the material of F-18 labeled PET pharmaceutical, is too scarce or precious to get enough
amount of sample for analysis by the ordinal internal standard method. With the aim of developing techniques for
quantitative analysis applicable to minimal sample of such liquid, we have tested the following four methods by
analyzing two multi-element standard solutions and examined their accuracy and reproducibility.

1. External standard method for a spot target: the whole target is irradiated with a uniformly adjusted beam and a
specific element in the target is firstly quantified by comparing the spectrum with that of equally irradiated
standard target. The remaining elements are quantified by taking the element’s value as the internal standard.

2. Two-step method: a portion of the minimal sample is firstly analyzed by adding the internal standard of the
ordinal amount (usually 10 pL to a 1 mL sample, so it is too much for the minimal portion) to identify the
highest element in the sample and obtain its value. Taking the value as the internal standard, the rest sample is
analyzed.

3.Standard dilution: the standard solution is diluted by 10 or 100 times to be added accurately to the minimal
sample.

4.Standard covering: after drying 5-10 pL of the sample on the backing film, the appropriate amount of the
standard solution is dropped to cover the whole residue.

The results were mostly satisfactory with 10-15 per cent accuracy except two-step method where the self
absorption of indium, the excessively added internal standard, affects the measurement. For external standard
method and covering method, correct adjustment and positioning of the beam, and precise location of the standard
dropping are found to be crucial respectively. As both the methods require no sample conditioning, they are
expected to be applicable even to a sample of less than 10pL. Standard dilution method with a 100 times diluted
solution is shown to be most stable in accuracy and reproducibility. The ordinal internal standard procedure using
optimally diluted solution is supposed to be most advantageous though it takes more amount of sample than the
former two methods.
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BERUTFHREBEHAMICET S PIXEZEIZTE 5 DHEL
XRF RIS K D ATEDLEER T

(=30

it

CAE L SRR, METTERR

ufil

SLRT RSP R AR B T F2E )
036-8561 T ARUEGLRITH SCARHET 3

1 [XL®HIC

RIRD THEEZ T3 5 Fik L U Caot X IEEO BT 2 HiEL L THMHLA TN D,
ZAUTKF LT PIXE ST et OB ORI | LB IR T~ 2 s Ch D, L L ZOHFIEIC L D
PSR H U WIERERH Y | #Ot Xkl £ & OGO+ BEt RN gz L Sh b,

T 2 TCIEEARILT SRR UL SO X ATE (XRE 4T1E) TR AV 04T (XRF Z3 47 4E)
& PIXE 73#riEZ AW TR D L2 00T (PIXE o) O ZITH, WEE TOMRICE D &, HHF5E
TR L 72E8 AL 7 SR I35 PIXE oA OB LA L7 A FHE T 130+30% CTh o7z, £ 2
TWL DN DEIEERE LT,

FPMEELT E LT (-1 ZHWTPIXE DM & > TR DI a0y O EE 2 Bt s LT
BREOGEHE L, BNCHIE L2 ERE (LoD OfEZE LT 100%I2722 X 5 ICHiEE1T o7,

PIXE Z53#fEx ((100—LOL(%)) /HERERY S5 D& A ) c e (K1

LUK Z2R25 &, MiEE 1 ICKVAIELZairE v PIXE 15 EkRIb, #iiE) 27k
NIZIEIRE BN, ZORKD 1 DL LT, HHEERREE L PAIEENE & ORGRERIA R+ Th o7
BBz, IRARERZ 15 5005 30 Sy~ LHER S W7o, TOREE, RAMMAZIERT 2H Lo T ATy
XN ENDZ ENHIA LTz, X1 245 LT Y X I&FEBS NN, XRE SHEFE : XRE)DIE ) A
RSB S B b Z R L TV D DIk LT, Pd E3EHE 30 /0iRA S THIIE 21T - 72 PIXE 23 Hr i
(6 : PIXE 30 Z04H1EE 1) (XS LTy, ZOBHIE Si & Al, Mg, Na @ PIXE #HriED
EENZLD LB 0, HLWHETEERFTLOIHERS D EHZ 27, £ T PIXE HHfEO _FBHD
HIEJFEIZ W TR L. XRF 00l & ik 2175 2 & 12T 5,
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2 BHIEE ny
21 EEbA N

REORIUL, BAILBEED [EADR T, Ly
SIS — L, BIBHD 100 4507 W 2 KAk T . LA g
~ R J

I EL 780mTH V|, BREM A —H OHVE T,

EARKIOEE =20 KM TH D, =
e &-‘.: / NS \\_\
2.2 FEEAE X 2. s

TP, BERBIHET DEEERN % Litter (& —10cm) & L TEET %, Litter ® FOREIIAT %% <
GATEY, WERZVBERELBODTVWIBAETHL, ZhEOEE LT, TOBHOEMET iz, X
KofEORE Y O BO (BEE—7cm), DMNEATIZS Z 0 BO® (BE—5ecm) & LTHERLZ, LT,
BREUHL S B O Litter ° O @A L7=t., B tENLOND, 22 HEERE (BX 0cm) & L.
TMEE TN A 2y 7 TRE THEEZK 20em OO F RIS D, 17cm #HE T HEREZ RS M lem Z
EICBRLTZ, 20X IR ETEE lem MR TERIRSNIANIIHmTH D, 2D &I X > TFHK D 72
D BB E IR CE D, 15em LIEIE, B 15—20cm, 20—25cm, 30—35cm, 40—45cm C 1M
2B RBHE BB L 72,

3 HBIEAE
3.1 BnmE

THEBURH T 3 IR BRI T SRR L7151, 65°CITRRE L7 RO C 48 ISR X n, WM S
HHREN D, KERERADOR, 7F 0% EZIY RO THE HBIALEZ AV TR ARIL L7, fi R
T LI, THEE R RIL LT, 73, Litter 72 E OFRMO L\ VEBHIM RIS D)%, Z0T250
Bih > TRY =F L URORNT, FTHRAE, M L,

3.2 HpaAm
3.2.1 PIXE 24k

B OV E BT IIN R RE R 2 N 2, S ok, B COBKRREHGE L TV L Eh
TW5, WEBERERELE LT Pd h—R &2V, Pd 1—3R 2 (8 5%Pd) 10mg & £3HE 50mg 2 1RA
e 30 RS L. IRAFEF O Pd #EE25 10000ppm & 722 X HFHH& L7z, IRAREZE Y N Tl
WOESEARLED, = FOFRICEL, 2 TF U 10%EK (=4 ) —)b: VxFlo—F)L=1:1)
Z3ul &0, BWEO I T L, Tmm 1E EDOMRIZIAT 5.

ATALER A #& 2 7238k PIXE s3#r & 7 — 2 figtrix, (ft) BART A Y h—T7WHaCREa&r A 7 r btk
H =K LT,

3.2.2 HIAXBAME

HEEB LS D O B, ES TH D Si0,. ALO;. Fe,05. K,0. TiO,, MgO. Na,O. CaO. MnO,
P,Os. @ 10 THE. MERS Nb, Zr. Y. Sr. Rb, Th, Pb, Zn. Cu. Ni ® 10 JTEIZ DO\ THOE X RO HrE
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ZRWTHOMT Uiz, HW =25 1%, Philips -5 PW2400 %4 B Bhat Y X fRoiriEE b 5,

OXEE R (LOI)

B2 OB 5 = L Ol D B RSy A JOEEE (Loss on Ignission, B&FRLOI) & 9% (:3-1), LOI
DODHEL LTERALND DT, KFE, RFE, EF, BEREOREY L ER TIIRRET 52 L O TE RV
EAK T2, THRUEAZ &V D &, WEMRICEURI B0 X MaTic gt e 1.8g L EFED Ko lc Lz,
AREHT ORI EAEIZL > TLOI N RR D20, AT 2 B2 Z L ITE 2 72, KT, Litter 72 & DA
W E e+ EE O LOLIEZ 90% %2 825D T, BVEALEE 30~40g L T5ZLNH 5,

LOI(%)= (WO E &(g) — NEVMLEL% H & (g)  NEVLEETE &) *x100 ... (3-1)

OHF A — RIEIZ X Dt

MARFEHIR LT 7 A — NiE (RUEREHE) ISR A B2 ko7z, ZOHIEX, 77 AMK
ABHIIN TS 2 = & CRBlo¥ 2@, BN oWERA RO D, WEVLER L 7- 135k 1.8g %
FERE L. Al 2 00z CRUEEE @Al 1 : 2 0BG/ D X 9187 5, AN Li,B,O; & LiBO, (Merck 8, A20)
% 8 :2 (LiB40; %9 2.90g, LiBO,# 0.72g) ICIBRE - b D EMHEM L7z, 7272 L. Li,B4O;. LiBO, ([ZIFfED K
DWEENTEY, BRIFFIC—EORIGAEFE L, BT 2, ZD72d, H ) DRI & )i 5o Bk
ZRIE L CTRE, BWAMEICHE  BlEl=1: 2 DHERL 25 X 912 Li,By0,. LiBO, ZFEFELT=,

4 MHIEAE
4.1 ZEER
LRI RS 3 DDA A2 Wz, STMEEZ R 11277,
JA— 1« AR 1B R AN T R EERHT
Z1E  (Andesite) . 1982 4F
JB—la : Rl IR LR T BRI
FH AN D A XA (Basalt) . 1984 4F
JG—la : BEFSIRBZER AT RFIRA
PR ERHERMPIRS  (Granodiorite) . 1984

®1 EEEROXHIE HhERAER& Y

Si0z2 TiOz2 Al203 Fe20s3 MnO MgO CaO Naz20

% % % % % % % %

JA-1CCEvE) | 68.97 0.85 15.22 7.02 0.157 1.57 5.7 3.84
XHEAERRZE +0.60 | £0.04 | £0.34 | +£0.20 | +£0.011 | £0.07 | £0.16 | £0.16
JB-1aCCERfE) | 52.41 1.28 14.45 8.98 0.148 7.83 9.31 2.73
SCEREREZE +0.70 | £0.04 | £0.39 | +£0.21 | £0.008 | £0.12 | +0.40 | £0.13
JG-1aCCHRfE) | 72.3 0.25 14.3 2.02 0.057 0.69 2.13 3.39
SCEREREZE +0.51 | £0.03 | £0.41 | +0.14 | £0.007 | £0.07 | *£0.08 | £0.13

62



NMCCHL [RIFI FFFE i SR SC £ 15 (2008)

(x1 #&Z)
K20 P20s5 Nb Zr Sr Rb Pb Zn
% % Ppm Ppm Ppm Ppm ppm ppm
JA-1CTE) | 0.77 0.165 | 1.85 88.3 263.0 |12.3 6.6 90.9
SCHRERE S +0.11 | £0.021
IB-1aCCE) | 1.4 0.26 26.9 144 442 39.2 6.76 82.1
XHEAMERRZE +0.12 | £0.015
JG-1aCCikiE) | 3.96 0.083 | 11.4 118 379 178 26.4 36.5
XHEAMERRZE +0.16 | =0.009
Cu Co Ni Cl S Cr Ga A&t
ppm ppm ppm ppm ppm ppm ppm
JA-1CCHRVE) | 43.0 12.3 3.5 43.0 21.6 7.83 16.7 99.3
IB-1aCCHRE) | 56.7 38.6 139 171 10.2 392 17.9 98.95
JG-1aCCivE) | 1.67 5.9 6.91 65 11 17.6 16.5 99.27
x2 1ZEEROPIXE HHIE
Si0z2 TiO2 Al203 Fe20s3 MnO MgO CaO Naz20
% % % % % % % %
JA-1 70.36 | 0.88 17.78 | 1.37 0.16 0.45 5.88 2.62
JB-1a 4622 | 1.29 12.78 | 9.29 0.139 | 3.24 9.60 1.66
JG-1a 77.48 | 0.256 | 15.89 | 2.07 0.059 | 0.26 2.18 2.30
K20 P20s5 Nb Zr Sr Rb Pb Zn
% % ppm ppm ppm ppm ppm ppm
JA-1 0.78 98.6 108.4
JB-1a 1.41 3920 |172.6 |522.50 266.67 | 90.26
JG-1a 4.01 129.0 |183.05 |183.1 [2599 |55.01
Cu Co Ni Cl S Cr Ga AFf
ppm ppm ppm Ppm ppm ppm ppm
JA-1 57.3 437.5 838.1 |624.6 |63.4 106.50
JB-1a 63.01 | 697.88 |98.95 |1143.1 |[806.9 | 356.0 86.07
JG-1a 6.54 117.14 1670.3 | 601.0 | 34.2 11.1 104.80
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4.3 EBEERZERAVPIXE SHEDMHIESEDR

FEHEE A7 OO SCHRIE & & DREYUERS £ D PIXE o #riE4 bt L. PIXE S HHE D IE 1 2 Mt L7z,

LT ORIEFEZMIERE 2 &35, fiiEE2 T, KFEE2 3 207V —TZH08L, ThEno 7 L —7
THIIEZIT D,

4.3.1 Ti. Fe. Mn, Ca. K (A% IL—7) (S B VN |
FEHEE T D Z 5 O PIXE L, K3 o Eg:JBqa
0

: JG-1a
£ 9IS ICHE &R DFFANT B L T o, - TR

ZDOZ LM, Ti. Fe, Mn, Ca, KD 55 6
DR AT N—T L L, EF— X5 fEE <rﬂ4
T PIXE S#rfEx O£ E AT 5,
2
0

TiO2  Fe20s MnO CaO K20
KILE DO & A &

K3.ATIL—THREDIZELERIZKT S PIXE DITiE ET57) &
FOXERE (FLED) DEEER

4.3.2 Mg, Na BYIL—7)

X 4 X0 EHES A OSCEE & € O PIXE 734 %
T % &, HIZ PIXE A2 SCHRE XL 0 &R0
EZERLTWD, ZHUTiEHT L2 B eI
STWVHOFEFEOEE Y IR AL b TWnD
EEZOND, ZORVEMIET D202, BRI
BHEOMIZ Mg 1% 2.8 1, Na id 1.5 (5 DR% % » T
T EERAT 5, 2 ORFRITHENES A O SCRkE &
PIXE AT E D H# 2 H I E L T2,

& A #(%)
o = N W AR O OO N 0 ©

MgO Na20
B ROBE A=

K4.BYI—TnEDELEERIZNT B PIXE 9t (S5 D)
EFDHEME GLED) DLEEE
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4.3.3 Si. Al P, ExF CH/IL—T)

B 512 A*B 7 V—T LIS D IeHIT I T DA A D SCERE & PIXE /04T % Ltk 92 & PIXE /341,
SCHMIE DREZEDOFPHNIZ A - T ey, D72, LOL M2 TR 100%2 725 X 5 IhfiiEFR%k (X 4-2)
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Comparison of data analyzed by PIXE with XRF in chemical composition for
beech forest soil samples collected in Mt. Iwaki (11)

M.Tsurumi, T.Kurihashi, N.Takahashi and K.Taneichi

Graduate School of Science and Technology, Hirosaki University

3 Bunkyocho, Hirosaki, Aomori 036-8561, Japan

Abstract

Chemical contents of soil samples were analyzed by Particle Induced X-ray Emission analysis (PIXE) and
X-ray fluorescence spectrometry (XRF). An analytical comparison of PIXE with XRF is discussed in composition for
soil samples collected at Kyoboku-no-mori in Mt. Iwaki, Japan. There were differences between raw data with these
two analytical methods. The content values of major elements show wider variations in PIXE than in XRF. For Ti,
Fe, Mn, Ca, and K, PIXE data were aqreed well with XRF data. For the other elements, however, data correction were

needed. Correction processes were discussed.
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Aerosol environment in accelerator rooms of electron linac facilities

Y. Oki, N. Osada', T. Mori®, S. Shibata and K. Sera’

Research Reactor Institute, Kyoto University
Kumatori, Osaka 590-0494, Japan

'Graduate School of Engineering, Kyoto University
Kyoto daigaku-Katsura, Nishikyo-ku, Kyoto 615-8530, Japan

*Faculty of Engineering, Kyoto University
Yoshida-Honmachi, Sakyo-ku,Kyoto 606-8501, Japan

3Cyclotron Research Center, Iwate Medical University
348-58 Tomegamori, Takizawa, Iwate 020-0173, Japan

Abstract

In accelerator facilities, there are two kinds of aerosols in air of accelerator rooms during machine
operation. One is aerosols (dusts) brought from outside, the other is nano-particles produced through
radiation-induced chemical reactions from air in high radiation areas in the accelerator rooms. Their particle size
and concentration are basic information on evaluation of airborne radioactivity and internal radiation exposure.
In this report, the particle size and concentration were measured for both of the two kinds of aerosols in an
electron linear accelerator (Linac) facility.
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N LA Aqua/Terra ([ZHS# S 4072 MODIS o —TRiiSizAy hAKRY h&, RO _S>DFT —
B _X—Z2&FH LT, BTV,
(1)NASA @ FireMap”C, W7 V7 LT VT O, K10 HEEEDOKR v ARy b~y 7H# B L
776
Q) FE 7. W KPAPFEFI T ZET — X2 LD, MODIS Wi/ KO EE &4 7 A L ElE Y —
2 V&R LT, B H O MODIS Wild Fire Map 725, A"y h ARy 2B LT,
2.5 KRR[UBEMEOHHE

T YT HIRICEIT D, SO, NOx, BC O/FERMHEL EIX, Ohara & YOHEEFR R A S EIC LT, ZhiC
XHZ, 2000 O FETIX, SO, & BC O EF 72 R AR HUI 13 BUEA ik & B a0 MU )1 8 G, NOx
IEHGH IR IR 72 Th o 7,
2.6 RR{UEEYEDOHHE

T YT HIRICEIT D, SO, NOx, BC OFEMHEL EIX, Ohara & YOHEEFRM KA S EIC LT, ZhiC
XAE, 2000 O FETIX, SO, & BC O EF g R AR U (3 BUERY -tk & B a8 o T )1 25 H G, NOx
ILHGR IR IR 72 Th o 7,

3 MRLEEE

3.1 EXM1OTERRDEHZE
B~ A TOH END 1,000m £ TORRIL, BHCHIE S 7z EJE L . NOAA @ HYSPLIT MODEL”
% 1% 07 PR EAT 12 L AUIEL 2007 A1 10 H FAIS, A ¥ REES U T VIEN LIRS FHEOE > A —
YWD, KT VT AR ALETD OF v A— 2| /MKL M2 & H T AR L 72 (X 2~ 4),
Z L TC2008 43 HHMIZH Y THlNA LR EHY ORICZE{ L, 5 HIOIZ, BOMEDE Y A— R
REAED(W2), I BRI Lz, 2k, williX, %R+ 5K9512, 17I3//1/@{|S%EJZ oN=
ML KOS A~ AREBEOTRENE 2 L C, 2007 4 10 A5 11 A £ T% D1, 12 A5 2008
EIHPHETED2, TLCHYTENPLOME Y ORNBKL 3 AFANS 4 HARKHE T D3 & X4
L7z, Fiz, %o DI & D2 oIz iX, FEMEEHB S 0L - HTF Y OJER(D-SC) & . HERFH
IR L O N S O AL - E D OESR(D-ECS)E 23, IRTEEL7ZO T, Zuh _SDEGRIC
F B S DEVIZ O W T OME S FEE L7,

5 WA D1 D2 D3 W2
| | | |
I I I I
4 INNE-NE
D1 and D2
; 2, [ENE-E
£
% =] S
s
T Phimai 1
0

~ ~ © ©
L
-4 [a) = 'S

J-07
A-07
S-07
0-07
-08
A-08
J-08

©
i
=

date (month-year)

2 BMADEXADUNELTRERSR 3 EYAMTOMERROEERIEIL
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NOAA HYSPLIT MODEL NOAA HYSPLIT MODEL NOAA HYSPLIT MODEL NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 10 Oct 07 Backward trajectories ending at 0000 UTC 15 Oct 07 Backward trajectories ending at 0000 UTC 23 Jan 08 Backward trajectories ending at 0000 UTC 20 Mar 08
CDC1 Meteorological Data CDC1 Meteorological Data CDC1 Meteorological Data ©DC1 Meteorlogical Data

10257 F

Sourc:
e

10257 F

al 1518N 10257 F
* al 1518N 10257 F

Source * at 1518MN
Source * at 1518MN

Source

Source *

Meters AGL
Meters AGL
Meters AGL

(W1)2007 410 A 10 H (D2&D-SC)2007 410 H 15 H (D2&D-ECS) 2008 #1H23H (D3) 2008 3 H20H
K4 EAIZEELE-EE 210m. 500m. 1000m TOXSHED 5 BETE TOEERKR

(/£)2007 4£ 10 H 27 H~11 A5 H (£)2008 41 H31 H~2H 9 H
®M5 MODISIZKRAE~EE7 7D FireMap?(10 BRI TRE S =Ry FRERY k)

3.2 NAARRABRBEDEFHLEIL

BN IR D S A A~ ZRBEIT, BES R E LMD O R PO BEMEREIOREEE N, L<mbhTnd,
Z TS = ARBEOTRBE ORI X 521k %E, MODIS ko —THitiahizdhy ARy b P
MO, TORE, 2ARLZ0BIMIEOR Yy N ARy ME, BHEZIZIZEAER N7z
D12 AZADBIREBIZEL 720, 2~3 Ak KRERDIENERLIE(KS), £7-, PEEHRTH.
DO EDEEDESOREELE RO DE vy ARy B EEL, 2007 4 11 H %05 2008 4 3 ARt
T T, Abhiz, (o T, FEBEELLIMEINDIREGILTH, FEMES TN A~ AREN D 5
LELRVNEELTIE, A TORKTT B Y LOLERD L, B2 TWH AN D 5,

3.3 TEDEERS

BLETAHE O£ 8 BB O E2 b1, R 1LIORT X 9IS, Si M@ T, Mk B o LR % R
<4~ UCC(upper continental crust DSFR) DIE D 83% 7= ~7=, LML E DD, Al, Fe. Na, Ca 72 Ei%,
UCC @ 20%LLF EFEFITIRLS . B~ A OLHIEL, UCC EEMIZH/r > Tnd Rl Sz,

FIE DAL E R B D FEEETRT Z ENE N, Vv, OBNFTFITORE HEH O3
RERAE X, 2R TE OIS, 92% & BEIEE D Si0, &, ALO; B LT Fe,03 D 3 F721F T 98% %
HOle, EvA1E, AR IEHLO2 7 — MEFEOBEERICMELTEBY, 2037 — MEROF.LH =
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£1 EXA DOTELMFBLERUCC)DFEHILERTEE(ppm)E. EXA(P)EEEREA)DKKIT
AYVIILGERHF)POEHLERDEEUgM)EMEDL

Soil or

Aerosols  Unit Si Al Fe Na Mg K Ca cl Ti Mn Sr Co zr

Soil(Phimai) ppm  2.56E+05 9.26E+03 5.98E+03 1.06E+03 * * 4.21E+02 1.38E+03 1.49E+03 1.84E+02 —- 5.10E+01  2.13E+02

Soil(UCC) ppm  3.08E+05 8.04E+04 3.50E+04 2.89E+04 1.33E+04 2.80E+04 3.00E+04 0.00E+00 3.00E+03 6.00E+02 3.50E+02 1.00E+01 1.90E+02

Aerosols

(Phimai )ik

Aerosols
(Amami)xkx

ugm-3 1.53E+00 5.25E-01 3.49E-01 3.13E-01 9.84E-02 1.05E-01 3.19E-01 2.11E-01 3.39E-02 1.11E-02 1.69E-03 2.14E-03 2.35E-03

ugm-3 1.66E+00 7.02E-01 3.77E-01 1.63E+00 4.54E-01 2.53E-01 6.51E-01 2.35E+00 3.02E-02 7.98E-03 5.05E-03

A(P)/AA) 9.21E-01 7.48E-01 9.27E-01 1.91E-01 2.17E-01 4.14E-01 4.90E-01 9.00E-02 1.12E+00 1.40E+00 3.35E-01

D KEHE—H DI KIGES S0 THRIEFATEE
*%20074E7 A ~20084E4 B O 1 RE
*+x20034E3F 158 ~4 A 16 B DT RE

£2 3M4DERA LV DEE, BLUFE4 D LR Ethak RO (BR1E)

site Si02 Al203 Fe203 TiO2 Mn20 CaO MgO Na20 K20 P205 total  ref.

Phimai 91.652 5.466 1254 0455 0039 0085 0060 0.176 0.083 0.073 99.343 7)

Khon Kaen 96.533 0.727 0379 0232 0032 0007 0021 0017 0062 0.001 98.009 8)

Loess (China)  61.95 13.00 4.60 0.62 0.07¢ 8.65 2.52 2.15 2.83 0.15 96.47 9)

ucc 66.0 15.2 45 0.5 42 22 39 34 99.9 6)
*MnO

Vi TOEE OGRS VI LR, ARE O B T BB D 97%13 Si0, TH Y, B
ADTELZDORINCH D Z EBbholz, —H, PEO AR (U LG, = Hrag, 41
RZ,F A=) OL 2R T ZAE, Si0, 8 62% &, 25— i L 0 H 1K< | ALO;. Fe,0;.,
CaO NE WOV T, CaO R ITIE., UCC IZIEWHHR T~ 72, 2B, E~vA DO HETIX, Pra=
v (Zr) BN, BETIES D8/ S, 2007 4 12 A5 2008 4E 3 HIZH T T, KRR 7 a Y Lo#
KEFHFTH, FEAERE SN EEEEIX 13ngm?), ZOxEIL, EETEEbBRHEIR
Mol UCCIZHLRENTWS X oz, Mgk EICII@EFEELTWDL eETH D,

3.4 T7OVILHDEERSOHHMEZOELRERMET

341 WUNHIFHDOECEELEBEEROHREKERE & OBR

T a S L ORIARA] EC JEEEIE. ARIARIEEE D 80%LL EOME/INRL T-(d<2.5um) IC/ETE L T Y (1K1 6).
F MBI D FE A A PREED 90% L EITREE T o F =7 A((NHy),S0) 72 - 72(K 7)., 2L T, Z
AWHORGE. WIS ZHICE < 22 LD FHiIZ (LA, BIBIZ R Lz, L LZE DR mERET,
EC X1 Af) & 3 HIZ o722, (NHy) SO Tz HIEZ D 10~11 AICHBL L7z, ZAbOEWN L, W
DEBERIEAEFN R D Z 2T L TS,

a5 ~ 10
L EC T o0cC
a0
24 fm10>d>25 2 g |1 b0
s ‘ 2 02.5>d>1.0
2 02.5>d>1.0 o m1.0>d
®3 s 6 :
e} H1.0>d o
[=] Ll
o [
[+) (&)
§2 [ S 4
o (4]
24 8
: L =
©
[ [
= . . . . E o , , ,
W1 D1 D2 D3 (w2) w1 D1 D2 D3 (W2)

wet and dry seasons wet and dry seasons

6 MHALEBPDOHERND(E)EC &(A)OC DERE
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16 T 10
major ions ENa EC/nss-S0O4 D1

o 14 1 (PM25) ool uD2
E ECa 8 (2.5um>d) 1711 mD3
w12 | EINO3 AW
S oK - AW2
S10 | onwef B D3 AAMAMI
5 msos| ¢ N AMALAYSIA
g )
8 6 8 4
c
°
c 47
3 2 |

0 ‘ ‘ ‘ ‘ 0

wi D1 D2 D3 w2 0 5 10 15 20
Wet and dry periods nss—S04 (ug m-3)

7 BWUNRIFRDOKBEAAT VO DFHEE 8 EFRAD nss-SO, & EC & DEA R (d<2.5 um)

%

% Z T, EC L IFMHEEIRDMEEE (nss-S0y) & DR ZFRT2E 2 A, K8IZAT LHIT, K&EL 2
TN—TIaEE T, WP BESTZEZD 10 A S 11 HIZH)HTF TO EC/mss-SO4 1. FH(2003 4
SHISH~4A 16 HYO\EERFTOZTa Yy Lholhb K< —HL, 72, SABENRL4A4HETO
D3 #IMIX, ~ L=y T HEOX 7% THIESI N (200247 A~12 H) 4 ¥ FRXU T O/RMKED
WEEEZ T e ol O K<~ 22T, RO 10 A5 11 A% DL &
L. 12 A5 3 HREI¥F T D2 £ X4y L7z, EC(y) & nss-SO4(x) & OREFRIT, TRElimd Lo THo,
EREFXOAEIL, D3 XDl O 4ETH-7-, 2B, D2 WD EC & nss-SO, DT —# X, D1 & D3
E ORIIALE LT,

D1: y=0.15x — 0.18 (R*=0.96) AMAMI  :y=0.12x +0.29 (R*=0.85)
D3: y=0.61x — 0.07 (R*=0.92) MALAYSIA: y = 0.52x + 0.07 (R*=0.80)

INDORERERAMICELRT D L, BHBA%O DI X, HT U7 0D ORK[ADESE S, 14
T ABRBEN E T 0O T, T T O LEME O/ BRI ORBEIC L > TRAEL-ZT B Y LD
WL B ZITERBERSETOMERBREFEUEFREZRLZE, #HHMSIR D, —F, wilig#Hio D3 T
. KT TN DOREPIESNRLBRY AV R EETONRAL G~ ZRBERFEFITEL L DD
T, THICE>TRELEZ T r Y AR FEICHESI N, EHESRD, BEKRE» D EBRERECH
3,000km HEEN/-E~A TH, I<EAERKTT v Y LO(LREBENRRONT-Z &3, K77 04
TROBEBEN BARRLHMAKLEZ T TR, HET7VTICE T, BBICKEATHWDZ EERLTWVD,
3.4.2 NAFRABBEIZKEYERELEMPMIFORKITZAVILADFTE

AT, EC & (NH),S04 & DEZED S, D3 NEIAA F~ ARBED BN K TH o722 & ER LIZN,
Z D DOALFERESFITONT S BET L7z, £ .EC & OC & D BfRIZ. K612~ T & 912, ECIE.D2>D3>Dl
DNEIZFE D> 7228, OCIXHEZ2 V| D2=D3>DI1 DJEIZE x> 7=, —#%IZ, OC/EC DIhix, bkt ok
PEL D O A~ ARBETHRAE LT oV LDIZ)INRNRKEIVDT, ZHnbHH, D3 Tl NS 4~ AR
BEORBENRKENZ EZEMIT VD, BT, N AYRAREEICI D =T 0 VOBREDED—> &
Sboind, UM O KEEX, D2=D3>DI TH Y, 1LV, D3NS A~ ARBEOHENKTH
27,

3.4.3 DI LED2HHHID AAREI7ZTOVILORERKET

341 TRLIZEHIC, HIO DL & D2k, D3 LA | NA A< RRBEORELY &, LAKRED
REEIZ L D=7 ay VOEEDIZI NRKEN-T-, ZOMMORRIL, 3.1 [ZiEdk Lk oz, FEME
Hoy 6 DAL - EF V O ER(D-SC) & HEF AR I KO S gD & O FALH - VD O JE
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3.0 0.14
~ Air masses from East China Sea Phimai
£25 | 012 | y = 2.0127x + 0.0015 (1.0>d)
w OMg R?=0.9717
S 20 | ENa 0.10
s~ zcl > = D-SC
E= ECa ;E 0.08 | |=D-ECS
187 EINO3 H ° D3
c 3
S 10 oK C o006 [ Lawi
§ . ONH4 N
c H S04 004
g 05 Air masses from South China
E 002 r v = 1.1463x + 0.0015
0.0 ‘ ‘ ‘ ‘ ‘ R’ = 0.9756
W1 D-SC D-ECS D-SI w2 0.00

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07
Pb (ug m-3)

9 BRADERMFHADKBMEASAF L DERE 10 RERBIDM/PIHFHD Pb & Zn & DEEF

wet and dry periods

FR(D-ECS) &M, RIELTZD T, Zh b - ODARICE BRI DENIHONT, Bt Lz, Znb
TODRRBIOILIERSy OEERE L, EC L OCITIFE A EEN 72 < (NH),S804) X=X D-SC>D-ESC
7Zotz, UL, HLKKAF O (NO ) E L, D-ECS>D-SC(X 9)T. HEHH N O H B
EDNL OB O EEZ T T LN END, —J7, EILEF D Zn & Pb &%, K 10 1277
o, B ZHODEART, IO NICAELN R > TEY, D-ECSDIZHI B RKENo72, Znid, BE
HOMEERZ2 LI bTE Y, POITHREOH HTAFICEENTWDEN, ZOMITHRREND D
PEHEN DO T, 2D OREFR O X 2E 2 K L7z fE R HER S5 (X TOARIE 1.68),
3.4.4 HMRHFHDHEEKIE

LKL H O FE 2R KA A 13, NOy EMEERL 7D Na"& CI'Th 5, NOy DRERFNIL, #H Tl
D1>D2>D3 & . nss-SO, & AR5 LK 7)) %~ L722y, W TlE nss-SO4 & B 720 | # I ILEkd 5 i
ERRLONTz, TZ CTHRHO, NORE L, - MW CREDOEN AL -7 OC O KR 78
X 6)L DR EFNTEZ A, Zo0 7 N —T KB E T (¥ 11), —D2(Y)iX, NO;HREEA 0.5 nug
m” LU &RV & X 1T, OC REEIE NO; I BIfR 72 < | 0.5-2.0 ug m™ OFPHIZIFAE L, NO; JREA 0.5 pygm™
PLETIE, NOs & OCIZIEDSRWABEN 2 B 72(X), # FMBBRENT IC L X, %REOLEX)IEL, v
< AIZBGE L REHE, RO a7 2@ L CE 2R, i OBAM)IL. £ 5 TR = (X
12), N> a7 CIXABHEOPEM T AN EE R RKIGRWE O— 2720 T, e S 7z NOx 7 by b
OGS THARR 4072 NOs 23, B FlC#E Sz, B2 bh b,

Backward trajectories ending at 0000 UTC 20 Aug 07 Backward trajectories ending at 0000 UTC 06 Sep 07
CDC1 Meteorological Data CDC1 Meteorclogical Data

N
@

NO3-/0C
(10>d>2.5)

I in wet seasons

N
o

o
Source * al 1518 N 10257 £
Source * al 1518N 10257 E

1)

NO3- concentration (ug m-3)

o
o
A\
=<

1500
1000 % 1000

Melers AGL
Meters AGL

I
=)

1500
1000 M oo
500 s S0
210t
) 16 1 ) 16 1 ]

o
=)
=)
@

1.0 15 2.0 2.
0C (ug m-3) T

(1)2007 4 8 J] 20 H (2)2007 49 A 6 H
11 REBOBEKRKFHO OC & NOs EDEER 12 AT OV E. Q)BBLERRRE
RQEBEBLEVKRRD., ET A ~DEHHERZK
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0.20 1.5
10>d>2.5um (dail = DI = _
>d>2.5um (daily mean) Searsalt particles o 10>d>2.5 Y Oésfx 0.0321
D2: y = 0.1184x + 0.0105 Mg/Na=0.120 . D3 oo R? = 0.7442
015 R? = 0.8799 . Wi y = 1.1905x + 0.0072
: . w2 R? = 0.8647
? = — W (D2) ~ 1.0 .
£ ol —## w1) ?
5 0.10 E
~ . g’ *
+ =
o~
oo 1
= o
0.05 *[o 105025
y = 0.1171x + 0.0078 = 10>d
wi: R? = 0.851 8% (10>d>2.5)
000 = . . — &% (10>d)
0.0 0.2 0.4 0.6 0.8 1.0 *
Na+ (ug m—3) 1.0 1.5
Na+ (ug m-3)

®13 EAROERHEFHD Na & Mg®™ EDER X 14 $KXHFHDO Na & Cl'é DEEE
3.4.5 MARMFHhDEEHT

HLRRL - H Tk, NO3-Offllz, B HIZ, LEERI T LRI T BN HEET 5, ¥ A FALEIZIE, HFIcHF
T D aEEORET, MBICHEBEEBASLAOND VO T, Na™CClHBELZMITT5 & X3, L
ZgE A KRKFITIFEET DERL 77200 T <, BERm» O KKUTHH SN AEEE . FIFEC
et 20ERH D, R1LICENIEX, A ORELEP O Cl/Na X 1.30 TH Y | Hiik L OV 1
o 1.8 LV /hE <, BED 1.54 128, Z4UE, Na OEENFITEEZN, Wb b HEAHY b
kDb, PEGEERTHLEDEHESND,

R 7 O M7 /Na™ 12 0.12 TH D23, B~ A O KR O Z o, K13 12mT L9512, W<
ONDT —Z ZR L ATEBER FDOHIZIFIEZEL VDT, ZhbDA 4%, EENLEE ST
ETRGAPICFE L EHNEND (B, Mg, SEPICFIZEAEHFELRVOT, HEHEKT
TR WEHEE L72), —H. KR FH D Cl/Na'lZ 1 AT &E/h S W (X 14)D T, Bk CLERE =
Sl LR IND,

3.4.6 MARMMFhOLEIENF

KEVEA A RE LR UL 512, K, o Em < o 72X 15), szl cix, THEE & HEm
S5 IeH#E----Si. Al, Fe. Ti. Mn 72 £--—-[Z D2>D1>D3 DJEIZE > 7=, LA L. Si. Al, Fe ® 3 ¢
FREICOMIEE L, O DI, D2.D3 &, BT V705D RGAIMICESZEEI N2V RBI(WI & T,
FE A EBAR o 72X 16)D T, 1 FEH[E UK O L8R 723, RAFICHFEELZZ ERnbhroT,

6 ool 0.15 TP
= 5 | 10>d>2.5 DCa ~ 10>d>2.5 OCu
£ :nKn £ BN
2 & = ECr
W B Na A 0.10 ov
3 c
o OFe
2 2 B Hg
5, oAl = @o
€ mSi £ °
o ° EPb
52 § 0.05 Ozn
Z o W Sr
31 E OMn
: g E ar

0 0.00 . . .

w1 D1 D2 D3 w2 wi D1 D2 D3 w2

wet and dry periods

(1) Si~Cl

wet and dry periods

(2) Ti~Br

15 MHARHUFHOMETROTHREDRERIIZL
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100% 0.20
Phimai Y = 0.0924x + 0.0016 "
R? = 0.9788 A
80% | Amami y = 0.0836x + 0.0001
= 0.15 [(exA&B) R2=0.9906
=
-
.-§ 60% OFe - B
H oAl
° | Si
2 40% | !
©
®
20% ¢ Phimai
= Amami
— #%% (Phimai)
0%
wi D1 D2 D3 A 0.0 0.5 1.0 1.5 2.0 2.5 3.0
Phimai (W1-D3) and Amami (A) Fe (ug m-3)

16 KRB FHD Si. Al., Fe EDHEXEEL
E< 4 (W1l~D3)&EE(A)

17 KB FHDTi & Fe LDEEZ

Flo, BERETOEHOZT oy VHOMEITTH LT 5 & Siy Fe, Tild, 13 A ER CHRE
2o 7o, ALIEK 25% 727K < . Na, Mg, K, Ca X 60%LL EHikno7=(F 2), £/, £FD Si, Al
Fe ® 3 DOILHM TOMIREIL, v A LHET 5 & K 5%, Si BMES Al BRE - 72721 T,
Fe IXIFE A ERIUTE 72K 16), ZiulE, R2IZR-TLHIC, v DORKHFO LR 6, FEO LV
ADIE 9 D3 (Khon Kaen) X D 6| SiO; MK ALO; X Fe,O; B3mno>7- DT, £ DO BELZ T T
WhHTED EREIE NS, S5, R17IZRTE I, Fe L Ti &id, B~A b \BERE GEPHEKD 2
FT—% (K17DA L B) <) Tk, EEALRLARE 7=, LEN-T, KATZT Y VICE
FNHEER X, BEvA b, BERBLERLCEIIZ, BHLIZHFEOLVADEETIZHD Z LALLM
272 o7,

3.4.7 WK FHOMETER

HrC, BEEEIR & HEN S 7z oe#E----SI, Al Fe, Ti-—--1Z D2>D3>DI1 OJEIZE <, HLKK 1 &
F7p o TOTZ(K18), ZAUE, HHERI 77217 Tl < AN A A~ RIRBETRA LU FHIcd SiZe &
DETLENEEN T WD, EHEH Sz, £72, §TI2342 TidR7Z L9512, Kb, D2=D3>
D1 TH V., Si DWIZK DIRENFEPoTo, THE, LER-OMa BB OBEE LV b N A 4~ RRKE
DFEDBFHFICKRE DN oT7od, EHHSND, —F. Zn & PbiL, DI>D2>D3 DJHIZE . 3.4.3
IZT TIZR A7z K 91T, ERBAERITMEAREIOREER EI2 X 5720 L HEN Sz,

LI, TNHDOREFENSDKIKZT B N~DELE Y EBWICHET 5 FIEEERT 5,

wet and dry periods

(1) Si~Cl

4 Oai 0.15 B
?;? 1.0>d OCa :I; 1.0>d OCu
£ BK E B Ni
é" ? B Mg El ECr
c E Na : 0.10 ov
'% , | OFe -% EHg
2 dAl 5 OCo
$ B Si § EPb
s £ 0.05 @zn
2 L ©° HSr
] E § OMn
0 ‘ ‘ ‘ ‘ 0.00
w1 D-1 D-2 D-3 w2 Wi D-1 D-2 D-3 w2

wet and dry periods

(2) Ti~Br

18 /IR FHOMETROTFREDRERIIZL
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Chemical characterization of atmospheric aerosols
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Abstract

An intensive field program was performed to measure atmospheric aerosols at the Observatory for
Atmospheric Research, in Phimai, Thailand, every six days per month during July 2007-June 2008, under a
collaborative study with Chulalongkorn University. Chemical analysis of the collected aerosols with the
four size ranges was made for elemental and organic carbons (EC/OC) by improved method, water soluble
ions by ion chromatography, and trace elements by PIXE. Chemical composition was estimated for sea-salt
particles, soil mineral dusts, and biomass burning. According to a backward trajectory analysis, the surface
wind pattern in the dry season was northeasterly from middle October 2007 to middle March 2008, and
then shifted southerly from middle March to early May. For the other period, southwesterly monsoon was
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prevailed in the wet season. From the hotspot analysis by a satellite dataset, active biomass burning of the
residue of agricultural wastes was detected in south China and Indochina from Dec. 2007 to March 2008. A
relationship between EC and non sea-salt sulfate in fine particles revealed that the polluted air masses rich
in (NH4),SO4 emitted from east Asia was transported to Phimai, while in the latter period of dry season,
aerosols rich in EC emitted from biomass burning in Indochina was dominant. During the wet season,
however, nitrate was higher in coarse particles, due to the emission from automobiles in Bangkok. Sea salt
particles and soil dust particles were also detected in coarse particles.
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Abstract

The size distribution of particle number and comprehensive chemical composition (elemental and organic
carbon, elements, ions) by particle size (Dp: 0.010-10 pm) were measured in the exhausts from an 8-L diesel
engine equipped with no exhaust aftertreatment system under a no-load and a transient conditions. High
concentrations of nanoparticles were emitted under the no-load condition even using the low-sulfur (8 ppm) fuel.
In the nanoparticles (Dp<0.032 pum), organic carbon comprised a major part (=80%) of the measured components,
and elemental carbon comprised only 8—15% of them, and elements and ions including sulfate occupied only small
percentages of them. Elements contained in lubricating oil (Ca, Zn, S, P, Si, and Cl) in high level were also
observed in high concentrations in the nanoparticles. Furthermore, hopane concentrations per particle mass were
higher in smaller particles, and chromatogram pattern of nanoparticles obtained by gas chromatography/mass
spectrometry were similar to those for lubricating oil. These results indicate that lubricating oil was the primary
components of the nanoparticles under the no-load condition. It is suggested that organics in lubricating oil
condensed and formed nanoparticles.
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Abstract

Elemental particles contained in automobile exhaust particles stem from the elements in the automobile
engine lubricating oil, and may become a nucleus of atmospheric particles. Therefore, investigation of elements
in automobile engine lubricating oil became our major consideration relating to chemical speciation of particles
in the atmosphere. Detection of elements in automobile engine lubricating oil is one of the challenging subjects
in environmental research. Consequently, we tried to elemental quantitative analysis by in-air PIXE for an engine

lubricating oil. As a result, the problem for the quantitative analysis was able to be clarified.
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Fig.1 Schematic view of a hoof sample on the holder. A hoof is cut so as to taper it to a point and is hung at the center of
a target holder. Only the top of the nail is irradiated by a proton beam.
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Fig. 2 a, b) Comparison of X-ray spectra between nail samples taken from Japanese persons ; Japanese-1 (a) and
Japanese-2 (b), and a hoof samples taken from a sheep (a) and a pony (b), where a 300 um Mylar film was used
as an X-ray absorber.
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Fig. 2 ¢, d) Same comparisons as those in Fig. 2 a, b) but for a nail samples taken from a Japanese-3 (c) and a
Philippine person (d), and hoof samples taken from a calf (c) and a cow (d).
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Fig. 3 Procedure for the standard-free method for a hoof sample. All peak functions are subtracted from the spectrum
in the region between 2.6-15.2 keV indicated by the shadowed portion and the total yield of continuous X-rays
Y is obtained. Zinc was designated as the index element in the same manner as in the case of human nails
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Fig. 4 Zinc concentration in 28 white hoof samples taken from cow (n=11), calf (n=12), sheep (n=3) and pony (n=2),
where the results obtained by the present method are compared with those obtained by the internal-standard
method combined with chemical ashing method.
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Fig. 5 Same as Fig. 4 but for 11 blown hoof samples taken from cow (n=3), calf (n=3), sheep (n=3) and pony (n=3).

103



NMCCH: [ FRAFFF e S S A 15 (2008)

X 5 XAt 2 11 O M) &Y AREHI L TORT, D, FRCHLAEFFICE
WT, EO—ERENZ LN gD, KEOSNBEBETIISNTISEE L, L Eolkgoar 3
S OITHEAEEIC L0 B LR EA T A b O LRl SN S, K2 IR B A K 51T, Ca, Fe,
Mn 72 EREREICEM L, 2R ERE X SO, I OICEEELEORBEICEEL 52 T0DH L
DEBbihd, L UIKNIGRRES L & OBEFHIFERIZBAHOPEN AL D2, H
JENZ T D RE D ERE S AVToARIEIR, BB S ORISR O TR FIETH D L E 2 D,

100000
—— -white —o— Calf-white —»— Sheep-white —»— Cow-white
10000 —O—Japanes-1  —o—Japanese-2 —=— Philippine-1 —— Philippine-2 -
A\
N
E 1000 R 7NN
a ) / ‘4‘;«
5 100 L
g
[
§ 10
o
()
1
0.1
0.01

NaMg Al Si S CIl K Ca Ti CrMn Fe Ni Cu Zn Se Br Rb Sr Hg Pb
Elements

Fig.6 Results of elemental concentration of 21 elements in hoof (white) samples taken from four species of domestic
animals and nails taken from two Japanese and two Philippine persons.
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Fig. 7 Target preparation for investigating position dependence on the same sliced hoof sample. Seven targets were

prepared by cutting hoof every 2 mm along the horizontal axis, while nine targets were prepared along the vertical
axis.
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Fig. 8 Changes in concentration of principal 11 elements depending on the position. Figure 8-a) shows dependence on
horizontal positions against a body axis. Fig. 8-b) shows the same comparisons but the nine targets were prepared
along the forward and backward direction against a body axis.
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Abstract

A standard-free method for hoof samples taken from cattle such as cow, calf, pony and sheep
has been developed in order to estimate the state of health of these animals. The standard-free
method developed for human nails was confirmed to be applicable to quantitative analysis of hoof
samples since the shape of continuous X-rays is almost the same for nail and hoof taken from these
ungulate animals. Accuracy and sensitivity of the present standard method were examined by
comparing the results with those obtained by an internal-standard method combined with a
chemical-ashing method, and it is confirmed that the method is applicable to hoof samples taken
from domestic animals of many species. The method allows us to quantitatively analyze untreated
hoof samples and to prepare the targets without complicated preparation technique which often
brings ambiguous factors such as elemental loss from the sample and contamination of the sample
during preparation procedure. It is also confirmed that halogens, which are important elements for
estimating the state of health and are mostly lost during chemical-ashing, can be analyzed without
problem by the present method. It is found that elemental concentration of more than twenty
elements can be constantly analyzed and it is expected to be quite useful in order to estimate the
state of health and to make diagnosis of domestic animals. It is also confirmed that elemental
concentration of essential elements in hoof is not so changed depending on the positions in the
sliced sample along both horizontal and vertical axis.

Keywords : PIXE, hoof, Standard-free, Cattle, Domestic animals, Untreated, Veterinary medicine,
State of health
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Fig.1 Schematic view of the procedure of target preparation for a feather sample. Three or four split feathers
were picked out nearly the center of the feather, and the target for the standard-free method was prepared
using these untreated hairs. The target for the internal-standard method is prepared using the split feathers
just around the irradiated portion for the standard-free method.
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Fig. 2. Comparison of x-ray spectra among six feather samples and two human hair samples. These spectra are normalized
by the yield of continuous X-rays in the energy region between 4.4-5 keV. A 300 um Mylar film was used as an
X-ray absorber.
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Fig. 3 Procedure for the standard-free method for feather sample. All peak functions are subtracted from the spectrum in
the region between 2.6 and 15.2 keV indicated by the shadowed portion and the total yield of continuous X-rays
Y is obtained. Zinc was designated as the index element in the same manner as in the case of human nails
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Fig.4. Comparison of X-ray spectra among four feather samples and one human hair taken from Japanese, where no X-ray
absorber was used. The spectrum for human hair is displayed as the line with symbols.
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Fig.5. Results of zinc concentration in nine feather samples taken from five species of wild birds, where the results
obtained by the present method are compared with those obtained by the internal-standard method combined with
chemical ashing method.

B 6 1ZiE, N ARY AT ADOPFEEFNCEITLHEDSHHERZ T, HPITIT S AR 572 23 76
FOWEM & FRIAEIRENTEY . D72 250 AOWEH AAANDOFHIME L AEER 2SR S
nNTna, FIZABNRD X arra2E8Te 23 L EOLENFICHRE S, T 5 OFBHRIZE S
DARERLHEFRIREBIZRE T 2 781X 0 Tl /e <, BREGHREDOREZ(GHEI R L TH HER
BRAEL-DTHOLHESND, T, £8ED Hg, Pb 72 EOIEYTHEN OB EPEN S MK
HENTEBY (RER), TORKEZREFT THDH, b NEEZLOKRIZEB T, Al P, Ca, Ti,
V. Mn, Fe, Mo 72 EOILENEWREEL, —F Cl, Cu, Br MEWVREZRLTWD Z ENnhd,
LALZOHF T, BriB#EICB L OUIEARABMED A2 LD 5~10 fFEVMEZ R Z & 23Tk % D5y
MCRERINTEY R¥EHR) . BAALSE OBICEBWTURIFIERISORE L 25,

ZIT, BEOLEOH S EMET REDPRATILERSH D, B NV ADOFAEDO I ST, LERE
FESATDBIRMLEIRFEZ R T O THIUE, BRO S HHEROENOHEREHE L 2720 Th D,
— KOPIEFHDONEERGFHEETRDL2D, K TIORT LI 130N a Ty Fa vo—KOPE
WOLEIR S, #—7 v M ani, RIORT LI, B0 FIZIEHFIC 5 mm BETHENY)
DS, ZNOOFIENIRE S, EBEEECEESII BT,

116



NMCCHE[RIFI R ZE R R SR 16 (2008)

- A e
Ny e

ﬁw WJ\& A\ X/i\ /f\

5 4 *

NI £ 41 L W
Y

Na Mg A Si P S CI K Ca Ti V Mn Fe Ni Cu Zn Se Br Rb Sr Mo Hg Pb
Elements

Fig. 6 Results of analysis of feather samples taken from carrion crow as examples. In this figure, the mean values of
elemental concentration of 20 elements in hair samples taken from 250 healthy Japanese are also shown for
comparison.
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Fig.7 Target preparation for investigating position dependence in a feather sample, where thirteen split feather samples
were cut from a feather one by one at intervals of 5 mm from the top to the bottom.
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Fig.8 Changes in elemental concentration of principal 11 elements depending on the position in the feather.
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Fig.9 Changes in elemental concentration of principal 11 elements in six feather samples taken from the same bird
(Bewick’s swan).
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4 E4£y (Summary)

LI EDHEEL, UTICENSh D,

1. A new method of quantitative analysis of untreated feather samples has been developed on the
basis of the standard-free method.

2. The method is confirmed to be valid for feather samples taken from various kinds of wild birds.
3. The method enables us to perform accurate quantitative analysis of many elements without

complicated sample preparation procedure, which sometimes brings ambiguous factors such as
elemental loss from the sample and contamination of the sample. It is also confirmed that
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halogens can be accurately analyzed.

4. It is expected to become a powerful tool for estimating the state of the mode of life of wild birds
and also for evaluating environmental contamination.

5. The method is expected to be useful for estimating the state of health of poultries.

Bt

FEEFIHOMBEEOT-OICHAMRENREEE L TN HART A Y b—"7H% NMCC
DAR Y TDFA2, FOEFERYA a2 —DRA% y 7\ZHHEE2FRLET,

SE Xk

1. K. Sera, S. Futatsugawa and K. Matsuda, “Quantitative Analysis of Untreated Bio-samples.”
Nucl. Instr. and Meth., B 150 226-233 (1999)

2. K. Sera, S. Futatsugawa, S. Murao, K. Tanno, E. B. Daisa, V. B. Maglambayan and H. Cabria, “Preliminary PIXE
measurement of human hairs from small-scale mining sites of the Philippines.”, Proceedings on The 12th Annual
Geological Convention “Geology Challenges in the 21% Century”, December (1999) (Manila)

3. S. Murao, E. Daisa, K. Sera, V. Maglambayan and S. Futatsugawa, “PIXE Measurement of Human Hairs from a
Small-scale Mining Site of the Philippines.”,

Nuclear Instruments and Methods in Physics Research B189, 168-173 (2002)

4. E. Clemente, K. Sera, S. Futatsugawa and S. Murao, “PIXE Analysis of Hair Samples from Artisanal Mining

Communities in the Acupan Region, Benguet, Philippines.”, Nucl. Instr. Meth., B219-220 161-165 (2004)

5. S. Murao, B. Tumenbayar, K. Sera, S. Futatsugawa and T. Waza. “Finding of High Level Arsenic for Mongolian

Villagers’ Hair.”, Int'l Journal of PIXE Vol.14-3,4, 125-132 (2004)

6. Characteristics of Arsenic Poisoning in China.
H. Yamauchi et al., Biomed. Res. Trace Elements.11, (2000) 301-311 (in Japanese)

7. M. A. Habib, S. Miono, K. Sera and S. Futatsugawa, "PIXE analysis of hair in arsenic pollution, Bangladesh", Int'l
Journal of PIXE  Vol.12,No.1,2  19-34 (2002)

8. M. A. Habib, “A Study of arsenic pollution in Bangladesh by PIXE analysis", Master thesis of Osaka City University,
February, (2002) (M00S131)

9. K. Asano, K. Suzuki, M. Chiba, K. Sera, R. Asano and T. Sakai,
“Twenty-Eight Element Concentrations in Mane Hair Samples of Adult Riding Horses Determined by Particle-Induced
X-ray Emission.”, Biological Trace Element Research, Vol. 107 No.2 135-140 (2005)

10. K. Asano, K. Suzuki, M. Chiba, K. Sera, R. Asano and T. Sakai, “Relationship Between Trace Elements Status in
Mane Hair and Atrial Fibrillation in Horse.”, Journal of Veterinary Medical Science, Vol. 68 =7 761-771 (2006)

L1 lgg. FPRRRZ. IR, HIEE, =800 F, ZVJIED R, "Z @3y oG &%
PR CRREONE”,  NMCC LFEFIROIERCRHSCE, 5%, 113-119  (1993)

12. K. Sera, S. Futatsugawa, S. Murao and E. Clemente
"Quantitative Analysis of Untreated Nail Samples for Monitoring Human Exposure to Heavy Metals.", Int'l Journal of
PIXE Vol. 12,No.3,4 (2002) 125-136

13, HERBFER, SR —H., BOTE, REET. @i T WEREEIL, HEC o A, "AEREZE D Y A1
kY% MEFEVEE BIL OB | AHOUE
K. Sera, K. Suzuki, K. Taguchi, K. Chiba, J. Itoh, S. Goto, C. Takahashi and Y. Saitoh, “Quantitative Analysis of
Feather Samples Taken from Wild Birds such as Swan, Waxwing, Osprey, Heron and Crow.”, Int'l Journal of PIXE (in
print)

120



NMCCH: [ FRAFFF e S S A 15 (2008)

14. K. Saitoh, T. Kobayashi, K. Sera, M. Yasuda and J. Kakino, “Presumed Cause of Mass Deaths of Rooks (Corvus
Frugilegus Pastinator) Using PIXE Analysis..”, Int'l Journal of PIXE'Vol.17 -1,2 47-52  (2007)

15. S. Futatsugawa, S. Hatakeyama, Y. Saitou and K. Sera, “Present Status of NMCC and Sample Preparation Method of
Bio-Samples.”, Int'l Journal of PIXE Vol. 3- 4, 319-328 (1993)

16. K. Sera, T. Yanagisawa, H. Tsunoda, S. Futatsugawa, S. Hatakeyama, Y. Saitoh, S. Suzuki and H. Orihara.,
"Bio-PIXE at the Takizawa facility (Bio-PIXE with a baby cyclotron)", Int'l Journal of PIXE Vol. 2, No.3 325-330
(1992)

17. K. Sera, S. Futatsugawa and S. Murao, “Quantitative Analysis of Untreated Hair Samples for Monitoring Human
Exposure to Heavy Metals.”, Nuclear Instruments and Methods in Physics Research  B189, 174-179  (2002)

18. K. Sera, S. Futatsugawa, K. Matsuda and Y. Miura, "Standard-free method of quantitative analysis for bio-samples",
Int'l Journal of PIXE, Vol. 6, No.3,4 467-481 (1996)

19. K. Sera and S. Futatsugawa, “Personal Computer Aided Data Handling and Analysis for PIXE.”

Nucl. Instr. and Meth. B 109/110 (1996) 99-104

20. K. Sera and S. Futatsugawa,

“Spectrum Analysis Taking Account of the Tail, Escape Functions and Sub-lines. (SAPIX version 4)”
Int'l Journal of PIXE, WVol.10, No. 3,4 101-114 (2000)

121



NMCC ANNUAL REPORT 15 (2008)

Quantitative analysis of feather samples taken from wild birds such as
swan, waxwing, osprey, heron and crow

K. Sera, K. Suzuki', K. Taguchi', K. Chiba?, J. Itoh’, S. Goto®, C. Takahashi’ and Y. Saitoh*
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Abstract

The standard-free method developed by ourselves 13 years ago has been widely applied to
quantitative analyses of hairs such as human head hair and body hair taken from companion and
domestic animals. In the present work, the standard-free method for feather and down samples
taken from wild birds such as swan, waxwing, osprey, heron and crow was developed. It is found
that the standard-free method developed for human hairs can be successfully applied to feather
samples without essential modification since the main constituents of feather are almost the same
as those for human and animal hairs and, consequently, the shape of continuous X-rays is also the
same. The method allows us to quantitatively analyze untreated feather samples of very small
quantities and to prepare the target without complicated preparation technique. Accuracy and
sensitivity of the present method were examined by comparing the results with those obtained by
an internal-standard method combined with a chemical-ashing method, and it is confirmed that the
method is applicable to feather and down samples taken from birds of various species. It is
expected that the method will become a powerful tool for the studies not only on the mode of life
of wild birds but also on environmental contamination by toxic elements.

Keywords : PIXE, Feather, Down, Standard-free, Wild bird, Untreated, Elemental concentration,
Quantitative analysis, Environmental contamination
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Fig. 1 Typical SDS-PAGE pattern of proteins after BCC staining for the cytosolic fraction
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Fig. 2 Two-dimensional electrophoretic analysis of cytosolic proteins.
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Determination of trace elements in pancreases of Zn-deficient mice

Makoto Yanaga, Hirotaka Shimoyama', Michiko Terashima', Susumu Yamamoto
Wataru Muramatsu', Hideo Suganuma and Kouichiro Sera’

Radioscience Research Laboratory, Faculty of Science, Shizuoka University
836 Ohya, Suruga-ku, Shizuoka 422-8529, Japan

'Graduate School of Science and Engineering, Shizuoka University
836 Ohya, Suruga-ku, Shizuoka 422-8529, Japan

*Cyclotron Research Center, Iwate Medical University
348-58 Tomegamori, Takizawa 020-0173, Japan

Abstract

Eight-week-old male mice of ICR strain were divided into two groups; one was fed with zinc deficient
diet (<1 pg/g Zn), the other with control diet (30 pg/g Zn). After 1 week of treatment periods, their pancreases
were removed. Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and two-dimensional
electrophoresis (2-DE) were performed for cytosolic fraction. After electrophoresis, the gel was cut into protein
spots and subjected to PIXE analysis.
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Abstract

[Aim] With the expanding use of enteral nutrition, aspiration pneumonia due to gastroesophageal reflux is an increasing
concern in patients receiving tube feeding. To avoid this complication, partially solidified enteral nutrition formulations
are used in hospital and home based care. However, examination about nutritive absorptivity by a difference of
properties of matter is hardly done. We investigated the influence that partially solidified gave absorptivity of trace
element.

[Method] We administer orallied enteral nutrition which are liquid and partially solidified enteral nutrition consist of
the same elements for two weeks in rats. Afterwards, we obtained urine and feces and blood in rats, then we measured
trace element level in these samples by PIXE method.

[Result] As for the serum zinc level of a group of administered half partially solidified enteral nutrition, significant
degradation was observed in comparison with a group of administered fluid enteral nutrition. In elemental receipt and
disbursement balance of partially solidified enteral nutrition administrated group, zinc and copper and iron and calcium
and magnesium and sulfur and potassium compared it with fluid and were low. It was suggested that a difference

occurred for elemental absorption in a difference of properties of matter by this study.

134



NMCCH: [ FRAFF i S S5 (2008)

PIXE ICK S REITHELNREZZZBTFOEZSN
(F28 ) BFOHEZIMARV 10 MA DR

HHHEES BIEF L RS ATH AT

IR A WL HERBRER G B

PIUM R K B I SR A R
812-8582 i [if] Wk 4 ] T B X G M 3-1-1

THARTA Y b= RESY A /n bk X —
020-0173 & T U558 RS IRAT 1 IR T84 23 2k 348-58

S RIB KR e A BE R S B
852-8521 f i IR IRy 7 SCHHT 1-14

CETERNKEY A o bar by X —
020-0173 & U558 RS AT IR T84 23 2k 348-58

1 [FL&®IC

ARFZED B WX, LB ORZERFT AL ORHOREE - £FEE L, BEI XTI LVEL, RER
RAGEHLNTWAHEB L OMBEAFHET T2 2 LIk RBREREMAT 2 Lich b, S FToR
RAEEWEIC XA EELEORE T EIL, EFOVHRGEREL FHEHRE (23 TCER) OlKICX
LWFRENIRE Th o712, Z DFiEIX Ecological W4T & MEIXAL, RARBHROMFICIZIIREII TH D Z &0
Mt FMBLE DR SNTWD, KEBEBOMIHIICIE., MAEBEORERE L ABEAVNEATH S, L
MDLENDL, AEOENICHEEL2EEME O EMAEE L IOV T, EIZT7 7 — MREICHES<
HEHNCHE D L7 o T2, PIXE VED RIS I T b O ELREAIHIE 2 AJREIC L7z s CEBREZ U R 7 2FA4th O K5 B
EHELLEODLZ ENHBEND, MEEEOHICE VTIX, 2008 4 5 H % TIZ PIXE MIEDOK T L&
BLOHER 1 2> A BEZRFICINE S 2RI 842 1l & 10 ) A 2R IC I S NI MRIE DK 5T H
725408 FIOFEEZDO I R T VED M E R L, LREBOEBEZEHEDO DM DOFHEIZ OV TN DO HT
RZ R~ PIXE JIEREROES WVEHEME L REICS & LTz, 2009 4F 4 HIZ2/MIRO PIXE JIENSK T Lz
DT, BFOEM. 1700 L 10 00 AOEREIZHoNT, BBlT 5, RBAMEDOER. WFEHE. %t
& R I TIEIC D W TUIEZREAREE O SCE VISR R 72 0 THR 0 R & 2208, PIXE O FHEFRICHOW
TEBHIIERT S,

135



NMCCH: [ FRAFF i S S5 (2008)

2 EEIARIJIMEEICEELEZDHSER

FERICEDZ2IFTINVEHEOMBESITEZD r 7— (Bt - EH - RX—~%) ORBEZTLH2LTH
%o BB O EREBICOWTIZZFDOEICEETOINERDL S,

K1 EBEIXRIIHEEICREE5ZILER

ke % AEE E57— ke £ X¥f 2277 —
Al FILIZ=H L @) In Gk

Si TA4% As E%x O

S Ju.ﬁ Se L

K h)oL Br B% O o
Ca AL ([ Sr AbBYUFIL

Ti Fa2 Y A AN N

Vv NF DL Zr Tia=o L

Cr s 0L Ag iR

Mg E47E Sy NN o Cd ARIOL O

Mn K%V o Sn AR O

Fe % () I A%

Co anNJL bk Ba INY L

Ni —vTL Eu aroaED L

Cu il [ Hg JKER O o
n HFén Tl LAPFN

Pb Ei O [ ]

F 1o, REEFERAICEBIN D EEREY (O) 22T, ROEOF 7 —I2RB I N5 aJREME
DEWV (@) IRXTINETT, ZOFr 7 —ICoWnWTHLT v — FMABHEBICED TWAD T, MRS
WZE1TH> TETH D,

3 AEHROMRE

IEE SN 7=k E L PIXE HIEF A 2L 2ITRT, BE10H EF1000HD 1 BT 213508 2 H AR

hTh B,
£2 BIERENEFHYU

1722H  +12»AH 1022H  +100°H
MiAs% 1036 1036 842 843
HIE % 1035 1036 842 842

TCHEBOMRME L EE2R I, 4177, REBIMELL T2 KRR EFESZ LI2T 5, FIZBWT 1 20A
E 10 A DT TRIRITIE 5712 0H X Zr DA TH D, Zr IZTFRHZBNTH 1 224 T 1 H#l, 10 227 T 48
Bl L DI BHCBIT A ERN 1200 L0 10 0 HDOTN 10% L EL > 2FEIT Al OHRTH D 10%
LB -7 F TP & Ag THo 7208, P id 80%-->42%. Ag L 22%-->1% & FE LWV EZ /R L, —JF
FICBTDBMEER 120208 XY 10 2H DD 10% L =L - 72563 1E Al Co, Ni, Ga, As, Hg, Pb
ETREH TN, 10%LL BV 72ino 250X Mg, Se DA TH -7,

136



NMCCH: [ FRAFF i S S5 (2008)

£3 BIoAHARRBORREMEE

Na Mg Al Si P S Cl K Ca Ti
17 977 852 645 1031 826 1035 650 1035 1035 1027
A 94% 82% 62% 100% 80% 100% 63% 100% 100% 99%
10 821 623 698 823 357 842 579 842 842 842
M H 98% 74% 83% 98% 42% 100% 69% 100% 100% 100%
v Cr Mn Fe Co Ni Cu Zn Ga As
17» 509 561 765 1035 600 882 1035 1035 612 312
A 49% 54% 74% 100% 58% 85% 100% 100% 59% 30%
10 343 421 665 842 468 686 842 842 557 237
M H 41% 50% 79% 100 56% 81% 100 100 66% 28%
Se Br Rb Sr Zr Nb Mo Ag Hg Pb
17» 778 1035 925 1024 1 477 525 224 945 1026
A 75% 100 89% 99% 0% 46% 51% 22% 91% 99%
10 685 837 781 840 48 416 430 8 764 807
A 81% 99% 93% 100 6% 49% 51% 1% 91% 96%
K4 FITBETO2RRBORBKRHHK LR
Na Mg Al Si P S Cl K Ca Ti
+ 17> 1008 902 804 978 773 1036 950 1036 1036 1032
H 97% 87% 78% 94% 75% 100 92% 100 100 100
+ 10 783 548 802 838 675 842 816 842 842 842
" H 93% 65% 95% 100 80% 100 97% 100 100 100
v Cr Mn Fe Co Ni Cu Zn Ga As
F 10 427 555 820 1036 573 742 1036 1036 756 218
A 41% 54% 79% 100 55% 72% 100 100 73% 21%
+ 10 366 487 658 842 610 739 842 842 817 266
»H 43% 58% 78% 100 72% 88% 100 100 97% 32%
Se Br Rb Sr Zr Nb Mo Ag Hg Pb
F 10 861 1035 998 991 0 493 577 182 713 882
A 83% 100 96% 96% 0% 48% 56% 18% 69% 85%
+ 10 494 842 818 798 0 437 471 79 686 801
A 59% 100 97% 95% 0% 52% 56% 9% 81% 95%

5, 6 [ZLHFEMICHEMD A Z R, LD I TR TR LD TEIET D,

137



NMCCH: [ FRAFF i S S5 (2008)

+ 17 H

&5 FI1HMA. FIONADAEEDNDSH

50

Mg

350 -

300 - )

250 | 3t
i -

200 :

150 :

100 %

Al
300
200
100 - %
0 [ :

+ 10 72

200

100

300

200 —
100
0 -

+ 17~ H

700
600
500
400
300 -
200

100

50000 —
40000 —
30000 —

10 2~ H

Na
1000 i
é 2
0 [ :
2000 -
1000 “
] S
] i
] 0l
0 [
Si
1200
1100
1000
900
800
700 -
600 0
500 -] :
] =
400 J 2
300 .
200
100 [ %
o _- '
700 -
600 |
500 |
400 | .
300 | e
p -
200 :
100 =)
o] :

900
800 ]
700 ]
600 ]
500 ]
400 ]
300 ]
200 ]
100 ]

0

@j......;"_.. .

70000
50000 — =
i o,

50000 —

40000 —

30000

138




NMCCH: [ FRAFF i S S5 (2008)

F 1A
Cl K
r 10000 |
10000 - . 000 ]
9000 9000 7
8000 ] . 80007
7000 - : 7000 -
6000 | : 6000 3
5000 2 5000 - 2
4000 : 4000 £
3000 ] : 3000 - a
2000 ] : 2000 - :
1000 % 1000 -} @
0] [ 0 L

Ca
3000 -
2000 -
1000 -
5000 -
4000 -
3000 -
] =
2000 - x
] )
] -
1000 - :
1 [ %
0 -
Cr

+ 10 7» A
13000 - - .
12000 3 7000 - *
11000 . 1
10000 - 6000 :
9000 bl ] -
8000 = 20007 v
7000 ] s
000 o 4000 v
6000 ? ] e
5000 - : 3000 ;_i
4000 : . ;
3000 . 2000 - :
2000 ] .
1000 [ 1000 @
0 ] ‘ 0 _- [
T 12 H
Ti A\
500 |
400 ]
] 10 _
300 - . )
] ';! : e
200 — 1 -
] A ] ks
100 : ] .
0] L % 0 ] [ %
¥ 10 7 H
500 0] )
] 8]
400 - 7
] 6 .
300 5 ] .
] 4] ’
200 -] ) ] :
] A . :
1 § 2 :
100 : . %
0] [ g 0 ] [ '

139

o




NMCCH: [ FRAFF i S S5 (2008)

F 1A
Fe Co

40
30 |

20

100

+ 10 7 H

40 -
30 -

20

80
70 —

60 —

ot

50

SR i - Sl O

40 -

ZZ:? [% [%

T 12 H
Cu Zn

8 -
7]
6
5
4]
3
2

0 -

2

400
300

1000

200

100 - ]
] % ] C

..{ﬂ.w-‘ el a s

40
30 |

20 4

600 -

i 4000 —
500 - 1
400 - 3000 —
300 1

] 2000 -
200

100 ] 1000
;§ ¥ b i
o ] c e== 0 _- (3

140



NMCCH: [ FRAFF i S S5 (2008)

+ 17 H

Se

MR
=

+ 10

=

Br

Rb

+ 17~ H

=

90
80 |
70
60
50
40
30 -
20 |
10

0

.ﬁ:ﬂr...m‘?g;r._'.- .

Sr

30

20

+ 10

A

20

Dﬂ,.m favy,

100 H

50
40
30

20

ﬂ]}..mq:z

141

20

- %

-




Nb

9
8
7
6
5_-
4
3
2
1+
0

Hg

+ 122 H

12
11
10
9
8_
7 -
6 —
5_
4 -
3 -]
2
1

0

+ 10 22 H

10
9
8 -
7 -
6 -
5
4 -
3
2 -

0 -

NMCCH: [ FRAFF i S S5 (2008)

T 17
Mo

114
10
9 -
8 - .
77 B
6 i
5 — l.
4] e
3 :
) .
1
== |5

+ 10 7 H

Pb

200

100

30 - i
. 3

20 - :
] o

1.;:

10 *
. =)

142

Ag

40
30

20

20

SERWVWTVWTNLEAL M TH
L0, ZHUFAEROFHIME I BV T
BLBEINDZLETHY, LM
logX TEHbINDZ EnZWn, 22
TIHEDICREEH X bBELT,
Il 7R A i U T, DfE R A s
— VLI T, B CIEMEEY 7 b
JMP % FiV T Box-Cox Z5#a% fiti L 7=
N, ZO%OMRFTCHMR R EEHD
F, T AHIENHHLIEZ EICX
Do

L
(=)




NMCCH: [ FRAFF i S S5 (2008)

%5 BI0MA. FI1MA. F10HAOREENDSF Box-Cox k)

10 722 H
Mg Al

20

N

+ 15 H

1.5

1

W

_
o o
W
—
]
o o
| |

+ 10 2° H

143



Si

NMCCH: [ FRAFF i S S5 (2008)

10 72 A

9_-
8—-
7_-
6—-
5_-
4_-
3_-

2 4

e

20

1.2 -
1.1 4
11
10.9 4

: 10.8 4 '

: 107 [IEI
10.6 - :
l 10.5 4 5
: 104 '

10.3
10.2

+ 15 H

6—-
5_-
4_-
3_-
2]

20

10.9

10.8

10.5 —

IE e =

10.4

1 :
0 x
1]
2]
6 .

30

20

10.3 -
+ 10 7» H
11.1
114 &
10.9 £

10.8

10.7—_ [E

HEI 10.6 4 :
10.5 w
T Y

10.4

10.3

144



NMCCH: [ FRAFF i S S5 (2008)

10 72 A

A 4

+ 15 H

w N ($)} (=] ~ © ©
. W
—

+ 10 2° H

N 4] (=] ~ © ©
W

Sl

145




NMCCH: [ FRAFF i S S5 (2008)

10 72 A

Cr

+ 15 H

6 -
5
4
3 ]
2 -]
14
0 -
-1 4
-2
-3
_4_
-5 ]

—6 -

Fon

1.8 H
1.7 +
1.6 4
1.5 4
1.4 4
1.3 4
1.2 4

1.1 -

== |
0.9 -

0.8 - :

0.7 4

0.5 +
0.4 +

+ 10 2° H

1.5
1.4
1.3
1.2

—gls

0.8 +
0.7
0.6
0.4 4

146




NMCCH: [ FRAFF i S S5 (2008)

10 7 H
Fe

0.35 4
0.3 4
0.25 +
0.2 +
0.15 —-

0.1 4

0.05 +

+ 15 H

0.2 4

0.1

..

+ 10 2° H

o

0.3 H

0.2 +

0.1 4

147




NMCCH: [ FRAFF i S S5 (2008)

10 7°H
Cu /n

- 0.55
0.3 1 0.5

0.45 4

0.2
0.35
0.1 - 03]
0.25

[

0.2 +

+ 15 H

1.5
1.4
1.3
1.2
1.1 4

14
0.9
0.8
0.7 4
0.6 -
0.5
0.4

0.3

0.5 4 :
0.4
0.4 ]
0.3
0.2 - 0.3 -

0.1

cimgee{ [ s
'\.-'--‘-‘*I [D’ s

+ 10 2° H

0.3 4 0.6 H

0.5 4

0.2 i
0.4 —

0.1 0.3

-

0.2 4

148



NMCCH: [ FRAFF i S S5 (2008)

10 72 A

Se

1.6
1.5
1.4
1.3
1.2
1.1 3

14
0.9
0.8 ]
0.7
0.6
0.5
0.4
0.3

+ 15 H

1.5 -
1.4
1.3
1.2
1.1 4

14
0.9
0.8 -]
0.7 4
0.6
0.5 ]
0.4

0.3 ]

-

+ 10 2° H

1.8
1.7
1.6
1.5 4
1.4
1.3
1.2
1.1
1 -
0.9
0.8
0.7 4

0.5 +

0.4 H

149




Sr

10 72 A

+ 15 H

NMCCH: [ FRAFF i S S5 (2008)

Rb

+ 10 2° H

3
2 -

o_
_1_
]

4]
_5 —
_6 —

Br

o o
:
|
oo [

-
r~r~1 1 rTrrrTrTrT
8_/6543210<_I

5 -
4
3 -

2 -
)
0]
]

-2 -
-3 <
-4 -

— Tt 1 L L |
L ™ 0 © ©
@ N (=]
...... (- o

-
—
T Tt r T T Tt T T
Te S~ o9y
T T
< - o

150




Nb

NMCCH: [ FRAFF i S S5 (2008)

10 72 A

1.5
1.4
1.3
1.2
1.1

1 -
0.9
0.8
0.7
0.6
0.5 -
0.4
0.3
0.2

1.7 H
1.6
1.5 4
1.4 4
1.3 +
1.2
1.1 4

1 -
0.9 +
0.8
0.7 4
0.6 +
0.5
0.4 +
0.3 4
0.2 +

1

+ 15 H

1.5
1.4
1.3
1.2
1.1

14
0.9
0.8
0.7 3
0.6 -
0.5
0.4

0.3

1.7 H
1.6
1.5 4
1.4 4
1.3 +
1.2 4
1.1 4

1 4
0.9 +
0.8
0.7 4
0.6 +
0.5
0.4 +
0.3 4

0.2 H

+ 10 2° H

1.3 o
124
1.1 4
1]

0.9
0.8 +
0.7
0.6 —
0.5 +
0.4 4
0.3

151




NMCCH: [ FRAFF i S S5 (2008)

10 721
Hg Pb

+ 17 H

+ 10 27 H

S IERET & FFHC L & FABZ A LPICE — O IESS A ICEV, S HICZERE (=SD/AEY) 2356
1/100 L/ W Enh, IERIIZES & e S d,

SEYES 1 A XY 10 A OFNBEFEICHAD LzE#E X Mg, Ca, Cu, Se, Sr ThH V., BHEIZHIIN
L7276 1% Al, Cl, Fe, Co, As, Br, Rb ThH o7z, Fe & Co lZEZD T T —DBE L EEX LD,
ZOMDILFEDOEEB AL 1 DHNPS 10 A DRERD 5 HOMIZE S ONBIED & Z AR TH D,
LSBEGIRT — 2 L L HICHHETT2 Z LIC X VAT &SRO EELHPETH S,

152



NMCCHE[RIFI B ZE R R (SR 16 (2008)

4 FEREEE

%1 0AE 10 AICBTARTOESE FNEOEEITVD, HELWELE RT EROFEY
R LI, A FETHEZ I 22H L 1000 HDEHE %:(Hlan L L 7= E RN 7o T, BIRES TEDOE{LD
EHNEREBRT L EIIRNETH D, S%OMEINT & 2R 28 L TEBOBEWRE B 5
LTWSERZH D,

—F., BEAIIECOHRREOEBZZEBOBEIE L L, BEEMNIIT TRIEMY - /NEB o2 EIT <
BT E A, e RE ., B, R - R NOWRICEEEZEZTWD] LW RGLOEIA % 3
L& LT 2007 SEICHRBEIEZH B, 2010 05 60,000 ADBHFHEAZBBETL2E LTS Y, Z0D
HWZER O = OIZIE, ALFME~DIXL FEe EORBEREDIMNC G, BB, R, A1EEEE
N7l SEIERZKNFITHONT, HRDILERD D,

AFEIE. Z O RBEHFZE & TR TH 52, JLURKZBTE LR S M Z& B 22T 2005 4F 3
H 30 BICARENBEICHEROINEITK T LTWD DT, BB E L CoRE 2R hEICEZL, =
DORBMET 0 =7 NP O DI EmE R T IM0ERH D EE XD,

SEOMRABEERE

AT BIERKERDO X TNT = v 7 DBEEICH D, X7 NVTF =y 7 LI AT EMALIT 2 BT,
NIV NTARA—HERRL, AR RALSNEZEHAIZOWTEHEE AR 2R L2 ETELWER
EANTDHEE ST, ZhEE A EDBREEHROANRBRNOERZRIN O T Y, —~EOA
NIETTIELOO0HBER THORRY NFIE LN, X7 F =y 72K 10,000 fEH 7 4RI2ED S H 5
TEMHFEEEHEIN TS, KREFEBONND HIETH DN, 7T b E—MEERM O KR EE%R %
RT DEZAIEEORFEE L LI, ETOBMENTZRFICHEERERE 74— Ry 7 +5 2 LR
Hi72 DT, EfER AN ZELR LI ROMBcH S, L L 60,000 ANiZOWTHOX T VT = v 7 XA
DT, PIOTRBVLELIND,

J IV = —"T% 1967 #-1Z The Medical Birth Registry of Norway (/ /L7 = — Hi4 % g%) ’i’sﬁﬁL‘L LRI

DDV A7~ FX VA FOERF Lo TNDE Y, 22 Til&m%£ME7 AN EN D B B
ﬁﬁb BIZIE~ 7 aR s VTS BRHD LMD T EBIZREDZ N2 ERG0, m%ifkw
oﬁﬁ# Joht, =2 T@%ﬁi%mi£_7/7~%maﬁfm o —IRICEFBEHEMDO T

MENRKRENE, VAZEZERS AL 5FERIZHI D Z k#ﬂ%hfwé A THNTND
PMELié%ﬁE%m%ﬁ5_&f —JBREOEWY ATHENB IR 2 H1TT Th D,

BRI A S OB A B B TR

ZANE RN PIXE & /&5 R O 2 2 i
IR T vE, BEE, BRMEE L oBEAET
7 RE—ROT UL X — b o REENT
BINEEA~D #E F D i

ar— MEMELTHHFEEL, 740 —T v
REAICED THAaR— MNEA) & ol
J NV = — AR — R, USA-NCI & O

N O ook WD

153



NMCCHE[RIFI B ZE R R (SR 16 (2008)

JUM R 2R, e i ER S, fmATEEr, RS RFEREMZ L LSRR 2RI BEZ 2 it
TEUN 7259 1000 FH O RE 112 JEHI W= L E 9,

SEXH

D) MBIET, JUECw A, BTHEET, @&z, PR, tRBE—R8, Pl - PIXE (& 2 1@
FANREZ X2 RFOBEZSHT (G5 1#) REBOHER 1 228 LT 10 227 O ki, NMCC & [FF 4
ZER SR SCEE 14 % No.14 (2006-7).

2) BEE TELOREEEREICHET 5 2ERAE  http/www.env.go.jp/chemi/ceh/intro/index.html

3) R RURRIRE DT — Z N AT AT AMERUICET 2018 RIGEFSHEEES565 1 5 7-19 (1981)

4) The Norwegian Institute of Public Health: Department of the Medical Birth Registry of Norway
http://www.fthi.no/eway/default.aspx?pid=238&trg=MainAreca_5811&MainArea_5811=5906:0:15,4166:1:0:0:::0
:0

154


http://www.env.go.jp/chemi/ceh/intro/index.html
http://www.fhi.no/eway/default.aspx?pid=238&trg=MainArea_5811&MainArea_5811=5906:0:15,4166:1:0:0:::0:0
http://www.fhi.no/eway/default.aspx?pid=238&trg=MainArea_5811&MainArea_5811=5906:0:15,4166:1:0:0:::0:0

NMCC ANNUAL REPORT 15 (2008)

PIXE analysis of mothers’ and infants’ hairs collected at medical checkups

held in Fukuoka city
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Abstract

This is the second report on the study to explore possible relationships between atopic dermatitis and
hair minerals of infants and mothers. The hair minerals are measured using the proton-induced x-ray emission
(PIXE). The first report published last year describes the background, objective and method of the study and the
distribution of the concentration of each mineral in hairs sampled from 842 mothers at one month after birth and
408 mothers at 10 month after birth. In April 2009, the PIXE measurements were completed for all of the hair
samples collected from 1035 pairs of mother and child at one month after birth and 842 pairs of mother and child
at ten months after birth. We compared the histograms of the concentrations of each mineral by month. Since the
original histograms were extremely skewed, either log or power transformation was performed for normalization.
The results indicate that the distribution of S shows approximately the same normal distribution regardless of
mother or child and one month or ten months. Further more, since the coefficient of variation, that is the ratio of
SD to mean, was only 0.01, indicating S is approximately constant for all samples. Elements that remarkably
decreased at ten months were Ca, Cu, Se, Sr and those that increased were Al, Cl, Fe, Co, As, Br, and Rb.
However, we do not have any explanation or even hypothesis to explain the remarkable changes as child grew.
The present study is at the stage of a double-checking of clinical information now. The double -checking indicates
that we input the same information twice independently and check if they agree with each other by software and
correct the wrongly input one. In this way we may reduce the input error rate from 7/100 to 7/10,000. The study is
expected to proceed as follows:

1) The results of the PIXE measurements will be reported to the participation doctors.
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2) Association analysis of the amount of minerals, dining habit, and clinical performance.

3) Statistical analysis for causal relationships between mineral deficiency/excess and atopy/allergy conditions.

4) Redefine the participating mother/child population as a new cohort to study the effects of environment, dining
and minerals on their health conditions.

5) Cooperation with the “Birth cohort project” by the Ministry of Environment.

6) Cooperation of the birth cohort study by Norway

156



NMCCHE[RIFI B ZE R R (SR 16 (2008)

BEREBFTEBHRICKH/NM R E VT —NRBEBOEMN

B AT R AR L R
925 e NN Pl S i

Vb B K SRR [ S TR [ R R P R BRI A R
034-8628 5 A% I&-HFnH i B 23 FHT 35-1

2 (#) BARTA VY N—THEREIRMERT
020-0173 & F U5 FABTEIR AR I 784 25 7% 348-1

SEFERKEYF A/ a br L X —
020-0173 & F U5 FABFEIR AR I T 23 2% 348-58

1 &I

TIVE T, AR EIRO RIS X D MIS B L mR R D DT — X AAMF L T Tl SN TE 2, L
L. T4, EHRER COMIISEIZE L T, MREROT —# h LT 28RN REEIND X 21720,
(AR B IETR O EM BN AR A EN DR SN D K 91272 72 D AR EEHRIC X 2 B0 h T b R
72t D & LT, HHRRIC X 2 FEEERZh R (Non-targeted effects) DFFENER SN TV 5, FEEMIR &3,
EERST 252 17 TOZRWHIIICB W T, BB 220 -/ TR OIS D & RS RN FE SN
LBRTHY, ZDJRERD—2& LTS AFZ X = RBER ST 5, 1992 4F Nagasawa H 12 8- T,
AR IRAR R D o #% RS L CRARICBIN DR AR Tz & X210, T MEDO R A IS L T2k
D 1%DFIE LRI E v F SR TR0z b 230vb B3, FERAIIC 30% b OHIREIZ YA RO 22 LN =
D EVIBGEREBIHI SN Y, ZOA =X AE, BEEZ T RIS A L0 IR E L, 2
RS (N RZ o H—) MR ED D Z LI Lo THRIEENRET L2 LIk EBE2 b, 2O
T I IAGER IS 2 N E T DL MEE LN EOD 2 DR TW5, HilafEEs %
B LT AR CITMRMEICER SNy vy 7V 7 v a v a2l U URG TREOWENRRL VIR Shd
B Ko T, MRS 2 LB L U722 CIEBREHIRD & /3 SN (N A H o —I[RF)
DRSO AT 4 7 5 (BERIR) 2N LT T T AEBET DEBICL > T, N AX =R %8BT 5
EVDOITN D, L LR BARFR R IR I X o TS S 0 AINEIL, RIEFHEMICITME ST,
7 A I ASRRE O B & U7 & JICBESE M2 R T 2 R HE SN TERY 2V E TSR
TiE, 7V A —~ RO R ERENIC & BRI A 2 F o X, BRI A2 LS R4
VHE IR BT L2 L AL LIZ Y, EBIT, N RY U F—EHET HIRER T O & LT
I% TNF-a, TGF-Bl C/EMERESEFED OH 7 Y 1V NO 7 VI NVOE L/RIBI TV D A, 2 b DR T0
TR G I Z O WD CIEESIITR S vy, 22T, 2o OR 7 OFEICITMaBISE 23 5] =
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& L 72 D AMREMED RIB S TN D O T Y RETIRFE R OMIIS S 2o 27 I3 ) F—FBIZER LTz,
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WA, FERT7 0TIV F—BIZoWTiE, FOIEHEFLIZZ NV N, =T 32T LA, DATTLRE
DFEA LTSRS S S M S, ZOERA 4L OFREIC Lo CREZRIEMENRE RS LD Z LR L
Wz Sz,

Z 2T, BB ERENC X DM T2 LTS A X v Z =S R S O L 0 SE2 AT 247 5 720, 1K
MERNZOMBINMCBIT 2R 7 4 o3I F—BiEHEBIR L, A7 4TI ) F—EOEME(IC
B G3 58BA A4 OFREED T2 OITAKSR B AR R % ORI OB 8 A 4 &% PIXE 1E% VTR
AN M LT,

2 AEFHE

2.1 BFEROMBANDR 74 T2 F—EEEDEHRE

ff FARRG AR B IO U ORISR 2R 97 ) A —~ A172 Ml A W 7z, BREHE X R A #R R 0.02
Gy/min TITo7z, WG, IEHEAT 0 oA F—BOMBNANOBITEZHT L5720, BHE 04, 5
. 15 . A ¥ aN—F —NTEE LA A S, B8R csEsnEnBElilL A7 03I
U —BiEREORE E Uiz, BRE LM & 2 oK 2RI L7z, [ U7 B E A & E
BERAT o 7o, B IRIEIRINIEE I & > TRME 2 L7z, 22 0alkl 2 Amplex Red sphingomyelinase Assay Kit
ERAWCATZ 43I F—BIEEEZRE LTz, 96 X7 L— h&fiH L, 100 ul/well DFEEET N VU 7 4 (p
H=5.0) #Afl, & ZIZ&RAE%E 3 pgiwell T 72, RIZH % DH 7L & positive control I[ZFEE TH 5
2% A7 4 AITY & 10 W TOBRML, 3TCOHEEMT T 6 BSOS S Hiz, FUGTE. Assay Kit D
)ik 3 (Amplex Red reagent, Horseradish peroxidase, coline oxidase, alkalin phosphatase) % FEMEAIK CTdh 5
Tris-HCl (pH=8.0) T¥&fE LT 100 pliwell T2z 72, ZDO%R~NLTFE— KT L— ) —F—ZFHNTHEL
EOWE (KK 544/590 nm) %179 Z LICE VB ORT 4TI ) F—BIEEZNE Lz,

2.2 BEHEOMRANBETROLEE

RIS 2 IR N 2 AT DI E TR OBNB AT 5720, M 0455, 557, 1573, A %=
NR—Z—NTEHE L, NOMETHE S PIXEIZ X > Tt Lz, ¥2, A7 423 F—BOiEHIC
2 fioeE iR 2 ERT 5720, Mg, Ca, ZnlZEH L THEZIT -7z, PIXE # HEEIOERIZ DWW T
. AL A BRI o)1 D DO HIEIC K0 SRR AR LALER A 1T S 7o, PEBIEYEIX PAAEYER (7
W SR E AR ERY < 1,000 ppm/IN HCI, Factor 1.004) Z Hv>, fllaEEHIxH U CRIBREE - 49 1,000 ppm (2725
Xz 7z, BRI OFEHT Po AEHENR 2 Fcf& IR FE 1,000 ppm (272 5 X D IZFRHE L7, £ 2o Fifdaet
Sul z, v A 7 =82 —7y MRV LR e e L o7 o b A BICEZ Tmm ORI S K9
WL, BREE%, PIXE KX —47y hE Lz, 2TCOV T VOREB L OMITITIEART A Y b—71
2A-BFLEY A 7 7 b a & # —(Nishina Memorial Cyclotron Center : NMCC)Z T/To7-, PRESIEE L
T, 2.9 MeV 7 TRE 21TV, SN XBARZ FAZRIE L, B X Rl X—2~27 b
V% PIXE A7 WVIRNT 7 11 7' 2 SAPIX % FCHENT 21T - 7=,
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3.1 BEEZOMBANDR T4 I F—EEHOEHE

ZHVE TR E X RIS XA MIRBBER., oA A o =R L A BN RIITA T ¢ F
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NP L TR, WSS R T A B E & LR, 5 0% L 15 %I L-, 2 Ofi R
A7 4 A I F—PIHERERINC &> TRE 5 9% £ TSN TIEME b L, BE 5 5 %ﬁ%w ?
FCOMITIEMAL LIz AT 0 T2 = ) F—B MM 5 S 7= AT REME DS e ST,

12 1 A 14 ¢ B
= * =
#H # |
P 1 o 12 %
o [
g 8 1t
= 08 %
& & 08
$ EO: !
mi 0§ | B
= T gt
s s
Y 04 r ool
na B
] (]
UE% 0z r % nz L
&0 & q
B L
= cantral 043 By 1543 cantral 04 By 16555
BB B =205 BE AfTa 1S 20

Fig.1 fEHR 7 X % I L 72RO MM PN+ D SMase T6PE, (A)X ## 0.1Gy BRI ORI SMase OFRIRFIIZE(L &
(B)#Hfiash SMase DFERFAIZL, K5 FIL P ESE TER LT 5, *P<0.05

3.2 EMREMSHREIIC K DMETREEDRFMEL

A7 prIAI Y F—BIERIIERA T UIREETH Y . FRC 2 OIEMEICIE 2 Mo&RA 4 BARRKR
THHEEZLNTND Y, ZTZTXMBIICE D AT 4TI ) F—BOFEHLICES T2 5200
L. B2 MO&ERA A4 THD Mg, Ca, Zn OFIENI OB 2 T2 720, MRS O R % RS
#%. 2D &EIEA A ORI DZEAL % PIXE TTESHTEIC L > TREFBIITHT LT,

X #£ 0.1 Gy BE# OMIN Zn EOREZRZL % Fig. 2A (R Lz, 22> ho—/L GEREHIIRE) %1
L LD RS 0 2 OfEIE 1.120.18, FRET 5 %) %filMﬂM9mﬁﬂ5 Y% TIE 1.19£0.058 & 72> 72, X
HEEHC X ARREFEO 72 /RN Zn Bl = v b o — UiZxt L CREFIA BEEITRO bR o T=m, 2 be—
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DR & Bt~ 7 1 2 T L BEORRFIZ(L, fHRITEESE TEL TS

X #1 0.1 Gy FE ORI Ca BEORK 22 % Fig. 4A IR LTz, 2> hr—/L GERREHIIEE) % 1

& L2 O BREL 0 43 DfEIE 0.997£0.2, FRES 5457 Tl 1.3240.33, BRES 15 23%% Tid 1.02+0.08 & 7e~ 7=, 7=
RS ORI BT D Ca AT T 5 2 L2k v, #lES Ca BEORE 722 L% Fig. 4B (2R Lf_o |
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In 8L, Zn EREA LEIEMR X 7 ¢ I 2 ) F—E MM W S B ATREME DS RIE ST,
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161



NMCCH: [ FRAFF i S S5 (2008)

RSV T7 4 I3 ) BB NOEASNL ERESN TS, b2 Enbs
BEIDOFEERIZBIT H3 A Z =W RICEHET AR 7 o oI F—BIEMHIZ Zn BNERIND EE
2Nz, £ Zn ZIEEFLISEET 20, BBEAT7 332V F—EBD 5, U Y Y —2 R L HE
WZAFET D 0WHD 2 SOBRPM S TWD, VY =28, EEERORT7 I3 F—ERY Y
V—=A~ATL, VY Y —ANTIICBWT Zn ICRFESND Z LI VIEEEZES, EUSH Loz, =
T hy AR il o TS SN D IBFE CIEM L SN D Y, Z D43 IR IR ITAIIE N Zn 7 — L) B 13 Hei i b e
INTWABTD IEHACIZEE LAMAPED Zn 2 ERT 5, D F Y BE#% 5 0 ICBIZE S Zn ORI,
TR ST X o THMRME GRIFaSL) @ Zn 2SHERPICIRA L, M OFIHEMER D 27 ¢ oA =) F—F
LA THZ EICEoTIEMRIA 7 4o I —F (WA T7 I3 F—F) [Ty, -
15 2% BT DHIIEN Zn O IE, Zn EFEA L TEERLE 7o 720 RA 7 ¢ 22 = ) F— B3 HiliE
N~ INT=EEZHNT-,

Mg IZ DWW TIE X BRIREHT X 2 M2 Mg B3R 3 2 Bl S iz, £72 Calz oW\ Tix
RS D Ca BTN 2 ZLITERO B o 7203, HIENICE O CIiL, RS 5 90T Ca B2 215
BB SN, ZNOIEEROAT ¢ I3 Y F—PIEEORIIE(L L MIaNsA OB IERO %) &
F—FET, Mg & CaldAT 4 I3 ) F—BEEL OFEMENEE X BT,

AEIOMFFE T, R EBIAIC L DA AX =R e ZDRTFICOWNTRAEEIT 572, Al72
~NMEBBERR AT &L N TIEM L LA 7 4 I3 2 ) =P OIS ~DOEINBIER S, XA R
AR AR TRMER & L CA T I3 =B ORI RE S, I, EMEICE Zn
NG D 2 LR SN,

S& Xk

1) Hall E.J. (2004) Henry S. Kaplan Distinguished Scientist Award 2003. The crooked shall be made straight;
dose-response relationships for carcinogenesis. Int.J.Radiat.Biol.,80,327-337

2) Nagasawa, H. and Little, J. B. (1992) Induction of sister chromatid exchanges by extremely low doses of
alpha-particles. Cancer Res. 52, 6394-6396.

3) WA, ZER . FER—. YT, Ok Cw A, IERBF—ER, gHEhE. 7 ) A—~IcB T 5K
R T R K D B BOER R DT A A2 o H—2h R Lok & OB, NMCC EFFHIFE
R SCE 14, p.144-149, 2008. 5

4) Shao,C.,Folkard,M.,Michael,BD.and Prise,K.M.(2004) Targeted cytoplasmic irradiation induces bystander responses.
Proc Natl Acad Sci U S A.101(37):13495-13500.
5) Zhang Y, Mattjus P, Schmid PC, Dong Z, Zhong S, Ma WY, Brown RE, Bode AM, Schmid HH, Dong Z. (2001)
Involvement of the acid sphingomyelinase pathway in UVA-induced Apoptosis. J. Biol. Chem.276(15) 11775-11782.
6) Ago, H., Oda, M., Takahashi, M., Tsuge, H., Ochi, S., Katunuma, N., Miyano, M. and Sakurai, J. 2006. Structural
basis of the sphingomyelin phosphodiesterase activity in neutral sphingomyelinase from Bacillus cereus. J. Biol.Chem.
281:16157-16167.

7) Schissel SL, Keesler GA, Schuchman EH, Williams KJ, Tabas 1. The Cellular Trafficking and Zinc Dependence of
Secretory and Lysosomal Sphingomyelinase, Two Products of the Acid Sphingomyelinase Gene (1998) J. Biol. Chem.
273(29),18250-18259.

162


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zhang%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mattjus%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schmid%20PC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Dong%20Z%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zhong%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ma%20WY%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Brown%20RE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bode%20AM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schmid%20HH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Dong%20Z%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schissel%20SL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Keesler%20GA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schuchman%20EH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Williams%20KJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tabas%20I%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

NMCC ANNUAL REPORT 15 (2008)

The analyses of bystander effect induced by low-dose radiation in glioma cell
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Abstract

Recently, the effects of low dose radiation have only been estimated by extrapolation from the data obtained by the
higher dose radiation. Low dose radiation effects such as bystander effect cannot be explained by extrapolation from the
date obtained by higher dose radiation. So far, we suggested that radiation induced bystander effect is closely relative
with sphingomyelinase. To analyze mechanism between activation of shingomyelinase and induction of bystander effect,
in this study we investigated the relationship sphingomyelinase activity and divalent metal that are necessary for
sphingomyelinase activation using PIXE analysis. Activation of sphingomyelinase induced by radiation (0.1Gy) was
observed in glioma cell (A172 cell). The activity increased for 5 min and decreased for 15 min after irradiation inside
the cell. On the other hand, the activity increased for 15 min after irradiation outside the cell. When fluctuation of
intracellular and extracellular metal element was analyzed after irradiation, concentration of intracellular zinc element
increased for 5 min and decreased for 15 min after irradiation and that of extracellular zinc element increase for 15 min
after irradiation. These results indicate sphingomyeliase activation and fluctuation of zinc element was corresponding. It
is considered that activation of shingyomyelinase induced by radiation was due to zinc element and shingomyelinase

itself is one of bystander factor.
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RELMHRBBM A 0N TLLORTIBICET 2
EAIEHRE

R B DR S HRBE R AgRERE S SN DHEL oA’

BRI S O S e
020-8505 =T IEEKFHTHN L 19-1

VARERKEF A 7 ha X —
020-0173 5 T U5 FABFEIR AR IR T84 25 2% 348-58

2 b R T R TR R
980-8579 (BT HEEX AT HE

CARTA YV b—=THECRRAY A 70 bu vt Z— (NMCC)
020-0173 5 F U5 FABFEIR AR I T 23 2% 348-58

YART AV b — T AR HERR
113-8941  HRUHB SCH K AUE)A 2-28-45

1 [XCHIC

e TSR L VIR AR Z T 5~ A 7 a B T VOBREERATEZ Y R~A 27 0h 7w E
TEEHEIRIRIF IS 2 Z 212X 0 . DGR & S ARl & ORFEDE., 2)FEAIRRBCERIZ X5
PR AFIBIWER OB, @ 2 SN FTRE L 72 %, WEAED NMCC WFER R ER BT, Fxld, 7AX
—b7va g% Ca, Fe DIRAE (mol kb1 :0.5) HTEAEIHEDLIZLICLY, BHHRIZEID, LEloD
PN ARIEZRHET 5 ~A 7 0 TR AMMERTTRETH D Z L2 ME LT =% L, FUEERh S L BIfER
B, B L OSRBIOIEEILE OWEZIT-> T leholz, AR A 1T, ~ v AL FIRICBHE L 7= F250E5 %
FAWT, =P FH58 & BIEREREIC SV CTRE L7,

2 #M#. BErUAHE

21 X4 B h TeILIER

b7 Aa g0l g, TAXUEE02 g KBRS m IR L, HART T F U EFR (BARPUEAID v
AR7'Z7F 1 mg/ml) 2ml ZHAN%. CaCl, 0.1 mol + FeCl, 0.1 mol F1ITHEFE L7z, EAWKICE £415 Ca & Fe
% Nalgene disposable filter kit (8-0301-84 DP591) Zff#i[f] L T THAM buffer IZ LV 3 EEiH4 252 L2k D, =
A 71 d T ) AREER A AERL LT,
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2.2 SRR

Meth-A-firrosarcoma e B 7 % 72 FHRICREAE, 12x7 mm KIZ/R - 72RERC, EBRICEH L=, k&g 2.1
TR LIz~ A 7 0k 7w 6 |15l % EEEEE FHfEIcEAL, “Coyfta 10, 20, 30 Gy FRE L7-74.
HEEN ANV 7 ZF v Ea, PIXE 12X D Pt ®ICL Y, PUESEREEAESEEHEICL Y, BIEHOMRS
. 10% L EORERED . REOEPNLS, LK VHE Lz, HEKRIEI. IVRTFTF 56~ A7
0 h 7L 6 |/ EE E CIEENIEE A 2 L7, 500 pg DA VR T TF % 0.1 ml PISIAfE L. R FiEL -,

3 R

31 v/ hTEL

B Enlz~A 7 ah 7L E X
1-A S, RGO~ A 7 a
TN EX1-BIIRT, A7 a7
OFIE, 234424 um T, SRR
T~ A 7 vl 7k, PO,
FRAK (IR TFF ) RIS
BlE2 s o08, BB #ZIZ. £
SIXARABE L7,

X 1-B

32 BERALKRTISFoE (K1)

T BRI AT T2 21 D, BN Pt & A RE %, Carboplatin 2 & L CRd, B 7L LTz, WVRT T
FATBW T, BEHRIERARIC BV T, 2.3 +£041 pg/gd AEMiENzn, FED 7 AL LIz VR
TF U E16.2 +6.4 pg/glVH A EITRMEE R U7, BEBREETE . 172 NS Ve INVR T FF AR E
(2, BB VR T 7T AR AR B AFVE IS EH-SE, 10 Gy T14.3 £ 1.2 pg/g, 20 Gy T16.5 + 12.3 pug/g. 30 Gy
T 17.5+ 1.3 pg/gk. 20Gy, 30Gy BE 1% Tld, FEH TR LIZW AR T FF o b H B DB R EL,

=1
Radiation doses Uncapsulated carboplatin Capsulated carboplatin
0 (unirradiated) 16.2+6.4 231041
10 16.8 +4.8 143+12
20 16.4 +8.2 16.5+12.3
30 16.4 +8.2 17.5+1.3

3.3 fESHMRES (H2)

BESHRE ~A 7 a BT RNEAINRT T F o HDNEHEBANNRTZF 2 & ORI R R 1R
DbV, e b BRI RFIESAR AR L0, HHIRE &~ A 7 0 h TR VEAINRT TF | b
BT, BRI L~ A 7 an S EANHAI LR T TF 2 Clhote, M, BB &~ 1 7 an Tt
NHEADNVRTZF PR . BB &~ A 7 a7 v VEI AT VR T T F o HRRE L ORITIE,
PUEE R & e BT R 59, 10Gy TIiE 5 B, 20Gy TIZ 8 A, 30 Gy Tl 12 H £ T, HHiH
L~ A 70l TRNIHAINRT T F EOTIEE RN, ORI &~ A 7 0 TRV E AT
NVRT T F A FBEOTIEBRII LV bR E D72 ZRUAEE, FERRIE &~ 7 0l TR AD
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NRT T F OO TUERB R D IS RIS &~ A 7 v i TR VIR AT VR T F F O HUEE %)
REVBREDST,

>
os]

30

N
@

n
15y

@

=)

Tumor size (diameter)

Tumor size (diamter, mm).

0 0
0 5 10 15 0 5 10 15
Time (days) Time (days) Time (days)
2
A: 10 Gy B: 20 Gy C: 30Gy
3.4 BIfERER (X 2)
EFE 33 TRLIM , FUEHAEA % Th o =2

e E—a«\ ANKT TF L O 7BhT Uncapsulated carboplatin only FUZ1ZO — V;8i o Diad

TAIZ Z Y BIER O BRI D REDEPNL

5 . M—QE{W’}\ EIH,E)EH ZEAHTOD 3 ,'f—i@l/ "éxﬂﬁ: Encapsulated carboplatin only 2 1 0

BOTHBIHI SN, Radiation only Dosg (Gy) . . .
1

¥Rz, BWERIC L 2~ 2D TCHEIL, ~1 7= 20 0 0 0

BTN AT KT T F LRI G R o0 ’ °

IZFV T, 10Gy T35, 20Gy T6, 30Gy T7 Tdho  Uncapsulated Dose (Gy)

EOIZR L, <A 7 B TEAIHADART 5F e 0 o : ;

VTR O RETIE, WP o BRI B0 oon ! ’

= - N - lated

Th. BEMIC KB HIRR BN Tz, Seabopainsadaion o Y 4 1 0
20 4 1 0
30 5 1 0

4 EE

BABE OGN & T FIRAANERICT 2RIERIC 2 Hud, e e e | FERAICB AR
FOFMBEL 2D —ANEL IeoTRTWD, AIFZEIE, FEGHRIER & PL ARSI O FIC L S HiE
BRI & LI, ZORBRENERIC L D1 TILIC L D, DABREOHEMGEEZT-OICBERZ I,
SEOERTIZ, BHENIILRT TF U RBEIZBWNT, ~A 70 7wV EE AR L~ A 7 ol 7' EA
BN BN EOERICHE L2720, JUEENRICHEZEN RO > 7203, KiE7e  IVE B8 Bl &
N, ZOBGIT, RUFIEN, 5B ONAVBREEIEICHIET 5, BITEHEJK O —TFEL L 72 5 /[REZ2 RIg 4
HHDEZZ BT,

275 3CHR

1) Harada S, Ehara S, Ishii K, Yamazaki H, et al. Nucl Instrum Methods B 260 (1) (2007) 164.
2). Harada S, Ehara S, Ishii K, etal.. IntJ PIXE 17 (2007) 33.
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Antitumor effect of radiosensitive microcapsules under subcutaneous injection

S. Harada, S. Ehara, K. Seral, K Ishiiz, Y. Saitoh® and J. Tto*

Department of Radiology, Iwate Medical University
Morioka, Iwate 020-8505, Japan

'Cyclotron Research Center, Iwate Medical University

348-58 Tomegamori, Takizawa, [wate 020-0173, Japan

*Department of Quantum Science and Energy Engineering, Tohoku University
Aramaki, Aoba-ku, Sendai, Miyagi 980-8579, Japan.

*Nishina Memorial Cyclotron Center (NMCC), Japan Radioisotope Association
348-58 Tomegamori, Takizawa, Iwate 020-0173, Japan

*Japan Radioisotope Association
2-28-45 Honkomagome, Bunkyo-ku, Tokyo 113-8941, Japan

Abstract

Since 2004, we reported the use of liquid-core microcapsules for anticancer drug targeting. However, we did not
test their increasing of antitumor effect and decreasing adverse effect. In this study we observed antitumor effect and
adverse effect of subcutaneously injected microcapsules in combination with radiation, in meth-A-fibrosarcoma in
VIVO in BALB/c mice.

The capsules were generated by spraying a mixture of 2.0% hyaluronic acid, 2.0% alginate, supplemented with
0.2 mmol carboplatin on mixture of 0.5 mol/L CaCl,and FeCl,. Resulting microcapsules were irradiated by *’Co y-ray
at doses ranging from 0.5 to 2.5 Gy. The released carboplatin was detected and quantified by particle-induced X-ray
emission.

The antitumor effect was measured by growth delay. The strength of adverse effect was measured basing on
fuzzy hair, loss of body weight and death.

There were no significant difference in the concentration of carboplatin between encapsulated carboplatin and
uncapsulated one in combination with radiation.

There were no significant differences in antitumor effect between combined therapy of encapsulated carboplatin
with radiation and uncapulated carboplatin with radiation. However, their adverse effect was drastically decreased by
encapsulating carboplatin.

Our microcapsules were considered effective in decreasing the adverse effect of carboplatin.
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A Z cisplatin FREGEEDIEEIZDULVT

— BHIBERERANPtEEIZDOINT —

FrHEET- L KRR IERE RG2S, R R, A

AR ERE R
020-8550 = TUEAEEMT =T H 18-8

LEFRA G
020-8550 =TI M =T H 18-8

SMFERAEY A 71 e H—
020-0173 & FRATRNEATER 7LD R 348-58

1 [FC®IC

Cisplatin [ZF< (PY OFHAT, NEEHMIEO DNA [ ZfHIMARadduct) 2R L CHIDS A ERZ 58 205, —H Q3B1E
73 dose-limiting toxicity & 72> TU% 2, L L, ZOREECEWIRE)MHET 5 2 LI LML TR, 2T,
F 9 dsplatin 2~ 7 A, 7> MBI HFITEARNEIEREG- L, 5 AFBES U CB 2Ry il i, ZORER,
BEERRII~ VAT 4S5 mgn’, 7 v FT25mgm’, VXTI mgm’ THY, BHREREES BN, AR
Z23%5-5 B BICBIT 2B Pt 12 % particle induced X-ray emission  (PIXE) THIE L, BMEEIZIVT 2 EMRE =00
DT & BRNATT

2 MHEEBLUAE
21 B

FERITIT 6 FROKEYE BALB/c o~ A CGERBIARHATE : 19269) . 6 WlOME: Fischer344 27> b (120150 )
BLO3 WHEROREE =2—2 T RRUA B (NZW) U3 253kg) 2o, T OEMIAAT AL —ik
LAt G LVBEAL, SIE2+3°C, 1 55425%, 12 B 70 (RS B D4 S ) O EEBE
DOEBFEWECfE LT, T, ~7ABLO0T v MNIEEATE MEQ, AV 2 VEERF T3S, 30 |
THRIT R Ly NAEAEE (TR R 7 m—, BARERE T3S, #)l) LAGEKE B IR E
7k, ETOEMOLETE, B LU S FRFIMEREE RO Ob LIS FRTEWFIR BT 28I
e~ "CIhE LT,

22 EW
Cisplatin (> A7 7T, 0.5mgmL &7, 2 hNo. PE03, ~/LafiliE Sa)Ihiiob0EE0E EEH L- H
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BIITalipa i, ~ 713225, 45 BLO 0mgm® =5, 7 v MI113, 225, 45 BLO 0mgm* h=35), 7
UL 12, 24, 48, 96 BIV 12 mgm’ (h=2) (ZFE L, FMRNERIES 5 B (day5) [TFET (v U AET Y ME
T—7)b, ORI T E L) BEGE Uls, 7ok, AWETCIER G- H % dayl & LTz,

23 BREPtEEDARE

Day 5 |[ZB &ML, EBEE T 0kE, 01g ZFHE L., ZOEE BT AR (B : 25 cm, #S:60m)
[CAIVT30°CTHEfE SH, — BT Tt L, B0 ERZHE Ui, B RRED | mL 2 L, 52
2 PRI Z et 1000CDA Y h 7 L— b T 12 REEE L TRt - BEE L7z, 200tk I NAHED 2 mL 2390
L. ZD1mL ZEERY 7V e Ule, PHREORIETEFERKK A 7n et 2— (@R, 5F) T paticle
induced X-ray emission (PIXE) Z MV VTHIE L7z, 736, ABWZETITE N cisplatin R4 Pt &S L, BT nglg WGEH
mE LT,

2.4 #rETHE

POV (mean) LR (SEM) TRLU, —JuidEHGMT (one-way ANOVA) ZATV, HEAEDTE
BV, Dunnett DZEIEHREEAToT-, fEREHE 5% A CARD RO DIV AIIIAREAEN O H LW L,
72E, UYL n=2 OOPEETELL,

3 #HER

Day5 (23T 2B EWIOREIE Pt JREEA Figl (ORI, vV ABLOT v b & BIHFHEMRERNTEEE Pt RN
BINU7, o9 CiE 1296 mgim® £ CIUEEAEMBIMEIN L7223, 192mgm® T762pg/g SIHAZ R LT,

SRR DB Pt T~ A (BEERR : 45mg/m®) T162pgg. 7~ b 225mgm’) T268ugg .
7396 mg/m?’) T 81.7 pglg TH-7=,

7B, FERHIRI, B~ T A 90 mgim® T2 B, T R 90 mgm® TEF (55 1 BITERAERD . TR
192 mg/m® CTRHPIHBITA, T b 1B GRAERG) LONE PflEES Teioren =T,

4 ER

SeDFIHERCIL, cisplatin (& &2 2 BHEE JEAIRER AT S /MIEIRAEZEFR (UN) 3L creatinine O FH-Z££5
R RCEIRAIE R 2SN « HESE & SRAETE~0D cell debris DHEICRAMSIT v, Fiz, BIEEHITZ v b > ~ U A
> UYXONACTRS . RZEWEAEITRD DI, — 0, RIEREE TOBLE P EEIX Y% > Iy > <
UADNETHY | BHEEN: L ORITRE 7efflit Aoz, —BaNs =0 3BEEWE Bz, /KRR gentamicin)
I L~ T ART » MBS CTHD 2 LIXE KABIVTODA, AERITZ NS & KL Qe 22 En
5. BIENICE D IAENTZ PR T IE FA L o DUNT AT A v LRSS L, REEDIREEE (72 & 212, cysteine-S-conjugate
B-lyase) (2L Y transformation %3217, THMEAHI) (reactive metabolite) AVERRSNTZEBEZ DONZYUEZEZ BN, X
BRAOIZH. reactive metabolite DIEEAVRE SV TS 2, LI=ido T, AWIE CRER S-S P R offEzE
reactive metabolite |2 & VERICE 5 LB 2 bive, 72 2IE U TIIERE P IBENREWCHEID LT, BTz
PRI MEL 2 8D Z reactive metabolite 235K SAUT, BIEEAHEL U =7 > 72 L OGN Y 3o, EHGIZLTH,
Bt TR ARRRET 272012 E, BOHRMARER & & 112 reactive metabolite OJEAWE &35 % BT,

7B, UYXOEMAE 2mgm’) BE5CERE PR IBAER (762 pglg) MBLIVZA, TAUTEEE S
BIOT- DI (GFR °RPF DX ) 2MEF L, Pt OB Lizi=h LHEER STz,
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= Mice = Rats [ Rabbits (2)
2 2 120 - = _ ()
80 -
c c c _
=] =] =]
£ 40 - *B)E £ 60 -
g 5 80 - *(5) S
g g <
S *(5) S T g 40 - (2)
£ 20 1 (5) £ 40 - *(5) & (2)
T T (5) T 20 -
2RI I ﬂ il
@ @ @
0 o LI 0
225 45 90 11.3 225 45 90 12 24 48 96
Dose (mg/m2) Dose (mg/m?) Dose (mg/m?)

Fig.1 Renal platinum (Pt) concentrations on day 5 in mice, rats and rabbits treated intravenously with a single injection of
cisplatin. Renal Pt concentrations were measured by a PIXE method. Two mice and four rats given 90 mg/m? of cisplatin died
by day 5. One rat receiving 90 mg/m? of cisplatin was killed on day 4 because of moribund conditions. Parentheses represent
the number of animals used. The values show the mean + SEM. *p<<0.05 vs. a lowest dose in each species.

5 f&m
Cisplatin BH{EEOBWFEAA I XEECE Pt IREL/ZT QIR O2~3 N CO transformation (29 reactive metabolite
DG ZEES DVED DD,

S5 3Tk

1) Hanigan MH, Devarajan P (2003) Cisplatin nephrotoxicity: Molecular mechanismas. Cancer Ther 1:47-61.

2) Pinzani V, Bressolle F, Haug 1J, Galtier M, Blayac JP (1994) Cisplatin induced renal toxicity and toxicity-modulating
trategies: A review. Cancer Chemother Pharmacol 35:1-9.

3) AILBEET- JKEDRE, VERRCE. IR, AR, R, ETERVAQ009) SR A
VAT T ANLL DBEEOBFEA T, 5 148 [R| A ABRE 2 FES (B,
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Species differences in renal platinum (Pt) concentrations in mice, rats and rabbits given
asingle intravenous injection of cisplatin

R.Katayama], S.Nagatal, S.KawaiQ, T.Yamashjtaz, KSera3, K Furuhama'

"Department of Veterinary Medicine, Iwate University
3-18-8 Ueda, Morioka, Iwate 020-8550, Japan

*Department of Agro-Bioscience, Faculty of Agriculture, Twate University
3-18-8 Ueda, Morioka, Iwate 020-8550, Japan

3Cyclotron Research Center, Iwate Medical University
348-58, Tomegamori, Takizawa, Iwate 020-0173, Japan

Abstract

To better understand a species difference in cisplatin nephrotoxicity, we measured the renal platinum (Pt) concentrations in
mice, rats and rabbits given a bolus injection of cisplatin, a platinum chemotherapeutic agent. The renal Pt concentrations were determined
by a particle induced X-ray emission (PIXE) method. The ranking order of renal Pt concentrations was rabbits > rats > mice, unlike that of
the nephrotoxic potentials (rats > mice > rabbits). These results demonstrate that the species difference in cisplatin nephrotoxicity may be
attributed to a reactive metabolite yielded presumably by a certain enzyme such as cysteine-S-conjugate -lyase.
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A5 D PIXE HBHREGED N E

FERT  BA. ERERES ' BT AL . NEP SR B, BRSO
G TR BT R

Yo FER R R O i) S — i QAR R, MRTERES R
020-8505 & T= BBl 7 Fh s 1-3-27

() BATA Y =T BReY A 7 bnrk A —
020-0173 & RJE RS IR AR IR 788 13 7k 348-58

CEFERKREY A 7 u br kR —
020-0173 5 T U5 FABFEIR AR I T84 25 2% 348-58

1 [FL®HIC

WELBIEICH > TEEKICEA LA CH LV AT I F L OALE R+ 22 LT, A LEEMOE
ERNICB T ABEEZRRE L TEENY, F—2DIE5oENKEL | MREOMIRICEER L TE-, Z0OFEHE
ZEHERLEFLICAEE L, WBIKALORBORBEEZEET L0, FHUDFEEERICAEE U N E 21T -
720 L72Ds, Zeinie P BRI eSS ooz, SRNIEEEHRIZ O b DIZJRRAZEE L 7=D T, £D
FERICOWTHRET 5,

2 REBHE

EREAFES L UHEBBARICDONT

Akl (A7 FF 0 CDDP) A FAH/KIZT 0.1 mg/ml D
FECHHEE L, 2D 100 pl &2 7 2 —)VIREE T O w5 (HA A @)
DEPELZEIZEA LIz, 10 S~ v =%, WEE TR
UL REiThHESEY o REia i U E SIS U723 AN,
EAEA LTS S~ v —VRICT AN AT —FREATICEA L,
Fl&feE 50~ v =2 Mz lz, BN 5 O~ v — U THE
VU NEIICRIE L, EE LI 2R L ThD, U U fiom AR X
O Y o8 AR (1), ML, 727Dz U, ik
BB L 2R A T o 72, WEEREL LA Uy A AR LTz,
PRV AEICBIT LIV AT T F o Osy Th 5 H4 (P OHIET
Particle Induced X-ray Emission (PIXE )& W\ C{T~7z, 2> hr—L &
LCYRTTF o alfin ipiRE (6 F¥E) CIER L2 A L7,

X1

172



NMCCH: [ FRAFF i S S5 (2008)

3 # &

31 YRISFUBKRODALEDAE

PIXE O H&NEIZHBEDO W L 2B T 572012, 6 FEORED VAT T F RN G 57z
ERL L, PIXE [C CEHZIT o 72, ZOFEE, A~FED O B, DBV TSV DIE LS X 1T b=,
WEOFHEICE NS E1FE A ERIEN 2L . TOMOITIFE AL —EDEE R LTV, (F1),

F1 EEOREOVRISFUARRDAEERNERRE (B : ve/o)

A +SE B +SE [¢] +SE D +SE E +SE F +SE

1 | 47298078  25.7879 | 31.87166  1.5843 | 34.64794  1.9408 540.2065 30.5552 | 29.57725  1.3933 44.7289 2.1348

2 | 44752818 247692 | 30.07047  1.4329 | 39.89268 22472 | 466.27493  23.8298 | 27.99382  1.2874 | 43.82869  1.7902

3 | 470.06272 18.13 29.07088 1.389 36.40935  2.0569 | 656.76774  32.6036 | 31.44756  1.4077 | 4533654  2.1006

4 | 473.03681 19.2956 | 32.24118  1.8712 | 34.70878 1.7313 | 462.43802  24.6646 | 28.83219  1.1435 42.5952 2.0918

5 | 481.79572  21.8599 | 34.82796  2.0802 | 38.86551 2.3155 | 501.74533  23.7868 | 30.98172  1.5323 46.2432 2.6794

32 YHYXFDBIICKELLVRTSFUDFEE) VNHICEIT5BELEDRIE

Y XA RTFLZENC 0.1 mg/ml EBED T ZAFFF % 100 pl IEA L, 10 D~ v — % M L =% O
Y UNEi~DOReBITEZ PIXE Z W THIE L7z, ZOREER, VAT T F o a8&b LTCARES Y /3 i
(213 6.6£1.2 png/lg DHEBNRENOLBATL TV (K 2),

£2 HYXHEAZFEEY 2/EHOPIXE TESHER

[[ Lymph Node Right ]]  Name:Fujimura 01-09-2009/11:47:37
Run No. T 42557 Date 2 9/1/7
Live Time : 848 sec Coulomb Num : 85000 nC
Detector No.: <1 > Absorber : 5:500 um Mylar
Standard ug/g Standard Error Peak Count Error
4911 In K« 5, 000. 00000 =+ 0. 00 5,060.0 £ 71.9
Samples ug/g Error Peak Count Error
1 :1911 K Ko 10, 930. 57989 =+ 376. 2305 17,200.9 = 156.6
2 11912 K KB 12, 474. 06195 £ 482. 8644 9,942.7 = 198.0
3 :2011 Ca Ka 598. 54271 =+ 24. 9205 5,253.0 £ 132.0
6 :2211 Ti Ko« 3.33175 *= 2. 5295 170.1 £ 129.0
7 :2212 Ti Kp 6. 61882 =+ 7.4235 93.2 = 104.5
8 :2511 Mn Ko« 0.69191 £ 0. 5789 81.7 = 68.3
9 :2611 Fe Ka 122. 92776 + 4. 2278 15,138.2 = 136.3
10 :2711 Co Ka 0.61206 + 0.4116 74.8 = 50.3
11 :2612 Fe Kp 118. 43997 =+ 5.0768 2,481.6 £ 67.3
12 :2811 Ni Ka 0.33296 + 0. 3687 37.3 = 41.3
13 :2911 Cu K« 5.28147 + 0. 3967 507.2 =  34.2
14 :3011 7Zn K« 40. 47530 =+ 1. 5353 3,459.5 £ 63.5
15 :2912 Cu Kp 7.88573 + 1. 4886 118.6 =  22.0
16 :3111 Ga K« 0.14252 =+ 0. 2973 10.1 = 21.0
17 :3012 Zn Kp 39.06774 =+ 2.7023 520.9 = 31.6
18 :8221 Pb L« 0.51448 =+ 0. 7175 8.1 = 11.3
19 :7821 Pt La 6.55414 + 1. 2283 138.8 = 25.6
20 :7822 Pt Lp 5.84155 + 2. 0497 43.9 = 15.3
21 7822 Pt Lp 6.61245 =+ 7. 1569 49.7 = 53.7
22 3511 Br Ka 6. 75390 =+ 0. 6076 205.7 = 17.2
23 :8222 Pb LB 0.13883 =+ 0. 7544 1.2 £ 6.5
24 3711 Rb K« 12. 23243 + 0. 9630 236.4 = 16.9
25 3712 Rb Kp 15. 13370 = 2. 4573 57.4 =+ 9.1
26 4911 In Ka 5, 000. 00000 =+ 180. 5270 5,060.0 = 71.9
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—H. VAT TFUREANLED EIIEGHADO AR Y B BRI ST, HERRIL.
FROKIH53 D 3.1+0.8 ng/lg TH 7= (£ 3),

£3 YYXEBZREEY L/ EO PIXE TRATEE

[[ Lymph Node Left 1] Name :Fu jimura 01-09-2009/11:48:22
Run No. © 42558 Date 9/ 1/ 7
Live Time : 2318 sec Coulomb Num : 232000 nC
Detector No.: <1 > Absorber © 5:500 um Mylar

Standard ug/g Standard Error Peak Count Error
4911 In Ka 5, 000. 00000 =+ 0. 00 11,697.0 = 109.4

Samples ug/g Error Peak Count Error
1 :1911 K Ko 11, 567. 21360 =+ 369. 5276 42,078.9 = 242.0
2 11912 K KB 13, 364. 51403 =+ 451. 1304 24,625.1 = 303.6
3 2011 Ca Ko 666. 70465 =+ 23.2251 13,526.1 = 203.4
5 :2012 Ca KB 15. 18968 =+ 25. 9530 133.4 £ 227.9
7 :2211 Ti Ka 4. 40644 =+ 1. 6477 520.2 = 193.8
8 :2212 Ti KB 4. 44487 + 4. 8014 144.7 £ 156.2
9 2411 Cr Ko 2.57294 + 0. 4955 649.7 £ 123.4
10 :2511 Mn Ko 0.62725 =+ 0. 3726 171.2 £ 101.6
11 :2611 Fe Ka 144. 22497 =+ 4. 5988 41,057.3 = 222.0
12 2711 Co Ka 1.02412 =+ 0. 2824 289.5 + 79.3
13 :2612 Fe KB 140. 76016 =+ 4. 9564 6,817.7 = 108.3
14 2811 Ni Ka 0.18730 =+ 0. 2405 48.5 =+ 62.2
15 12911 Cu Ka 6.26743 =+ 0.3163 1,391.4 =+ 55.0
16 :3011 Zn Ka 51. 47957 =+ 1. 7069 10, 171.5 = 107.6
17 2912 Cu KB 6.99178 =+ 0.9779 243.2 + 33.1
18 3111 Ga Ka 0.08021 =+ 0. 2018 13.1 *= 33.0
19 :3012 Zn KB 49. 21729 =+ 2.2720 1,517.1 =+ 51.3
20 :8221 Pb La 0.07677 =+ 0. 4544 2.8 = 16.6
21 7822 Pt LpB 4.09092 =+ 3. 9504 71.0 =+ 68.6
22 17821 Pt La 3.09126 0. 7687 151.3 * 37.3
23 13511 Br Ka 5.14262 =+ 0. 3983 362.1 *= 25.6
24 :8222 Pb LpB 0.30384 =+ 0. 6041 6.0 12.0
25 13711 Rb Ka 13. 44436 + 0. 7534 600.7 £ 27.9
26 3811 Sr Ka 0.03768 =+ 0.2799 1.4 + 10.0
27 3712 Rb KB 8.21078 =+ 1. 4148 71.9 £ 12.2
28 14911 In Ka 5, 000. 00000 =+ 163. 9340 11,697.0 = 109.4

3.3 FEYUNEHOZEDOMDITEDHIER
PIXE |2 X 23T, AMIDESHY v /38wt 3 2 M OEESHY o )EliD E72wFEREH U 7 AT 106%.
HNTT LT L%, $ET117%., $TI8% THDHDITX L, AETIL47% -~ Tn= (K 2),

100,000.00 BEE

10.000.00

1.000.00 -
myight

100.00 ~ m ]eft.

10.00 ~

1.00 +
K Ca Ti Fe Cu Zn Pt In

=] 2
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Improvement in taking out of sample for PIXE from living body

A. Fujimura, S. Kogil, C. Kounoki', Y. Ando?, M. Onodera, Y. Nozaka
C. Takahashi® , S. Goto® and K. Sera*

First Department of Oral Anatomy, 'First Department of Maxillo-Facial Surgery and
*Department of Periodontology, Iwate Medical University
1-3-27 Chuo-dori, Morioka, Iwate 020-8505, Japan

*Nishina Memorial Cyclotron Center, Japan Radioisotope Association
348-58 Tomegamori, Takizawa, Iwate 020-0173, Japan

“Cyclotron Research Center, Iwate Medical University
348-58 Tomegamori, Takizawa, Iwate 020-0173, Japan

Abstract

We have investigated the dynamics of the anti-tumor agent(Cisplatin) injected in the tongue in the
last 6 years. However, the data of these samples varied widely and we consequently worried about the
interpretation for these data. We have thought the cause of these varies was the protocol for sample preparations
and have attempted the change of the container size or the measurement method. But we could not get the good
result. In this experiment, we have improved the extraction method of lymph node. After injection of anti-tumor
agent, we knot the afferent and efferent lymph vessels of the lymph node before extraction. We can get the good
result thorough using this method. We can get by-product in this experiment. The agent flows into the lymph node
of the same side in which we injected the agent, and the half volume of agent flows into the lymph node of the
opposite side. From now on, we will increase the sample number and determine the inflow quantity in each side of
the deep cervical lymph node.
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WRW, O R DI, BrIMEEREREH Ik D MR - AR ELE OB~ DER N EE o T D,

BAERT, EE DO BEN GRS, B, R, ) (X, HUEAl CDDP (Cisplatin) @O & ¥
U 2B OEREE TR DR AT, R EZ WS L2 Y, DEENIER LRI U oS Eilis &
1T 9 fERRIE DS @V A3, Cisplatin 72 & OHHEANTEE FIREE 5 SN b 720 U v ~Fh Sk S
RN, ZDTD Y 2 HHEE OTEFRITHRAEIE O I H D 5 2457 IRENEMERNE DT
oo T, BR OITIEGEEL~OBEFER G20 FUBEAIDFTRY IRV IAEND Z L& T
L. PIXE Tk ZNZHMER LTz, TORMRK, #ELITRoTEHEOBIEED 1/100 DFE-&
TG ER PR CX DPUEAI RN TR Y o/ G0 UCkE< U o BT S ATV
HTEBER SN, LPLT vy b, wURZREDY NHIE Img LT EMUNETHY . &
GHTDRREECH B2, AFFRIZIZ TR HO NN, FliTH VRO mER 7D, 7T
REBRT — X OEMBICEMZE L, 20X BRERNRICT v F v UREFEHTERX, E
IR COMSEHEE RN IRF S L D,

— FERRMFSEIC BV TR, BB E~OPUERIOERMZ <5 BT, BED» LAEFIR
AR TR SV BE - /MG - 5515 - U oz Eoatrd T (BFE, T, BR
B OR¥EF), Lo LINEREEHERLIE ] ATREZ 2~30 mg Z BRI 2 72 DICiZ RV Et & VL B 4B
DY, BESOAHBRKEN, 1 mg LFOREHI T 2 & &oHHES L S, BEIC
REBRARERND Z L ORVREHRBUSATRE TH 0 | # 5 SNI=HUBAI OIERN AR 2T/, 1k
BN RAEHEERTREL 720 Z LIRS D,

AWFFEZR N TIE, NEBREW D HERIR S 7= SRR M s BN 2 S B oTiEs, [
HEREYE ] R L LB S, TOREOHENMTPND, S bICEDOFiEZBENLERRESH
7o Ml 2 O asEHTE A L, WEREELEOFER L k95 2 L1c k0 . ZOF5E - 6 F#iPH O
RTINS,

2 RERFTIA

2.1 HAMERRUHRR

R EIE OB AT D 12D ORELE LT, 7 b2 DERIS U Vo3, 3 L O
NI, EERICZEN L ORBIOEENTEZIT O KRB H -T2 & LOEN S OIEERD/
THDHZENHETH D, EEMOIREHCE L CiE, (RO EMEEE O @ A 2SR ATHE TIE 20,
BRRRIARIZBI L Tid, U v i, FRIRDN AR HEIE OB DO 7o DIZ AW B LT, O SR -
AR TR S T lidigs ; B - D - KR - BE ORI, EIEEEOEBEREAHRT 5
ZOICHWONTE, TG DRRERICKR L TE, Wb SN TH— b L%, T<—& (~1
mg) ZHAWTEERELDO X —7 Y NBMER S, D OFREHIREERIKAL « WEHEREL, D0
IR EL IS L0 R S NSO % — 5y RABES Tz,

e 7 BV, U LR 17 REERTE HIEDO R DERO T v bR ST, 5~6
DU REHRED B, A THBENTE L L—o20R ke Siviz, — % < O,
B PR A LS00y oA P S A 1 703 36 FH P RE 72 B B0 B G L, o B JiLfie 7 sl & U o)
13 BNV S, EEIIIEGUEHC R L C 5.2-31. 1 mg, U 2 REicRt LT 1.7-43 mg TH
277,

B OREHIA 2 VHSEN TR <H—IL 41, 4 pm prolene 7 ¢ /LA BT 1 mg BL T OaLE}
N DI, HRFLRIC L0 WEREE O Z — 47 b (1 3EHIxE LT 6 k) MERE -, 7Y
DOFEHE 105°C T 10 REH MR S E 72 B R S i, Fox 12 &0 Bl% S R NIEHER 10 (25
S, REORITE T 3000-10000 ppm D87 P07 A —RUBRMNZ bR E S —bEh
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Fig.1 Typical X-ray spectra of a lymph node sample taken from rat. In this figure, the spectra for the two targets
prepared for the standard-free method and the powdered-internal-standard method are compared.
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Fig. 2 Procedure of the standard free method for a lymph node sample.
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Fig. 3 Spectra for six kinds of organs normalized by the yields of continuous X-rays in the region 4.3-5.7 keV.
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E— 7 NEO I & X AR, RS, WIUAOFZIRFEEZ B [E L T Fe 2G40 HE
DEZERD LN OTHY, BFITHW—AL L723E 25T, In=1000 ppm & 725 X 9 In FE%E
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Fig. 4 Comparisons of the results of potassium concentration for seven spleen and three lymph node samples obtained
by the standard-free method and by the powdered-internal-standard method, where mean values for six targets
for the standard-free method and their standard deviations, and those for four targets for the
powdered-standard-free method are shown.
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Fig. 5 Comparisons of iron concentration in eight spleen and three lymph node samples obtained by the standard-free
method and by the chemical-ashing method combined with the internal-standard method, where mean values
for three targets for the chemical-ashing method and their standard deviations, and the experimental errors for
the results obtained by the standard-free method are shown in the figure.
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Fig. 6 Comparisons of five spectra of iodine-rich samples (thyroid, lymph node, esophagus and stomach) normalized
by the yields of continuous X-rays in the region indicated in the figure.
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Fig. 7 Potassium concentration for an iodine-rich normal thyroid and a thyroid carcinoma,
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Fig. 8 Pottasium concentration in a human cervical lymph node, where results for six targets obtained by the present
method are compared with the mean value of potassium concentration and their standard deviation for six
targets obtained by the powdered-internal-standard method (left side).
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Fig. 9 Potassium concentration for five kinds of seven organs taken from real patients by biopsy or surgical operation.
In this figure, results obtained by the present methods are compared with those obtained by the
internal-standard method combined with the chemical-ashing method.
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Fig.10 Spectrum of a lymph node sample taken from actual patient who was under the treatment with anticancer
agent (Cisplatin). Yields of Pt-La. and L3 X-rays are accurately obtained by peak separation.
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Fig.11 Concentration of 24 elements in the lymph node taken from a patient by biopsy.
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Quantitative analysis of very small quantity of organs taken from
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Abstract

A standard-free method for small lymph node and spleen samples taken from rats, and
lymph node, esophagus, colon etc. taken from real patients has been developed in order to take
measure to meet increasing demands for quantitative analyses of small amount of organs. It
becomes possible to quantitatively analyze organ samples of less than 1 mg collected from small
experimental animals and also from patients by biopsy, and accuracy and sensitivity of the
method were examined by comparing the results with those obtained by a powdered-internal-
standard method and a chemical-ashing method. It is found that the method is quite effective for
estimating therapeutic effect of CDDP (Cisplatin) since it allows us to quantitatively evaluate
uptake of CDDP into organs by analyzing small quantity of samples taken from actual patients
by biopsy. It is expected that the method will become a powerful tool for studies not only in
fundamental and clinical medicines but also on practical diagnosis and treatment.

Keywords : PIXE, Organ, Standard-free, Quantitative analysis, Small quantity, Clinical samples,
Experimental animals, Anticancer agent

190



NMCCHE[RIFI B ZE R R (SR 16 (2008)

PIXEIZK DHFEERVEERTEEDTHRSMN

SENIEER L R L R L AR RRE T AR L IR A& A1
BEDAA L O AR BKILAEE L GHERACR T HERMERE . fea K RS

I BN NS TR S S o el 91 Sl B 3R
980-8579 EIRIEMIETH HEHERTAETHE 6—6—01—2

CATERKEYA 7 b H—
020-0173 & F U5 FABHEIR AR I TR 25 % 348 —58

3 RKHRELA PIXE T2 v 7 — (A A2 sk th)
040-0076  ALiEE P AR TH 7R EFHT 5—3

1 [FL®HIC

A, PEICBWTARE - il Sh 2 B~ OFRE I, ZBAL H2WITEHORAN, HRAICRIE
Lo TV, B, AARIZEBWTHHFENGEA SN —HOBHEEMICEBFNREA L, HEE O
FEEN A LTz, AAR~OREHLOEAIL, HE, &L bICaMIZEML T 5 720, FEEEN % BT
DA « BILL ZT MM & - THEHIBRE TRAEICIED 5 Z LIINEETH 0 . MBI L A EEmRENEAE L
THID TRHRIEDNRE T 25 G007 v, Eo, HETIE, BREBEISEL S, REGROEE R
ClZ XD BMOLZEMENEZ BT EIND,

ABFZECIE, HEDSOBAREOREMICER L, #EETHE L2 & ORGSR TEO R~
ERIZHOWT, PIXEHTIC L W EEFHMIT 5 Z &2 BN E 35, oGl LTHIEAEZEIR LT, 20
HIZ, HAROMIGICHRE T 2 K7 O B AEA B A 5 2 [

PEWAEENMER SN TWA 72D TH D, o, [FIRFIC BHAPE cotyledon
VEAEAIZ DWW T b PIXE 0HT & ATV FLBSHR & 5, (seed leaf)

> HEEHE @
- embryo

ARG L T AT MEAEAE L LT, B FORGLHEIC I

SE, BERMHE O IN-BOTBIEAEET WS-, 2 Xk

D ISR E O ITLHRIRA DI TPER SN TV D & RET

%o WAEEOREMIT, PEEICOWCIRRHTH L, EEE K1 EAERE, E (leaf) &
ICOWTIETERETH S, 2B, SEOOH TSIk (embryo) (Z47HEL T LT OE
DEEMNZ DN THRHIZZEIL LTV e, HEAEORE I, X 1 R L7,

S\

191



NMCCH: [ FRAFF i S S5 (2008)

IR T X 91T, EICHE (leaf) &M (embryo) OREENLRK D720, REIBFRICKLE R THEOERMIEVN D
HA[REMEAEZERE L., ikl & U CEEL RO T T2, F72, REE., EEL HIZ 1 DO5HENT 5
B OFEACAE DR E Wz, SUEHER CIIANERERETEE & LT 1000 ppm @ In & V>, AERKALTE Vi X 2k
L BEHAR 100 \L 2Ny X T T 4 A N ThHDH~A T —ITH T - Holp S 8723k 2 PIXE gt L
77

PIXE Z3#Hr 328713, NMCC #E#ED EZE ] PIXE 7o#T v AT A &E W TiThbiviz, 4 7 a ba Vs
BH5ND 2.9 MeV B E— 24 % 50~90 nA OFRE TREHEMICIE L, X#AY ML E R L F— K
BT AR F—HO 2 BORHAIC LV FRIFEHE L, Nall EOEIILFEICOWTERST L, 7ol WIUkL
LT500umE~A T—Z2H L=, £/, NoF L T T4 ANEDNy 7 7T RART MLHHIE « 4y
Bri, B OTRIRE 2 EMICFEMCE 5 X 5 RS L7z,

3 HBRBIUVHER

B T CO 2 ROV, PEE, EEL bIczhZh 1 fBRCo0TORTHL 2, SHO
NMCC (2331 253 HT A ERER I S0 L 72/ R H 45TV | BioPIXE 6 ICBWTHE LTS 2, X2 (24
7R T AR O X e FAF— 227 VRS, Ele, K31 Mg, P, S, K, Ca%oikihiE
A TFEOMIT 1 ppm FEEELL EOETFEIZHONTEND DI 42777,

As, Cd, Hg, Pb FOFMTRICOVTHHATH L. AAORMEEEOEERTIL, R, I, 7%
R R 2 Ot ABRIRRBIC D Lo TH B DA, As, Cd, Pb T 1~4ppm LA, Hg THKERE L
TO04ppm L FEED BN TWD, T D& B L SRR Z kT 5 &, SEHAWZEEHZ W TiE,
PE. HARPEE HIZ D OFMETRRE IR (Cd1E 5 ppm B2, ZLLISMT 0.5~1 ppm F2EE) LI FT
HY . BEELTORBEL - T,

T OO TLIT OV TREBRNIL, Ni, Sr ZBRE PIERE & HAE CHBACRE RENTZR < Mn U EOE
TEIZBWT, FEEOTNCCEBETH -T2, & 25N, Ni & Sr QBT PEENEEICET 10
LR E <, IR OLERE I hRT S & b, THERO TR b RIE SRS,

—Ji. ACEDRELIRITE T D e RIRE OB TIE, PEPE, AAREL HIZ Mn DLEOHETHEIT, LY
HIRIZBNTROREIRE DM B, AFRE CTHLELRMETCENEBRIN TN D LR IND,

_I T T T T T T
10% 4 10*F -
€ A3 € ,n3
&10 o - 8'_10 o -
= r £ r
[ [
2 10 12 10 -
£ | 5
8.1 8.1
S 10" 45 10'f -
O - O -
10°F 4 10°F .
10| ! = B (¢ i - R T -

Elements Elements

3 PIERE K ONEPERACE D T HE 7R TR

192



NMCCH: [ FRAFF i S S5 (2008)

4 F&OH
N

HEPESS L OEPERIEAEICONT, PIXE 0T LV GO nRIRE A bl U 72l R, FE AR e#E T
W TR R & 7208372 S AR DI EAA T~ 7o, iR IC OV THORHRALU T TH -7, Ni &
St DFFEIF, HEFESEREICHA~TI0 L ERE <, HRBYROWRIE L RR SND, —T5, HEEDEL
IZH1T ZonRIE O TIE, PEE, AAREL BIC Mn U EOEIHIT, ELD BRIV TR
JEDIHM A A BT,

SEXH
1) S. Futatsugawa, S. Hatakeyama, Y. Saitoh, and K. Sera, International Journal of PIXE, Vol. 3-4,
(1993) 319.

2) A. Terakawa, K. Ishii, J. Arikawa, Y. Kawamura, M. Fujikawa, S. Matsuyama, Y. Takahashi,
H. Yamazaki, H. Sasaki, K. Maeda, and K. Sera, Proceedings of the Sixth International Symposium
on BioPIXE, June 16-20, 2008, EMSL, Richland, Washington, USA, International Journal of PIXE,

Vol. 18, (2008) 253.

193



NMCC ANNUAL REPORT 15 (2008)

Elemental analysis of Chinese and Japanese peanuts by PIXE
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Abstract

Elemental concentration in Chinese peanuts was analyzed and compared with that in Japanese peanuts by
means of a PIXE (Particle Induced X-ray Emission) technique with an internal standard method to investigate toxic
elements in them because frequent detection of contamination of toxic elements or excessive agrochemical residues in
food imported from China has posed serious health concerns to Japanese people. The authors prepared the samples by
separating the peanut seed into two cotyledons (seed leaves) and an embryo. The present result showed that there were
not significant differences in concentration for major elements between Chinese and Japanese peanuts, while higher
concentration of Ni and Sr was observed in the Chinese peanut sample. It is suggested that the high concentration of

these elements is related to pollution of the soil.
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O Cd B IL, PUEMA ICP-MS (SPQ8000A = AT AT AF /T /v /) Y—) [ZXVHlE LT,

3 #ER

I O X g s (79, %, X, B, EWN. R) O EEEREL R L, XA
X UER S 7= 0 ORISR E B IIAREINX D 67g, BERIXN 74g TH Y | WFIXIFFEFLIRE L (£
1,

DCd JBJE ; CA X PIXE IC XL W B— 7 2R TE o727z, ICP-MS ICEVHIE L7, EH T Cd
PEFE I, RN 0.08mg kg TH Y . MERAMNEIL 0.14mg kg TH 0 | HEHIN XA Lz L CHMBRA N
XD CdEENK 1.8 fEEmN-T- (£2), TNETOERTHLMNI LIS A XTEP CAEE (F2)
EHEOMRTH Y, MEEHIZ LD Cd BT OEINE, FEREZTTREFTHLR DO LN Z &
NN o T2,

QFHEILHEE ;PIXE WL DX A REHGFOLFRRELZ R LT (K1), NMCC @ PIXE 4347 Tl
Na 76 U ETO 82 TEMNMHTRETH D3, AT FIVIEHTFRZEN 30% AR TH V. 2B S B
S 7=eH#EiE Mg, Si, P, S, CI, K, Ca, Mn, Fe, Cu, Zn, Br, St ® 13 ;tETh o7z, EFF D
D DOITLRBEIZONT, MRIFIMX & \EMX OB CTHERZITBD DN N1,

@PIXE 43 HT ks B 5 #EHEREL (NIST SRM-1571 4 —F ¥ — KU —7"Z) @ PIXE |T & % JI &/ F & 3
EZEZXK2IZR LTz, PIXEIZED XA REH P AL SN 13 6ROV THD L, CuldPIXE I X
HHEM EHGE GRAE) HEE —E L7, 2O TR ITEVMETH 72, EHEREF O K, Ca, Mn,
Fe. Sr ® PIXE JIEMEIX, FRAEME D 10~20%FEK\MECTH - 72, PIXE I XD Mg, P, S HIEME IXRFE
fEE Y 36~T6%MREIK< | Si, CLIZOWTII R EENG N2 o7z, Bril oW ik, BofoOiE
TR CICI BN -7 LB s, PIXE 12X 0B O eHIEE 2 AR i T& 508,
EEMZ LV EDDLDIE, thoSiiEE D7 0 2AF = v 7 247\ PIXE DT EEZMIET 54BN H
5,

4 EH

HARZEBTD Cd OBAT - WIRB G 2+ 252 2 HAWE LT, PIXE (Particle Induced X-ray
Emission) & % % ICP-MS (Inductively Coupled Plasma Mass Spectroscopy) (2 & U A FAEE (XER) i
M B WITERIMCEEAR Y N LA XEG T ORIREZH T,

PIXE [ZX Y Na/»bH U £TO 82 wHa T L7 R, Rk L v i Shiz ¥4 XZEFE P D Na,
Mg. Si, P, S, Cl, K, Ca, Mn, Fe, Cu, Zn, Br, Sr ® 13 JLHEDREZH 52 L7z, Cd X PIXE O
B FRRELL R CTd v . ICP-MS 12X W IE Lz, XMERRIMK O ¥ A XEEHHO Cd BRI Cd REIT
0.14mg kg TH o7z, ¥ A REELH PO Cd J I HAMN KIS THRIRINX T 1.8 @ W METH o 72
2, FELRRETIAERETRDOL R o7,

e
AR ZZATT DD MR EZE Y F L7 BARPHIRS 00 HIEH A L BT £,

&% Xk

1) BARKES  BEWEIZEEND Cd OEEFHERBFEOERBIZONT, FRI4F12H2 AT L RY
U —2Z (2002)

2) PHREAIEE - BRHM 2 A XD H NI U AREZ T 5 LR, BEERIN, 59, 11-15 (2004)
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£1 IO 5 A XOETRB B g
AL 0> e B
FE % E> % B B ait

APRFEMX 215 +£3.7 121 £21 112=*£21 13.6 206 6506 1501 665=*75
MEURAN X 227 +46 120 *1.4 149 =20 148 +1.5 73 0.8 2.1 =0.3 73.8+ 165

"7 — 5 (X3 EIE D THIE L R 2 (n=3)

K2 ABRIBINZ A XY, FRIBIURO CAdREICRITTEE
F¥cd BE* (mgkg!)

TEVE X S
B 0.08 0.14 1.8
TR 0.08 0.15 1.8
R 0.19 0.13 0.7

*[CP-MS IZ X 51 (n=3), L (HEFMX) D& n=1,

B{7; mgkeg-1

100000
O 50
10000 B #EEh0 |
_ll'r TT
o 1000
g1
sk i
1B 100
10 |
1 L
Mg Si P S Cl K Ca Mn Fe Cu Zn Br Sr
0.5 1.6 0.8 0.8 1.5 0.5 0.7 0.6 0.6 1.8 1.5 1.1 1.1
K1 AR Z A REL O ILRRE KT THE (n=3)
BfI; mg kg1
100000
O {REEE
10000 B PIXES HT1E |
‘”LP( 1000 [
g1
sk i
12 100
10 [

1 L 1 1

Mg Si P S Cl K Ca Mh Fe Cu Zn Br Sr
B2 PIXEIWZXDA—F%¥—RNU—T72AD5H
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Uptake and transport of Cadmium in soybean plants

(3) The relationship between Cd and elemental concentrations in leaves

S.Yada], T. Araoz, A.Kawasaki2, H.0da® and K.Sera*

'Research Fellow of the Japan Society for the Promotion of Science
National Institute for Agro-Environmental Sciences
3-1-3 Kannondai, Tsukuba, Ibaraki 305-8604, Japan

*National Institute for Agro-Environmental Sciences
3-1-3 Kannondai, Tsukuba, Ibaraki 305-8604, Japan

*National Institute for Agro-Environmental Sciences
(Present address: Eisai Seikaken Co.,Ltd.
312-4 Toriko, Nishihara, Aso, Kumamoto 861-2401, Japan)

“Iwate Medical University, Cyclotron Research Center
348-58 Tomegamori, Takizawa, Iwate 020-0173, Japan

Abstract

A pot (1/5,000a) soil culture experiment with soybean plant (Glycine max) was performed. Soybean plants
were sampled at the full maturity (R8) growth stage, and concentrations of elements in leaves were determined
by PIXE. The concentration of Cd in soybean plant was determined by ICP-MS.

The analysis result of 82 elements from Na to U by PIXE, Mg, Si, P, S, Cl, K, Ca, Mn, Fe, Cu, Zn, Br, Sr
were determined. The concentrations of these elements in soybean leaves did not affected by the addition of rice
stubble (40 g pot™!). The addition of rice stubble resulted in the specifically increase in the Cd concentrations in
soybean leaves.
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EREHBTREBLIEAKMTHELEAFLTORELFBOTRISR LD
. %k, ERDEESH

Molla Shaibur Rahman, P& ACE.. 1 E#H—ERR

A PR R TR
020-8550 & T= IR R[] 7 k- 3-18-8

EHTERKEY A 7a bnrvo Z—
020-0173 & RJE RS IR AR IR 788 13 7k 348-58

1. [ZL®IZ

DEOE FBAED OEFCKREMMIEZ B2\, YT E-CROEBR G 2 2 2 C b FiEEI s
THZENHMBNTWS, £z, BENIXHT DRSO —DIIRVROTEKRTH Y | ROFEHOIREAIX
b BABSEE T CORT T — 718D, 8577 — V7 IIREA~DORIC L DEHESCA XX v FOMHORERT
B0 D I, DX D KR OWRICIER SN D, 877 — 7 13 EskORAW XL v 720 2 K
L8k E 7T LER D KT H B,

WERIZIBNT, ERBEELOBBRL I MmbN TS, =& 20E. Kt (Ffb) $k1%H8 IRk
D EFR~OEWBRPEZ RS 20 L lRIE Fe¥' & A X OARDOFEH TG LREIED b BEgk A 1ED 7y A RO
DT T — &@tfﬁfit@%@btx#?érié4*@ﬁ@iﬁﬁﬁt@f%ﬁbtx@?@%ﬂ&
HRTHEICEY, Lo T, A XOMITH LR LY BRI LEWEAtE 2> Z LoVRmI S Tns ¥, £
7o, I — &@R& TEBEMO ) BRI TR SN Y, U U REMTIIE BB S NT-A FICBWT TS
— 7 DFRIT—ICE WY, 728 Z2IE, 6.7 uM O bR TREL S 72 A R Y o KREGHT 24 BERIZISRVER &
2% 9, e FOME, MO, EHOMRICE > T, U I L D e EOWIN A S E5 10D L
HLHHNTWD, F£72, UV AHMEFMICE B ELTWDLOTHAEIZHEASG L, BRIV DO T UV AR—4—
LTINS D, HEBIZZ A ED R T AR—FZ =P L7 7 7R Dz Lol S5, kS
T, bfg &b ER T A Ik E T B PO,

£, TRT T A MIEWOMBAE L REORICH Y HEEE LTS 7, TRT T2 SBROED
SMUTH Y . Eio. MBEEONMAIT, TENHBICENT HZEMTHD LEZ LN TS, Zribi & Tk
Franiz=r R OROEKOK 75% ML DI 0 25% BROFICH D EHE Lz, ZRHDOHAN, FL
#A Bienfait HDGE NCL VT RT T 2 FogkZhhit UABRIIZE 21T 9 2 L ~Eiz, S5H2, Fi-b
XN TR TTARTERELE L TV DA LW eEE L, Fh-, ST R T T A T v LTk
T, BOBEDY VEREIZHE L TWHDENEL LILEWEE X T, INHIZEXEZHLNITH2DICT R
TIZARNDY v gk B BORBBRBIREINDILERD D,

PlbEomAElE 2, ZOFEBROELRBENIEMO ) V2D SETRORCDOEET 7 — 7 O/ & H52
L., HEBCUF LA FTLAXFROTRTTANOYT T —7 OB egmalETHZ L THol,
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2 REBAHRK

2.1 {EME L BiE
NGA A X FE S 2 U L3 (Hordeum vulgare L. cv. Minorimugi) Z 2284 & L. LA T OFIE TEHEFRFD
T 28 CARBERRS L7z,

2.2 BFRELHF

2% 5 UBKIRIRICS 7 U AXOFET- %2 AdL, AX—T7 —THRHEG D) LN L REZE LI-th, 1 KF
MLLEFAK T W, ZOM 28> 7= # AV TaHk, Ny MIEYE, 7 v 7 TRIEZEV, 25°0DEIRE
[CAFL, 24 DL BB E L TR ST,

2.3 BELEHE

BUSERE LT 1S LOT 7 AF v 7 K48 1.0 mM CaCl, &R % AL, £ OHFICBGERFEADRY =F 1
VEIR y N EKEICAEDETEE Lz, BELETE2T, BEEEHBE O 3 A7 VI 28 -
HEREEFFoT-, &N D 7 Bk, 1/5 $ED Hoagland & Arnon No.2 Filh (LA, +Fe B3 & e, SR £
1)~ L7y FZTEB L, N 12 IR ETEE Lz, ZORBMO pHIZT P Z /L pH A —4
— (HORIBA /1 A% =— ACT pH A—%— D-24) TEHME L, pH OFF#IEL, 1.0 M HCl £72i1% 1.0 M
NaOH # W1z <C, pH % 5.5 [ZF& L=,

% 1 . Hoagland & Arnon No2 #5#t (+Fe) MDHAL

Element Salt concentration (mM)
KNO, 6.0
Ca(NO,), 4.0
NH,H,PO, 10
MgSO, 2.0
Fe-EDTA 2.0x107?
H,BO, 30% 107
MnSO, 50107
CuSO, 20x10™
ZnS0, 40%10™
H,MoO, 50x10™*

2.4 %48

SREI S 1.2 BN 7 o 72 & & Sl 3 EIRZ —#E & L CARY U T, 8% 1/2 R D+Fe K5Hh (pH
55 A TR Y Y (SL) ITBAE L, W L— 3 VR TR LIz M 10 uM As + 500 uM P,
10 yM As +250 yM P, 10 pM As+50 pM P, 10 uM As+ O puM P, O uM As+0 uM P T 16 HE#E: L7z, A3FE
BRIZ 10 uM D & F A2 G CEBRZIT o7z, 28R 5, PHERIZEBWVT 10 uM O & FiTA 4 AF 2B
T 10 uM @D Fe-EDTA % G HIICB WD T LW E BEOIERZ R IR -2 6 Th D,
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Step 1
Step 2

1. Bienfait b0 FHE 19)}CJ:62]‘2]‘A3F1E0)771<:7P§X MIBEET B TRT TR MO
Step 1 : i1 AL KIC X BBOBEH  Step 2: 0.5 mM CaS041iZ X 5 10 LR DEEE

Step 3

X 2. Bienfait H5DFE NI L BT FTLAXBDT RFS X MNIEET BT RS S X MO
Step 3 : TAHRT T A bk MES B EH T T NazS2:04 DEIC & Y AT b S iz,

2.5 7RISR FEOERE LHRIBRTAR

TRT T A MAET HTRT 7 A kL ZOMOIEHEIT Bienfait HOJSiE N XV Ak Lz, D)
5 CIE, pH 5.5 @ MES #&#i#% (10 mM MES, 0.5 mM Ca(NOs), 1.5 mM 2.2" Bipyridyl) 2 IV S 407z, elic,
MM I K CHEbn/-(X 1, Step 1), YEiFtc. RIX 100 ml @ 0.5 mM CaSO, IS (K 1, Step2), =5
(2 100 ml @ _EFE MES SRR O I 5 rfidks s (B2, Step3), £D%, 5ml D 250 mM Na,S,04 Z %
10 53, BEIT, MR AIZE L2 b EW Tz, ZORRETTRT 7 A MIIRE L, it shiz, ok,
AL 100 ml @ 0.5 mM CaSO, ~b E L7z, Z£DH%., WAL, O SR A2 08 L. BAGRK
TYed L7, ROFEHL 60 £ 5°C T 48 Ipfilizfi S, fEE—mESBERIC L0 0 Lo, SFfREIRIL S ml i
WRAE L, RBISHIAK TS0 mlIZEWE Lz, 7R T A MkZzfhH L 7= MES $R &R & IR D5 fRIED Y 2 LA
DI BT E L FE A 2 A & Y R H(AA-6200; Shimadzu Corporation, Kyoto, Japan) T43#T L
7oo U M E53 6 FH(model UV mini 1240, Shimadzu Corporation, Kyoto, Japan)% fV T, Imamul-Huq & Alam
2005 O J57E %Y T 420 nm I THAER L, PIXE 2 AW CHIE L7,

3 MBRRUER

3.1 HEYDEIR

TRV D IR S T V) PR E DWW ZHEVERL 72572, HRIZ 10 )M As+ 0 uM P [XIZHBW\WT 16 HHIC
HIRIZ AR 720 (K 8), REIFERT T — 7 OFFAEZ /R L Tz 1289, 0 uM As + 0 uM P X ORI DX &
ARREEL, HE OB L ATz,
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K3. eRBUEL., VUVBEBELZEL-FAF LM DOEE(16 B LE)

150

3.2 IROEME

OB EILY PREE DWW
MU, b BN X TR/
-72(K4), ROGHEITCHENREY
VERIZEBWTIT e BB O Y X K
DHEEICEL ol

[
(=
o

mg plant™ DW
a
o

Root

6- a
4_ - |
b
) oD
a
a
0.4 |
b
0.2 r II c C
0 B . =

As |10 | 10 | 10 | 10 | O

P |500 250 50 | 0 0

As and P concentration in solution, pM
5. 223 VEBETERAE Lt A LXNEHORD Y iBE
LROYVEE BRRATAIZ7y_y b 320 kT — &1
Ryan-Einot-Gabriel-Welsch multiple range test iZB W\ CHEZE
(p <0.05)28% 5 Z & & T,

202

A
b
¢ ¢
II d II
10 10 10 10 0

500 250 ‘ 50 0 ‘ 0
Arsenic and P concentration in solution, pM

As
P

K4 Rie2Y)VBETERLELSTLXNEDOR
DEME BRDZTANT7 7 Xy Mot er—#i
yan-Einot-Gabriel-Welsch multiple range test (2 X 9
AEEP<0.05)035H 5 Z & &FT,

3.3 HEMDOTREE

3.3.1 Jv

ROV PEE (mg/gDW) LHEREE
(mg/ EIR) (FREHD U PREE DRI
RN LTz, TRZZ A DY 0%
PIXE IZ X > ThHisnien-7c
(T—HRET),
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3.3.2 %

Vox2 52 5T TIIROT R
A N OBREIZIFIER L Ch o7z, LL,
VU ZBROWIESRIETF TR, 7TRT 7 A MD
PRIBEIXY v & B 2 I AIERIC
ol (X6, &3), WICFET D8RI
FITRT T A MAEET D Z Lo
ST, TR T A NOEROEMIZERL Y
VISTFAE L72 OGO uM As + 0 uM P) T
1T 7eino7z (X6),

M6. RpdeRE Y VBETEE LAA AXOMOE
BELIROSEE

RBEBZT7TAV7 7y befFh T s
Ryan-Einot-Gabriel-Welsch multiple range test (23

THEEZ(P<0.05)13H5Z L 2RT,

3.3.3 &

Vo ZG2T25TIE, RETHRTT A b
LA LT FOREITEHO Y IR
DR TIZHEN EH L, 10 M As+50 uM P [X.
ThEIZR>72(K 7)., MY EHT T,
BOEFEEIT10 uM As + 50 uM P & (it
LIRS ooy, TAHRT 7 A MO e FH
FEEE < 2ol

TART T A NREREE LIz e B, Rop
DeFL VbR, KRE
B oT=id, U ZBRWEMT T, 2 £
REIZE E o7, MR BT OEAE R
DFERTH -T2,

M7. ReseRL Y VBETEFTLEALLF
DRDE RBELIBO L REE
BRRBZTNT7Z 7Ry b EMTEDNT HIZ
Ryan-Einot-Gabriel-Welsch multiple range test {Z
BOTHEREQE<0.09)8H 5 L &R,
nd : BHIHT,

- 80
2
c _
S 40
=
E[u
-~ 0
1500
:
71000
b
=
5 500
120
|
=
= 60
-
=1 1] |
o 30
0
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B In Root
B In Apoplast

As and P concentration in solution, pM

a
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M In Root
B In Apoplast
I c
C
| b
C
As 10
P | 500

As and P concentration in solution, pM



NMCCH: [ FRAFF i S S5 (2008)

#£2. BRBY) Ve RBETCEAB LEAFLAXOROTHREE

Treatments P K Ca Mg Fe Mn Zn Cu

(M) e mg gl DW -----mmmmmmmes momeeeomoe oo pg g1 DW -----mmmmmmeeee

As P Concentrations in roots
10 500 4.64a  92.7b  1.79ab  2.89a 118.0a 9.02¢ 34.8b 12.7b
10 250 3.40b  88.7b 2.11a 2.57b 148.2a 14.4b 27.6¢ 15.7b
10 50 1.35¢ 72.3c 2.13a 1.36¢ 118.3a 25.0a  29.0bc  9.57c
10 0 0.88d 132.3a  1.39b 0.28d 116.6a 14.1b 23.1d 19.6a
0 0 0.84d  86.2b 1.89a  2.71ab 60.0b 25.3a 41.1a 13.6b

Accumulation in roots
10 500 0.51a 10.2a  0.197a 0.318a  13.0a 1.00c 3.84a 1.39a
10 250 0.32b 8.28a  0.199a 0.247b  13.9a 1.35b 2.62b 1.44a
10 50 0.09¢ 524b  0.158b 0.103¢c  9.01b 1.82a 2.17b 0.70c
10 0 0.02d 2.84c  0.030c 0.006d  2.56d 0.30d 0.50c 0.41d
0 0 0.07c 6.52b  0.143b  0.206b 4.02¢ 1.94a 3.13a 1.03b

BRBTNT 7y b BT EHMEI Ryan-Einot-Gabriel-Welsch multiple range test THEZENH 5 Z & 277,
DW : ¥#E. nd: BHINIT,

3.3.4 ZDHDTHR
RETHRT T A POERITHER LTc~ T AREIR Y CREMEWG ST - 7o, ROMESHREITE O
U UREDEKTICHEVE T L722s, B3R L) U0 TIImE o7,

#£3 BRBYV VL RBETCEBT LETTLAEOROT R IR MELHEA L TWELTROESE

Treatments P K Ca Mg Fe Mn Zn Cu
M) e mg g1 DW -------mmmmmme oo ug g1 DW ------mmmmmemes
As P Concentrations in apoplast
10 500 nd 3.84c¢ 5.87c 0.095b 720c 2.21d 50.6¢ 1.36d
10 250 nd 4.63c 7.15bc  0.099b T14c 3.76c  110.0b 3.68c
10 50 nd 4.38c 6.61c 0.098b 827b 7.12b  129.9b  4.45¢
10 0 nd 10.5a 24.2a 0.078c  263la 22.9a 684.7a  41.3a
0 0 nd 6.16b 7.91b 0.126a 114d 9.67b  117.2b  9.81b
----------------- mg plant?l ----------------- -memememeo-o----—-—opo plantle-ooeoo oo
Accumulation in apoplast
10 500 nd 0.42a 0.65a  0.010a 79.4a 0.24d 5.51c¢ 0.15d
10 250 nd 0.43a 0.64a 0.009a  65.8b 0.33c 8.91b 0.32¢
10 50 nd 0.31b 0.47c  0.007b 60.9b 0.50b 9.03b 0.32¢
10 0 nd 0.23c 0.51b  0.002c 58.0b 0.49b 15.5a 0.95a
0 0 nd 0.46a  0.60ab 0.010a 8.57c 0.72a 9.36b 0.74b

BRBTNT 7y b &A1 7-FHMEIX Ryan-Einot-Gabriel-Welsch multiple range test THBZERH 5 = & &R T,
DW : ME, nd: RHENT,
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4 EBE

MY CeREEORF T TCABT LA A LATORPHARICREEZ R LIZ(K3), ZOMFEIE, U RE
DIETIZHEVWE BB T T — IRV IAENRCT K b Lz, 2%V, e BHFEFTOHTT—7
DERITY) VIBREIEFTH 2 L 2R LT, I, 77— DK E U VRBOBRARE SN TS Y,

AREBRTIET AT T A MRIZHEAS LY VIS holz, 202 Lk, VURTHRT T A N T L
IR L7 L ARIB LTe, ZOZ LIXE DICHER S NS BEN S 5, Bienfait 5Dk N L > TT R
7T A NREARAL LIS U SN S, BB EAWTT AR T T X N BRI LT 54
EBROMFHIZB W THIBEAIE SN/ L 2R LTV, 8577 —7 0N VEBEET D EDRENRD D
DR, Fer OFERITZENE X L eh o7,

ERFETIZBWT, 7R 7 A METY o Icbnim L7z, U G Tzl T, 7R 77X b
ETIFER U TH TN, VU REFETTIET AT T A MROBREITSMHE LM T b0 &z,
U VBN ERFETTOT RT T A RO EIHT 52 ENRBENT, 7R T A MUIBOF Ok
LV 10uMAs+500 yM P, 10 uyM As+250 yM P, 10 yM As+50 uM P, 10 uyM As+0 uM P, O uM As+0 uM P
RIZBWTH 6. 5. 7. 23, 2 5@hoTz, TR T A RDPIROGEOMIBIRIC > TWD Z EDRBINT=,
TRT T A NROEREMEIT e FBEE, B VRETORENE, LovL, ek, Y LB FTCRETRY
7 A MNEDTERITIZ bl

FRIZ 10 pM As + 500 pM P, 10 uM As + 250 uM P, 10 pM As + 50 pM P XAZEW T, TR T A b & b
#1537, 9.01, 647 fFmn o, £DZ L1E, VG T TR RFMOFTIIT AT T 2 FTIEAREFIC
FIHFETHZ EER LT, L, BY CFRUETTIET AT T A MNEERHAET D e RIFMROP O L FE
IZHR 2,09 fE@EnoTz, EROWIA, Dl Eb UL VHIEEND Z 2RI, &if, V%
&R EBRIFE T CAEE LA FORIZB W T, e BITKRIS AROFIIFET B Z EnmE shiz Y L,
UUR, 2D, EBFETCTEB LA RICBWT, ERETEIROREIFET HZ &, /o, BBEIFHHE
T, VU REHTEB LA RO 7 —7 O BREIX, EBFAET. UV U EEETAET LIEDIZET
NAEEICEY (1180mgkg ") Z N SN, BEETEESM:E T TAE L 7= duckweed (Spirodella polyrhiza
LYDIRD B FD 56%0MBHITIFAE L, 44%03 877 — 7 \THFE LTz ), AROP, T, ROTHRT T A R p
D e FEOWREITLFEORRE (L, fie ) WO, B ) CBROA IS 5 2 L PRI,

5 &M

BT T — 7 OIERITIEH D U VEEICHRKFEL TV, UV BENEDTH1EE8% 77— 7 oRiT LA

Lo VVETRT T AR TEHREKIZILE L2V DTHA D, KU UEUET TR, SRIIRLBOTRT T A
MIFELTZ, ERLIE LTS T, EEOZLIETRT T A LY bIROPIIHFE LTz, ko—Hn
THRTTZARNTEREWBE LI 97, VAITRT T A N TOv@BEOIBIHEREL T 5 & Bbhi,

S Xk

1) Armstrong W (1967) The oxidizing activity of roots in water-logged soils. Physiologia Plantarum, 20: 920-926.

2) Chen CC, Dixon JB, Turner FT (1980) Iron coatings on rice roots: Morphology and models of development. Soil
Science Society of America Journal, 44:1113-1119.

3) Bacha RE, Hossner LR (1977) Characteristics of coating formed on rice roots as affected by Fe and Mn additions.
Soil Science Society of America Journal, 41:931-935.

4) Meng XG, Korfiatis GP, Bang KW (2002) Combined effects of anions on arsenic removal by iron hydroxides.
Toxicology Letters, 133:103-111.

5) Belzile N, Tessier A (1990) Interactions between arsenic and ironoxyhydroxides in lacustrine sediments.
Geochimica et Cosmochimca Acta, 54:103-109.
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6) Jain A, Raven KP, Loeppert RH (1999) Arsenite and arsenate adsorption on ferrihydrite: surface charge reduction
and net OH-1 release stoichiometry, Environmental Science and Technology, 33:1179-1184.
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apoplast of barley grown on water medium with arsenic and iron
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Abstract

An experiment with arsenic (As) and barley (Hordeum vulgare L. cv. Minorimugi) grown hydroponically was
conducted to observe the effects of phosphorus (P) status on the formation of iron (Fe)-plaque. Plants were grown for 16
days treated with 10 uM As in presence or in absence of P. A set of treatment was without As and P. Phosphorus was
used as ammonium phosphate (NH4H,PO4) and As was used as sodium meta-arsenite (NaAsO,). The Ys-strength
nutrient solution was used at pH 5.5. Plants were treated with 10 uM As + 500 uM P, 10 uM As + 250 uM P, 10 uM As
+50 uM P, 10 pM As + 0 uM P and 0 pM As + 0 uM P for 16 days. Iron-plaque with root reddish color was clearly
visible in barley roots grown in As-treated and P-depleted condition. However, Fe-plaque with reddish color was not
found in P-depleted and As containing medium, suggesting that As played a vital role in the formation of Fe-plaque in
P-depleted condition. Intensity of reddish color intensity increased with decreasing P concentration in the medium.
Apoplastic-Fe together with other elements were extracted by the method of Bienfait et al.. Contents of macro and
microelements occurred as Fe'*-complex in apoplast and in roots were determined. Particular emphasis was given on the
concentration of P, Fe and As. Arsenic decreased root dry weight (DW) with decreasing P concentration in the medium.
Detectable amount of P was not found in apoplastic portion in all treatments, indicating that P might not be complexed
with apoplastic-Fe. Phosphorus may be present inside of roots as organic or inorganic phosphate. Iron was mostly
concentrated in apoplast. However, As was mostly concentrated in roots and a little portion was found to be complexed
with Fe*" in the apoplast. Our result suggested that P might repress the formation of As-Fe complex in the apoplast,

somehow.
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Abstract

In this study, we demonstrated that food waste was possible to change the delicious food menu
with devised cooking arrangements, therefore we can reduce food waste rate.

Mineral content of waste food samples were analyzed using PIXE at NMCC. Many inorganic
elements were detected in waste food samples. The main components of mineral in waste samples
were K, Ca, Mg, P, Fe and Cu. Those components were essential nutrients for human body. In some
case, Ca and Fe showed higher value in waste parts of food than edible parts.

These results also suggested that eco-cooking is a near ecological action in daily life and play an
important role of environmental protection.
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Abstract

In this paper we would like to describe the results of our study. The original test samples were picked
out from surgical sufferers (mainly cancer) at Hirosaki University Hospital. We have detected K, Ca, Ti, V, Cr,
Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Br, Rb, Sr, Y, Nb, Mo, I, Hg, Pt, Pb, Na, Mg, Al, Si, P, S and CL
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